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IB DIPLOMA PHYSICS -HL -P2 CH1 - MEASUREMENTS &

1 - (PHYSI/21_HL_Summer_2017_Q7) - Oscillations & Waves, Measurements & Uncertainties

A student is investigating a method to measure the mass of a wooden block by timing the
period of its oscillations on a spring.

(a) Describe the conditions required for an object to perform simple harmonic motion (SHM).

UNCERTAINTIES

A
b N )
!

(2]

(b) A0.52kg mass performs simple harmonic motion with a period of 0.86s when attached
to the spring. Awooden block attached to the same spring oscillates with a period
of 0.74s.

mass

frictionless surface

Calculate the mass of the wooden block.

(2]

(¢) In carrying out the experiment the student displaced the block horizontally by 4.8cm
from the equilibrium position. Determine the total energy in the oscillation of the
wooden block.

(3]
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IB DIPLOMA PHYSICS -HL -P2 CH1 - MEASUREMENTS &

(d) Asecond identical spring is placed in parallel and the experiment in (b) is repeated.
Suggest how this change affects the fractional uncertainty in the mass of the block.

UNCERTAINTIES
) 1?
(3] =

(e) With the block stationary a longitudinal wave is made to travel through the original
spring from left to right. The diagram shows the variation with distance x of the
displacement y of the coils of the spring at an instant of time.
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A point on the graph has been labelled that represents a point P on the spring.

(i)  State the direction of motion of P on the spring.

(]

(i)  Explain whether P is at the centre of a compression or the centre of a rarefaction.

(2]
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IB DIPLOMA PHYSICS -HL -P2 CH1- MEASUREMENTS &
UNCERTAINTIES
2 = (PHYSI/20_HL_Winter_2017_Q3) - Atomic,nuclear & Particle Physics, Quantum & Nuclear Physics (ahl), Measurements & Uncertainties ' L 7
—

(a) The Feynman diagram shows electron capture.

X
n W+ -
time ) e
p
(i)  State and explain the nature of the particle labelled X. [3]
(iiy  Distinguish between hadrons and leptons. [2]
2017 -2022 3 Powered By :




IB DIPLOMA PHYSICS -HL -P2 CH1- MEASUREMENTS &
UNCERTAINTIES

(b) Particles can be used in scattering experiments to estimate nuclear sizes. )
~—

()  Outline how these experiments are carried out. [2]

(i)  Outline why the particles must be accelerated to high energies in scattering
experiments. [3]

(¢) State and explain one example of a scientific analogy. [2]
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IB DIPLOMA PHYSICS -HL -P2 CH1- MEASUREMENTS &
UNCERTAINTIES

(d) Electron diffraction experiments indicate that the nuclear radius of carbon-12 (120) e
is 2.7x10™ m. The graph shows the variation of nuclear radius with nucleon number. -
The nuclear radius of the carbon-12 is shown on the graph.

4_
3_ X
H =15
nuclear radius / 107" m carbon:12

2 -

1 —

0 T T

0 12 24
nucleon number

(i)  Determine the radius of the magnesium-24 (f‘;Mg) nucleus. [2]
(i)  Plot the position of magnesium-24 on the graph. [1]

(i) Draw a line on the graph, to show the variation of nuclear radius with nucleon
number. [2]
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A
b N )
!

1 - (PHYSI/21_HL_Summer_2017_Q1) - Mechanics, Thermal Physics

The diagram below shows part of a downhill ski course which starts at point A, 50 m above
level ground. Point B is 20m above level ground.

A

50m

20m

C D
‘+—r

24m

(a) Askier of mass 65kg starts from rest at point A and during the ski course some of the
gravitational potential energy transferred to kinetic energy.

(i) From Ato B, 24 % of the gravitational potential energy transferred to kinetic
energy. Show that the velocity at Bis 12ms™". [2]

(i)  Some of the gravitational potential energy transferred into internal energy of the
skis, slightly increasing their temperature. Distinguish between internal energy
and temperature. [2]
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(b) () The dot on the following diagram represents the skier as she passes point B. ey
Draw and label the vertical forces acting on the skier. [2] <

/“\

(iiy  The hill at point B has a circular shape with a radius of 20m. Determine whether
the skier will lose contact with the ground at point B. [3]

(¢) The skier reaches point C with a speed of 8.2ms . She stops after a distance of 24m
at point D.

Determine the coefficient of dynamic friction between the base of the skis and the snow.
Assume that the frictional force is constant and that air resistance can be neglected. [3]
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(d) Atthe side of the course flexible safety nets are used. Another skier of mass 76kg falls
normally into the safety net with speed 9.6ms™".

()  Calculate the impulse required from the net to stop the skier and state an

CH2 - MECHANICS

appropriate unit for your answer. [2]
(i  Explain, with reference to change in momentum, why a flexible safety net is less
likely to harm the skier than a rigid barrier. [2]

A
b N )
!
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IB DIPLOMA PHYSICS -HL -P2

2 = (PHYSI/22_HL_Summer_2017_Q1) - Mechanics
A glider is an aircraft with no engine. To be launched, a glider is uniformly accelerated from

rest by a cable pulled by a motor that exerts a horizontal force on the glider throughout
the launch.

to the glider (aircraft)
motor cable

ground

(@) The glider reaches its launch speed of 27.0 ms™ after accelerating for 11.0s.
Assume that the glider moves horizontally until it leaves the ground. Calculate the

CH2 - MECHANICS

total distance travelled by the glider before it leaves the ground. [2]
(b) The glider and pilot have a total mass of 492 kg. During the acceleration the glider

is subject to an average resistive force of 160 N. Determine the average tension in

the cable as the glider accelerates. [3]

A
b N )
!
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(¢) The cable is pulled by an electric motor. The motor has an overall efficiency of 23 %. RE )
Determine the average power input to the motor. [3] —

(d) After takeoff the cable is released and the unpowered glider moves horizontally at
constant speed. The wings of the glider provide a lift force. The diagram shows the
lift force acting on the glider and the direction of motion of the glider.

vertical

direction of

«— lift force

7777777777777777 horizontal

Draw the forces acting on the glider to complete the free-body diagram. The dotted lines
show the horizontal and vertical directions. [2]
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3 = (PHYSI/20_HL_Winter_2017_Q1) - Mechanics

9

A girl on a sledge is moving down a snow slope at a uniform speed.

sledge

snow slope ) )
horizontal region of snow

(a) Draw the free-body diagram for the sledge at the position shown on the snow slope. [2]

(b) After leaving the snow slope, the girl on the sledge moves over a horizontal region of
show. Explain, with reference to the physical origin of the forces, why the vertical forces
on the girl must be in equilibrium as she moves over the horizontal region. [3]
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() When the sledge is moving on the horizontal region of the snow, the girl jumps off e
the sledge. The girl has no horizontal velocity after the jump. The velocity of the
sledge immediately after the girl jumps offis 4.2 ms™. The mass of the girl is 55 kg

and the mass of the sledge is 5.5 kg. Calculate the speed of the sledge immediately
before the girl jumps from it. [2]

9

(d) The girl chooses to jump so that she lands on loosely-packed snow rather than
frozen ice. Outline why she chooses to land on the snow. [3]
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(e) The sledge, without the girl on it, now travels up a snow slope that makes an angle
of 6.5 to the horizontal. At the start of the slope, the speed of the sledge is 4.2 ms™.
The coefficient of dynamic friction of the sledge on the snow is 0.11.

9

()  Show that the acceleration of the sledge is about =2 ms™. [3]

(i) Calculate the distance along the slope at which the sledge stops moving.
Assume that the coefficient of dynamic friction is constant. [2]

(f)  The coefficient of static friction between the sledge and the snow is 0.14. Outline, with
a calculation, the subsequent motion of the sledge. [2]
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4 - (PHYSI/21_HL_Summer_2018_Q1) - Mechanics ' 1-7
—

An elastic climbing rope is tested by fixing one end of the rope to the top of a crane.

The other end of the rope is connected to a block which is initially at position A.

The block is released from rest. The mass of the rope is hegligible.

diagram not to scale

The unextended length of the rope is 60.0m. From position Ato position B, the block falls freely.

(a) At position B the rope starts to extend. Calculate the speed of the block at position B. [2]

(b) At position C the speed of the block reaches zero. The time taken for the block to fall
between Band C is 0.759s. The mass of the block is 80.0kg.

()  Determine the magnitude of the average resultant force acting on the block
between B and C. [2]
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A
b N )
!

(i) Sketch on the diagram the average resultant force acting on the block between

B and C. The arrow on the diagram represents the weight of the block. [2]
T block
l weight

(i) Calculate the magnitude of the average force exerted by the rope on the block
between B and C. [2]
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A
b N )
!

IB DIPLOMA PHYSICS -HL -P2

For the rope and block, describe the energy changes that take place

(©
()  between Aand B. [1]

(i) betweenBandC. [1]

The length reached by the rope at C is 77.4m. Suggest how energy considerations
could be used to determine the elastic constant of the rope. [2]

(@)

(e) In another test, the block hangs in equilibrium at the end of the same elastic rope.
The elastic constant of the rope is 400Nm™. The block is pulled 3.50 m vertically below

the equilibrium position and is then released from rest.

Calculate the time taken for the block to return to the equilibrium position for the

first time.

0
(2]

(2]

(i)  Calculate the speed of the block as it passes the equilibrium position.

Powered By :
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A
b N )
!

5 = (PHYSI/22_HL_Summer_2018_Q1) - Mechanics, Circular Motion & Gravitation

(@ Asmall ball of mass m is moving in a horizontal circle on the inside surface of a
frictionless hemispherical bowl.

The normal reaction force N makes an angle @ to the horizontal.

(i) State the direction of the resultant force on the ball. [1]

(i)  On the diagram, construct an arrow of the correct length to represent the
weight of the ball. [2]
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(i)  Show that the magnitude of the net force F on the ball is given by the following
equation.

_ Mg
 tané

CH2 - MECHANICS

A
b N )
!

(3]

(b) The radius of the bowl is 8.0 m and 8=22". Determine the speed of the ball.

[4]

(c) OQutline whether this ball can move on a horizontal circular path of radius equal to the
radius of the bowl.

(2]
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(d) The ball is now displaced through a small distance x from the bottom of the bowl and is RE )
then released from rest. -

ball released here

equilibrium position

The magnitude of the force on the ball towards the equilibrium position is given by

mgx
R

where R is the radius of the bowl.

()  Outline why the ball will perform simple harmonic oscillations about the
equilibrium position. [1]

(i) Show that the period of oscillation of the ball is about 6s. [2]
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A
b N )
o

(il  The amplitude of oscillation is 0.12 m. On the axes, draw a graph to show the

variation with time ¢ of the velocity v of the ball during one period. [3]
vims' 02 [ S O OO OO RO B B A R S RO
0.0 | I T | | | T |
: 2 4 6 8tls

(e) Asecond identical ball is placed at the bottom of the bowl and the first ball is displaced
so that its height from the horizontal is equal to 8.0 m.

first ball
A

80m

second ball

The first ball is released and eventually strikes the second ball. The two balls remain
in contact. Calculate, in m, the maximum height reached by the two balls. [3]
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6 - (PHYSI/20_HL_Winter_2018_Q1) - Mechanics ' 1-7
—

lon-thrust engines can power spacecraft. In this type of engine, ions are created in a

chamber and expelled from the spacecraft. The spacecraft is in outer space when the

propulsion system is turned on. The spacecraft starts from rest.

ions spacecraft
-— P . '
«— direction of
-
direction of ! ion movement
s
spacecraft motion -«

The mass of ions ejected each second is 6.6 x 107 kg and the speed of eachion is
5.2x10*ms™. The initial total mass of the spacecraft and its fuel is 740 kg. Assume that
the ions travel away from the spacecraft parallel to its direction of motion.

(@) Determine the initial acceleration of the spacecraft. [2]
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(b) An initial mass of 60 kg of fuel is in the spacecraft for a journey to a planet. Half of the
fuel will be required to slow down the spacecraft before arrival at the destination planet.

0] Estimate the maximum speed of the spacecraft. [2]
(i)  Outline why the answer to (b)(i) is an estimate. [1]
(i) Outline why scientists sometimes use estimates in making calculations. [1]

A
b N )
o
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CH2 - MECHANICS

(¢) In practice, the ions leave the spacecraft at a range of angles as shown.

direction of
spacecraft ion movement

»—\ ions spreading out

(i)  Outline why the ions are likely to spread out.

direction of
spacecraft motion

A
b N )
o

(2]

(i)  Explain what effect, if any, this spreading of the ions has on the acceleration of
the spacecraft.

(2]

2017 -2022 23
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7 = (PHYSI/20_HL_Winter_2018_Q3) - Mechanics

9

(a) Define impulse. [1]

(b) Achicken’s egg of mass 38 g is dropped onto grass from a height of 1.1 m.
Assume that air resistance is negligible and that the egg does not bounce or break.

(i)  Show that the kinetic energy of the egg just before impact is about 0.6 J. [1]

(i) The egg comes to rest in a time of 55 ms. Determine the magnitude of the
average decelerating force that the ground exerts on the egg. [4]

(iiy Explain why the egg is likely to break when dropped onto concrete from the
same height. [2]
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8 = (PHYSI/21_HL_Summer_2019_Q1) - Mechanics, Electricity & Magnetism

A
b N )
!

A girl rides a bicycle that is powered by an electric moter. A battery transfers energy to the
electric moter. The emf of the battery is 16V and it can deliver a charge of 43kC when
discharging completely from a full charge.

(a) The maximum speed of the girl on a horizental road is 7.0ms™" with energy from the
battery alone. The maximum distance that the girl can travel under these conditions is 20km.

iy  Show that the time taken for the battery to discharge is about 3 x 10°s. [1]

(il  Deduce that the average power gutput of the battery is about 240W 2]

(iiiy  Friction and air resistance act on the bicycle and the girl when they move.
Assume that all the energy is transferred from the battery to the electric motor.
Determine the total average resistive force that acts on the bicycle and the girl. [2]
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(b)  The bicycle and the girl have a total mass of 66 kg. The girl rides up a slope that is at 0
an angle of 3.0° to the horizontal. S

(i)  Calculate the component of weight for the bicycle and girl acting down the slope. [1]

(i)  The battery continues to give an output power of 240W. Assume that the resistive
forces are the same as in (a)(iii).

Calculate the maximum speed of the bicycle and the girl up the slope. [2]

(c) On another journey up the slope, the girl carries an additional mass. Explain whether
carrying this mass will change the maximum distance that the bicycle can travel along
the slope. [2]
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(d) The bicycle has a meter that displays the current and the terminal potential difference
(pd) for the battery when the motor is running. The diagram shows the meter readings
at one instant. The emf of the cell is 16V.

A
b N )
!

pd current

12V | |6.5A

Determine the internal resistance of the battery. (2]

[ I i I I
—il »—
| | I | |
Calculate
(i) the emf of one cell. 1
(i)  the internal resistance of one cell. [2]
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9 - (PHYSI/21_HL_Summer_2019_Q6) - Mechanics, Oscillations & Waves

] ?7
—
A small metal pendulum bob is suspended at rest from a fixed point with a length of thread of

negligible mass. Air resistance is negligible.

The pendulum begins to oscillate. Assume that the motion of the system is simple harmonic,
and in one vertical plane.

The graph shows the variation of kinetic energy of the pendulum bob with time.

204
15+
kinetic energy /
mJ 10
5_
0 >3

—r - 1 1 T 1 r T T
0 025 05 075 10 125 15 175 20 225 25
time /s

(a) (i) Calculate, in m, the length of the thread. State your answer to an appropriate
number of significant figures. [3]

(i)  Label on the graph with the letter X a point where the speed of the pendulum is
half that of its initial speed. (1]

(i) The mass of the pendulum bob is 75g. Show that the maximum speed of the bob
is about 0.7ms™". 2]
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(b) When the 75g bob is moving horizontally at 0.80ms™, it collides with a small stationary T
object also of mass 75g. The object and the bob stick together. ;"‘

Direction of motion ———

bob object
(i)  Calculate the speed of the combined masses immediately after the collision. [1
(i)  Show that the collision is inelastic. [3]
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CH2 - MECHANICS

(i) Sketch, on the axes, a graph to show the variation of gravitational potential
energy with time for the bob and the object after the collision. The data from the

‘¥
g

graph used in (a) is shown as a dashed line for reference. [2]
gravitational
potential
energy
— 1 1 T 1 1 1 1 1 1 ‘1
time

(iv) The speed after the collision of the bob and the object was measured using a
sensor. This sensor emits a sound of frequency f and this sound is reflected
from the moving bob. The sound is then detected by the sensor as frequency /.

Explain why f and [’ are different. [3]

=
(]
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10 - (PHYSI/22_HL_Summer_2019_Q1) - Mechanics

A student strikes a tennis ball that is initially at rest so that it leaves the racquet at a speed
of 64ms™. The ball has a mass of 0.058 kg and the contact between the ball and the racquet
lasts for 25 ms.

(a) Calculate the

()  average force exerted by the racquet on the ball. [2]

{iiy average power delivered to the ball during the impact. [2]

{b) The student strikes the tennis ball at point P. The tennis ball is initially directed at an
angle of 7.00" to the horizontal,

diagram not to scale

2.80m
net
I 10.910 m
X . ground
11.8m
The following data are available.
Height of P =280m
Distance of student from net = 11.9m
Height of net =0.910m

Initial speed of tennis ball =84ms™

A
b N )
!
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(i) Calculate the time it takes the tennis ball to reach the net. (2] ' ";_‘
(il  Show that the tennis ball passes over the net (3]
(i} Determine the speed of the tennis ball as it strikes the ground. (2]
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{¢) The student models the bounce of the tennis hall to predict the angle ¢ at which the hall 0
leaves a surface of clay and a surface of grass. e

surface

The model assumes

« during contact with the surface the ball slides.

» the sliding time is the same for both surfaces.

» the sliding frictional force is greater for clay than grass.
« the normal reaction force is the same for both surfaces.

Predict for the student's model, without calculation, whether & is greater for a clay surface
or for a grass surface. [3]

2017 -2022 33 Powered By :




IB DIPLOMA PHYSICS -HL -P2 CH2 - MECHANICS

.)

11 - (PHYSI/20_HL_Winter_2019_Q1) - Mechanics

9

The graph shows the variation with time t of the horizontal force F exerted on a tennis ball by
a racket.

150

100+
FIN

50

t/ms

The tennis ball was stationary at the instant when it was hit. The mass of the tennis ball is
5.8 x 10°°kg. The area under the curve is 0.84Ns.

(a) Calculate the speed of the ball as it leaves the racket. [2]

(b) Show that the average force exerted on the ball by the racket is about 50N. [2]
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(¢} Determine, with reference to the work done by the average force, the horizental "y
distance travelled by the ball while it was in contact with the racket. [3] -

(d) Draw a graph to show the variation with f of the horizontal speed v of the ball while it
was in contact with the racket. Numbers are not required on the axes. [2]
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12 - (PHYSI/20_HL_Winter_2020_Q1) - Mechanics

A
b N )
o

A company delivers packages to customers using a small unmanned aircraft. Rotating
horizontal blades exert a force on the surrounding air. The air above the aircraft is initially
stationary.

aircraft

package

The air is propelled vertically downwards with speed v. The aircraft hovers motionless above
the ground. A package is suspended from the aircraft on a string. The mass of the aircraft is
0.95kg and the combined mass of the package and string is 0.45kg. The mass of air pushed
downwards by the blades in one second is 1.7 kg.

(@) () State the value of the resultant force on the aircraft when hovering. [1]

(i)  QOutline, by reference to Newton's third law, how the upward lift force on the
aircraft is achieved. 2]

(iiy Determine v. State your answer to an appropriate number of significant figures [3]
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CH2 - MECHANICS

(iv) Calculate the power transferred to the air by the aircraft.

[2) &%

(b} The package and string are now released and fall to the ground. The lift force on the
aircraft remains unchanged. Calculate the initial acceleraticn of the aircraft.

[2]
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.)

13 - (PHYSI/21_HL_Summer_2021_Q1) - Mechanics

9

Two players are playing table tennis. Player A hits the ball at a height of 0.24 m above the
edge of the table, measured from the top of the table to the bottom of the ball. The initial
speed of the ball is 12.0ms " horizontally. Assume that air resistance is negligible.

(‘ 2 —p 12.0ms" diagram not to scale

-~

-~
-
-~
-

0.24m S~

net N P

table

(@) Show that the time taken for the ball to reach the surface of the table is about 0.2s. [1]

(b) Sketch, on the axes, a graph showing the variation with time of the vertical component

of velocity v, of the ball until it reaches the table surface. Take g to be +10ms . [2]
3
2
v,/ ms
1
0
0 0.1 0.2
time /s
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(c) The net is stretched across the middle of the table. The table has a length of 2.74m
and the net has a height of 15.0cm.

Show that the ball will go over the net. [3]

‘¥
g

(d) The ball bounces and then reaches a peak height of 0.18 m above the table with a
horizontal speed of 10.5ms ". The mass of the ball is 2.7 g.

(i) Determine the kinetic energy of the ball immediately after the bounce. [2]

(i)  Player B intercepts the ball when it is at its peak height. Player B holds a paddle
(racket) stationary and vertical. The ball is in contact with the paddle for 0.010s.
Assume the collision is elastic.

O paddle
10.5ms™

Calculate the average force exerted by the ball on the paddle. State your answer

to an appropriate number of significant figures. [3]

=
(]
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14 - (PHYSI/22_HL_Summer_2021_Q1) - Mechanics ' 1-?
=
A football player kicks a stationary ball of mass 0.45kg towards a wall. The initial speed of
the ball after the kick is 19ms " and the ball does not rotate. Air resistance is negligible and
there is no wind.

diagram not to scale

v

2.4m

wall

(@) The player’s foot is in contact with the ball for 55 ms. Calculate the average force that
acts on the ball due to the football player. [2]

(b) () The ball leaves the ground at an angle of 22°. The horizontal distance from the
initial position of the edge of the ball to the wall is 11 m. Calculate the time taken
for the ball to reach the wall. [2]
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(i}  The top of the wall is 2.4m above the ground. Deduce whether the ball will hit
the wall. [3]

A
b N )
o

{c) In practice, air resistance affects the hall. Outline the effect that air resistance has on
the vertical acceleration of the ball. Take the direction of the acceleration due to gravity
to be positive. [2]

2017 -2022 41 Powered By :




IB DIPLOMA PHYSICS -HL -P2 CH2 - MECHANICS

15 - (PHYSI/20_HL_Winter_2021_Q1) - Mechanics

A
b N )
!

A ball of mass 0.250kg is released from rest at time ¢ = 0, from a height H above a horizontal floor,

ball @ 'y

A4

|
floor

The graph shows the variation with time ¢ of the velocity v of the ball. Air resistance is
negligible. Take g = —9.80ms ~. The ball reaches the floor after 1.0s.

v/ims'’

5+

10
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(a) Determine H.

M %

{by (i} Label the time and velocity graph, using the letter M, the point where the ball
reaches the maximum rebound height. (M

(i) State the acceleration of the ball at the maximum rebound height. (1]

(i} Draw, on the axes, a graph to show the variation with time of the height of the
ball from the instant it rebounds from the floor until the instant it reaches the
maximum rebound height. No numbers are required on the axes. [1]

height

fime
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(c) Estimate the loss in the mechanical energy of the ball as a result of the collision with 0
the floor. (1 e
(dy (i} Determine the average ferce exerted on the floor by the ball. [3]

(i)  Suggest why the momentum of the ball was not conserved during the collision
with the floor. [1]
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16 - (PHYSI/21_HL_Summer_2022_Q1) - Mechanics ' 17
-

A student uses a load to pull a box up a ramp inclined at 30°. A string of constant length

and negligible mass connects the box to the load that falls vertically. The string passes

over a pulley that runs on a frictionless axle. Friction acts between the base of the box and

the ramp. Air resistance is negligible.

pulley

load
3.5kg

box

0.95m

floor

The load has a mass of 3.5kg and is initially 0.95m above the floor. The mass of the box is 1.5kg.
The load is released and accelerates downwards.

(a) Outline two differences between the momentum of the box and the momentum of
the load at the same instant. [2]

(b)  The vertical acceleration of the load downwards is 2.4ms™*.

Calculate the tension in the string. [2]
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A _
2] we

(c) Show that the speed of the load when it hits the floor is about 2.1ms™", [

(d)  After the load has hit the floor, the box travels a further 0.35 m along the ramp before
coming to rest. Determine the average frictional force between the box and the surface
of the ramp. [4]

{e)  The student then makes the ramp horizontal and applies a constant horizental force
to the box. The force is just large enough to start the box moving, The force continues
lo be applied after the box begins 1o move.

constant force

Explain, with reference to the frictional force acting, why the box accelerates once
it has started to move. 3]
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Airboats are used for transport across a river. To move the boat forward, air is propelled from
the back of the boat by a fan blade.

side view

rope fan blade

-l top view

An airboat has a fan blade of radius 1.8 m. This fan can propel air with a maximum speed
relative to the boat of 20ms . The density of air is 1.2kgm °.

(a) Outline why a force acts on the airboat due to the fan blade. [3]
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(b) In a test the airboat is tied to the river bank with a rope normal to the bank. The fan 1"_'
propels the air at its maximum speed. There is no wind. i
()  Show that a mass of about 240kg of air moves through the fan every second. [2]
(i) Show that the tension in the rope is about 5kN. [1]

(c) Therope is untied and the airboat moves away from the bank. The variation with time ¢
of the speed v of the airboat is shown for the motion.

v/ms!
20

18 =

16 7

W

12 /

0 5 10 15 20 25 30 35 40!/s
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(i) Explain why the airboat has a maximum speed under these conditions.

A
o] v

(i)  Estimate the distance the airboat travels to reach its maximum speed.

(2]

(i)  Deduce the mass of the airboat.

(3]
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18 - (PHYSI/20_HL_Winter_2022_Q1) - Mechanics

A raindrop falls vertically from rest.

{a) State the initial acceleration of the raindrop. [1]

The graph shows how the speed of the raindrop varies with time .

speed

r > Hs
5

{b) Explain, by reference to the vertical forces, how the raindrop reaches a constant speed.  [3]
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{c) During the first 3.0s of motion, the raindrop falls a distance of 27 m and reaches a N
speed of 9.0ms '. The mass of the raindrop is 34 mg. The temperature of the raindrop el

does not change.

{n Determine the energy transferred to the air during the first 3.0 s of motion. State

your answer 1o an appropriate number of significant figures. [3]
(i} Describe the energy change that takes place for { = 3.0s. (1]
51 Powered By :
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1 - (PHYSI/21_HL_Summer_2017_Q1) - Mechanics, Thermal Physics

The diagram below shows part of a downhill ski course which starts at point A, 50 m above
level ground. Point B is 20m above level ground.

A

50m

20m

C D
‘+—r

24m

(a) Askier of mass 65kg starts from rest at point A and during the ski course some of the
gravitational potential energy transferred to kinetic energy.

(i) From Ato B, 24 % of the gravitational potential energy transferred to kinetic
energy. Show that the velocity at Bis 12ms™". [2]

(i)  Some of the gravitational potential energy transferred into internal energy of the
skis, slightly increasing their temperature. Distinguish between internal energy
and temperature. [2]
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(b) () The dot on the following diagram represents the skier as she passes point B. ey
Draw and label the vertical forces acting on the skier. [2] <

/“\

(iiy  The hill at point B has a circular shape with a radius of 20m. Determine whether
the skier will lose contact with the ground at point B. [3]

(¢) The skier reaches point C with a speed of 8.2ms . She stops after a distance of 24m
at point D.

Determine the coefficient of dynamic friction between the base of the skis and the snow.
Assume that the frictional force is constant and that air resistance can be neglected. [3]
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(d) At the side of the course flexible safety nets are used. Another skier of mass 76kg falls RE )
normally into the safety net with speed 9.6ms™". =

()  Calculate the impulse required from the net to stop the skier and state an
appropriate unit for your answer. [2]

(i  Explain, with reference to change in momentum, why a flexible safety net is less
likely to harm the skier than a rigid barrier. [2]
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2 = (PHYSI/21_HL_Summer_2017_Q4) - Electricity & Magnetism, Thermal Physics

Aheater in an electric shower has a power of 8.5 kW when connected to a 240V electrical
supply. Itis connected to the electrical supply by a copper cable.

The following data are available:

Length of cable =10m
Cross-sectional area of cable = 6.0mm’
Resistivity of copper =1.7x10°%0Qm
(a) (i) Calculate the current in the copper cable. [1]
(i) Calculate the resistance of the cable. [2]
(i) Calculate the power dissipated in the cable. [1]
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(b) Explain, in terms of electrons, what happens to the resistance of the cable as the RE )
temperature of the cable increases. [3] =

(c) The heater changes the temperature of the water by 35 K. The specific heat capacity
of water is 4200Jkg 'K "

Determine the rate at which water flows through the shower. State an appropriate unit
for your answer. [4]
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The diagram shows the gravitational field lines of planet X.

(@) Outline how this diagram shows that the gravitational field strength of planet X
decreases with distance from the surface. [1]

(b) The diagram shows part of the surface of planet X. The gravitational potential at the
surface of planet X is —3V and the gravitational potential at point Y is —V.

-3V
—\\
®
/ /
//
planet X
surtace

Sketch on the grid the equipotential surface corresponding to a gravitational potential
of —2V. [2]
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(c) A meteorite, very far from planet X begins to fall to the surface with a negligibly small RE )
initial speed. The mass of planet X is 3.1 x 10*'kg and its radius is 1.2 x 10°m. -~
The planet has no atmosphere. Calculate the speed at which the meteorite will hit

the surface. [3]

(d) Atthe instant of impact the meteorite which is made of ice has a temperature of 0°C.
Assume that all the kinetic energy at impact gets transferred into internal energy in
the meteorite. Calculate the percentage of the meteocrite’s mass that melts. The
specific latent heat of fusion of ice is 3.3 x 10°Jkg™". 2]
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4 - (PHYSI/20_HL_Winter_2017_Q5) - Thermal Physics, Oscillations & Waves

9

(@) Alarge cube is formed from ice. Alight ray is incident from a vacuum at an angle
of 46° to the normal on one surface of the cube. The light ray is parallel to the plane
of one of the sides of the cube. The angle of refraction inside the cube is 33°.

_______ g
/@V

ice cube
(iy Calculate the speed of light inside the ice cube. [2]
(i)  Showthat no light emerges from side AB. [3]
(i) Sketch, on the diagram, the subsequent path of the light ray. [2]
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(b) Each side of the ice cube is 0.75 min length. The initial temperature of the ice cube N
is —20 °C. o=
()  Determine the energy required to melt all of the ice from =20 "C to water at a
temperature of 0°C. [4]

Specific latent heat of fusion of ice =330kJ kg™
Specific heat capacity of ice =21kJkg" K"’
Density of ice =920 kgm™

(i)  Outline the difference between the molecular structure of a solid and a liquid. [1]
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5 - (PHYSI/21_HL_Summer_2018_Q2) - Thermal Physics

A closed box of fixed volume 0.15m?® contains 3.0 mol of an ideal monatomic gas.
The temperature of the gas is 290K

(@) Calculate the pressure of the gas.

CH3 - THERMAL PHYSICS

A
b N )
!

(1]

(b) When the gas is supplied with 0.86kJ of energy, its temperature increases by 23 K.
The specific heat capacity of the gas is 3.1kJkg 'K’

(i) Calculate, in kg, the mass of the gas.

(1]

(i) Determine, in kJ, the total kinetic energy of the particles of the gas.

(8]

(¢) Explain, with reference to the kinetic model of an ideal gas, how an increase in
temperature of the gas leads to an increase in pressure.

(3]
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(a) An ideal monatomic gas is kept in a container of volume 2.1 x 107* m®, temperature
310K and pressure 5.3 x 10° Pa.

()  State what is meant by an ideal gas.

IB DIPLOMA PHYSICS -HL -P2 CH3 - THERMAL PHYSICS
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(1]

(i) Calculate the number of atoms in the gas.

(1]

(i) Calculate, in J, the internal energy of the gas.

(2]

(b) The volume of the gas in (a) is increased to 6.8 x 107* m® at constant temperature.

() Calculate, in Pa, the new pressure of the gas.

(1]

(i)  Explain, in terms of molecular motion, this change in pressure.

(2]

2017 -2022 62 Powered By :




IB DIPLOMA PHYSICS -HL -P2 CH3 - THERMAL PHYSICS

7 = (PHYSI/20_HL_Winter_2018_Q9) - Thermal Physics

Liquid oxygen at its boiling point is stored in an insulated tank. Gaseous oxygen is produced
from the tank when required using an electrical heater placed in the liquid.

The following data are available.

Mass of 1.0 mol of oxygen =32g
Specific latent heat of vaporization of oxygen=2.1 < 10°J kg™

(a) Distinguish between the internal energy of the oxygen at the boiling point when it is in
its liquid phase and when it is in its gas phase. [2]

(b)  An oxygen flow rate of 0.25mols™ is needed.

(i)  Calculate, in kW, the heater power required. [2]

(iiy  Calculate the volume of the oxygen produced in one second when it is allowed
to expand to a pressure of 0.11 MPa and to reach a temperature of —13°C. [2]

A
b N )
o
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(c) State one assumption of the kinetic model of an ideal gas that does not apply to Ry
oxygen. [1] —~
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8 = (PHYSI/21_HL_Summer_2019_Q4) - Thermal Physics

A solid cylinder of height h and density p rests on a flat surface.

(a) Show that the pressure p. exerted by the cylinder on the surface is given by p. = pgh.

A
b N )
!

[2]

(b) Atube of constant circular cross-section, sealed at one end, contains an ideal gas
trapped by a cylinder of mercury of length 0.035 m. The whole arrangement is in the
Earth’s atmosphere. The density of mercury is 1.36 x 10°kgm™.

0.035m § = mereury

0.190m

sealed end trapped gas

When the mercury is above the gas column the length of the gas column is 0.190m.

()  Show that (p°+pm)x0_190:% where

p, = atmospheric pressure

p,, = pressure due to the mercury column
T =temperature of the trapped gas

n = number of moles of the trapped gas
A = cross-sectional area of the tube.

(2]
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(i)  The tube is slowly rotated until the gas column is above the mercury.

] ?7
—
diagram not to scale

trapped gas sealed end

AN
mercuw\ 0.208m
=20.035m

The length of the gas column is now 0.208 m. The temperature of the trapped gas
does not change during the process.

Determine the atmospheric pressure. Give a suitable unit for your answer. (4]

(i}  Outline why the gas particles in the tube hit the mercury surface less often after
the tube has been rotated. (1]
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9 - (PHYSI/22_HL_Summer_2019_Q2) - Thermal Physics

] 1?
—
A container of volume 3.2 x 107°m? is filled with helium gas at a pressure of 5.1 x 10°Pa and

temperature 320K. Assume that ihis sample of helium gas behaves as an ideal gas.

(a) The mass of a helium atom is 8.8 x 1077 kg. Estimate the average speed of the
helium atoms in the container. [2]

(b)  Show that the number of helium atoms in the container is 4 x 107 [2]

(¢} Ahelium atom has a volume of 4.9 x 10 *'m".

()  Calculate the ratio Yo!ume of nelium atoms 1]

volume of helium gas

(i Discuss, by reference to the kinetic model of an ideal gas and the answer to (¢)i),
whether the assumption that helium behaves as an ideal gas is justified. [2]
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9

The air in a kitchen has pressure 1.0 x 10°Pa and temperature 22°C. A refrigerator of internal
volume 0.36m* is installed in the kitchen.

{(a) With the door open the air in the refrigerator is initially at the same temperature and
pressure as the air in the kitchen. Calculate the number of molecules of air in the
refrigerator, [2]

{b) The refrigerator door is closed. The air in the refrigerator is coscled to 5.0°C and the
number of air molecules in the refrigerator stays the same.

(i)  Determine the pressure of the air inside the refrigerator. [2]

(i}  The door of the refrigerator has an area of 0.72m?” Show that the minimum force
needed to open the refrigerator door is about 4 kN. [2]

(il Comment on the magnitude of the force in (b)ii). [2]
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11 - (PHYSI/20_HL_Winter_2020_Q3) - Thermal Physics

A sample of vegetable oil, initially in the liquid state, is placed in a freezer that transfers
thermal energy from the sample at a constant rate. The graph shows how temperature T of
the sample varies with time £,

300+
290+
280
270

TIK
260+

250

240+

230

T | T T T T T T T T
0 5 10 15 20 25 30 35 40 45 50 55 60
t/ minutes
The following data are available.
Mass of the sample = 0.32kg
Specific latent heat of fusion of the oil = 130kJ kg™’

Rate of thermal energy transfer = 15W

(@) (i) Caleculate the thermal energy transferred from the sample during the first
30 minutes.

] —
T
—

(1]

(iiy  Estimate the specific heat capacity of the oil in its liquid phase. State an
appropriate unit for your answer.

[2]
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(by The sample begins to freeze during the thermal energy transfer. Explain, in terms of the
molecular model of matter, why the temperature of the sample remains constant during
freezing. (3]

A
b N )
o

(c) Calculate the mass of the oil that remains unfrozen after 60 minutes. [2]

2017 -2022 70 Powered By :




IB DIPLOMA PHYSICS -HL -P2 CH3 - THERMAL PHYSICS

12 - (PHYSI/21_HL_Summer_2021_Q3) - Thermal Physics, Electricity & Magnetism

A mass of 1.0kg of water is brought to its boiling point of 100°C using an electric heater of
power 1.8kWV.

(@ () The molar mass of water is 18gmol '. Estimate the average speed of the water

molecules in the vapor produced. Assume the vapor behaves as an ideal gas. [2]
(il  State one assumption of the kinetic model of an ideal gas. [1]
(b) A mass of 0.86kg of water remains after it has boiled for 200s.
(i}  Estimate the specific latent heat of vaporization of water. State an appropriate
unit for your answer. 2]
(i) Explain why the temperature of water remains at 100 °C during this time. [1]

A
b N )
o
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(¢} The heater is removed and a mass of 0.30kg of pasta at —10°C is added to the boiling N
water. e
Determine the equilibrium temperature of the pasta and water after the pasta is added.
Other heat transfers are negligible.

Specific heat capacity of pasta=1.8kJkg 'K’
Specific heat capacity of water = 4 2kJkg 'K ' [3]

{d) The electric heater has two identical resistors connected in parallel.

A
n
B
~—
220 V

The circuit transfers 1.6 kW when switch A only is closed. The external voltage is 220V,

(i}  Show that each resistor has a resistance of about 300, [1]

(i)  Calculate the power transferred by the heater when both switches are closed. [2]
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13 - (PHYSI/22_HL_Summer_2021_Q2) - Thermal Physics

.)

9

The graph shows the variation with temperature T of the pressure P of a fixed mass of helium
gas trapped in a container with a fixed volume of 1.0 x 10°m?®.

N
220+

P/ kPa
2001
180 -
160 -
140 -

120 -

100 T T T T T T T >
200 250 300 350 400 450 500 550

T/K

(@) Deduce whether helium behaves as an ideal gas over the temperature range 250K
to 500K. [2]

(b)  Helium has a molar mass of 4.0g. Calculate the mass of gas in the container. [2]
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{c) Aseccnd container, of the same volume as the original container, contains twice as

many helium atoms. The graph of the variation of Pwith T 1s determined for the gas
in the second container.

Predict how the graph for the second container will differ from the graph for the first
container.

CH3 - THERMAL PHYSICS
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(2]
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Cold milk enters a small sterilizing unit and flows over an electrical heating element.

milk in ——

—— > milk cut

The temperature of the milk 1s raised from 11°C to 84°C. A mass of 559 of milk enters

the sterilizing unit every second,

Specific heat capacity of milk = 3.9kJkg 'K

(a) Estimate the power input to the heating element. State an appropriate unit

for your answer.

(b) Qutline whether your answer to (a) is likely to overestimate or underestimate

the power input.

{c}  Discuss, with reference to the molecules in the liquid, the difference between milk

at 11 °C and milk at 84 °C.

2017 -2022
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(d) The milk flows out through an insulated metal pipe. The pipe is at a temperature
of 84°C. A small section of the insulation has been removed from around the pipe.

diagram not to scale

insulation\ gap in insulation

\

milk ————

0.56m

(i)  State how energy is transferred from the inside of the metal pipe to the outside

of the metal pipe. (1]

(i) The missing section of insulation is 0.56 m long and the external radius of the
pipe is 0.067m. The emissivity of the pipe surface is 0.40. Determine the energy
lost every second from the pipe surface. Ignore any absorption of radiation by

the pipe surface. [3]

(i)  Describe one other method by which significant amounts of energy can be

transferred from the pipe to the surroundings. [2]

.)

9
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15 - (PHYSI/22_HL_Summer_2022_Q2) - Thermal Physics

A fixed mass of an ideal gas is contained in a cylinder closed with a frictionless pistan.
The volume of the gas 1s 35 < 10 *m’ when the temperature of the gas is 37°C and the

pressure of the gas is g.t 10°Pa.

fa) Calculate the number of gas partzles in the cylinder,

A
b N )
!

2]

(b) Encrgy is now supplicd to the gas and the piston moves to allow the gas to expand.
The temperature is held constant.

Discuss, for this process, the changes that occur in the

(i}  density of the gas.

2]

(1} internal energy of the gas.

(2]
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16 - (PHYSI/20_HL_Winter_2022_Q2) - Thermal Physics

A solar heating panel is placed on the roof of a house in order to heat water in a storage tank.
The rest of the roof is covered with tiles.

fa} On a certain day, the intensity of the solar radiation that is incident perpendicular to the
surface of the panel is 680Wm °.

The following data are available.

Mass of the water in the tank — 250kg
Initial temperature of the water in the tank = 15°C
Specific heat capacity of water = 4200Jkg 'K '
Overall efficiency of the heating system = 0.30
Albedo of the roof tiles — 0.20
Emissivity of the roof tiles — 0.97

(i)  Determine the minimum area of the solar heating panel required to increase the
temperature of all the water in the tank to 30°C during a time of 1.0 hour. [3]
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(b) Thereis an air space above the water in the storage tank with an opening to the
atmosphere. Assume that air behaves like an ideal gas.

/ opening

air space

water

(i) State one way in which a real gas differs from an ideal gas.

(1]

The air space is always at constant atmospheric pressure and constant volume, as the

water level is kept constant. The air-space temperature and water temperature are the same.

(i)  The water is heated. Explain why the quantity of air in the storage tank decreases.

(2]

(c) Another method of harnessing solar energy involves the use of photovoltaic cells.

Outline one advantage of the output of a photovoltaic cell compared to the output of a
solar heating panel.

(2]

T

¥
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1 - (PHYSI/21_HL_Summer_2017_Q2) - Oscillations & Waves, Wave Phenomena (ahl)

(a) Outline what is meant by the principle of superposition of waves. [2]

(b) Red laser light is incident on a double slit with a slit separation of 0.35 mm.
A double-slit interference pattern is observed on a screen 2.4m from the slits.
The distance between successive maxima on the screen is 4.7 mm.

screen
double slit
—_— ‘ 0.35mm
[ — | ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
—_—
< 24m

(not to scale)

Calculate the wavelength of the light. Give your answer to an appropriate number of
significant figures. [3]
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(¢) Explain the change to the appearance of the interference pattern when the red-light ey
laser is replaced by one that emits green light. [2] =

(d) One of the slits is now covered.

Describe the appearance of the pattern on the screen. [2]
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2 = (PHYSI/21_HL_Summer_2017_Q7) - Oscillations & Waves, Measurements & Uncertainties

A student is investigating a method to measure the mass of a wooden block by timing the
period of its oscillations on a spring.

(a) Describe the conditions required for an object to perform simple harmonic motion (SHM).  [2]

(b) A0.52kg mass performs simple harmonic motion with a period of 0.86s when attached
to the spring. Awooden block attached to the same spring oscillates with a period
of 0.74s.

mass

frictionless surface

Calculate the mass of the wooden block. [2]

(¢) In carrying out the experiment the student displaced the block horizontally by 4.8cm
from the equilibrium position. Determine the total energy in the oscillation of the
wooden block. [3]
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(d) Asecond identical spring is placed in parallel and the experiment in (b) is repeated.
Suggest how this change affects the fractional uncertainty in the mass of the block.

(3]

(e) With the block stationary a longitudinal wave is made to travel through the original
spring from left to right. The diagram shows the variation with distance x of the
displacement y of the coils of the spring at an instant of time.

direction of wave
—

displacement
o to the right

5
>

distance

displacement
to the left

A point on the graph has been labelled that represents a point P on the spring.

(i)  State the direction of motion of P on the spring. [1]

(i) Explain whether P is at the centre of a compression or the centre of a rarefaction.  [2]
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3 = (PHYSI/22_HL_Summer_2017_Q2) - Oscillations & Waves, Energy Production ' 1-7
—

(a) Outline the conditions necessary for simple harmonic motion (SHM) to occur. [2]

(b) Abuoy, floating in a vertical tube, generates energy from the movement of water waves
on the surface of the sea. When the buoy moves up, a cable turns a generator on the
sea bed producing power. When the buoy moves down, the cable is wound in by a
mechanism in the generator and no power is produced.

sea surface

sea bed

The motion of the buoy can be assumed to be simple harmonic.

(i) Awave of amplitude 4.3 m and wavelength 35 m, moves with a speed of
3.4ms™. Calculate the maximum vertical speed of the buoy. [3]
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(i)  Sketch a graph to show the variation with time of the generator output power. )
Label the time axis with a suitable scale. [2] -

output power

0 time/s
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(c) Water can be used in other ways to generate energy.

()  Outline, with reference to energy changes, the operation of a pumped storage
hydroelectric system. [2]

(i)  The water in a particular pumped storage hydroelectric system falls a vertical
distance of 270 m to the turbines. Calculate the speed at which water arrives at
the turbines. Assume that there is no energy loss in the system. [2]

(i)  The hydroelectric system has four 250 MW generators. Determine the
maximum time for which the hydroelectric system can maintain full output
from the stored energy when a mass of 1.5 x10'°kg of water passes through
the turbines. [2]
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(iv) Not all the stored energy can be retrieved because of energy losses in the system. N
Explain two such losses. [2] <
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4 - (PHYSI/20_HL_Winter_2017_Q2) - Circular Motion & Gravitation, Oscillations & Waves, Fields (ahl)

There is a proposal to power a space satellite X as it orbits the Earth. |n this model,
X is connected by an electronically-conducting cable to another smaller satellite Y.

orbit of X not to scale

(a) Satellite X orbits 6600 km from the centre of the Earth.

Mass of the Earth=6.0x10% kg

Show that the orbital speed of satellite X is about § kms™.

9

2]

(b) Satellite Y orbits closer to the centre of Earth than satellite X. Outline why

()  the orbital times for X and Y are different.

(1]

(i)  satellite Y requires a propulsion system.

2]
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(c) The cable between the satellites cuts the magnetic field lines of the Earth at
right angles.

9

Earth’s magnetic field

magnetic field lines

orbit of X

not to scale

Explain why satellite X becomes positively charged. [3]

(d) Satellite X must release ions into the space between the satellites. Explain why the
current in the cable will become zero unless there is a method for transferring charge
from Xto Y. [3]
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(e) The magnetic field strength of the Earth is 31 uT at the orbital radius of the satellites.
The cable is 15 km in length. Calculate the emf induced in the cable.

(f  The cable acts as a spring. Satellite Y has a mass m of 3.5x10°kg. Under certain
circumstances, satellite Y will perform simple harmonic motion (SHM) with a period T
of 5.2 s.

()  Estimate the value of kin the following expression.

T:211:\/E
k

Give an appropriate unit for your answer. Ignore the mass of the cable and
any oscillation of satellite X.

(i) Describe the energy changes in the satellite Y-cable system during one cycle of
the oscillation.

] 1A
2] ot
(3]
2]

2017 -2022 90

Powered By :




IB DIPLOMA PHYSICS -HL -P2 CH4 - OSCILLATIONS & WAVES

5 - (PHYSI/20_HL_Winter_2017_Q5) - Thermal Physics, Oscillations & Waves

(@) Alarge cube is formed from ice. Alight ray is incident from a vacuum at an angle
of 46° to the normal on one surface of the cube. The light ray is parallel to the plane
of one of the sides of the cube. The angle of refraction inside the cube is 33°.

_______ g
/@V

ice cube

(iy Calculate the speed of light inside the ice cube.

[2]

(i)  Showthat no light emerges from side AB.

(3]

(i) Sketch, on the diagram, the subsequent path of the light ray.

(2]

9
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(b) Each side of the ice cube is 0.75 min length. The initial temperature of the ice cube
is —20 °C.

()  Determine the energy required to melt all of the ice from =20 "C to water at a
temperature of 0°C.

Specific latent heat of fusion of ice =330kJ kg™
Specific heat capacity of ice =21kJkg" K"’
Density of ice =920 kgm™

" =

T
—

(4]

(i)  Outline the difference between the molecular structure of a solid and a liquid.

(1]
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6 - (PHYSI/21_HL_Summer_2018_Q3) - Oscillations & Waves, Wave Phenomena (ahl)

A beam of coherent monochromatic light from a distant galaxy is used in an optics
experiment on Earth.

(@ The beamis incident normally on a double slit. The distance between the slits

is 0.300mm. A screen is at a distance D from the slits. The diffraction angle & is labelled.

screen

()  Aseries of dark and bright fringes appears on the screen. Explain how a dark
fringe is formed.

CH4 - OSCILLATIONS & WAVES

A
b N )
!

(8]

(i)  Outline why the beam has to be coherent in order for the fringes to be visible.

(1]

(i) The wavelength of the beam as observed on Earth is 633.0nm. The separation
between a dark and a bright fringe on the screen is 4.50mm. Calculate D.

(2]
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(b) The graph of variation of intensity with diffraction angle for this experiment is shown.

intensity/arbitrary units

missing peak

diffraction angle / @

()  Calculate the angular separation between the central peak and the missing
peak in the double-slit interference intensity pattern. State your answer to an
appropriate number of significant figures.

A
b N )
o

(3]

(2]
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() The wavelength of the light in the beam when emitted by the galaxy was 621.4nm. ' I.'.‘.‘
=

Explain, without further calculation, what can be deduced about the relative motion of
the galaxy and the Earth. [2]

(d) The air between the slits and the screen is replaced with water. The refractive index of
water is 1.33.

(i)  Calculate the wavelength of the light in water. [1]

(i) State two ways in which the intensity pattern on the screen changes. [2]
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7 = (PHYSI/22_HL_Summer_2018_Q3) - Oscillations & Waves ' 1-7
—
(@) Aloudspeaker emits sound towards the open end of a pipe. The other end is closed.
A standing wave is formed in the pipe. The diagram represents the displacement of
molecules of air in the pipe at an instant of time.

displacement
to the right pipe

loudspeaker

displacement
to the left

()  Outline how the standing wave is formed. [1]

Xand Y represent the equilibrium positions of two air molecules in the pipe. The arrow
represents the velocity of the molecule at Y.

(i) Drawan arrow on the diagram to represent the direction of motion of the [1]
molecule at X.

(i) Label a position N that is a node of the standing wave. [1]

(iv) The speed of sound is 340 ms™" and the length of the pipe is 0.30 m.
Calculate, in Hz, the frequency of the sound. [2]
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(b) The loudspeaker in (a) now emits sound towards an air—water boundary. A, Band C e
are parallel wavefronts emitted by the loudspeaker. The parts of wavefronts Aand B ~

in water are not shown. Wavefront C has not yet entered the water.

loudspeaker
& c
B
A
g\ air
water

()  The speed of sound in air is 340 ms™ and in water it is 1500 ms™.
The wavefronts make an angle # with the surface of the water. Determine the
maximum angle, @ .., at which the sound can enter water. Give your answer

to the correct number of significant figures. (2]
(i)  Draw lines on the diagram to complete wavefronts A and B in water for #<0, .. [2]
Powered By :
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8 = (PHYSI/22_HL_Summer_2018_Q5) - Oscillations & Waves, Wave Phenomena (ahl)

(a) Monochromatic light from two identical lamps arrives on a screen.

screen

The intensity of light on the screen from each lamp separately is /.

On the axes, sketch a graph to show the variation with distance x on the screen of the
intensity / of light on the screen. [1]
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(b) Monochromatic light from a single source is incident on two thin, parallel slits.
| slits
ﬁx
monochromatic light } -------------------------------- 0
screen
The following data are available.
Slit separation =0.12mm
Wavelength =680 nm
Distance to screen =3.5m
The intensity I of light at the screen from each slit separately is /,. Sketch, on the
axes, a graph to show the variation with distance x on the screen of the intensity of light
on the screen for this arrangement. [3]
_____________________________________ Mg o
e
R R R R RSN ARRR iR
R mn e Rna AN EECEBe s RRREEES s
B R Rnn SR Ba sl M EEE e A NERAEEESE R
B R RRRE AR IE AR RS R RRRNNNRRRRRRE R AN A
I T T T i T T T T 1
-4 -2 0 2 4
x/cm
(c) The slit separation is increased. Qutline one change observed on the screen. [1]
2017 -2022 99 Powered By :




IB DIPLOMA PHYSICS -HL -P2 CH4 - OSCILLATIONS & WAVES

9 - (PHYSI/20_HL_Winter_2018_Q4) - Oscillations & Waves ' 1-7
—

A pipe is open at both ends. A first-harmonic standing wave is set up in the pipe.

The diagram shows the variation of displacement of air molecules in the pipe with

distance along the pipe at time {=0. The frequency of the first harmonic is f.

displacement
to the right

edge of pipe

zero displacement - — — —

left-hand end right-hand end
of pipe of pipe

displacement
to the left

(@) () Sketch, onthe diagram, the variation of displacement of the air molecules with

distance along the pipe when ¢ = % . [1]

(i)  Anair molecule is situated at point X in the pipe at {=0. Describe the motion
of this air molecule during one complete cycle of the standing wave beginning
from ¢t=0. [2]

2017 -2022 100 Powered By :




IB DIPLOMA PHYSICS -HL -P2 CH4 - OSCILLATIONS & WAVES

(b) The speed of sound ¢ for longitudinal waves in air is given by

9

K
c= [—
Je)

where p is the density of the air and K is a constant.

A student measures f to be 120 Hz when the length of the pipe is 1.4 m. The density
of the air in the pipe is 1.3kg m™. Determine the value of K for air. State your answer
with the appropriate fundamental (SI) unit. [4]
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(¢) Atransmitter of electromagnetic waves is next to a long straight vertical wall that acts
as a plane mirror to the waves. An observer on a boat detects the waves both directly
and as an image from the other side of the wall. The diagram shows one ray from the
transmitter reflected at the wall and the position of the image.

plan view

transmitter of
electromagnetic wave

wall

not to scale

position of image

land

boat

-

water

(i) Demonstrate, using a second ray, that the image appears to come from the

A _
T
Ky |

position indicated. [1]
(i)  Outline why the observer detects a series of increases and decreases in the
intensity of the received signal as the boat moves along the line XY. [2]
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10 - (PHYSI/21_HL_Summer_2019_Q3) - Oscillations & Waves '?
®
A beam of microwaves is incident normally on a pair of identical narrow slits S1 and S2.

Not to scale

microwave
transmitter

When a microwave receiver is initially placed at W which is equidistant from the slits, a
maximum in intensity is observed. The receiver is then moved towards Z along a line parallel
to the slits. Intensity maxima are observed at X and Y with one minimum between them. W, X
and Y are consecutive maxima.

(a) Explain why intensity maxima are observed at X and Y. [2]

The distance from S1to Y is 1.243m and the distance from S2to Y is 1.181m.

(b) Determine the frequency of the microwaves. [3]
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T
(1] :‘

(c) Outline one reason why the maxima observed at W, X and Y will have different
intensities from each other.
(d) The microwaves emitted by the transmitter are horizontally polarized. The microwave

receiver contains a polarizing filter. When the receiver is at position W it detects a
maximum intensity.

microwave

receiver
—
J ’

microwave
transmitter

The receiver is then rotated through 180° about the horizontal dotted line passing
through the microwave transmitter. Sketch a graph on the axes provided to show the
variation of received intensity with rotation angle.

(2]

received intensity

| l
%70 90° 180° rotation angle
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11 - (PHYSI/21_HL_Summer_2019_Q6) - Mechanics, Oscillations & Waves

] ?7
—
A small metal pendulum bob is suspended at rest from a fixed point with a length of thread of

negligible mass. Air resistance is negligible.

The pendulum begins to oscillate. Assume that the motion of the system is simple harmonic,
and in one vertical plane.

The graph shows the variation of kinetic energy of the pendulum bob with time.

204
15+
kinetic energy /
mJ 10
5_
0 >3

—r - 1 1 T 1 r T T
0 025 05 075 10 125 15 175 20 225 25
time /s

(a) (i) Calculate, in m, the length of the thread. State your answer to an appropriate
number of significant figures. [3]

(i)  Label on the graph with the letter X a point where the speed of the pendulum is
half that of its initial speed. (1]

(i) The mass of the pendulum bob is 75g. Show that the maximum speed of the bob
is about 0.7ms™". 2]
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(b) When the 75g bob is moving horizontally at 0.80ms™, it collides with a small stationary T
object also of mass 75g. The object and the bob stick together. :‘

Direction of motion ———

bob object
(i)  Calculate the speed of the combined masses immediately after the collision. [1
(i)  Show that the collision is inelastic. [3]
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(i) Sketch, on the axes, a graph to show the variation of gravitational potential
energy with time for the bob and the object after the collision. The data from the

‘¥
g

graph used in (a) is shown as a dashed line for reference. [2]
gravitational
potential
energy
— 1 1 T 1 1 1 1 1 1 ‘1
time

(iv) The speed after the collision of the bob and the object was measured using a
sensor. This sensor emits a sound of frequency f and this sound is reflected
from the moving bob. The sound is then detected by the sensor as frequency /.

Explain why f and [’ are different. [3]

=
(]
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12 = (PHYSI/22_HL_Summer_2019_Q3) - Oscillations & Waves 1‘:
Pd
The diagram shows the direction of a sound wave travelling in a metal sheet. i

diagram not to scale

Q

air

(a) Particle P in the metal sheet performs simple harmonic oscillations. When the displacement
of P is 3.2um the magnitude of its acceleration is 7.9ms . Calculate the magnitude of the
acceleration of P when its displacement is 2.3um. [2]

(b) The wave is incident at point Q on the metal-air boundary. The wave makes an angle of
54" with the normal at Q. The speed of sound in the metal is 6010ms™ and the speed of
sound in air is 340ms™". Calculate the angle between the normal at Q and the direction
of the wave in air. [2]
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{c) The frequency of the sound wave in the metal is 250Hz. Determine the wavelength of
the wave in air. (1

A
b N )
!

{d} The sound wave in air in (¢} enters a pipe that is open at both ends. The diagram shows
the displacement, at a particular time T, of the standing wave that is set up in the pipe.

displacement to the right

displacement to the left

A particular air molecule has its equilibrium position at the peint labelled M.
On the diagram, at time 7,
{iy draw an arrow to indicate the acceleration of this molecule. (1]

(i)  label with the letter C a point in the pipe that is at the centre of a compression. (1]
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(e) Sound of frequency /= 2500Hz is emitted from an aircraft that moves with speed v =280ms™ T
away from a stationary observer. The speed of sound in still air is ¢ = 340ms™". :‘

diagram not to scale

"9 stationary
observer
Calculate the
(i)  frequency heard by the observer. [2]
(i) wavelength measured by the observer. [1]
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13 - (PHYSI/20_HL_Winter_2019_Q3) - Oscillations & Waves ' 1-?
=

The solid line in the graph shows the variation with distance x of the displacement y of a

travelling wave at t = 0. The dotted line shows the wave 0.20ms later. The period of the wave

is longer than 0.20ms.

ylem

B B RN
(@ (i) Calculate, in ms™, the speed for this wave. [1]
(i) Calculate, in Hz, the frequency for this wave. [2]

(b) The graph also shows the displacement of two particles, P and Q, in the medium at
t = 0. State and explain which particle has the larger magnitude of acceleration att=0. [2]
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{c) One end cf a string is attached to an oscillator and the other is fixed to a wall. When
the frequency of the oscillator is 360 Hz the standing wave shown is formed on the string.

A
b N )
!

oscillator

Point X {not shown) is a point on the string at a distance of 10cm from the oscillator.

(i) State the number of all other points on the string that have the same amplitude
and phase as X. (1]

(il The frequency of the oscillater is reduced to 120Hz. On the diagram, draw the
standing wave that will be formed on the string. (1]

2.1m

A
v

1

oscillator
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14 =~ (PHYSI/20_HL_Winter_2019_Q10) - Oscillations & Waves, Wave Phenomena (ahl)

The lens of an optical system is coated with a thin film of magnesium fluoride of thickness d.
Monochromatic light of wavelength 656 nm in air is incident on the lens. The angle of
incidence is 0. Two reflected rays, X and Y, are shown.

XY

d
lens
The following refractive indices are available.
Air =1.00
Magnesium fluoride = 1.38
Lens =158
(a) Predict whether reflected ray X undergoes a phase change. [2]

)

¥
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(b) The thickness of the magnesium fluoride film is d. For the case of normal incidence (=0}, Sy
—

(i) state, in terms of d, the path difference between the reflected rays X and Y. [1]

{(iiy calculate the smallest value of d that will result in destructive interference
between ray X and ray Y. [2]

(iii) discuss a practical advantage of this arrangement. [2]
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{c) Light from a point source is incident on the pupil of the eye of an observer. E Y
The diameter of the pupil is 2.8 mm. -
{i) Draw, onthe axes, the variation with diffraction angle of the intensity of light
incident on the retina of the observer. [2]

Intensity

+ Diffraction angle

(i Estimate, in rad, the smallest angular separation of two distinct point sources of
light of wavelength 656 nm that can be resolved by the eye of this cbserver. [2]
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15 - (PHYSI/20_HL_Winter_2020_Q4) - Oscillations & Waves, Wave Phenomena (ahl)

A
b N )
!

Two loudspeakers, A and B, are driven in phase and with the same amplitude at a frequency
of 850 Hz. Point P is located 22.5m from A and 24.3m from B. The speed of sound is 340ms™".

P
22.5m
A 24.3m
B
(a) Deduce that a minimum intensity of sound is heard at P. [4]
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(b) A microphone moves along the line from P to Q. PQ is normal to the line midway
between the loudspeakers.

9

P

direction of travel

The intensity of sound is detected by the microphone. Predict the variation of detected
intensity as the microphone moves from P to Q. [2]

(¢) When both loudspeakers are operating, the intensity of sound recorded at Q is /,,
Loudspeaker B is now disconnected. Loudspeaker A continues to emit sound with
unchanged amplitude and frequency. The intensity of sound recorded at Q changes to /,.

Estimate I—A . [2]
1y
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{d} Inanother experiment, loudspeaker A is stationary and emits scund with a frequency of
850Hz. The microphone is moving directly away from the loudspeaker with a constant
speed v. The frequency of sound recorded by the microphone is 845 Hz,

9

(i)  Explain why the frequency recerded by the microphone is lower than the

frequency emitted by the loudspeaker. [2]
(iiy Calculate v. [2]
Powered By :

2017 -2022 118



IB DIPLOMA PHYSICS -HL -P2 CH4 - OSCILLATIONS & WAVES

16 - (PHYSI/21_HL_Summer_2021_Q8) - Oscillations & Waves ' 1-7
=
On a guitar, the strings played vibrate between two fixed points. The frequency of vibration

is modified by changing the string length using a finger. The different strings have different
wave speeds. When a string is plucked, a standing wave forms between the bridge and the finger.

(2]
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{b) The string is displaced 0.4 cm at point P to sound the guitar. Point P on the siring
vibrates with simple harmonic motion {(shm) in its first harmonic with a frequency of
195 Hz. The sounding length of the string is 82cm.

A
b N )
o

(il  Show that the speed of the wave on the string is about 240ms ' [2]

(i)  Sketch a graph to show how the acceleration of point P varies with its
displacement from the rest positicn. [1]

acceleration

0 »

displacement

(il Calculate, in ms ', the maximum velocity of vibration of point P when it is
vibrating with a frequency of 195Hz. [2]
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=
(]

(iv) Calculate, in terms of g, the maximum acceleration of P. 2] =
—

(v) Estimate the displacement needed to double the energy of the string. [2]

(¢) The string is made to vibrate in its third harmonic. State the distance between
consecutive nodes. [1]
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17 - (PHYSI/22_HL_Summer_2021_Q7) - Oscillations & Waves, Electromagnetic Induction (ahl) ' 1-7
—

{a) The primary coil of a transformer 15 connected to a 110V alternating current {ac) supply.
The secondary coil of the transformer is connected to a 15V garden lighting system that
consists of 8 lamps connected in parallel. Each lamp is rated at 35W when working at
its normal brightness. Root mean square (rms) values are used throughout this question.

() The primary coil has 3300 turns. Calculate the number of turns on the secondary coil. [1]

(i)  Determine the total resistance of the lamps when they are working normally. [2]

(iiy Calculate the current in the primary of the transformer assuming that it is ideal. [2]

{iv) Flux leakage is cne reasen why a transformer may not be ideal. Explain the effect
of flux leakage on the transformer. 2]
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(b) A pendulum with a metal bob comes to rest after 200 swings. The same pendulum,
released from the same position, now swings at 90° to the direction of a strong
magnetic field and comes to rest after 20 swings.

A
b N )
!

Explain why the pendulum comes to rest after a smaller number of swings. [4]
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18 - (PHYSI/20_HL_Winter_2021_Q2) - Oscillations & Waves ' q?
—

A longitudinal wave travels in a medium with speed 340ms '. The graph shows the variation
with time t of the displacement x of a particle P in the medium. Positive displacements on
the graph correspond to displacements to the right for particle P.

x/um

I t/ms

(a) Calculate the wavelength of the wave. [2]

(b) Determine, for particle P, the magnitude and direction of the acceleration at t=2.0ms [3]
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(c) Another wave travels in the medium. The graph shows the variation with time t of the
displacement of each wave at the position of P.

A
b N )
!

x/um

(i)  State the phase difference between the two waves. [1]
(i)  Identify a time at which the displacement of P is zero. [1]
(iiy  Estimate the amplitude of the resultant wave. [1]
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A
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!

IB DIPLOMA

(d) A standing sound wave is established in a tube that is closed at one end and open at
the other end. The period of the wave is T. The diagram represents the standing wave

att=0andat t= % The wavelength of the wave is 1.20m. Positive displacements

mean displacements to the right.

© oo

(i)  Calculate the length of the tube. [1]
(i)  Aparticle in the tube has its equilibrium position at the open end of the tube.
State and explain the direction of the velocity of this particle at time ¢ :% [2]
(i)  Draw on the diagram the standing wave at time ¢ :% [1]
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19 - (PHYSI/22_HL_Summer_2022_Q3) - Oscillations & Waves ' 1-7
—

Aloudspeaker emits sound waves of frequency f towards a metal plate that reflects the waves.
A small microphone is moved aleng the line from the metal plate to the loudspeaker. The intensity

of sound detected at the microphone as it moves varies regularly between maximum and
minimum values.

loudspeaker microphone metal plate
The speed of sound in air is 340ms .
)y (i) Explair the variation in intensity. [3]
(i)  Adjacent minima arc separated by a distance of 0.12m. Calculate . 121
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(b)

The metal plate is replaced by a wooden plate that reflects a lower intensity sound "y
wave than the metal plate. —

State and explain the differences between the sound intensities detected by the same
microphone with the metal plate and the wooden plate.

(31

,,,,,

.....................................................................

2017 -2022

128 Powered By :



IB DIPLOMA PHYSICS -HL -P2 CH4 - OSCILLATIONS & WAVES

20 = (PHYSI/20_HL_Winter_2022_Q3) - Oscillations & Waves

A
b N )
!

A string of length 0.80m is fixed at both ends. The diagram shows a standing wave formed
on the string. P and Q are two particles on the string.

(a) The variation with time f of the displacement of particle P is shown.

displacement

0 t/ms
04 8 1.2 1.6 24 2.8

()  Draw, on the axes, a graph to show the variation with t of the displacement of
particle Q. [2]

(iiy  Calculate the speed of waves on the string. [2]
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{b) Itis suggested that the speed ¢ of waves in the string 1$ related to the tension force Tin N
the string according to the equation T = ac®, where a is a constant. o=

{n Determine the fundamental S| unit for a. [2]

(il  The tension force on the string i1s doubled. Describe the effect, if any, of this
change on the frequency of the standing wave. [2]
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(c) The standing wave on the string creates a travelling sound wave in the surrounding air. oy

—
(i)  Outline one difference between a standing wave and a travelling wave. [1] i

The sound wave is incident on a surface of water. The wave makes an angle of 30°
with the normal to the surface.

normal

wave
direction

air

(i)  The speed of sound in air is 340ms ™" and in water it is 1500ms .

Discuss whether the sound wave can enter the water. [2]
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1 - (PHYSI/21_HL_Summer_2017_Q3) - Energy Production, Electricity & Magnetism

Two renewable energy sources are solar and wind.

(a) Describe the difference between photovoltaic cells and solar heating panels. [1]

(o) Asolar farm is made up of photovoltaic cells of area 25000 . The average solar
intensity falling on the farm is 240Wm™? and the average power output of the farm

is 1.6 MW. Calculate the efficiency of the photovoltaic cells. [2]

(¢) An alternative generation method is the use of wind turbines.
The following data are available:
Length of turbine blade =17m

Density of air =13kgm?®
Average wind speed =7.5ms™

()  Determine the minimum number of turbines needed to generate the same power

as the solar farm. [3]

A
b N )
!
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(i)  Explain two reasons why the number of turbines required is likely to be greater e
than your answer to (c)(i). [2] <
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2 = (PHYSI/21_HL_Summer_2017_Q4) - Electricity & Magnetism, Thermal Physics

Aheater in an electric shower has a power of 8.5 kW when connected to a 240V electrical
supply. Itis connected to the electrical supply by a copper cable.

The following data are available:

Length of cable =10m
Cross-sectional area of cable = 6.0mm’
Resistivity of copper =1.7x10°%0Qm
(a) (i) Calculate the current in the copper cable. [1]
(i) Calculate the resistance of the cable. [2]
(i) Calculate the power dissipated in the cable. [1]
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(b) Explain, in terms of electrons, what happens to the resistance of the cable as the RE )
temperature of the cable increases. [3] =

(c) The heater changes the temperature of the water by 35 K. The specific heat capacity
of water is 4200Jkg 'K "

Determine the rate at which water flows through the shower. State an appropriate unit
for your answer. [4]
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3 = (PHYSI/22_HL_Summer_2017_Q3) - Electromagnetic Induction (ahl), Electricity & Magnetism

The electrical circuit shown is used to investigate the temperature change in a wire that is
wrapped around a mercury-in-glass thermometer.

S, S, thermometer

— 1 22 mF coil of resistance wire

A power supply of emf (electromotive force) 24V and of negligible internal resistance is
connected to a capacitor and to a coil of resistance wire using an arrangement of two
switches. Switch S, is closed and, a few seconds later, opened. Then switch S, is closed.

(a) The capacitance of the capacitor is 22 mF. Calculate the energy stored in the capacitor
when it is fully charged.

A
b N )
!

(]

(b) The resistance of the wire is 8.0 Q. Determine the time taken for the capacitor to
discharge through the resistance wire. Assume that the capacitor is completely
discharged when the potential difference across it has fallen to 0.24 V.

]
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(¢) () The mass of the resistance wire is 0.61 g and its observed temperature T
rise is 28 K. Estimate the specific heat capacity of the wire. Include an e

appropriate unit for your answer. [2]

(i)  Suggest one other energy loss in the experiment and the effect it will have on the
value for the specific heat capacity of the wire. [2]
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4 - (PHYSI/20_HL_Winter_2017_Q4) - Electricity & Magnetism

9

Electrical resistors can be made by forming a thin film of carbon on a layer of an insulating
material.

(@) Acarbon film resistor is made from a film of width 8.0 mm and of thickness 2.0 um.
The diagram shows the direction of charge flow through the resistor.

resistor

A l
< % mm charge flow

| 12.0um

not to scale

()  The resistance of the carbon film is 82 Q. The resistivity of carbon is
4.1x10° Qm. Calculate the length I of the film. 11

(i)  The film must dissipate a power less than 1500 W from each square metre
of its surface to avoid damage. Calculate the maximum allowable current for
the resistor. [2]

(i) State why knowledge of quantities such as resistivity is useful to scientists. [11
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(b) The current direction is now changed so that charge flows vertically through the film.

A
b N )
o

L charge flow

not to scale

Deduce, without calculation, the change in the resistance. [2]
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5 - (PHYSI/21_HL_Summer_2018_Q4) - Electricity & Magnetism
An ohmic conductor is connected to an ideal ammeter and to a power supply of output voltage V.

drift speed

The following data are available for the conductor:

density of free electrons =85x10%cm™®
resistivity p=17x10°Qm
dimensions wx hx1=0.020cm x 0.020cm x 10cm.

The ammeter reading is 2.0A.

(a) Calculate the resistance of the conductor. [2]

(b) Calculate the drift speed v of the electrons in the conductor in cms™. [2]

A
b N )
o
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(c) The electric field E inside the sample can be approximated as the uniform electric field Ry
between two parallel plates. —

(i)  Determine the electric field strength E. [2]
) Showthat V= 1 3]
E nep
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6 - (PHYSI/21_HL_Summer_2018_Q5) - Electricity & Magnetism, Circular Motion & Gravitation

An electron moves in circular motion in a uniform magnetic field.

P velocity

The velocity of the electron at point P is 6.8 x 10°ms " in the direction shown.
The magnitude of the magnetic field is 8.5T.

(a) State the direction of the magnetic field. [1]

(b) Calculate, in N, the magnitude of the magnetic force acting on the electron. [1]

() Explain why the electron moves

(i) atconstant speed. [1]

(i)  on acircular path. [2]

2017 -2022 142 Powered By :




IB DIPLOMA PHYSICS -HL -P2 CHS5 - ELECTRICITY & MAGNETISM

7 = (PHYSI/22_HL_Summer_2018_Q4) - Electricity & Magnetism

The diagram shows a potential divider circuit used to measure the emf £ of a cell X.
Both cells have negligible internal resistance.

B
_— Cle
12V cell X
A E

(a) State whatis meant by the emf of a cell.

A
b N )
!

(2]

(b) ABis a wire of uniform cross-section and length 1.0 m. The resistance of wire AB
is 80 ©2. When the length of AC is 0.35 m the current in cell X is zero.

(i)  Show that the resistance of the wire AC is 28 2.

(2]

(i) Determine E.

(2]
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(c) Cell Xis replaced by a second cell of identical emf £ but with internal resistance 2.0 (2. )
Comment on the length of AC for which the current in the second cell is zero. [2] -
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—

A lighting system consists of two long metal rods with a potential difference maintained
between them. Identical lamps can be connected between the rods as required.

powe/r supply rod
24V, 5.0W
rod

The following data are available for the lamps when at their working temperature.

Lamp specifications 24V, 5.0W
Power supply root mean square (rms) emf 24V

Power supply maximum rms current 80A

Length of each rod 125 m
Resistivity of rod metal 72x107Qm

(a) Each rodis to have a resistance no greater than 0.10 2. Calculate, in m, the minimum
radius of each rod. Give your answer to an appropriate number of significant figures. [3]

(b) Calculate the maximum number of lamps that can be connected between the rods.
Neglect the resistance of the rods. [2]
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(c) One advantage of this system is that if one lamp fails then the other lamps in the circuit Ry
—

remain lit. Outline one other electrical advantage of this system compared to one in
which the lamps are connected in series.

(1]

(d) Astep-down transformer is used to transfer energy to the two rods. The primary coil
of this transformer is connected to an alternating mains supply that has an emf of
root mean square (rms) magnitude 240V. The transformer is 95 % efficient.

(i)  Outline how eddy currents reduce transformer efficiency.

(2]

(i)  Determine the peak current in the primary coil when operating with the
maximum number of lamps.

[4]
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9 - (PHYSI/20_HL_Winter_2018_Q7) - Electricity & Magnetism ' 1-7
—

A small electric motor is used with a 12 mF capacitor and a battery in a school experiment.

motor

mass

I

When the switch is connected to X, the capacitor is charged using the battery. \WWhen the
switch is connected to Y, the capacitor fully discharges through the electric motor that raises
a small mass.

(@) The battery has an emf of 7.5V. Determine the charge that flows through the motor
when the mass is raised. [1]

(b) The motor can transfer one-third of the electrical energy stored in the capacitor into
gravitational potential energy of the mass. Determine the maximum height through
which a mass of 45 g can be raised. [2]
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(c) An additional identical capacitor is connected in series with the first capacitor and the
charging and discharging processes are repeated. Comment on the effect this change
has on the height and time taken to raise the 45 g mass. [3]

A
b N )
o
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10 - (PHYSI/21_HL_Summer_2019_Q1) - Mechanics, Electricity & Magnetism

A
b N )
!

A girl rides a bicycle that is powered by an electric moter. A battery transfers energy to the
electric moter. The emf of the battery is 16V and it can deliver a charge of 43kC when
discharging completely from a full charge.

(a) The maximum speed of the girl on a horizental road is 7.0ms™" with energy from the
battery alone. The maximum distance that the girl can travel under these conditions is 20km.

iy  Show that the time taken for the battery to discharge is about 3 x 10°s. [1]

(il  Deduce that the average power gutput of the battery is about 240W 2]

(iiiy  Friction and air resistance act on the bicycle and the girl when they move.
Assume that all the energy is transferred from the battery to the electric motor.
Determine the total average resistive force that acts on the bicycle and the girl. [2]
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(b) The bicycle and the girl have a total mass of 66 kg. The girl rides up a slope that is at
an angle of 3.0° to the horizontal.

A
b N )
!

(i)  Calculate the component of weight for the bicycle and girl acting down the slope. [1]

(i)  The battery continues to give an output power of 240W. Assume that the resistive
forces are the same as in (a)(iii).

Calculate the maximum speed of the bicycle and the girl up the slope. [2]

(c) On another journey up the slope, the girl carries an additional mass. Explain whether
carrying this mass will change the maximum distance that the bicycle can travel along
the slope. [2]
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(d) The bicycle has a meter that displays the current and the terminal potential difference
(pd) for the battery when the motor is running. The diagram shows the meter readings
at one instant. The emf of the cell is 16V.

A
b N )
!

pd current

12V | |6.5A

Determine the internal resistance of the battery. (2]

[ I i I I
—il »—
| | I | |
Calculate
(i) the emf of one cell. 1
(i)  the internal resistance of one cell. [2]
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11 - (PHYSI/21_HL_Summer_2019_Q8) - Electromagnetic Induction (ahl), Electricity & Magnetism

A student makes a parallel-plate capacitor of capacitance 68 nF from aluminium foil and

T

¥

plastic film by inserting one sheet of plastic film between two sheets of aluminium foil.

diagram not to scale

width

aluminium foil

thickness | plastic film

\aluminium foil

The aluminium foil and the plastic film are 450 mm wide.
The plastic film has a thickness of 55um and a permittivity of 2.5 x 107" C*N"'m™.

(@) (i) Calculate the total length of aluminium foil that the student will require. [3]

(i)  The plastic film begins to conduct when the electric field strength in it exceeds
1.5MNC™'. Calculate the maximum charge that can be stored on the capacitor. [2]
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.)

(b) The student uses a switch to charge and discharge the capacitor using the circuit
shown. The ammeter is ideal.

9

charge discharge

R
X /Y
N

The emf of the battery is 12V.

(il  The resistor R in the circuif has a resistance of 1.2k02. Calculate the time taken
for the charge on the capacitor to fall to 50% of its fully charged value. [3]

(il  The ammeter is replaced by a coil. Explain why there will be an induced emf in
the coil while the capacitor is discharging. [2]

(i} Suggest one change to the discharge circuit, apart from changes to the coil, that
will increase the maximum induced emf in the coil. 2]
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12 - (PHYSI/22_HL_Summer_2019_Q4) - Electricity & Magnetism

A
b N )
!

Three identical light bulbs, X, Y and Z, each cf resistance 4.0(2 are connected to a cell of
emf 12V The cell has negligible internal resistance.

12V
!

S X

Y Z
(a) The swilch S is initially open. Calculate the total power dissipated in the circuit [2]
(b} The swilch is now closed.
(iy State, without calculation, why the current in the cell will increase. [1]

power dissipated in Y with S open
power dissipated in Y with S closed’

(i) DPeduce the ratio [2]
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(c) The cell is used to charge a parallel-plate capacitor in @ vacuum. The fully charged i 0
capacitor is then connected to an ideal voltmeter. >

O,

The capacitance of the capacitor is 8.0puF and the reading of the volimeter is 12V,

Calculate the energy stored in the capacitor. [1]

(d) When fully charged the space between the plates of the capacitor is filled with a
dielectric with double the permittivity of a vacuum.

(it  Calculate the change in the energy stored in the capacitor. [3]

(it Suggest, in terms of conservation of energy, the cause for the above change. [1]
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13 - (PHYSI/22_HL_Summer_2019_Q5) - Electricity & Magnetism, Circular Motion & Gravitation

A proton moves along a circular path in a region of a uniform magnetic field. The magnetic
field is directed into the plane of the page.

® e © ® ® ®

& @ ® @ ® ®
It @ proton

&8 ©® © © ‘& @ ®

& N\ ® ® ® ., ® ®

® e & @ ® ® ®

(@) Label with arrows on the diagram the

(I}  magnetic force F on the proton. [1]
(i) wvelocity vector v of the proton. [1]

(b) The speed of the proten is 2.16 x 10°ms ' and the magnetic field strength 1s 0.042T.
For this proton,

(i) determine, in m, the radius of the circular path. Give your answer to an appropriate

number of significant figures. (3]

(i) calculate, in s, the time for one full revolution. (2]
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14 - (PHYSI/20_HL_Winter_2019_Q4) - Electricity & Magnetism, Circular Motion & Gravitation ' L 7
—

A proton is moving in a region of uniform magnetic field. The magnetic field is directed into

the plane of the paper. The arrow shows the velocity of the proton at one instant and the

dotted circle gives the path followed by the proton.

@ & ® ® ® ®

® & ® 3\ ® o
)
I proton
\ [}

® ® ® ®,) ® ®
\\ //

(a) Explain why the path of the proton is a circle. [2]

(b) The speed of the proton is 2.0 x 10°ms™ and the magnetic field strength Bis 0.35T.

(i Show that the radius of the path is about 6em. [2]

2017 -2022 157 Powered By :




IB DIPLOMA

PHYSICS -HL -P2

CHS5 - ELECTRICITY & MAGNETISM

(i)  Calculate the time for one complete revolution.

2] 7%

{c) Explain why the kinetic energy of the proton is constant.

[2]

2017 -2022

158

Powered By :




IB DIPLOMA PHYSICS -HL -P2 CHS5 - ELECTRICITY & MAGNETISM

15 - (PHYSI/20_HL_Winter_2019_Q5) - Electricity & Magnetism

A
b N )
!

An electron is placed at a distance of 0.40m from a fixed point charge of -6.0mC.

-6.0mC electron
Qo A
- 0.40m -
(a) Show that the electric field strength due to the peint charge at the position of the
electron is 3.4 x 10°NC™". [2]
(b) (i) Calculate the magnitude of the initial acceleration of the electron. [2]
(i)  Describe the subsequent motion of the electron., [3]
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16 - (PHYSI/20_HL_Winter_2020_Q5) - Electricity & Magnetism

] 1?
—
The graph shows how current / varies with potential difference V across a component X.

90-
80-
70-
60-
1rma 997
40-
30-
20-

10

0 T T T T T T T T T T
0 0.5 10 15 20 25 3.0 3.5 4.0 45 50

ViV

(@) Qutline why component X is considered non-ohmic. [1
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()  Component X and a cell of negligible internal resistance are placed in a circuit. )
A variable resistor R is connected in series with component X. The ammeter reads 20mA. =

40V

{i} Determine the resistance of the variable resistor. [3]

(i)  Calculate the power dissipated in the circuit. [1]
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(¢} Compenent X and the cell are now placed in a potential divider circuit.

40V

(i}  State the range of current that the ammeter can measure as the slider S of the
polential divider is moved from Q to P. (M

(i Slider S of the potential divider is positioned so that the ammeter reads 20mA.
Explain, without further calculation, any difference in the power transferred by the
petential divider arrangement over the arrangement in {b). [3]

2017 -2022 162 Powered By :




IB DIPLOMA PHYSICS -HL -P2 CHS5 - ELECTRICITY & MAGNETISM

17 - (PHYSI/21_HL_Summer_2021_Q3) - Thermal Physics, Electricity & Magnetism

» 17
—
A mass of 1.0kg of water is brought to its boiling point of 100°C using an electric heater of

power 1.8kWV.

(@ () The molar mass of water is 18gmol '. Estimate the average speed of the water
molecules in the vapor produced. Assume the vapor behaves as an ideal gas. [2]

(il  State one assumption of the kinetic model of an ideal gas. [1]

(b) A mass of 0.86kg of water remains after it has boiled for 200s.

(i}  Estimate the specific latent heat of vaporization of water. State an appropriate
unit for your answer. 2]

(i) Explain why the temperature of water remains at 100 °C during this time. [1]
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(¢} The heater is removed and a mass of 0.30kg of pasta at —10°C is added to the boiling N
water. e
Determine the equilibrium temperature of the pasta and water after the pasta is added.
Other heat transfers are negligible.

Specific heat capacity of pasta=1.8kJkg 'K’
Specific heat capacity of water = 4 2kJkg 'K ' [3]

{d) The electric heater has two identical resistors connected in parallel.

A
n
B
~—
220 V

The circuit transfers 1.6 kW when switch A only is closed. The external voltage is 220V,

(i}  Show that each resistor has a resistance of about 300, [1]

(i)  Calculate the power transferred by the heater when both switches are closed. [2]
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18 - (PHYSI/22_HL_Summer_2021_Q3) - Electricity & Magnetism

A vertical wall carries a uniform positive charge on its surface. This produces a uniform
horizontal electric field perpendicular to the wall. A small, positively-charged ball is
suspended in equilibrium from the vertical wall by a thread of negligible mass.

9

walll A +
=+
%_
—+

30°

+H+
£~4 ball

+ + |+

Hl

> electric field

+

AN N N N NN NN\

(a) The charge per unit area on the surface of the wall is o. It can be shown that the
electric field strength E due to the charge on the wall is given by the equation

o

E=—.
2¢,

Demonstrate that the units of the quantities in this equation are consistent. [2]

(b) () The thread makes an angle of 30° with the vertical wall. The ball has a mass
of 0.025kg.

Determine the horizontal force that acts on the ball. [3]

.)
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.)

(i)  The charge on the ball is 1.2 x 10°°C. Determine o. 2]

9

(¢) The thread breaks. Explain the initial subsequent motion of the ball. [3]
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(d)  The centre of the balll, still carrying a charge of 1.2 x 10°C, is now placed 0.40m from
a point charge Q. The charge on the ball acts as a point charge at the centre of the ball.

P is the point on the line joining the charges where the electric field strength is zero.
The distance PQ is 0.22m.

I 0.40m R

! 0.22m !
Q%

=) Q

+1.2uC

(i)  Calculate the charge on Q. State your answer to an appropriate number of
significant figures.

'1?

—

(3]

(i)  Outline, without calculation, whether or not the electric potential at P is zero.

(2]
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19 - (PHYSI/22_HL_Summer_2021_Q5) - Electricity & Magnetism
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!

(a) Describe two ways in which standing waves differ from travelling waves. [2]

(b) Avertical tube, open at both ends, is completely immersed in a container of water.
A loudspeaker above the container connected to a signal generator emits sound.
As the tube is raised the loudness of the sound heard reaches a maximum because
a standing wave has formed in the tube.

signal generator

loudspeaker
~water container
-tube
/
(i)  Outline how a standing wave forms in the tube. [2]
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(i)  The tube is raised until the loudness of the sound reaches a maximum for a E Y
second time. -

Draw, on the following diagram, the position of the nodes in the tube when the
second maximum is heard. [1]

signal generator
loudspeaker

—~water container

L tube

(i) Between the first and second positions of maximum loudness, the tube is
raised through 0.37 m. The speed of sound in the air in the tube is 320ms™".
Determine the frequency of the sound emitted by the loudspeaker. [2]
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20 = (PHYSI/22_HL_Summer_2021_Q6) - Electricity & Magnetism, Energy Production

A
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o

A photovoltaic cell is supplying energy 1o an external circuit. The photovoltaic cell can be
modelled as a practical electrical cell with internal resistance.

The intensity of salar radiation incident on the photovoltaic cell at a particular time is at a
maximum for the place where the cell is positioned.

The following data are available for this particular time:

Operating current = 0.90 A
Qutput potential difference to external circuit — 14.5V

Output emf of photovoltaic cell = 21.0 v
Area of panel = 350mm = 450 mm

(a) Explain why the output potential difference to the external circuit and the output emf of
the photovoliaic cell are different. [2]

(b) Calculate the internal resistance of the photovoltaic cell for the maximum intensity
condition using the model for the cell. [3]
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{c) The maximum intensity of sunlight incident on the photovoltaic cell at the place on the e
Earth's surface is 880Wm “. -~

A measure of the efficiency of a photovoltaic cell is the ratio

energy available every second to the external circuit
energy arriving every second at the photovoltaic cell surface’

Determine the efficiency of this photovoltaic cell when the intensity incident upon it is at
a maximum. [3]

(d) State two reasons why future energy demands will be increasingly reliant on sources
such as photovoltaic cells. [2]

Reason1: ... ... ... . .. . .. ... .

R aas0N 2.
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21 - (PHYSI/20_HL_Winter_2021_Q3) - Electricity & Magnetism

A
b N )
o

Two equal positive fixed point charges @ — +441C and point P are at the vertices of an
equitateral triangle of side 0.48m.

®P
o | ®
Q : Q
i
fa) (i} Show that the magnitude of the resultant electric field at P is 3MNC ' 2]
(i} State the direction of the resultant electric field at P. [1]
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(b) Point P is now moved closer to the charges.

I\
1)

1
I
I
I
1
I
1
1
I
1

1
i
i
i
1
1
1
i
i
1
i
i
1
dmaeed
1
1
1.
1
i
1
)
1
1
i
1
1
i
i

b
L 4

i 4

A point charge g = - 2.0uC and mass 0.25kg is placed at P When x is small
compared to d, the magnitude cf the net force on g is £ = 115x,

(i) Explain why g will perform simple harmonic osciliations when it is released. [2]
(i)  Calcuiate the period of oscillations of g. 2]
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(c)

An uncharged parallel plate capacitor C is connected to a cell of emf 12V, a resistor R
and ancther resister of resistance 20MQ.

R | 12V
! |
€]
||
—
20 M2

() ALI=0, the switch is connected to X. On the axes, draw a sketch graph to show

A
b N )
!

the variaticn with time of the veltage V., across R. [2]
VoIV voltage across resistor
R &~
12+
0.0 time
(i}  The switch is then connected to Y and C discharges through the 20MEO
resistor. The voitage V. drops to 50 % of its intial value in 5.0s. Determine the
capacitance of C. [2]
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22 = (PHYSI/20_HL_Winter_2021_Q7) - Electricity & Magnetism

A
b N )
!

A conducting sphere has radius 48cm. The electric potential on the surface of the sphere is
3.4 10°V

{a} Show that the charge on the surface of the sphere is :181C. [1]

(b} The sphere is connected by a long conducting wire to a second conducting sphere of
radius 24cm. The second sphere is initially uncharged.

leng conductive wire

(1) Describe, i terms of eleciron flow, how the smaller sphere becomes chargad. [1]

{ih  Predict the charge on each sphere. [3]
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23 = (PHYSI/21_HL_Summer_2022_Q4) - Electricity & Magnetism ' 1-?
—

A power supply is connected te three resisters P, O and R of fixed value and to an ideal

voltmeter. A variable resister S, formed from a solid cylinder of conducting putty, is also

connected in the circuit, Conducting putty is a matenial that can be moulded so that the

resistance of S ¢can be changed by re-shaping it.

The resistance values of P, Q and R are 400, 16 and 600) respectively. The emi of the
power supply is 6.0V and its internal resistance is negligible.

fa) Calculate the potential difference across P. (2]

{b) The voltmeter reads zero, Determine the resistance of S. (23]

--------------------------------------------------------------------------
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A
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!

{c}  All the putty is reshaped into a solid cylinder that is four times longer than the original length.

()  Deduce the resistance of this new cylinder when it has been reshaped. [3]

(il Qutline, without calculation, the change in the total power dissipated in Q and
the new cylinder after it has been reshaped. [2]
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24 - (PHYSI/22_HL_Summer_2022_Q4) - Electricity & Magnetism

A
b N )
!

{a) Identily the laws of conservation that are represented by Kirchhoff's circuit laws. 2]

(b} Acellis connected to an ideal voltmeter, a switch S and a resistor R, The resistance
of Ris 4,000

________________

When S is open the reading on the voltmeter is 12V. When S is closed the voltmeter

reads 8.0V.
(il  State the emf of the cell. (1]
(il Deduce the internal resistance of the cell. 2]
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{c} The voltmeter is used in another circuit that contains two secondary cells.

eelA
I
| 100 X
v 10V
//\_j\\
N
_____ cellB
| 1
4oy 209

Cell A has an emf of 10V and an internal resistance of 1.0€2. Cell B has an emf of 4.0V
and an internal resistance of 2,002,

() Calculate the reading on the voltmeter. (3]

..........................................................................

(1}  Comment on the implications of your answer to (c}{l) for cell B [1]
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(d)  Electricity can be generated using renewable resources.

A
b N )
!

(i)  Cutline why clectricity is a secondary energy source. (1]

(il Some fuel sources are renewable. Outline what is meant by renewable. (11

fe} ()  Afully charged cell of emf 6.0V delivers a constant current of 5.0A for a time of
0.25 hour until it is completely discharged.

The cell is then re-charged by a rectangular solar panel of dimensions
0.40m < 0.175m at a place where the maximum intensity of sunlight
is 380Wm *,

The overall efficiency of the re-charging process is 18%,.

Calculate the minimum time required to re-charge the cell fully. [3]

(i)  Outline why research into solar cell technology is important (o society. [1]
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25 = (PHYSI/20_HL_Winter_2022_Q5) - Electricity & Magnetism ' 1-7
—

Resistor R is connected in a circuit with a cell that has internal resistance.

|

O,

The ammeter and the voltmeter are ideal.

(a) State what is meant by an ideal volimeter. [1]

{b) The resistance of R is 50.00). The voltmeter reads 1.47 V.

{n Calculate, in mA, the current in the resistor. [1]

Resistor R is replaced by another of resistance 10.0€. The ammeter now reads 139 mA.

(it Show that the internal resistance of the cell is about 0.7 ). [2]
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(i)  Calculate the emf of the cell. e *®°

One of the connecting wires is placed in a magnetic field. The direction of the current in the

wire is shown.
\ — current
. connecting wire

(c)y (i) Explain, by reference to charge carriers in the wire, how the magnetic force on
the wire arises. [2]

(i) ldentify the direction of the magnetic force on the wire. [1]
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1 - (PHYSI/22_HL_Summer_2017_Q8) - Circular Motion & Gravitation

The gravitational potential due to the Sun at its surface is —1.9x10" Jkg™. The following
data are available.

Mass of Earth =6.0x10*kg

Distance from Earth to Sun=1.5x10"m
Radius of Sun =7.0x10°m

(a) Outline why the gravitational potential is negative. [2]

(b) () The gravitational potential due to the Sun at a distance r from its centre is V.
Show that

rVg = constant. [1]

(i) Calculate the gravitational potential energy of the Earth in its orbit around the Sun.
Give your answer to an appropriate number of significant figures. [2]
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A
2] T

(i) Calculate the total energy of the Earth in its orbit. [

(iv) An asteroid strikes the Earth and causes the orbital speed of the Earth to
suddenly decrease. Suggest the ways in which the orbit of the Earth will change.  [2]

(c) OQutline, in terms of the force acting on it, why the Earth remains in a circular orbit
around the Sun. [2]
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2 = (PHYSI/20_HL_Winter_2017_Q2) - Circular Motion & Gravitation, Oscillations & Waves, Fields (ahl) ' L ?
—

There is a proposal to power a space satellite X as it orbits the Earth. |n this model,
X is connected by an electronically-conducting cable to another smaller satellite Y.

orbit of X not to scale

(a) Satellite X orbits 6600 km from the centre of the Earth.

Mass of the Earth=6.0x10% kg

Show that the orbital speed of satellite X is about § kms™. [2]

(b) Satellite Y orbits closer to the centre of Earth than satellite X. Outline why

()  the orbital times for X and Y are different. [1]

(i)  satellite Y requires a propulsion system. [2]
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(¢) The cable between the satellites cuts the magnetic field lines of the Earth at Y
right angles. -

Earth’s magnetic field

magnetic field lines

orbit of X

not to scale

Explain why satellite X becomes positively charged. [3]

(d) Satellite X must release ions into the space between the satellites. Explain why the
current in the cable will become zero unless there is a method for transferring charge
from Xto Y. [3]
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(e) The magnetic field strength of the Earth is 31 uT at the orbital radius of the satellites. )
The cable is 15 km in length. Calculate the emf induced in the cable. [2] -

(f  The cable acts as a spring. Satellite Y has a mass m of 3.5x10°kg. Under certain
circumstances, satellite Y will perform simple harmonic motion (SHM) with a period T
of 5.2 s.

()  Estimate the value of kin the following expression.

T:211:\/E
k

Give an appropriate unit for your answer. Ignore the mass of the cable and
any oscillation of satellite X. [3]

(i) Describe the energy changes in the satellite Y-cable system during one cycle of
the oscillation. [2]
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3 = (PHYSI/21_HL_Summer_2018_Q5) - Electricity & Magnetism, Circular Motion & Gravitation

An electron moves in circular motion in a uniform magnetic field.

P velocity

The velocity of the electron at point P is 6.8 x 10°ms " in the direction shown.
The magnitude of the magnetic field is 8.5T.

(a) State the direction of the magnetic field. [1]

(b) Calculate, in N, the magnitude of the magnetic force acting on the electron. [1]

() Explain why the electron moves

(i) atconstant speed. [1]

(i)  on acircular path. [2]
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4 - (PHYSI/22_HL_Summer_2018 Q1) - Mechanics, Circular Motion & Gravitation

(@ Asmall ball of mass m is moving in a horizontal circle on the inside surface of a
frictionless hemispherical bowl.

The normal reaction force N makes an angle @ to the horizontal.

(i) State the direction of the resultant force on the ball. [1]

(i)  On the diagram, construct an arrow of the correct length to represent the
weight of the ball. [2]
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(i)  Show that the magnitude of the net force F on the ball is given by the following
equation.

_ Mg
 tané

CH6 - CIRCULAR MOTION &
GRAVITATION

A
b N )
!

(3]

(b) The radius of the bowl is 8.0 m and 8=22". Determine the speed of the ball.

[4]

(c) OQutline whether this ball can move on a horizontal circular path of radius equal to the
radius of the bowl.

(2]
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(d) The ball is now displaced through a small distance x from the bottom of the bowl and is RE )
then released from rest. -

ball released here

equilibrium position

The magnitude of the force on the ball towards the equilibrium position is given by

mgx
R

where R is the radius of the bowl.

()  Outline why the ball will perform simple harmonic oscillations about the
equilibrium position. [1]

(i) Show that the period of oscillation of the ball is about 6s. [2]
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(il  The amplitude of oscillation is 0.12 m. On the axes, draw a graph to show the

variation with time ¢ of the velocity v of the ball during one period. [3]
vims' 02 [ S O OO OO RO B B A R S RO
0.0 | I T | | | T |
: 2 4 6 8tls

(e) Asecond identical ball is placed at the bottom of the bowl and the first ball is displaced
so that its height from the horizontal is equal to 8.0 m.

first ball
A

80m

second ball

The first ball is released and eventually strikes the second ball. The two balls remain
in contact. Calculate, in m, the maximum height reached by the two balls. [3]
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5 - (PHYSI/22_HL_Summer_2018_Q6) - Circular Motion & Gravitation, Fields (ahl)

(a) Aplanet has radius R. At a distance h above the surface of the planet the
gravitational field strength is g and the gravitational potential is V.

() State what is meant by gravitational field strength. [1]

(i) Showthat V=—g(R+Hh). 2]

(i) Drawa graph, on the axes, to show the variation of the gravitational potential V
of the planet with height h above the surface of the planet. [2]
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(b) Aplanet has a radius of 3.1 x 10°m. At a point P a distance 2.4 x 10" m above the
surface of the planet the gravitational field strength is 2.2 N kg™'. Calculate the
gravitational potential at point P, include an appropriate unit for your answer.

A
b N )
o

(1]

(c) The diagram shows the path of an asteroid as it moves past the planet.

~~._path of asteroid

~
~
~
N
~
\
N

@ point P

planet

When the asteroid was far away from the planet it had negligible speed.
Estimate the speed of the asteroid at point P as defined in (b).

(3]

(d) The mass of the asteroid is 6.2 x 10" kg. Calculate the gravitational force experienced
by the planet when the asteroid is at point P.

(2]
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6 - (PHYSI/20_HL_Winter_2018_Q8) - Circular Motion & Gravitation ' 1-7
—

There is a proposal to place a satellite in orbit around planet Mars.

(@ (i) Outline what is meant by gravitational field strength at a point. [2]

(i)  Newton’s law of gravitation applies to point masses. Suggest why the law can
be applied to a satellite orbiting Mars. [2]
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(b) The satellite is to have an orbital time T equal to the length of a day on Mars. It can Ry
be shown that -
T?=kR®

where R is the orbital radius of the satellite and k is a constant.

() Mars has a mass of 6.4 x 10® kg. Show that, for Mars, kis about 9 <10 s’m™.  [3]

(i) The time taken for Mars to revolve on its axis is 8.9 < 10*s. Calculate, inms™,
the orbital speed of the satellite. [2]
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distance of Mars from the Sun Ry
distance of Earth from the Sun =

(¢) The ratio

()  Showthat the intensity of solar radiation at the orbit of Mars is about 600 W m™. [2]

(i) Determine, in K, the mean surface temperature of Mars. Assume that Mars acts
as a black body. [2]

(i) The atmosphere of Mars is composed mainly of carbon dioxide and has a
pressure less than 1% of that on Earth. Outline why the mean temperature of
Earth is strongly affected by gases in its atmosphere but that of Mars is not. [3]
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7 = (PHYSI/21_HL_Summer_2019_Q5) - Circular Motion & Gravitation

] 17
=
{a) The mocn Phobos moves around the planet Mars in a circular orbit.

(i) Outline the origin of the force that acts on Phobos. [1]

(i)  Quiline why this force does no work on Phobos. [1]

(b) The orbital period T of a moon orbiting a planet of mass M is given by

RE

F:kM

where R 1s the average distance between the centre of the planet and the centre of the

moon.
(i)  Show that & :% 3]
P
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(i)  The following data for the Mars—Phobos system and the Earth—Moon system are
available:

Mass of Earth = 5.97 x 10*kg
The Earth—-Moon distance is 41 times the Mars—Phobos distance.
The orbital period of the Moon is 86 times the orbital period of Phobos.

Calculate, in kg, the mass of Mars.

A _
b N )
g

(c) The graph shows the variation of the gravitational potential between the Earth and
Moon with distance from the centre of the Earth. The distance from the Earth is
expressed as a fraction of the total distance between the centre of the Earth and the
centre of the Moon.

0 0i2 0i4 0‘.6 Oi8 1 i0 1i2

0

v Moon
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A proton moves along a circular path in a region of a uniform magnetic field. The magnetic
field is directed into the plane of the page.

® e © ® ® ®

& @ ® @ ® ®
It @ proton

&8 ©® © © ‘& @ ®

& N\ ® ® ® ., ® ®

® e & @ ® ® ®

(@) Label with arrows on the diagram the

(I}  magnetic force F on the proton. [1]
(i) wvelocity vector v of the proton. [1]

(b) The speed of the proten is 2.16 x 10°ms ' and the magnetic field strength 1s 0.042T.
For this proton,

(i) determine, in m, the radius of the circular path. Give your answer to an appropriate

number of significant figures. (3]

(i) calculate, in s, the time for one full revolution. (2]
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—

A proton is moving in a region of uniform magnetic field. The magnetic field is directed into

the plane of the paper. The arrow shows the velocity of the proton at one instant and the

dotted circle gives the path followed by the proton.

@ & ® ® ® ®

® & ® 3\ ® o
)
I proton
\ [}

® ® ® ®,) ® ®
\\ //

(a) Explain why the path of the proton is a circle. [2]

(b) The speed of the proton is 2.0 x 10°ms™ and the magnetic field strength Bis 0.35T.

(i Show that the radius of the path is about 6em. [2]
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(i)  Calculate the time for one complete revolution.

2] 7%

{c) Explain why the kinetic energy of the proton is constant. [2]
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The Rotor is an amusement park ride that can be modelled as a vertical cylinder of inner

radius R rotating about its axis. When the cylinder rotates sufficiently fast, the floor drops out

and the passengers stay motionless against the inner surface of the cylinder. The diagram

shows a person taking the Rotor ride. The floor of the Rotor has been lowered away from the

person.

axis of rotation

(a) Draw and label the free-body diagram for the person. [2]
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(b) The person must not slide down the wall. Show that the minimum angular velocity o of

the cylinder for this situation is
oo |9
uR

where 1 is the coefficient of static friction between the person and the cylinder. [2]

GRAVITATION

(¢) The coefficient of static friction between the person and the cylinder is 0.40. The radius
of the cylinder is 3.5m. The cylinder makes 28 revolutions per minute. Deduce whether
the person will slide down the inner surface of the cylinder. [3]
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11 - (PHYSI/21_HL_Summer_2021_Q2) - Circular Motion & Gravitation, Fields (ahl)

A
b N )
o

A planet is in a circular orbit around a star. The speed of the planet is constant. The following
data are given:

Mass of planet =80« 10"kg

Mass of star =32 x 107kg

Distance from the star to the planet R = 4.4 x 10"°m.
{a) Explain why a centripetal force is needed for the planet to be in a circular orbit. 2]
(b)  Calculate the value of the centripetal force. 1
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{c) Aspacecraft is to be launched from the surface of the planet to escape from the star "y
system. The radius of the planet is 9.1 x 10°km. -
(iy Show that the gravitational potential due to the planet and the star at the surface
of the planet is about -5 x 10°Jkg °. [3]

(i)  Estimate the escape speed of the spacecraft from the planet—star system. [2]
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CH6 - CIRCULAR MOTION &
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PHYSICS -HL -P2
] 1?
—

A mass is attached to one end of a rod and made to rotate with constant speed in a vertical circle.

rotation

e
/” N
’ N
7
i/
v
! \
! rod \
1 \ !
l —b mass
! 1
' 1
\ i’
) i
N '
A\
AY /,
A s,
~ I
.
-

(@) The scale diagram shows the weight W of the mass at an instant when the rod is horizontal.
Draw, on the scale diagram, an arrow to represent the force exerted on the mass by
(2]

the rod.

rod\
'W

(3]

Explain why the magnitude of the force exerted on the mass by the rod is not constant.

(b)
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1 - (PHYSI/21_HL_Summer_2017_Q5) - Atomic,nuclear & Particle Physics, Quantum & Nuclear Physics (ahl)

(a) State the quark structures of a meson and a baryon. [2]

(b} Apossible decay of a lambda particle (A% is shown by the Feynman diagram.

u »- u
Al {d > d }p
s u
u
v
d
0] Explain which interaction is responsible for this decay. [2]
(iiy  Draw arrow heads on the lines representing U and d in the ©". [1]
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11 *%

(i) Identify the exchange particle in this decay.

(c) Outline one benefit of international cooperation in the construction or use of
high-energy particle accelerators. [1]
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2 = (PHYSI/20_HL_Winter_2017_Q3) - Atomic,nuclear & Particle Physics, Quantum & Nuclear Physics (ahl), Measurements & Uncertainties ' L 7
—

(a) The Feynman diagram shows electron capture.

X
A
n W+ -
time e
P
(i)  State and explain the nature of the particle labelled X. [3]
(iiy  Distinguish between hadrons and leptons. [2]
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PHYSICS

(b) Particles can be used in scattering experiments to estimate nuclear sizes.

()  Outline how these experiments are carried out. [2]

(i)  Outline why the particles must be accelerated to high energies in scattering
experiments. [3]

(¢) State and explain one example of a scientific analogy. [2]

] —
T o
—
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Electron diffraction experiments indicate that the nuclear radius of carbon-12 (120) N
—

is 2.7x10™ m. The graph shows the variation of nuclear radius with nucleon number.
The nuclear radius of the carbon-12 is shown on the graph.

4_
3_ X
H =15
nuclear radius / 107" m carbon:12

2 -

1 —

0 T T

0 12 24
nucleon number

(i)  Determine the radius of the magnesium-24 (f‘;Mg) nucleus. [2]
(i)  Plot the position of magnesium-24 on the graph. [1]

(i) Draw a line on the graph, to show the variation of nuclear radius with nucleon
number. [2]
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3 = (PHYSI/21_HL_Summer_2018_Q6) - Atomic,nuclear & Particle Physics

The radicactive nuclide beryllium-10 (Be-10) undergoes beta minus (—) decay to form a

stable boron (B) nuclide.
[2]

Identify the missing information for this decay.

@)

ﬂBeeD\r)B +%e +g D

(b) The initial number of nuclei in a pure sample of beryllium-10 is N,. The graph shows
how the number of remaining beryllium nuclei in the sample varies with time.

number of nuclei
N, numbe amaining
beryllium-10 nuclei
N
075N, h
\\
0.50 N,
0.25 N, SR
0
time
()  On the graph, sketch how the number of boron nuclei in the sample varies
[2

with time.

iy After 4.3 x 10° years,
(in y
number of produced boron nuclei
number of remaining beryllium nuclei

Show that the half-life of beryllium-10 is 1.4 x 10° years. [3]
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(i)  Beryllium-10 is used to investigate ice samples from Antarctica. A sample of
ice initially contains 7.6 x 10" atoms of beryllium-10. The present activity of the
sample is 8.0 x 107°Bq.

Determine, in years, the age of the sample. [3]
(¢) Anice sample is moved to a laboratory for analysis. The temperature of the
sample is —20°C.
() State what is meant by thermal radiation. [1]
(i) Discuss how the frequency of the radiation emitted by a black body can be used
to estimate the temperature of the body. [2]

PHYSICS

A
b N )
!
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(i) Calculate the peak wavelength in the intensity of the radiation emitted by the e
ice sample. [2] ~

(iv) The temperature in the laboratory is higher than the temperature of the ice
sample. Describe one other energy transfer that occurs between the ice sample
and the laboratory. [2]

(v)  Derive the units of intensity in terms of fundamental S| units. [2]
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4 - (PHYSI/22_HL_Summer_2018_Q9) - Quantum & Nuclear Physics (ahl), Atomic,nuclear & Particle Physics

(a) Rutherford constructed a model of the atom based on the results of the alpha particle
scattering experiment. Describe this model. [2]

(b) Bohr modified the Rutherford model by introducing the condition mwr — ni.
Cutline the reason for this modification. 2n [3]
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PHYSICS -HL -P2 CH7 - ATOMIC,NUCLEAR & PARTICLE

Show that the speed v of an electron in the hydrogen atom is related to the
radius r of the orbit by the expression

where kis the Coulomb constant. [1]

Using the answer in (b) and (c)(i), deduce that the radius r of the electron’s orbit
in the ground state of hydrogen is given by the following expression. [2]

h2
r=—— 2
4n°km e

Calculate the electron’s orbital radius in (¢)(ii). [1]

PHYSICS

A
b N )
!
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(d) Rhodium-106 (12th) decays into palladium-106 (122Pd) by beta minus (") decay. ey
The diagram shows some of the nuclear energy levels of rhodium-106 and palladium-106. -
The arrow represents the 5~ decay.

0.48
0 o ___

"%pg

(i)  Explain what may be deduced about the energy of the electron in the 5~ decay. [3]

(i)  Suggest why the 3~ decay is followed by the emission of a gamma ray photon. [1]

(i) Calculate the wavelength of the gamma ray photon in (d)(ii). [2]
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(e)

3~ decay is described by the following incomplete Feynman diagram.

PHYSICS -HL -P2

CH7 - ATOMIC,NUCLEAR & PARTICLE

time

u quark

d quark

(i) Drawa labelled arrow to complete the Feynman diagram.

(i) ldentify particle V.

(]

[l

PHYSICS

A
b N )
!
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5 = (PHYSI/20_HL_Winter_2018_Q5) - Atomic,nuclear & Particle Physics, Quantum & Nuclear Physics (ahl)

(a) The diagram shows the position of the principal lines in the visible spectrum of
atomic hydrogen and some of the corresponding energy levels of the hydrogen atom.

energy / 107"°J

—-0.605
-0.870

-1.36

-2.42

WY 0\,’0’

» >
L
3 2

Wy 9(39

-544

(i  Determine the energy of a photon of blue light (435nm) emitted in the hydrogen
spectrum. [3]

(iiy  Identify, with an arrow labelled B on the diagram, the transition in the hydrogen
spectrum that gives rise to the photon with the energy in (@)(i). [1]

(iiy  Explain your answer to (a)(ii). [2]

] —
T
—
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PHYSICS

A low-pressure hydrogen discharge lamp contains a small amount of deuterium gas Ry
—

in addition to the hydrogen gas. The deuterium spectrum contains a red line with
a wavelength very close to that of the hydrogen red line. The wavelengths for the

principal lines in the visible spectra of deuterium and hydrogen are given in the table.

Hydrogen wavelength

Deuterium wavelength

/nm /nm
Red line 656.288 656.107
Violet line 410.180 410.048

Light from the discharge lamp is normally incident on a diffraction grating.

(iy  The light illuminates a width of 3.5 mm of the grating. The deuterium and
hydrogen red lines can just be resolved in the second-order spectrum of the
diffraction grating. Show that the grating spacing of the diffraction grating is
about 2 <10 m.

diffraction grating

} 3.5mm
|

not to scale

(2]
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(i) Calculate the angle between the first-order line of the red light in the hydrogen Ry
spectrum and the second-order line of the violet light in the hydrogen spectrum. [3] -

(i) The light source is changed so that white light is incident on the diffraction
grating. Outline the appearance of the diffraction pattern formed with white light. [3]
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6 - (PHYSI/20_HL_Winter_2018_Q6) - Atomic,nuclear & Particle Physics

(@) (i) State how the density of a nucleus varies with the number of nucleons in
the nucleus. [1]

(i) Show that the nuclear radius of phosphorus-31 (13; P) is about 4 fm. [1]

(b) 3P is formed when a nucleus of deuterium (fH) collides with a nucleus of 3!P.
The radius of a deuterium nucleus is 1.5 fm.

(i)  State the maximum distance between the centres of the nuclei for which the
production of %P is likely to occur. [1]

(i) Determine, in J, the minimum initial kinetic energy that the deuterium nucleus

must have in order to produce fgp Assume that the phosphorus nucleus is

stationary throughout the interaction and that only electrostatic forces act. [2]
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PHYSICS
(¢) 2P undergoes beta-minus (B”) decay. Explain why the energy gained by the emitted N
beta particles in this decay is not the same for every beta particle. [2] >
(dy () State whatis meant by decay constant. [2]

(i)  Ina fresh pure sample of 13§P the activity of the sample is 24 Bq. After one week
the activity has become 17 Bg. Calculate, in s™, the decay constant of 3P [3]
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7 = (PHYSI/21_HL_Summer_2019_Q2) - Atomic,nuclear & Particle Physics ' q?
—
(a) Abeam of electrons each of de Broglie wavelength 2.4 x 107°m is incident on a

thin film of silicon-30 (iji). The variation in the electron intensity of the beam with
scattering angle is shown.

electron
intensity
T T T T T T T
0 5 10 15 20 25 30 35
scattering angle / degrees
(i)  Use the graph to show that the nuclear radius of silicon-30 is about 4fm. [3]
(i)  Estimate, using the result from (a)(i), the nuclear radius of therium-232 (ZifoTh). [2]
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PHYSICS

(il Suggest one reason why a beam of electrons is better for investigating the size
of a nucleus than a beam of alpha particles of the same energy.

A _
b N )
[1] -~

{iv) Outline why deviations from Rutherford scattering are observed when
high-energy alpha particles are incident on nuclei.
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(b) Silicon-30 (;Si) can be formed from phosphorus-30 (i2P) by a process of beta-plus decay.

(i)  Write down the nuclear equation that represents this reaction. [2]

(i) Sketch the Feynman diagram that represents this reaction. The diagram has
been started for you. [3]

time,

-

udu

(i) Energy is transferred to a hadron in an attempt to separate its quarks. Describe
the implications of quark confinement for this situation. [2]
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(c) The Standard Model was accepted by many scientists before the cbservation of the 'I—.-’;'
Higgs boson was made. —

Qutline why it is important to continue research into a topic once a scientific model has

been accepted by the scientific community. [1]
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—
Deuterium, *H, undergoes fusion according to the following reaction.
fH + fH — ?H + X

{@a) Identify particle X. (1]

(b} The following data are available for binding energies per nucleon.

2H =1.12MeV
*H=2.78MeV

(i) Determine, in MeV, the energy released. 2]

(il Suggest why, for the fusion reaction above 1o take place, the temperature of
deuterium must be very high. (2]
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(¢} Particle Y is produced in the cellision of a proton with a K™ in the following reaction.
K +p' >K'+K +Y
The guark content of some of the particles involved are
K =tus K'=ds
Identify, for particle Y, the

(i) charge. (1]

(i) strangeness. (1]
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=
{a) Radicactive decay is said to be "random” and “spontanecus”. Outline what is meant by
each of these terms. [2]
Random:
SPONaNEOUS. ... e e

{(b) A stationary nucleus of uranium-238 undergoes alpha decay to form thorium-234.

The following data are available.
Energy released in decay 427 MeV
Binding energy per nucleon for helium 7.07 MeV
Binding energy per nucleon for thorium 7.60 MeV

(i)  Calculate the binding energy per nucleon for uranium-238. [3]

kinetic energy of alpha particle

(i) Calculate the ratio —— - .
kinetic energy of thorium nucleus

(2]
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10 - (PHYSI/20_HL_Winter_2020_Q6) - Atomic,nuclear & Particle Physics, Energy Production

{a)

A
b N )
!

One possible fission reaction of uranium-235 (U-235) is
TU+on = T Xe + 18r+20n

The following data are available.

Mass of one atom of U-235 = 235U

Binding energy per nucleon for U-235 = 7. 59MeV

Binding energy per nucleon for Xe-140 — 8 29MeV

Binding energy per nucleon for Sr-94 — 8 59 MeV

(i)  State what is meant by binding energy of a nucleus. 1

(iy  Qutline why quantities such as atomic mass and nuclear binding energy are often
expressed in non-Sl units. [1]

(i) Show that the energy released in the reaction is about 180 MeV. (1]

(b)

A nuclear power station uses U-235 as fuel. Assume that every fission reaction of
U-235 gives rise to 180 MeV of energy.

(iy  Estimate, in Jkg . the specific energy of U-235. 2]
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(i) The power station has a useful power output of 1.2GW and an efficiency of 36 %.
Determine the mass of U-235 that undergoes fission in one day. [2]

A
b N )
!

iii The specific energy of fossil fuel is typically 30MJ kg™ Suggest, with reference
P ay YP y g ag

to your answer to (b)(i), one advantage of U-235 compared with fossil fuels in a
power station. [1]

{c) A sample of waste produced hy the reactor contains 1.0kg of strontium-94 (Sr-94).
Sr-94 is radioactive and undergoes beta-minus (") decay into a daughter nuclide X,
The reaction for this decay is
HSroaX-v,+e

(i)  Write down the proton number of nuclide X, [1
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The graph shows the variation with time of the mass of Sr-94 remaining in the sample.

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3 7
0.2
0.1

0.0 T T T T T T T T T
0 25 50 75 100 125 150 175 200 225

time/s

mass / kg

(i)  State the half-life of Sr-94. [1]

(i)  Calculate the mass of Sr-94 remaining in the sample after 10 minutes. [2]
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11 - (PHYSI/20_HL_Winter_2020_Q10) - Atomic,nuclear & Particle Physics, Quantum & Nuclear Physics (ahl)

A
b N )
!

The de Broglie wavelength A of a particle accelerated close to the speed of light is approximately

where E is the energy of the particle. “
A beam of electrons of energy 4.2 » 10°eV is produced in an accelerator,

(a) Show that the wavelength of an electron in the beam is about 3 x 10 "“m. [1]

(b)  The electron beam is used to study the nuclear radius of carbon-12. The beam is
directed from the left at a thin sample of carbon-12. A detector is placed at an angle &
relative to the direction of the incident beam.

electron beam I

thin sample BRR
of carbon-12 AR

dete::tor%

The graph shows the variation of the intensity of electrons with £. There is a minimum
of intensity for 8= 6,

#

intensity of
electrons

0,
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(i) Discuss how the results of the experiment provide evidence for matter waves.

[2

A _
] T

(i)  The accepted value of the diameter of the carbon-12 nucleus is 4.94 x 10 "m.
Estimate the angle &, at which the minimum of the intensity is formed.

(2]

(i)  Outline why electrons with energy of approximately 10" eV would be unsuitable
for the investigation of nuclear radii.

(2]

(c) Experiments with many nuclides suggest that the radius of a nucleus is proportional
to A ., where A is the number of nucleons in the nucleus. Show that the density of a
nucleus remains approximately the same for all nuclei.

(2]
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12 - (PHYSI/21_HL_Summer_2021_Q7) - Atomic,nuclear & Particle Physics

Radicactive uranium-238 (mU) produces a series of decays ending with a stable nuclide of

@

lead. The nuclides in the series decay by either alpha {a) or beta-minus (3 ) processes.
{a) Uranium-238 decays into a nuclide of thorium-234 {Th).

Write down the complete equation for this radioactive decay.

(]

233
wd—

(b)  Thallium-206 (*2T1) decays into lead-206 {Pb ).

Identify the quark changes for this decay.

("]

{c}  The half-life of uranium-238 is about 4.5 x 10° years. The half-life of thallium-206 is
about 4.2 minutes.

Compare and contrast the methods to measure these half-lives.

[4]

] —
T o
—
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(d) The graph shows the variation with the nucleon number A of the binding energy per nucleon.

A
054,

9

8

binding energy
per nucleon / MeV 4

0 20 40 60 80 100 120 140 160 180 200 220 240
nucleon number A

(i)  Outline why high temperatures are required for fusion to occur. [2]

(i)  Outline, with reference to the graph, why energy is released both in fusion and in
fission. [1]
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(il  Uranium-235 (’;zu) is used as a nuclear fuel. The fission of uranium-23% can
produce krypton-89 and barium-144.

A
b N )
o

Determing, in MeV and using the graph, the energy released by this fission. [2]
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13 - (PHYSI/21_HL_Summer_2021_Q9) - Atomic,nuclear & Particle Physics

» 17
=
Conservation of energy and conservation of momentum are two examples of conservation laws.

(a) Culline the significance of conservation laws for physics. [1]

{b) When a pi meson n— (dT) and a proton {uud) collide, a possible outcome is a sigma
baryon X" (uds) and a kaon meson K’ (ds).

Apply three conservation laws to show that this interaction is possible, 3]

2017 -2022 240 Powered By :




IB DIPLOMA PHYSICS -HL -P2 CH7 - ATOMIC,NUCLEAR & PARTICLE

PHYSICS

14 - (PHYSI/22_HL_Summer_2021_Q4) - Atomic,nuclear & Particle Physics

{a) During electron capture, an atomic electron is captured by a proton in the nucleus.
The stable nuclide thallium-205 (*2T1) can be formed when an unstable lead (Pb)
nuclide captures an electron.

(i Write down the equation to represent this decay.

A
b N )
o

(2]

Pb+ e—— 5 Tl+ D

(i) The unstable lead nuclide has a half-life of 15 x 10° years. A sample initially
contains 2.0 umol of the lead nuclide. Calculate the number of thallium nuclei
being formed each second 30 < 10° years later.

(3]

{b)  The neutron number N and the proton number Z are not equal for the nuclide *3,TL
Explain, with reference to the forces acting within the nucleus, the reason for this.

(2]
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(¢) Thallium-205 (*%

Tl) can also form from successive alpha (o) and beta-minus (87)

decays of an unstable nuclide. The decays follow the sequence oo B 3~ o. The diagram
shows the position of *, Tl on a chart of neutron number against proton number.

neutron number / N

134+

132

130

128

126

124

122

120

118+

116

76

|
77

|
78

|
79

T | | 1 | | |
80 81 82 83 84 85 86

proton number/ Z

Draw four arrows to show the sequence of changes to N and Z that occur as the *%,Tl

forms from the unstable nuclide.

(3]
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(@) (i) State whatis meant by the binding energy of a nucleus. [1]
(i)  Draw, on the axes, a graph to show the variation with nucleon number A of the
binding energy per nucleon, % . Numbers are not required on the vertical axis. [2]
BE
a4
0 50 100 150 200 250 A
(i) Identify, with a cross, on the graph in (a)(ii), the region of greatest stability. [1]
(iv) Some unstable nuclei have many more neutrons than protons. Suggest the likely
decay for these nuclei. [1]
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(b} Plutonium-238 {Pu) decays by aipha () decay mto uranium {U).
The following data are available for binding energies per nucieon.
plutonium 7 568MeV

uranium 7.600MeV
alpha particle 7074MeV

A
b N )
!

(i) Show that the energy released in this decay is about 6 MeV. [3]
(iiy  The plutonium nucteus is at rest when it decays.
_ kinetic energy of alpha particle
Calculate the ratio [2]

kinetic energy of uranium
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{c) The energy in b(i) can be transferred into electrical energy to run the instruments of
a spacecraft. A spacecraft carries 33kg of pure plutonium-238 at launch. The decay
constant of plutonium is 2.50 x 10 s

(i} Estimate the power, in kW that is available from the plutonium at launch. 3]

(i)  The spacecraft will take 7.2 years {2.3 + 10°s) to reach a planet in the solar
system. Estimate the power available to the spacecraft when i gets to the planet. 2]

{d} Solar radiation falls onto a metaliic surface carried by the spacecraft causing
the emission of photoelectrons. The radiation has passed through a filler so it is
monochromatic. The spacecraft is moving away from the Sun. State and explain what

happens to
(i}  the kinetic energy of an emitted photoelectron. 2]
(i) the rate at which charge leaves the metallic surface. 2]

A
b N )
!
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16 - (PHYSI/21_HL_Summer_2022_Q5) - Atomic,nuclear & Particle Physics

(a) Describe the quark structure of a baryon. [2]

(b) The Feynman diagram shows a possible decay of the K™ meson.

Identify the interactions that are involved at points A and B in this decay. [2]

(c) The K" meson can decay as

K —>u+v,.

State and explain the interaction that is responsible for this decay. [2]

A
b N )
!
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—
: 40
Potassium-40 (K ) decays by two processes.

The first process is that of beta-minus (3 ) decay to form a calcium (Ca) nuclide.

(a) Write down the equation for this decay. [2]

(b) Potassium-40 decays by a second process to argon-40. This decay accounts for 11%
of the total decay of the potassium-40.

Rocks can be dated by measuring the quantity of argon-40 gas trapped in them. One
rock sample contains 340umol of potassium-40 and 12 umol of argon-40.

(i)  Show that the initial quantity of potassium-40 in the rock sample was about
450 umol. [2]

(i) The half-life of potassium-40is 1.3 x 10° years. Estimate the age of the
rock sample. [3]
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(c)  Outline how the decay constant of potassium-40 was determined in the laboratory for ey
a pure sample of the nuclide. [3] =

2017 -2022 248 Powered By :




IB DIPLOMA PHYSICS -HL -P2 CH7 - ATOMIC,NUCLEAR & PARTICLE
PHYSICS

18 - (PHYSI/22_HL_Summer_2022_Q5) - Atomic,nuclear & Particle Physics ' 17
—

An experiment is carried out to determine the count rate, corrected for background radiation,

when different thicknesses of copper are placed between a radioactive source and a detector.

The graph shows the variation of corrected count rate with copper thickness.

1200
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corrected count rate / count minute™’

0

0 0.5 1 1.5

copper thickness / mm

(a) Outline how the count rate was corrected for background radiation. [1]

(b) When a single piece of thin copper foil is placed between the source and detector,
the count rate is 810 count minute™". The foil is replaced with one that has three
times the thickness. Estimate the new count rate. [2]
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(c)  Further results were obtained in this experiment with copper and lead absorbers.

A
b N )
!

Thickness | Corrected count rate
Absorber . -1
I mm [ count minute
copper 3.5 32
lead 3.5 10
Comment on the radiation detected from this radioactive source. [4]

(d)  Another radioactive source consists of a nuclide of caesium (1§;Cs) that decays to
barium ('};Ba).

Write down the reaction for this decay. [2]
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19 - (PHYSI/20_HL_Winter_2022_Q6) - Atomic,nuclear & Particle Physics

{a) Outline, by reference to nuclear binding energy, why the mass of a nucleus is less than
the sum of the masses of its constituent nucleons. [2]

Polonium-210 (Po-210) decays by alpha emission into lead-208 (Pb-208).

The following data are available.

Nuclear mass of Po-210 — 209.93676 U
Nuclear mass of Pb-206 = 205.92945
Mass of the alpha particle — 4.00151u

() IR{) Calculate, in MeV, the energy released in this decay. [2]

(i} The polomum nucleus was stationary before the decay.

Show, by reference to the momentum of the particles, that the kinetic energy of
the alpha particle is much greater than the kinetic energy of the lead nucleus. [3]
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(i) In the decay of polonium 210, alpha emissions can be accompanied by the 0
emissions of gamma photons, all of the same wavelength of 1.54 x 10 “m. >

Discuss how this observation provides evidence for discrete nuclear energy levels.  [3]

{c} A sample contains £.0g of pure polonium-210. The decay constant of polonium-210
is5.8~ 10 % " Lead-206 is stable.

Calculate the mass of lead-206 present in the sample after cne year. [3]
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1 - (PHYSI/21_HL_Summer_2017_Q3) - Energy Production, Electricity & Magnetism

Two renewable energy sources are solar and wind.

(a) Describe the difference between photovoltaic cells and solar heating panels. [1]

(o) Asolar farm is made up of photovoltaic cells of area 25000 . The average solar
intensity falling on the farm is 240Wm™? and the average power output of the farm
is 1.6 MW. Calculate the efficiency of the photovoltaic cells. [2]

(¢) An alternative generation method is the use of wind turbines.
The following data are available:
Length of turbine blade =17m

Density of air =13kgm?®
Average wind speed =7.5ms™

()  Determine the minimum number of turbines needed to generate the same power
as the solar farm. [3]
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(i)  Explain two reasons why the number of turbines required is likely to be greater e
than your answer to (c)(i). [2] <
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(a) Outline the conditions necessary for simple harmonic motion (SHM) to occur. [2]

(b) Abuoy, floating in a vertical tube, generates energy from the movement of water waves
on the surface of the sea. When the buoy moves up, a cable turns a generator on the
sea bed producing power. When the buoy moves down, the cable is wound in by a
mechanism in the generator and no power is produced.

sea surface

sea bed

The motion of the buoy can be assumed to be simple harmonic.

(i) Awave of amplitude 4.3 m and wavelength 35 m, moves with a speed of
3.4ms™. Calculate the maximum vertical speed of the buoy. [3]
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(i)  Sketch a graph to show the variation with time of the generator output power. )
Label the time axis with a suitable scale. [2] -

output power

0 time/s
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(c) Water can be used in other ways to generate energy.

()  Outline, with reference to energy changes, the operation of a pumped storage
hydroelectric system. [2]

(i)  The water in a particular pumped storage hydroelectric system falls a vertical
distance of 270 m to the turbines. Calculate the speed at which water arrives at
the turbines. Assume that there is no energy loss in the system. [2]

(i)  The hydroelectric system has four 250 MW generators. Determine the
maximum time for which the hydroelectric system can maintain full output
from the stored energy when a mass of 1.5 x10'°kg of water passes through
the turbines. [2]
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(iv) Not all the stored energy can be retrieved because of energy losses in the system. N
Explain two such losses. [2] <
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9

A satellite is orbiting the Earth in a polar orbit.

satellite@';

(a) The satellite carries an experiment that measures the peak wavelength emitted by
different objects. The Sun emits radiation that has a peak wavelength A, of 509 nm.

The peak wavelength A of the radiation emitted by the Earth is 10.1 pum.

()  Determine the mean temperature of the Earth. [2]

(i) Suggest how the difference between A, and A helps to account for the
greenhouse effect. (3]

(b) Not all scientists agree that global warming is caused by the activities of man.
Outline how scientists try to ensure agreement on a scientific issue. [1]
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In a pumped storage hydroelectric system, water is stored in a dam of depth 34 m.

upper lake
not to scale

-1

34m

\ pipe connecting upper lake to lower lake

110m

turbine lower lake

The water leaving the upper lake descends a vertical distance of 110 m and turns the turbine
of a generator before exiting into the lower lake.

(@) Water flows out of the upper lake at a rate of 1.2x10° m® per minute. The density of
water is 1.0x10° kg m™.

(i) Estimate the specific energy of water in this storage system, giving an
appropriate unit for your answer. [2]
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(i) Show that the average rate at which the gravitational potential energy of the Ry
water decreases is 2.5 GW. [3] -

(i) The storage system produces 1.8 GW of electrical power. Determine the overall
efficiency of the storage system. [1]

(b) After the upper lake is emptied it must be refilled with water from the lower lake and
this requires energy. Suggest how the operators of this storage system can still make
a profit. [1]
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The Moon has no atmosphere and orbits the Earth. The diagram shows the Moon with rays
of light from the Sun that are incident at 90° to the axis of rotation of the Moon.

\ axis of rotaticn

to Sun
%

Moon

(ay () Ablack body is on the Moon's surface at point A. Show that the maximum
temperature that this body can reach is 400 K. Assume that the Earth and the
Moon are the same distance from the Sun. [2]

(i)  Another black body is on the Moon's surface at peint B.

Cutline, without calculation, why the maximum temperature of the black body at
point B is less than at point A. [2]

(b) The albedo of the Earth’s atmosphere is 0.28. Outline why the maximum temperature
of a black body on the Earth when the Sun is overhead is less than that at peint A on
the Moon. [1]
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—
The average temperature of ocean surface water is 289 K. Oceans behave as black bodies.

(@) Show that the intensity radiated by the oceans is about 400Wm™, [1

(b} Explain why some of this radiation is returned to the oceans from the atmosphere. [3]

(c) The intensity in (b} returned to the oceans is 330Wm™ The intensity of the solar
radiaticn incident on the oceans is 170Wm °.

(i)  Calculate the additional intensity that must be lost by the oceans so that the
water temperature remains censtant. [2]

(i)  Suggest a mechanism by which the additional intensity can be lost. [1]
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Wind is incident on the blades of a wind turbine. The radius of the blades is 12m. The
following data are available for the air immediately before and after impact with the blades.

Before After
Density of air 1.20kgm™ 1.32kgm™
Wind speed 80ms™' 40ms™"
(a) Determine the maximum power that can be extracted from the wind by this turbine. [3]
(b) Suggest why the answer in (a) is a maximum. [1]
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{a)
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One possible fission reaction of uranium-235 (U-235) is
TU+on = T Xe + 18r+20n

The following data are available.

Mass of one atom of U-235 = 235U

Binding energy per nucleon for U-235 = 7. 59MeV

Binding energy per nucleon for Xe-140 — 8 29MeV

Binding energy per nucleon for Sr-94 — 8 59 MeV

(i)  State what is meant by binding energy of a nucleus. 1

(iy  Qutline why quantities such as atomic mass and nuclear binding energy are often
expressed in non-Sl units. [1]

(i) Show that the energy released in the reaction is about 180 MeV. (1]

(b)

A nuclear power station uses U-235 as fuel. Assume that every fission reaction of
U-235 gives rise to 180 MeV of energy.

(iy  Estimate, in Jkg . the specific energy of U-235. 2]
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(i) The power station has a useful power output of 1.2GW and an efficiency of 36 %.
Determine the mass of U-235 that undergoes fission in one day. [2]

A
b N )
!

iii The specific energy of fossil fuel is typically 30MJ kg™ Suggest, with reference
P ay YP y g ag

to your answer to (b)(i), one advantage of U-235 compared with fossil fuels in a
power station. [1]

{c) A sample of waste produced hy the reactor contains 1.0kg of strontium-94 (Sr-94).
Sr-94 is radioactive and undergoes beta-minus (") decay into a daughter nuclide X,
The reaction for this decay is
HSroaX-v,+e

(i)  Write down the proton number of nuclide X, [1
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The graph shows the variation with time of the mass of Sr-94 remaining in the sample.
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(i)  State the half-life of Sr-94. [1]

(i)  Calculate the mass of Sr-94 remaining in the sample after 10 minutes. [2]
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A planet orbits at a distance d from a star. The power emitted by the star is P. The total
surface area of the planetis A.

@ () Explain why the power incident on the planet is

P A
4nd® 4 [2]

9

(i) The albedo of the planet is «,. The equilibrium surface temperature of the planet

is T. Derive the expression
T /M
16nd°ec

where e is the emissivity of the planet. [2]

(b) On average, the Moon is the same distance from the Sun as the Earth. The Moon can
be assumed to have an emissivity e = 1 and an albedo «,,= 0.13. The solar constant is
1.36 x 10°Wm °. Calculate the surface temperature of the Moon. [2]

.)
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A photovoltaic cell is supplying energy 1o an external circuit. The photovoltaic cell can be
modelled as a practical electrical cell with internal resistance.

The intensity of salar radiation incident on the photovoltaic cell at a particular time is at a
maximum for the place where the cell is positioned.

The following data are available for this particular time:

Operating current = 0.90 A
Qutput potential difference to external circuit — 14.5V

Output emf of photovoltaic cell = 21.0 v
Area of panel = 350mm = 450 mm

(a) Explain why the output potential difference to the external circuit and the output emf of
the photovoliaic cell are different. [2]

(b) Calculate the internal resistance of the photovoltaic cell for the maximum intensity
condition using the model for the cell. [3]
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{c) The maximum intensity of sunlight incident on the photovoltaic cell at the place on the e
Earth's surface is 880Wm “. -~

A measure of the efficiency of a photovoltaic cell is the ratio

energy available every second to the external circuit
energy arriving every second at the photovoltaic cell surface’

Determine the efficiency of this photovoltaic cell when the intensity incident upon it is at
a maximum. [3]

(d) State two reasons why future energy demands will be increasingly reliant on sources
such as photovoltaic cells. [2]

Reason1: ... ... ... . .. . .. ... .

R aas0N 2.
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{a} Titan is a moon of Saturn. The Titan-Sun distance is 9.3 times greater than the
Earth-Sun distance.

(i) Show that the intensity of the solar radiation at the location of Titan is 16 Wm ° 1]

(i)  Titan has an atmosphere of nitrogen. The albedo of the atmosphere is 0.22. The
surface of Titan may be assumed to be a black body. Explain why the average
intensity of solar radiation absorbed by the whole surface of Titan is 3.1Wm ° 3]
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(b) The mass of Titan 15 0.025 times the mass of the Earth and its radius is 0.404 times the

l 0
radius of the Earth. The escape speed from Earth is 11.2kms °. Show that the escape —
speed from Titan is 2.8kms

(11
(¢} {iy The orbital radius of Titan around Saturn is R and the period of revolutionis T.
203
Show that T2 = 4n R where M is the mass of Saturn. [2]
(il  The orbital radius of Titan around Saturnis 1.2 « 10°m and the orbital period is
15.9 days. Estimate the mass of Saturn. [2]
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(d) The molar mass of nitrogen is 28gmol

A
b N )
!

(i)  Show that the mass of a nitrogen molecule is 4.7 « 10 ~kg. 1

{ii)  Estimate the root mean square speed of nifrogen molecules in the Titan
atmosphere. Assume an atmosphere temperature of 90K, 12]

(e} Discuss, by reference to the answer in (b}, whether it is hkely that Titan will lose its
atmosphere of mitrogen, 1]
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1 - (PHYSI/21_HL_Summer_2017_Q2) - Oscillations & Waves, Wave Phenomena (ahl)

(a) Outline what is meant by the principle of superposition of waves. [2]

(b) Red laser light is incident on a double slit with a slit separation of 0.35 mm.
A double-slit interference pattern is observed on a screen 2.4m from the slits.
The distance between successive maxima on the screen is 4.7 mm.

screen
double slit
—_— ‘ 0.35mm
[ — | ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
—_—
< 24m

(not to scale)

Calculate the wavelength of the light. Give your answer to an appropriate number of
significant figures. [3]
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(¢) Explain the change to the appearance of the interference pattern when the red-light ey
laser is replaced by one that emits green light. [2] =

(d) One of the slits is now covered.

Describe the appearance of the pattern on the screen. [2]
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direction of travel

double slit

toy train
y
laser light —»| 1.5mm
W
light sensor
5.0m

light sensor attached to the train.

incident on the sensor.

output voltage

CH9 - WAVE PHENOMENA (AHL)

A student investigates how light can be used to measure the speed of a toy train.

(not to scale)

Light from a laser is incident on a double slit. The light from the slits is detected by a

The graph shows the variation with time of the output voltage from the light sensor as the
train moves parallel to the slits. The output voltage is proportional to the intensity of light

A
b N )
!

I
0 25 50 75 100
time / ms
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e)

(a) Explain, with reference to the light passing through the slits, why a series of
voltage peaks occurs. [3]

9

(b) () The slits are separated by 1.5mm and the laser light has a wavelength
of 6.3x107 m. The slits are 5.0m from the train track. Calculate the separation
between two adjacent positions of the train when the output voltage is at
a maximum. [1]

(i)  Estimate the speed of the train. [2]
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(¢)  As the train continues to move, the first diffraction minimum is observed when the e
light sensor is at a distance of 0.13 m from the centre of the fringe pattern. <

direction of travel

] ] ] o toy train
first diffraction minimum ——

0.13m

centre of fringe pattern ¥—

(not to scale)

0] Determine the width of one of the slits. [2]

(i)  Suggest the variation in the output voltage from the light sensor that will be
observed as the train moves beyond the first diffraction minimum. [2]
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(d) In another experiment the student replaces the light sensor with a sound sensor.
The train travels away from a loudspeaker that is emitting sound waves of constant
amplitude and frequency towards a reflecting barrier.

A
b N )
o

reflecting barrier

toy train

sound sensor

)/ loudspeaker

The graph shows the variation with time of the output voltage from the sounds sensor.

output voltage

time

Explain how this effect arises. [2]
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9

(a) Yellow light from a sodium lamp of wavelength 590 nm is incident at normal incidence
on a double slit. The resulting interference pattern is observed on a screen.
The intensity of the pattern on the screen is shown.

(i)  Explain why zero intensity is observed at position A. [2]

(i) The distance from the centre of the pattern to Ais 4.1 <10 m. The distance from
the screen to the slits is 7.0 m.

7.0m
L
sodium light m !

double slit screen hot to scale
Calculate the width of each slit. [2]
(i) Calculate the separation of the two slits. [2]
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(b) The double slit is replaced by a diffraction grating that has 600 lines per miillimetre.
The resulting pattern on the screen is shown.

9

(i) State and explain the differences between the pattern on the screen due to the
grating and the pattern due to the double slit. [3]

(i) The yellow light is made from two very similar wavelengths that produce
two lines in the spectrum of sodium. The wavelengths are 588.995 nm and
589.592 nm. These two lines can just be resolved in the second-order spectrum
of this diffraction grating. Determine the beam width of the light incident on the
diffraction grating. [3]
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4 - (PHYSI/21_HL_Summer_2018_Q3) - Oscillations & Waves, Wave Phenomena (ahl)

A beam of coherent monochromatic light from a distant galaxy is used in an optics
experiment on Earth.

(@ The beamis incident normally on a double slit. The distance between the slits
is 0.300mm. A screen is at a distance D from the slits. The diffraction angle & is labelled.
screen

beam _

- » - -
T
0300 mmI— Hat ) B L.
R
e
> D »

()  Aseries of dark and bright fringes appears on the screen. Explain how a dark
fringe is formed. [3]
(i)  Outline why the beam has to be coherent in order for the fringes to be visible. [1]
(i) The wavelength of the beam as observed on Earth is 633.0nm. The separation
between a dark and a bright fringe on the screen is 4.50mm. Calculate D. [2]
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(b) The graph of variation of intensity with diffraction angle for this experiment is shown.

intensity/arbitrary units

missing peak

diffraction angle / @

()  Calculate the angular separation between the central peak and the missing
peak in the double-slit interference intensity pattern. State your answer to an
appropriate number of significant figures.

A
b N )
o

(3]

(2]
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() The wavelength of the light in the beam when emitted by the galaxy was 621.4nm. ' I.'.‘.‘
=

Explain, without further calculation, what can be deduced about the relative motion of
the galaxy and the Earth. [2]

(d) The air between the slits and the screen is replaced with water. The refractive index of
water is 1.33.

(i)  Calculate the wavelength of the light in water. [1]

(i) State two ways in which the intensity pattern on the screen changes. [2]
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5 - (PHYSI/22_HL_Summer_2018_Q5) - Oscillations & Waves, Wave Phenomena (ahl)

(a) Monochromatic light from two identical lamps arrives on a screen.

screen

The intensity of light on the screen from each lamp separately is /.

On the axes, sketch a graph to show the variation with distance x on the screen of the
intensity / of light on the screen. [1]
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(b) Monochromatic light from a single source is incident on two thin, parallel slits.
| slits
ﬁx
monochromatic light } -------------------------------- 0
screen
The following data are available.
Slit separation =0.12mm
Wavelength =680 nm
Distance to screen =3.5m
The intensity I of light at the screen from each slit separately is /,. Sketch, on the
axes, a graph to show the variation with distance x on the screen of the intensity of light
on the screen for this arrangement. [3]
_____________________________________ Mg o
e
R R R R RSN ARRR iR
R mn e Rna AN EECEBe s RRREEES s
B R Rnn SR Ba sl M EEE e A NERAEEESE R
B R RRRE AR IE AR RS R RRRNNNRRRRRRE R AN A
I T T T i T T T T 1
-4 -2 0 2 4
x/cm
(c) The slit separation is increased. Qutline one change observed on the screen. [1]
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Monochromatic coherent light is incident on two parallel slits of negligible width a distance d apart.
A screen is placed a distance D from the slits. Point M is directly opposite the midpoint of the slits.

diagram not to scale

IP

monochromatic

coherent light S o M
slits screen

Initially the lower slit is covered and the intensity of light at M due to the upper slit alone is 22Wm™
The lower slit is now uncovered.

(a) Deduce, in Wm 2, the intensity at M. [3]

(b) Pis the first maximum of intensity on one side of M. The following data are available.
d=012mm
D=15m
Distance MP = 7.0mm

Calculate, in nm, the wavelength 7. of the light. (2]
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{c) The width of each slit is increased tc 0.030mm. D, ¢ and A remain the same.

A
b N )
o

(iy Suggest why, afier this change, the intensity at P will be less than that at M. [1]

(il  Show that, due to single slit diffraction, the intensity at a point on the screen a
distance of 28 mm from M is zero. [2]
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7 = (PHYSI/20_HL_Winter_2019_Q10) - Oscillations & Waves, Wave Phenomena (ahl) 1-‘:

—
The lens of an optical system is coated with a thin film of magnesium fluoride of thickness d. i
Monochromatic light of wavelength 656 nm in air is incident on the lens. The angle of

incidence is 0. Two reflected rays, X and Y, are shown.

XY

d
lens
The following refractive indices are available.
Air =1.00
Magnesium fluoride = 1.38
Lens =158
(a) Predict whether reflected ray X undergoes a phase change. [2]
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(b) The thickness of the magnesium fluoride film is d. For the case of normal incidence (=0}, Sy
—

(i) state, in terms of d, the path difference between the reflected rays X and Y. [1]

{(iiy calculate the smallest value of d that will result in destructive interference
between ray X and ray Y. [2]

(iii) discuss a practical advantage of this arrangement. [2]
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{c) Light from a point source is incident on the pupil of the eye of an observer. E Y
The diameter of the pupil is 2.8 mm. -
{i) Draw, onthe axes, the variation with diffraction angle of the intensity of light
incident on the retina of the observer. [2]

Intensity

+ Diffraction angle

(i Estimate, in rad, the smallest angular separation of two distinct point sources of
light of wavelength 656 nm that can be resolved by the eye of this cbserver. [2]
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8 = (PHYSI/20_HL_Winter_2020_Q4) - Oscillations & Waves, Wave Phenomena (ahl)

Two loudspeakers, A and B, are driven in phase and with the same amplitude at a frequency
of 850 Hz. Point P is located 22.5m from A and 24.3m from B. The speed of sound is 340ms™".

P
22.5m
A 24.3m
B
(a) Deduce that a minimum intensity of sound is heard at P. [4]

A
b N )
!
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(b) A microphone moves along the line from P to Q. PQ is normal to the line midway
between the loudspeakers.

P

direction of travel

The intensity of sound is detected by the microphone. Predict the variation of detected
intensity as the microphone moves from P to Q.

(2]

(¢) When both loudspeakers are operating, the intensity of sound recorded at Q is /,,
Loudspeaker B is now disconnected. Loudspeaker A continues to emit sound with
unchanged amplitude and frequency. The intensity of sound recorded at Q changes to /,.

Estimate I—".
Iy

(2]

.)

9
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{d} Inanother experiment, loudspeaker A is stationary and emits scund with a frequency of
850Hz. The microphone is moving directly away from the loudspeaker with a constant
speed v. The frequency of sound recorded by the microphone is 845 Hz,

9

(i)  Explain why the frequency recerded by the microphone is lower than the

frequency emitted by the loudspeaker. [2]
(iiy Calculate v. [2]
Powered By :
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9 - (PHYSI/20_HL_Winter_2020_Q7) - Wave Phenomena (ahl) ' 1-?
—

A vertical solid cylinder of uniform cross-sectional area A floats in water. The cylinder is

partially submerged. When the cylinder floats at rest, a mark is aligned with the water

surface. The cylinder is pushed vertically downwards so that the mark is & distance x below

the water surface.

cylinder floating cylinder pushed
at rest downwards

mark

4

water surface —

Attime t— 0 the cylinder is released. The resultant vertical force F on the cylinder is related
to the displacement x of the mark by

F=— pAgy
where pis the density of water.

{a) Outline why the cylinder performs simple harmonic motion when released. [1]

{h)  The mass of the cylinder is 118kg and the cross-secticnal area of the cylinder is
2.29 « 10 'm?. The density of water is 1.03 » 10°kgm °. Show that the angular
frequency of oscillation of the cylinder is about 4.4 rad s . 2]
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(c) The cylinder was initially pushed down a distance x = 0.250m.

A
b N )
!

(1) Determine the maximum kinetic energy E, . of the cylinder, [2]

(i)  Draw, on the axes, the graph to show how the kinetic energy of the cylinder
varies with time during one period of oscillation T. [2]

kinetic energy

E

kmax ]

T time
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10 - (PHYSI/21_HL_Summer_2021_Q6) - Wave Phenomena (ahl) ' 1-?
—

A painting is protected behind a transparent glass sheet of refractive index n,.. A coating

of thickness w is added to the glass sheet to reduce reflection. The refractive index of the
coating Ng..ng is such that n ... > n >1.

glass coating

The diagram illustrates rays normally incident on the coating. Incident angles on the diagram
are drawn away from the normal for clarity.

coating
glass sheet

| | light

B
painting—/ <

Z S

(a) State the phase change when a ray is reflected at B. [1]

air A [3]
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€y (i) State the Rayleigh criterion for resolution. [

A _
11 = e

(il The painting contains a pattern of red dots with a spacing of 3mm. Assume the
wavelength of red light is 700nm. The average diameter of the pupil of a human
eye is 4mm. Calculate the maximum possible distance at which these red dots
are distinguished. 2]
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11 - (PHYSI/22_HL_Summer_2021_Q8) - Wave Phenomena (ahl) ' 1-7
—

(@)

Monochromatic light of wavelength A is normally incident on a diffraction grating.
The diagram shows adjacent slits of the diffraction grating labelled V, YW and X,

Light waves are diffracted through an angle & to form a second-order diffraction
maximum. Points Z and Y are |abelled.

() State the phase difference between the waves at V and Y.

[1]
(iy  State, in terms of A, the path length between peints X and Z. [N
(iiy The separation of adjacent slits is d. Show that for the second-order diffracticn
maximum 2. —dsinf). [1]
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(b)  Monochromatic light of wavelength 633 nm is normally incident on a diffraction grating. T
The diffraction maxima incident on a screen are detected and their angle 9 to the :‘
central beam is determined. The graph shows the variation of sin6 with the order n of
the maximum. The central order corresponds to n=0.

0.45

0.4 =

0.35 v

0.3 A

0.25 .

sin@ ya
0.2 7

0.15 s

0.05 -

0-¢
0 1 2 3 4 5 6

Determine a mean value for the number of slits per millimetre of the grating. [4]
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(c) State the effect on the graph cf the variation of sing with n of: Ry
—
(i} using a light source with a smaller wavelength. [1]
(i) increasing the distance between the diffraction grating and the screen. (1]
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12 - (PHYSI/20_HL_Winter_2021_Q8) - Wave Phenomena (ahl)

A
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!

(@} State what is meant by the Doppler effect. i2]

(o} A piate performs simple harmonic oscillations with a frequency of 38Hz and an
ampiitude of 8.0cm.

Shew that the maximum speed of the oscillating plate is about 20ms ' [2]

{c) Sound of frequency 2400 Hz is emitted from a stationary source towards the oscillating
plate in (b}, The speed of sound is 340ms '

oscillating plate

O

source sound

Determine the maximum frequency of the sound that is received back at the source
after reflection at the plate. i2]
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.)

{d} The graph shows the variation with diffraction angle of the intensity of light after it has
passed through four parallel slits

9

primary maxima

secondary maxima

An . i} Wil = N N
0.04 0.02 0.00 0.02 0.04

The number of slits is increased but their separation and width stay the same. All slits
are illuminated. State what will happen to

{)  tha angular position of the primary maxima (1]
(i) the width of the primary maxima [1]
{iiy tha intensity of the secondary maxima, 1]
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13 - (PHYSI/21_HL_Summer_2022_Q3) - Wave Phenomena (ahl)

A
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!

Two loudspeakers A and B are initially equidistant from a microphone M. The frequency and
intensity emitted by A and B are the same. A and B emit sound in phase. A is fixed in position.

B is moved slowly away from M along the line MP. The graph shows the variation with
distance travelled by B of the received intensity at M.

intensity
atM

0O 10 20 30 40 50 60 70
distance travelled by B / cm

(a) Explain why the received intensity varies between maximum and minimum values. [3]
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(b) State and explain the wavelength of the sound measured at M. [

A _
2] we

{c} B is placed at the first minimum. The frequency is then changed until the received
intensity is again at a maximum.

Show that the lowest frequency at which the intensity maximum can occur is about 3kHz.

Speed of sound — 340ms ' 12]

(d) Loudspeaker Ais switched off. Loudspeaker B moves away from M at a speed of 1.5ms '

while emitting a frequency of 3.0kHz.

Determine the difference between the frequency detected at M and that emitted by B. (2]
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14 - (PHYSI/21_HL_Summer_2022_Q6) - Wave Phenomena (ahl) T o

A mass-spring system oscillates horizontally on a frictionless surface. The mass has an
acceleration a when its displacement from its equilibrium position is x.

The variation of a with x is modelled in two different ways, A and B, by the graphs shown.

alms?

fal
A

w

graph A g

+
N
o5}

graph B ———__"*~

/
o
4
-y
o

| Xx/'m

e8]

Mo
(€]

W
€]

(a) Outline two reasons why both models predict that the motion is simple harmonic
when a is small. [2]

(b) Determine the time period of the system when a is small. [4]
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{(c) Outline, without calculation, the change to the time period of the system for the model
represented by graph B when a is large. [2]

A
b N )
!

(d)  The graph shows for model A the variation with x of elastic potential energy E, stored
in the spring.

77777777777777777777

77777777777777777777

77777777777777777777

77777777777777777777

i 1 1 1 1 i
-0.15 -0.10 -005 O 0.05 010 0.15
x/m

Describe the graph for model B. [2]
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15 - (PHYSI/22_HL_Summer_2022_Q6) - Wave Phenomena (ahl) T o

An experiment to investigate simple harmonic motion consists of a mass oscillating at the

end of a vertical spring.

<>
)
o —
spring 2@%

motion sensor ——

The mass oscillates vertically above a motion sensor that measures the speed of the mass.
Test 1 is carried out with a 1.0kg mass and spring of spring constant k,. Test 2 is a repeat of
the experiment with a 4.0kg mass and spring of spring constant k,.

The variation with time of the vertical speed of the masses, for one cycle of the oscillation,
is shown for each test.

speed /ms’}
10

~ ~—test 2

| \ / L+{—test 1
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(i) Deduce X, 2]
2
(i)  Determine the amplitude of oscillation for test 1. [2]
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(iv) Intest 2, the maximum elastic potential energy E_ stored in the spring is 44J. E Y
—
When t = 0 the value of E, for test 2 is zero.

Sketch, on the axes, the variation with time of E_ for test 2. [2]

E /J
50 -

40
30
20
10

0

I I I I I I I “trg
0102 03 04 05 06 07 08
—10

—20
—30 -

—40 4

—-50 -

(b) The maotion sensor operates by detecting the sound waves reflected from the base of
the mass. The sensor compares the frequency detected with the frequency cmitted
when the signal returns,

1

The sound frequency emitted by the sensor is 35kHz. The speed of sound is 340ms .

Determine the maximum frequency change detected by the sensar for test 2. (4]
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16 - (PHYSI/20_HL_Winter_2022_Q7) - Wave Phenomena (ahl)

A
b N )
!

A beam of coherent monochromatic light is incident normally on a single rectangular slit.
The diffraction pattern is observed on a screen.

screen
single slit
tP
light source
O ---mmmmmmm oo 10O
1Q

O is the point on the screen directly opposite the slit. P and Q are the first minima on either
side of the central fringe of the diffraction pattern.

(a) (i) Theintensity of light at point O is /,. The distance OP is x.

Sketch, on the axes, a graph to show the variation of the intensity of light with
distance from point O on the screen. Your graph should cover the distance range

from O to 2x. [2]
intensity
A
0.51,
0
0 X 2x
distance

2017 -2022 311 Powered By :




IB DIPLOMA

PHYSICS -HL -P2 CH9 - WAVE PHENOMENA (AHL)

A
b N )
!

(iy  Early theories of light suggest that a gecmetrical shadow of the slit will be
observed on the screen. Explain how the diffraction pattern formed on the screen
provides evidence for the wave theory of light. [2]
(i)  The following data are available,

Wavelength of light = 590 nm
Distance between the slit and the screen=2.4m
Width of the slit= 0.10mm

Calculate distance PQ. [2]
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{b) The single slit is replaced by a double slit. The width of each slit in this arrangement is

the same as the width of the single slitin (a).

Outline how the intensity variation cbserved hetween peints P and Q will change. [2]
{c) The light source actually emits two wavelengths of light. The average wavelength

is 590 nm and the difference between the two wavelengths is 0.6CGhm.

A student attempts to resolve the wavelengths using a diffraction grating with 750 lines
per mm. The incident beam is 2.0 mm wide.

Comment on whether this diffraction grating can resolve the wavelengths in the
first-order spectrum. [3]
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1 - (PHYSI/21_HL_Summer_2017_Q6) - Fields (ahl), Thermal Physics
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o

The diagram shows the gravitational field lines of planet X.

(@) Outline how this diagram shows that the gravitational field strength of planet X
decreases with distance from the surface. [1]

(b) The diagram shows part of the surface of planet X. The gravitational potential at the
surface of planet X is —3V and the gravitational potential at point Y is —V.

-3V
—\\
®
/ /
//
planet X
surtace

Sketch on the grid the equipotential surface corresponding to a gravitational potential
of —2V. [2]
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(c) A meteorite, very far from planet X begins to fall to the surface with a negligibly small RE )
initial speed. The mass of planet X is 3.1 x 10*'kg and its radius is 1.2 x 10°m. -~
The planet has no atmosphere. Calculate the speed at which the meteorite will hit

the surface. [3]

(d) Atthe instant of impact the meteorite which is made of ice has a temperature of 0°C.
Assume that all the kinetic energy at impact gets transferred into internal energy in
the meteorite. Calculate the percentage of the meteocrite’s mass that melts. The
specific latent heat of fusion of ice is 3.3 x 10°Jkg™". 2]
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2 = (PHYSI/20_HL_Winter_2017_Q2) - Circular Motion & Gravitation, Oscillations & Waves, Fields (ahl)

9

There is a proposal to power a space satellite X as it orbits the Earth. |n this model,
X is connected by an electronically-conducting cable to another smaller satellite Y.

orbit of X not to scale

(a) Satellite X orbits 6600 km from the centre of the Earth.

Mass of the Earth=6.0x10% kg

Show that the orbital speed of satellite X is about § kms™. [2]

(b) Satellite Y orbits closer to the centre of Earth than satellite X. Outline why

()  the orbital times for X and Y are different. [1]

(i)  satellite Y requires a propulsion system. [2]
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(¢) The cable between the satellites cuts the magnetic field lines of the Earth at Y
-~

right angles.

Earth’s magnetic field

magnetic field lines

orbit of X

not to scale

Explain why satellite X becomes positively charged. [3]

(d) Satellite X must release ions into the space between the satellites. Explain why the
current in the cable will become zero unless there is a method for transferring charge
from Xto Y. [3]
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" =

(e) The magnetic field strength of the Earth is 31 uT at the orbital radius of the satellites. b
The cable is 15 km in length. Calculate the emf induced in the cable. [2] -

(f  The cable acts as a spring. Satellite Y has a mass m of 3.5x10°kg. Under certain
circumstances, satellite Y will perform simple harmonic motion (SHM) with a period T
of 5.2 s.

()  Estimate the value of kin the following expression.

T:211:\/E
k

Give an appropriate unit for your answer. Ignore the mass of the cable and
any oscillation of satellite X. [3]

(i) Describe the energy changes in the satellite Y-cable system during one cycle of
the oscillation. [2]
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3 - (PHYSI/20_HL_Winter 2017_Q8) - Fields (ahl)

9

A non-uniform electric field, with field lines as shown, exists in a region where there is
no gravitational field. X is a point in the electric field. The field lines and X lie in the
plane of the paper.

Xe®

(a) Cutline what is meant by electric field strength. [2]

(b) An electron is placed at X and released from rest. Draw, on the diagram, the direction
of the force acting on the electron due to the field. [11]

(c) The electron is replaced by a proton which is also released from rest at X.
Compare, without calculation, the motion of the electron with the motion of the
proton after release. You may assume that no frictional forces act on the electron
or the proton. [4]
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4 - (PHYSI/21_HL_Summer_2018_Q7) - Electromagnetic Induction (ahl), Fields (ahl) ' 1-7
—

A capacitor consists of two parallel square plates separated by a vacuum. The plates are
2.5¢cm x 2.5cm squares. The capacitance of the capacitor is 4.3 pF.

(a) Calculate the distance between the plates. [1]

(b) The capacitor is connected to a 16V cell as shown.

diagram not to scale

capacitor ____ T~ 16V

plate A~

Calculate the magnitude and the sign of the charge on plate A when the capacitor is
fully charged. [2]

(¢) The capacitor is fully charged and the space between the plates is then filled with a
dielectric of permittivity & = 3.0g,.

Explain whether the magnitude of the charge on plate A increases, decreases
or stays constant. [2]
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(d) In adifferent circuit, a transformer is connected to an alternating current (ac) supply.

ac supply 8 output voltage

primary coil secondary coil

The transformer has 100 turns in the primary coil and 1200 turns in the secondary coil. The
peak value of the voltage of the ac supply is 220V. Determine the root mean square (rms)
value of the output voltage.

CH10 - FIELDS (AHL)

(3]

(¢) Describe the use of transformers in electrical power distribution.

(3]

A
b N )
!
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5 - (PHYSI/22_HL_Summer_2018_Q6) - Circular Motion & Gravitation, Fields (ahl)

(a) Aplanet has radius R. At a distance h above the surface of the planet the
gravitational field strength is g and the gravitational potential is V.

() State what is meant by gravitational field strength. [1]

(i) Showthat V=—g(R+Hh). 2]

(i) Drawa graph, on the axes, to show the variation of the gravitational potential V
of the planet with height h above the surface of the planet. [2]
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(b) Aplanet has a radius of 3.1 x 10°m. At a point P a distance 2.4 x 10" m above the
surface of the planet the gravitational field strength is 2.2 N kg™'. Calculate the
gravitational potential at point P, include an appropriate unit for your answer. [1]

A
b N )
o

(c) The diagram shows the path of an asteroid as it moves past the planet.

~~._path of asteroid

~
~
~
N
~
\
N

@ point P

planet

When the asteroid was far away from the planet it had negligible speed.
Estimate the speed of the asteroid at point P as defined in (b). [3]

(d) The mass of the asteroid is 6.2 x 10" kg. Calculate the gravitational force experienced
by the planet when the asteroid is at point P. [2]
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6 - (PHYSI/22_HL_Summer_2018_Q8) - Fields (ahl), Electromagnetic Induction (ahl)

A negatively charged thundercloud above the Earth’s surface may be modelled by a
parallel plate capacitor.

thundercloud

thundercloud base

1600 m

Earth’s surface v
+ ++++ o+

The lower plate of the capacitor is the Earth's surface and the upper plate is the base of
the thundercloud.

The following data are available.
Area of thundercloud base =1.2x10°m?®

Charge on thundercloud base =-25C
Distance of thundercloud base from Earth’s surface =1600 m

Permittivity of air =8.8x 107 Fm™

(a) Show that the capacitance of this arrangementis C=6.6x10"F. [11
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(b) Calculate

in V, the potential difference between the thundercloud and the Earth’'s surface. [2]

@

(i)  in J, the energy stored in the system. [2]

(c) Lightning takes place when the capacitor discharges through the air between the
thundercloud and the Earth’'s surface. The time constant of the system is 32 ms.

A lightning strike lasts for 18 ms.

()  Showthat about —11 C of charge is delivered to the Earth’s surface. [3]

(]

(i) Calculate, in A, the average current during the discharge.
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(d) State one assumption that needs to be made so that the Earth-thundercloud system )
may be modelled by a parallel plate capacitor. [1] -
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(a) Aplanet of mass misin a circular orbit around a star. The gravitational potential due to
the star at the position of the planetis V.

(i) Show that the total energy of the planet is given by the equation shown. [2]

(i) Suppose the star could contract to half its original radius without any loss of mass.
Discuss the effect, if any, this has on the total energy of the planet. [2]
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(b) The diagram shows some of the electric field lines for two fixed, charged particles X and Y. T

diagram not to scale

The magnitude of the charge on X is Q and that on Y is g. The distance
between X and Y is 0.600m. The distance between P and Y is 0.820m.

At P the electric field is zero. Determine, to one significant figure, the ratio % [2]
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8 - (PHYSI/20_HL_Winter 2020_Q8) - Fields (ahl)

The diagram shows the electric field lines of a positively charged conducting sphere of radius
R and charge Q.

A
0
k4

Faints A and B are located on the same field ine.

(a) Explain why the electric potential decreases from A to B,

A
b N )
o

(2]

{p) Draw, onthe axes, the variation of electric potential V with distance r from the centre of
the sphere.

(2]
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(c) A protonis placed at A and released from rest. The magnitude of the work done by the E Y
electric field in moving the proton from Ato Bis 1.7 ~ 10 "®J. Point A is at a distance of -
5.0 x 10 “m from the centre of the sphere. Point B is at a distance of 1.0 « 10 "'m from
the centre of the sphere.

(iy  Calculate the electric potential difference between points A and B. [1]

(i Determirne the charge Q of the sphere. [2]

(dY The concept of potential is alsc used in the context of gravitational fields. Suggest why
scientists developed a common terminoclogy to describe different types of fields 1]
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A planet is in a circular orbit around a star. The speed of the planet is constant. The following
data are given:

Mass of planet =80« 10"kg

Mass of star =32 x 107kg

Distance from the star to the planet R = 4.4 x 10"°m.
{a) Explain why a centripetal force is needed for the planet to be in a circular orbit. 2]
(b)  Calculate the value of the centripetal force. 1

A
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o
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{c) Aspacecraft is to be launched from the surface of the planet to escape from the star "y
system. The radius of the planet is 9.1 x 10°km. -
(iy Show that the gravitational potential due to the planet and the star at the surface
of the planet is about -5 x 10°Jkg °. [3]

(i)  Estimate the escape speed of the spacecraft from the planet—star system. [2]
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The table gives data for Jupiter and three of its moons, including the radius r of each object.

Object Mass/kg rim Orbital radius
around Jupiter/m
Jupiter 1.9 x 107 7.1 <107
lo 8.9 » 10¢ 1.8 « 10° 4.9 « 10°
Ganymede 15 % 10™ 26 x 10° 1.08 x 107
Callisto 1.1 x10% 24 % 10° 1.88 x 10°

{a) Calculate, for the surface of lo, the gravitational field strength ¢, due to the mass of lo.
State an appropriate unit for your answer. [2]

{b) Aspacecraft is to be sent from lo to infinity,

()} Show that the gravitational potential due to Jupiter at the orbit of lo

— _ is about 80. 2]
gravitational patential due to To at the surface of To

(i) Outline, using (b)), why itis not correct to use the equation |~ mass O 10
) utline, using (b}(i), why it is not correct to use the equation j— =~ — t0

calculate the speed required for the spacecraft to reach infinity from the surface

of lo. [1]
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(c) An engineer needs to move a space probe of mass 3600kg from Ganymede to Callisto.
Calculate the energy required to move the probe from the crbital radius of Ganymede
to the orbital radius of Callisto. Ignore the mass of the moons in your calculation. [2]
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o
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Two identical pasitive peint charges X and Y are placed 0.30m apart on a horizontal line.
C is the peint midway between X and Y. The charge on X and the charge on Y is 14.0pC.

(a) Calculate the electric potential at O. (3]

(b) Sketch, on the axes, the variation of the electric potential V with distance between
XandY. 2]

)|< 0 \'( distance
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{c)  Apositive charge Z is released from rest 0.010m from Q on the line between X and Y.
Z then begins to oscillate about point O.

A
b N )
!

| l | l
| 1 I 1
X Z @) Y

(i) Identify the direction of the resultant force acting on Z as it oscillates. (2]

(il  Deduce whether the motion of Z is simple harmonic. (2]
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A metal sphere is charged positively and placed far away from other charged ohjects.
The electric potential at a point on the surface of the sphere is 53.9kV.

fa) Outline what 1s meant by electric potential at a point. [2]

(b} The electric potential at a point a distance 2.8 m from the centre of the sphere is 7.71kV.
Determine the radius of the sphere. (2]
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(c} Asmall positively charged ohject moves towards the centre of the metal sphere. N
When the object is 2.8m from the centre of the sphere, its speed is 3.1ms . —

The mass of the object is 0.14g and its charge is 2.4 » 10 *C.

(i  Comment on the angle at which the object meets equipotential surfaces arocund

the sphere, ]|
(il Show that the kinetic encrgy of the object is about 0.7mJ. [1]
i)  Determine whether the object will reach the surface of the sphere, [3]

2017 -2022 338 Powered By :




IB DIPLOMA PHYSICS -HL -P2 CH10 - FIELDS (AHL)

A
b N )
!

13 - (PHYSI/20_HL_Winter_2022_Q8) - Fields (ahl)

{a) The diagram shows field lines for an electrostatic field. X and Y are two points cn the
same field line.

Y
X
Qutline which of the two points has the larger electric potential. 2]
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{b) A satellite is launched from the surface of Earth into a circular orbit. N
=

The following data are given.

Mass of the satellite — 8.0 x 10°kg

Height of the orbit above the surface of Earth = 5.0 x 10°m
Mass of Earth =6.0 x 10*'kg

Radius of Earth=6.4 x 10°m

(i) Show that the kinetic energy of the satellite in orbit is about 2 x 10™"J. 2

(i} Determine the minimum energy required to launch the satellite. Ignore the
criginal kinetic energy of the satellite due to Earth’s rotation. [2]
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(a) State Faraday’s law of induction. [2]

(b) The diagram shows a sketch of an ideal step-down transformer.

primary coil secondary coil

- N

.

240V

AN

|
C 3

.

. /

The number of turns in the primary coil is 1800 and that in the secondary coil is 90.

0] Explain, using Faraday's law of induction, how the transformer steps down
the voltage. [4]
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(i)  The input voltage is 240V. Calculate the output voltage.

2] w%

(c) Outline how energy losses are reduced in the core of a practical transformer. [2]

(d) Step-up transformers are used in power stations to increase the voltage at which the
electricity is transmitted. Explain why this is done. [2]
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2 = (PHYSI/22_HL_Summer_2017_Q3) - Electromagnetic Induction (ahl), Electricity & Magnetism

The electrical circuit shown is used to investigate the temperature change in a wire that is
wrapped around a mercury-in-glass thermometer.

S, S, thermometer

— 1 22 mF coil of resistance wire

A power supply of emf (electromotive force) 24V and of negligible internal resistance is
connected to a capacitor and to a coil of resistance wire using an arrangement of two
switches. Switch S, is closed and, a few seconds later, opened. Then switch S, is closed.

(a) The capacitance of the capacitor is 22 mF. Calculate the energy stored in the capacitor
when it is fully charged. [1]

(b) The resistance of the wire is 8.0 Q. Determine the time taken for the capacitor to
discharge through the resistance wire. Assume that the capacitor is completely
discharged when the potential difference across it has fallen to 0.24 V. [3]
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(¢) () The mass of the resistance wire is 0.61 g and its observed temperature T

rise is 28 K. Estimate the specific heat capacity of the wire. Include an e
appropriate unit for your answer. [2]

(i)  Suggest one other energy loss in the experiment and the effect it will have on the
value for the specific heat capacity of the wire. [2]
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A cable consisting of many copper wires is used to transfer electrical energy from an
alternating current (ac) generator to an electrical load. The copper wires are protected by
an insulator.

copper wires

insulator

(a) The copper wires and insulator are both exposed to an electric field. Discuss,
with reference to charge carriers, why there is a significant electric current only in
the copper wires.

ELECTROMAGNETIC
INDUCTION (AHL)

A
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(3]
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(b The cable consists of 32 copper wires each of length 35km. Each wire has a ey
~

resistance of 64 Q. The cable is connected to the ac generator which has an
output power of 110 MW when the peak potential difference is 150kV. The resistivity

of copperis 1.7 x10°Qm.

output power=110 MW
ac generator electrical load

cable

(i)  Calculate the radius of each wire. [2]
(i)  Calculate the peak current in the cable. [1]
(i) Determine the power dissipated in the cable per unit length. [3]
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(¢) To ensure that the power supply cannot be interrupted, two identical cables are
connected in parallel.

ac generator electrical load
cable
L .
cable

return path for current

Calculate the root mean square (rms) current in each cable.

IB DIPLOMA PHYSICS -HL -P2 CH11-ELECTROMAGNETIC

INDUCTION (AHL)
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(]

(d) The two cables in part (c) are suspended a constant distance apart. Explain how the
magnetic forces acting between the cables vary during the course of one cycle of the
alternating current (ac).

[2]
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(e) The energy output of the ac generator is at a much lower voltage than the 150 kV used N
for transmission. A step-up transformer is used between the generator and the cables. <

()  Suggest the advantage of using a step-up transformer in this way. [2]

(i)  The use of alternating current (ac) in a transformer gives rise to energy losses.
State how eddy current loss is minimized in the transformer. [1]
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A capacitor consists of two parallel square plates separated by a vacuum. The plates are
2.5¢cm x 2.5cm squares. The capacitance of the capacitor is 4.3 pF.

(a) Calculate the distance between the plates. [1]

(b) The capacitor is connected to a 16V cell as shown.

diagram not to scale

capacitor ____ T~ 16V

plate A~

Calculate the magnitude and the sign of the charge on plate A when the capacitor is
fully charged. [2]

(¢) The capacitor is fully charged and the space between the plates is then filled with a
dielectric of permittivity & = 3.0g,.

Explain whether the magnitude of the charge on plate A increases, decreases
or stays constant. [2]
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(d) In adifferent circuit, a transformer is connected to an alternating current (ac) supply.

ac supply 8 output voltage

primary coil secondary coil

The transformer has 100 turns in the primary coil and 1200 turns in the secondary coil. The
peak value of the voltage of the ac supply is 220V. Determine the root mean square (rms)
value of the output voltage.

INDUCTION (AHL)

A
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(¢) Describe the use of transformers in electrical power distribution.

(3]
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A negatively charged thundercloud above the Earth’s surface may be modelled by a
parallel plate capacitor.

thundercloud

thundercloud base

1600 m

Earth’s surface v
+ ++++ o+

The lower plate of the capacitor is the Earth's surface and the upper plate is the base of
the thundercloud.

The following data are available.
Area of thundercloud base =1.2x10°m?®

Charge on thundercloud base =-25C
Distance of thundercloud base from Earth’s surface =1600 m

Permittivity of air =8.8x 107 Fm™

(a) Show that the capacitance of this arrangementis C=6.6x10"F.
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(b) Calculate

in V, the potential difference between the thundercloud and the Earth’'s surface. [2]

@

(i)  in J, the energy stored in the system. [2]

(c) Lightning takes place when the capacitor discharges through the air between the
thundercloud and the Earth’'s surface. The time constant of the system is 32 ms.

A lightning strike lasts for 18 ms.

()  Showthat about —11 C of charge is delivered to the Earth’s surface. [3]

(]

(i) Calculate, in A, the average current during the discharge.
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(d) State one assumption that needs to be made so that the Earth-thundercloud system )
may be modelled by a parallel plate capacitor. [1] -
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A student makes a parallel-plate capacitor of capacitance 68 nF from aluminium foil and i
plastic film by inserting one sheet of plastic film between two sheets of aluminium foil.

diagram not to scale

width

aluminium foil

thickness | plastic film

\aluminium foil

The aluminium foil and the plastic film are 450 mm wide.
The plastic film has a thickness of 55um and a permittivity of 2.5 x 107" C*N"'m™.

(@) (i) Calculate the total length of aluminium foil that the student will require. [3]

(i)  The plastic film begins to conduct when the electric field strength in it exceeds
1.5MNC™'. Calculate the maximum charge that can be stored on the capacitor. [2]
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INDUCTION (AHL)

(b) The student uses a switch to charge and discharge the capacitor using the circuit
shown. The ammeter is ideal.

charge discharge

R
X /Y
N

The emf of the battery is 12V.

(il  The resistor R in the circuif has a resistance of 1.2k02. Calculate the time taken
for the charge on the capacitor to fall to 50% of its fully charged value.

] —
T
—

(il  The ammeter is replaced by a coil. Explain why there will be an induced emf in
the coil while the capacitor is discharging.

(i} Suggest one change to the discharge circuit, apart from changes to the coil, that
will increase the maximum induced emf in the coil.

2]
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A small magnet is dropped from rest above a stationary horizental conducting ring.
The south (S) pole of the magnet is upwards.

magnet l

< >

Diagram 1: side view Diagram 2. view from above

While the magnet is moving towards the ring,

(a) state why the magnetic flux in the ring is increasing. (1]
(b} sketch, using an arrow on Diagram 2, the direction of the induced current in the ring. [1]
{c) deduce the direction of the magnetic force on the magnet. (2]
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X has a capacitance of 18 pF. X is charged so that the one plate has a charge of 48 uC. Xis
then connected to an uncharged capacitor Y and a resistor via an open switch S.

(@) Calculate, in J, the energy stored in X with the switch S open. [2]

(b) The capacitance of Y is 12 yF. S is now closed.

(i)  Calculate the final charge on X and the final charge on Y. [3]

(iiy  Calculate the final total energy, in J, stored in X and Y. [2)
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{c) Suggest why the answers to (a) and (b)(ii) are different.

[l T
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The diagram shows an alternating current generator with a rectangular coil rotating at a
constant frequency in a uniform magnetic field.

sliding contacts

\ X bs X X b

axis of rotation '} ==

(a) Explain, by reference to Faraday’s law of induction, how an electromotive force (emf) is
induced in the caoil. [3]
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(b)  The graph shows how the generator output voltage V varies with time .

A
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VIikV
100

757

50

25+

T | T T
0 2 4 6 8 1M0>~32 14 16 1 20 ¢/ms
—257

—50

=757

-100-

Electrical power produced by the generator is delivered to a consumer some distance away.

(i}  The average power output of the generator is 8.5 x 10°W. Calculate the root
mean square (rms) value of the generator output current. [2]

(il  The voltage output from the generator is stepped up before transmission to the
consumer. Estimate the factor by which voltage has to be stepped up in order to
reduce power loss in the transmission line by a factor of 2.5 = 10°. 1

(iiiy  The frequency of the generator is doubled with no other changes being made.
Craw, on the axes, the variation with time of the voltage cutput of the generator. 2]
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A device sends an impulse of electrical energy to maintain a regular heartbeat in a person.

The device is powered by an alternating current (ac) supply connected to a step-up

transformer that charges a capacitor of capacitance 30 uF.

) B
switch .
220V
S % | ‘ —_ heart
N
1
(@) Explain the role of the diode in the circuit when the switch is at position A. 2]

{b) The voltage across the primary coil of the transformer is 220V The number of turns on
the secondary coil is 15 times greater than the number of turns on the primary coil.

(i} Show that the maximum energy stored by the capacitor is about 180J. [2]
(i)  Calculate the maximum charge Q, stored in the capacitor. [1]
(i) ldentify, using the label + on the diagram, the polarity of the capacitor. [1]
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(¢) The switch is moved to position B. )
-~

) Describe what happens to the energy stored in the capacitor when the switch is
moved to position B. [1]

(i) Show that the charge remaining in the capacitor after a time equal to one time
constant t of the circuit will be 0.37Q,,. [1]

(i)  The graph shows the variation with time of the charge in the capacitor as it is
being discharged through the heart.

1.0
Q/QO
\
\
0
0 1 2 3 4
time / ms

Determine the electrical resistance of the closed circuit with the switch in position B. [2]
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{d) In practice, two electrodes connect the heart to the circuit. These electrodes introduce
an additional capacitance.

A
b N )
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— heart
1 elactrode
—_— capacilance
Explain the effect of the elecirode capacitance on the discharge time. [2]
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{a) The primary coil of a transformer 15 connected to a 110V alternating current {ac) supply.
The secondary coil of the transformer is connected to a 15V garden lighting system that
consists of 8 lamps connected in parallel. Each lamp is rated at 35W when working at
its normal brightness. Root mean square (rms) values are used throughout this question.

() The primary coil has 3300 turns. Calculate the number of turns on the secondary coil. [1]

(i)  Determine the total resistance of the lamps when they are working normally. [2]

(iiy Calculate the current in the primary of the transformer assuming that it is ideal. [2]

{iv) Flux leakage is cne reasen why a transformer may not be ideal. Explain the effect
of flux leakage on the transformer.

(2]
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(b) A pendulum with a metal bob comes to rest after 200 swings. The same pendulum,
released from the same position, now swings at 90° to the direction of a strong
magnetic field and comes to rest after 20 swings.

A
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Explain why the pendulum comes to rest after a smaller number of swings. [4]
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A square loop of side 5.0cm enters a region of uniform magnetic field at { = 0. The loop exits
the region of magnetic field at { = 3.5s. The magnetic field strength is 0.94 T and is directed

into the plane of the paper. The magnetic field extends over a length 65cm. The speed of the
loop is constant.

® ® ® ® ® ® ® ©
50cm
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) 65cm >
t=0 diagram not to scale t=3.5s
(@ Show that the speed of the loop is 20cms ™’ [1]
(b) Sketch graphs, on the axes, to show the variation with time of
(i)  the magnetic flux linkage @ in the loop. [1]
A
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(iiy  the magnitude of the emf induced in the loop. M ‘=%
=
A
emf/V
0025080 07510125150 175 20 225 250 275 30 325 350¢/s
{c) (i) There are 85 turns of wire in the loop. Caiculate the maximum induced emf in
the loop. [2]
(il The resistance of the loop is 2.4{). Calculate the magnitude of the magnetic force
on the loop as it enters the region of magnetic field. [2]
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(dy (i) Show that the energy dissipated in the loop from ¢t — 0 to ¢t — 3.5s is 0.134J. 21 we
—

(i)  The mass of the wire is 18g. The specific heat capacity of copper is 385Jkg 'K .
Estimate the increase in temperature of the wire. [2]
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Two capacitors C. and C, of capacitance 28 uF and 22 1F respectively are connected in
a circuit with a two-way switch and a cell of emf 1.5V with a neghgible internal resistance.
The capacitors are initially uncharged. The switch is then connected to position A,

A B
A\JJ
15V
28 uF 20F |
—<¢, —C,

{a)  Show that the charge stored on C, 15 about 0.04 mC.,

A
b N )
o

(1]

(b} The switch is moved to pesition B.

(i) Calculate the energy transferred from capacitor C,.

--------------------------------------------------------------------------

(i) Explain why the energy gained by capacitor C, differs from your answer in {b}{i).
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(c) Acellis now connected by a switch to a coil X. A second coil Y of cross-sectional area
6.4cm’ with 5 turns is looped around coil X and connected to an ideal voltmeter.

A
b N )
-

coil X

/

coil Yo

T ®
\

(i)  The switch is closed at time t= 0. Explain how the voltmeter reading varies after
the switch is closed. [2]
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The graph shows the variation with t of the magnetic flux density B in coil Y.

-
4
BimT
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(i)  Determine the average emf induced across coil Y in the first 3.0ms. [3]
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A fixed horizontal coil is connected to an ideal voltmeter. A bar magnet is released from rest

so that it falls vertically through the coil along the central axis of the coil.

|

S
bar magnet

N

—
coil 0 voltmeter

The variation with time t of the emf induced in the coil is shown.

induced emf/ mV
4

3 /\\

N
__-———'—"/
\
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(@) (i)  Write down the maximum magnitude of the rate of change of flux linked

] —
T
—

with the coil. [1]

(i)  State the fundamental SI unit for your answer to (a)(i). [1]

(b) ()  Explain why the graph becomes negative. [3]
(i) Part of the graph is above the t-axis and part is below. Outline why the areas

between the f-axis and the curve for these two parts are likely to be the same. [2]
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(c)  Predict the changes to the graph when the magnet is dropped from a lower height ";_'
above the coll. [3]
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A parallel-plate capacitor of capacitance 1.5 « 10 °F is made from two metal plates

separated by an air gap of 1.0mm. The capacitor is initially charged to a potential difference
of 24V,

{a) Calculate the energy stored in the capacitor. [1]

The charged capacitor 18 disconnected from the voltage supply and the separation between
the plates is increased to 4 0mm.

{b) () Explain the change, if any, to the potential difference between the plates. [2]

(il Determine the work required to increase the separation of the plates. [2]
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The capacitor is then discharged through a fixed resistor. The initial current in the resistor T
is /, and the time constant of the circuit is 7. S
(cy (i Draw, on the axes, a graph to show the variation with time of the current in

the resistor. [2]

current

0.751,

0.5/

0.251,

0 time

(i) A similar mathematical relationship can be used to model phenomena in other
areas of physics.

State an example of such a phenomenon. [1]

{d) A diocde bridge rectification circuit is often modified by adding a capacitor in parallel with
the cutput (load) resistance.

Describe the reason for this modification. [2]
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(a) State the quark structures of a meson and a baryon. [2]

(b} Apossible decay of a lambda particle (A% is shown by the Feynman diagram.

u > u
Ao{d > d}p
S u

u
v
d
0] Explain which interaction is responsible for this decay. [2]
(iiy  Draw arrow heads on the lines representing U and d in the ©". [1]

2017 -2022 377 Powered By :




IB DIPLOMA PHYSICS -HL -P2 CH12 - QUANTUM & NUCLEAR
PHYSICS (AHL)

11 *%

(i) Identify the exchange particle in this decay.

(c) Outline one benefit of international cooperation in the construction or use of
high-energy particle accelerators. [1]
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Two observations about the photoelectric effect are

Observation 1:  For light below the threshold frequency no electrons are emitted from the
metal surface.

Observation 2:  For light above the threshold frequency, the emission of electrons is almost
instantaneous.

(a) Explain how each observation provides support for the particle theory but not the wave
theory of light. [4]
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(b) The graph shows how the maximum kinetic energy E, ., of electrons emitted from a T
surface of barium metal varies with the frequency f of the incident radiation. :‘
E_ . 110"
6.0
4.0
20 857al
00 Falilal
a 4 1 1 14.0
fiI10"HZ
-2.0
-4.0
-6.0
(i)  Determine a value for Planck’s constant. [2]
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(i State what is meant by the work function of a metal.

(iiy Calculate the work function of barium in eV. [2]

(¢) The experiment is repeated with a metal surface of cadmium, which has a greater work
function. Draw a second line on the graph to represent the results of this experiment. [2]
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The first scientists to identify alpha particles by a direct method were Rutherford and Royds.

They knew that radium-226 (*:Ra) decays by alpha emission to form a nuclide known as
radon (Rn).

(a) White down the nuclear equation for this decay. [2]
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(b) At the start of the experiment, Rutherford and Royds put 6.2 x10™ mol of
pure radium-226 in a small closed cylinder A. Cylinder A is fixed in the centre of a
larger closed cylinder B.

-.
i cylinder A

| cylinder B

|
pmmEmm T
\\_/

The experiment lasted for 6 days. The decay constant of radium-226 is 1.4 <10 s™.

(i)  Deduce that the activity of the radium-226 is almost constant during the
experiment.

PHYSICS (AHL)

117
—

(2]

(i) Showthat about 310" alpha particles are emitted by the radium-226 in & days.

(3]
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(c)  Atthe start of the experiment, all the air was removed from cylinder B. The RE )
alpha patrticles combined with electrons as they moved through the wall of cylinder A to -
form helium gas in cylinder B.
(i)  The wall of cylinder A is made from glass. Outline why this glass wall had to be
very thin. [1]
(i) The experiment was carried out at a temperature of 18°C. The volume of
cylinder B was 1.3 x10°m® and the volume of cylinder A was negligible.
Calculate the pressure of the helium gas that was collected in cylinder B over the
6 day period. Helium is a monatomic gas. [3]
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(d) Rutherford and Royds identified the helium gas in cylinder B by observing its N
emission spectrum. Outline, with reference to atomic energy levels, how an i~
emission spectrum is formed. [3]
(e) The work was first reported in a peer-reviewed scientific journal. Outline why
Rutherford and Royds chose to publish their work in this way. [1]
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4 - (PHYSI/22_HL_Summer_2017_Q7) - Quantum & Nuclear Physics (ahl)

a ellow light of photon energy 3.5 107" J is incident on the surface of a particular
Yellow light of phot 3.5x10™ Jis incident on th rf f rticul

photocell.
light
WJ =
(i)  Calculate the wavelength of the light. [1]

(i)  Electrons emitted from the surface of the photocell have almost no kinetic energy.
Explain why this does not contradict the law of conservation of energy. [2]

(b) Radiation of photon energy 5.2 x107"° J is now incident on the photocell. Calculate the
maximum velocity of the emitted electrons. [2]
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(c) The photocell is connected to a cell as shown. The photoelectric current is at its ey
maximum value (the saturation current). <

light

<

Radiation with a greater photon energy than that in (b) is now incident on the photocell.
The intensity of this radiation is the same as that in (b).

()  Describe the change in the number of photons per second incident on the
surface of the photocell. [1]

(i)  State and explain the effect on the maximum photoelectric current as a result of
increasing the photon energy in this way. [3]
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(a) The Feynman diagram shows electron capture.

X
A
n W+ -
time e
P
(i)  State and explain the nature of the particle labelled X. [3]
(iiy  Distinguish between hadrons and leptons. [2]
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(b) Particles can be used in scattering experiments to estimate nuclear sizes.

()  Outline how these experiments are carried out.

(2]

(i)  Outline why the particles must be accelerated to high energies in scattering
experiments.

(3]

(2]

A
b N )
o
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(d) Electron diffraction experiments indicate that the nuclear radius of carbon-12 (120) e
is 2.7x10™ m. The graph shows the variation of nuclear radius with nucleon number. -
The nuclear radius of the carbon-12 is shown on the graph.

4_
3_ X
H =15
nuclear radius / 107" m carbon:12

2 -

1 —

0 T T

0 12 24
nucleon number

(i)  Determine the radius of the magnesium-24 (f‘;Mg) nucleus. [2]
(i)  Plot the position of magnesium-24 on the graph. [1]

(i) Draw a line on the graph, to show the variation of nuclear radius with nucleon
number. [2]
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Hydrogen atoms in an ultraviolet (UV) lamp make transitions from the first excited state to the
ground state. Photons are emitted and are incident on a photoelectric surface as shown.

UV lamp

photons

photoelectric surface collecting plate

*—>
s——> electrons

N
e
‘ variable voltage source

(@) Show that the energy of photons from the UV lamp is about 10eV. [2]

(b) The photons cause the emission of electrons from the photoelectric surface.
The work function of the photoelectric surface is 5.1eV.

(i) Calculate, in J, the maximum kinetic energy of the emitted electrons. [2]

(i)  Suggest, with reference to conservation of energy, how the variable voltage
source can be used to stop all emitted electrons from reaching the collecting plate. [2]
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(i) The variable voltage can be adjusted so that no electrons reach the collecting e
plate. Write down the minimum value of the voltage for which no electrons reach —
the collecting plate. [1]

(¢) The electric potential of the photoelectric surface is OV. The variable voltage is
adjusted so that the collecting plate is at —1.2V.

photoelectric surface collecting plate

¥
I.
oy —— | variable voltage source

()  On the diagram, draw and label the equipotential lines at -0.4V and —-0.8V. [2]

(i)  Anelectron is emitted from the photoelectric surface with kinetic energy 2.1eV.
Calculate the speed of the electron at the collecting plate. [2]
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7 = (PHYSI/22_HL_Summer_2018_Q9) - Quantum & Nuclear Physics (ahl), Atomic,nuclear & Particle Physics

(a) Rutherford constructed a model of the atom based on the results of the alpha particle
scattering experiment. Describe this model. [2]

(b) Bohr modified the Rutherford model by introducing the condition mwr — ni.
Cutline the reason for this modification. 2n [3]
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(c) () Showthat the speed vof an electron in the hydrogen atom is related to the N
radius r of the orbit by the expression o=

where kis the Coulomb constant. [1]

(i)  Using the answer in (b) and (c)(i), deduce that the radius r of the electron’s orbit
in the ground state of hydrogen is given by the following expression. [2]

h2
r=—3 3
4n°km e

(i) Calculate the electron’s orbital radius in (c)(ii). [1]
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(d) Rhodium-106 (12th) decays into palladium-106 (122Pd) by beta minus (") decay. ey
The diagram shows some of the nuclear energy levels of rhodium-106 and palladium-106. -
The arrow represents the 5~ decay.

0.48
0 o ___

"%pg

(i)  Explain what may be deduced about the energy of the electron in the 5~ decay. [3]

(i)  Suggest why the 3~ decay is followed by the emission of a gamma ray photon. [1]

(i) Calculate the wavelength of the gamma ray photon in (d)(ii). [2]
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(e)

3~ decay is described by the following incomplete Feynman diagram.

PHYSICS -HL -P2

CH12 - QUANTUM & NUCLEAR

time

u quark

d quark

(i) Drawa labelled arrow to complete the Feynman diagram.

(i) ldentify particle V.

(]

[l

PHYSICS (AHL)

A
b N )
!
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(a) The diagram shows the position of the principal lines in the visible spectrum of
atomic hydrogen and some of the corresponding energy levels of the hydrogen atom.

energy / 107"°J

—-0.605
-0.870

-1.36

-2.42

WY 0\,’0’

» >
L
3 2

Wy 9(39

-544

(i  Determine the energy of a photon of blue light (435nm) emitted in the hydrogen
spectrum. [3]

(iiy  Identify, with an arrow labelled B on the diagram, the transition in the hydrogen
spectrum that gives rise to the photon with the energy in (@)(i). [1]

(iiy  Explain your answer to (a)(ii). [2]

] —
T
—
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(b)  Alow-pressure hydrogen discharge lamp contains a small amount of deuterium gas Ry
in addition to the hydrogen gas. The deuterium spectrum contains a red line with —~
a wavelength very close to that of the hydrogen red line. The wavelengths for the
principal lines in the visible spectra of deuterium and hydrogen are given in the table.
Hydrogen wavelength Deuterium wavelength
/ nm /' nm
Red line 656.288 656.107
Violet line 410.180 410.048
Light from the discharge lamp is normally incident on a diffraction grating.
diffraction grating not to scale
} 3.5mm
1
(iy  The light illuminates a width of 3.5 mm of the grating. The deuterium and
hydrogen red lines can just be resolved in the second-order spectrum of the
diffraction grating. Show that the grating spacing of the diffraction grating is
about 2 <10 m. [2]
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(i) Calculate the angle between the first-order line of the red light in the hydrogen Ry
spectrum and the second-order line of the violet light in the hydrogen spectrum. [3] -

(i) The light source is changed so that white light is incident on the diffraction
grating. Outline the appearance of the diffraction pattern formed with white light. [3]
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(8} Suggest why de Broglie's hypothesis is not consistent with Bohr's cenclusion that the
electron’s orbit in the hydrogen atom has a well defined radius.

A
b N )
!

(b) Inan experiment to determine the radius of a carbon-12 nucleus, a beam of neutrons is
scattered by a thin film of carbon-12. The graph shows the variation of intensity of the
scattered neutrons with scattering angle. The de Broglie wavelength of the neutrons
is 16x 107" m.

intensity

0 1|? A/ degrees

iy  Estimate, using the graph, the radius of a carbon-12 nucleus.

.. . volume of a nucleus of mass number A . .
(il  Theratio is approximately A.
volume of a nucleon

Comment on this observation by reference to the strong nuclear force.
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{¢)  Apure sample of copper-64 has a mass of 28mg. The decay constant of copper-64
is 5.5 % 107 hour™.

A
b N )
o

(i)  Estimate, in Bq, the initial activity of the sample. [2]

(i) Calculate, in hours, the time at which the activity of the sample has decreased
to one-third of the initial activity. [2]
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=
{a) In a classical model of the singly-ionized helium atom, a single electron orbits the
nucleus in a circular orbit of radius r.
electren
Fr, r \\1.
) helium nucleus |
I“ "’i
. , . 2ke”
(i)  Show that the speed v of the electron with mass m, is given by v = . [1]
i
N o ke®
(il  Hence, deduce that the total energy cf the electron is given by E; = — [2]

{iii) In this model the electron loses energy by emitting electromagnetic waves.
Describe the predicted effect of this emission on the orbital radius of the electron. 2]
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(b) The Bohr model for hydrogen can be applied to the singly-ionized helium atom. In

this model the radius r, in m, of the orbit of the electron is given by r= 2.7 »x 107" x 1#
where nis a positive integer.

(i)  Show that the de Broglie wavelength A of the electron in the n = 3 state is
2=51x10"m,

The formula for the de Broglie wavelength of a particle is 4 = i [2]

circumference of orbit
de Broglie wavelengih of electron

(il Estimate for n = 3, the ratio

State your answer to one significant figure. (1]

(¢) The description of the electren is different in the Schrodinger theory than in the Bohr
model. Compare and contrast the description of the electron according to the Bohr
model and fo the Schrodinger theory. [3]
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(@) Monochromatic light of very low iniensity is incident cn a metal surface. The light
causes the emission of electrons almost instantaneously. Explain how this observation

(i)  does not support the wave nature of light. [2]

(i)  does support the photon nature of light. [2]
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(b) In an experiment to demonstrate the photoelectric effect, light of wavelength 480 nm is
incident on a metal surface.

] 1?
i
light
/

Y
\ cathode

d
7

oV —

The graph shows the variation of the current / in the ammeter with the potential V of the
cathode.

[ nA 5

5_

0.5

(i) (3]
{i) The intensity of the light incident on the surface is reduced by half without
changing the wavelength. Draw, on the graph, the variation of the current / with
potential V after this change. [2]
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The de Broglie wavelength A of a particle accelerated close to the speed of light is approximately

where E is the energy of the particle. “
A beam of electrons of energy 4.2 » 10°eV is produced in an accelerator,

(a) Show that the wavelength of an electron in the beam is about 3 x 10 "“m. [1]

(b)  The electron beam is used to study the nuclear radius of carbon-12. The beam is
directed from the left at a thin sample of carbon-12. A detector is placed at an angle &
relative to the direction of the incident beam.

electron beam I

thin sample BRR
of carbon-12 AR

dete::tor%

The graph shows the variation of the intensity of electrons with £. There is a minimum
of intensity for 8= 6,

#

intensity of
electrons

0,
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(i) Discuss how the results of the experiment provide evidence for matter waves. [2

A _
] T

(i)  The accepted value of the diameter of the carbon-12 nucleus is 4.94 x 10 "m.
Estimate the angle &, at which the minimum of the intensity is formed. [2]

(i)  Outline why electrons with energy of approximately 10" eV would be unsuitable
for the investigation of nuclear radii. [2]

(c) Experiments with many nuclides suggest that the radius of a nucleus is proportional
to A ., where A is the number of nucleons in the nucleus. Show that the density of a
nucleus remains approximately the same for all nuclei. [2]
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b N )
!

In an electric circuit used to investigate the photoelectric effect, the voltage is varied until the
reading in the ammeter is zero. The stopping voltage that produces this reading is 1.40V.

beam of light y

(a) Describe the photoelectric effect. [2]

(b)  Show that the maximum velocity of the photoelectrons is 700kms . [2]
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(c) The photoelectrons are emitted from a sodium surface. Sodium has a work function of "y
2.3eV. —
Calculate the wavelength of the radiation incident on the sodium. State an appropriate
unit for your answer. [3]
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14 - (PHYSI/22_HL_Summer_2021_Q9) - Quantum & Nuclear Physics (ahl)

CH12 - QUANTUM & NUCLEAR

PHYSICS (AHL)

A
b N )
o

{a) Inan experiment tc demonstrate the photoelectric effect, monochromatic electromagnetic
radiation from scurce A is incident on the surfaces of metal P and metal Q. Qbservations
of the emission of electrons from P and Q are made.
The experiment is then repeated with two other sources of electromagnetic radiation:
B and C. The table gives the results for the experiment and the wavelengths of the
radiation sources.
Radiation source Wavelength / Metal P Metal Q
107 m
A 3.0 electrons emitted electrons emitted
6.0 electrons emitted no electrons emitted
C 80 no electrons emitted | no electrons emitted
Outline
(it  the cause of the electron emission for radiation A, [1]
(i)  why electrons are never emitted for radiation C; [1]
(iiy why radiation B gives different results. [
{b) Explain why there is no effect on the table of results when the intensity of source B
is doubled. [1]
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{c) Photons with energy 1.1 « 10 *J are incident on a third metal surface. The maximum e
energy of electrons emitted from the surface of the metalis 5.1 » 10 ™J. =

Calculate, in eV, the work function of the metal. 2]
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PHYSICS (AHL)
15 - (PHYSI/22_HL_Summer_2022_Q9) - Quantum & Nuclear Physics (ahl) ' 17
-

In an experiment a beam of electrons with energy 440MeV are incident on oxygen-16 ('50)
nuclei. The variation with scattering angle of the relative intensity of the scattered electrons
is shown.

relative intensity of

scattered electrons \

PalnN|
VIEN
X\
30 40 50 60 70 80 scattering angle / ©
(a) () Identify a property of electrons demonstrated by this experiment. [1]
(i)  Show that the energy E of each electron in the beam is about 7 x 10 " J. [1]
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(i)  The de Broglie wavelength for an electron is given by E Show that the diameter 0
of an oxygen-16 nucleus is about 4fm. E [3] >
(b)  Estimate, using the result in (a)(jii), the volume of a tin-118 (';5Sn) nucleus. State your
answer to an appropriate number of significant figures. [4]
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16 - (PHYSI/20_HL_Winter_2022_Q10) - Quantum & Nuclear Physics (ahl)

The Feynman diagram shows a delta baryon (A) decaying into a neutron and particle X.
The exchange particle invelved in the decay i1s a gluon. Particle X has two constituent gquarks.

d d
Q{d d}n
d u

L A 4

{(a (i) Identify the fundamental force responsible for the decay. (1]

PHYSICS (AHL)

(il  Deduce, referring to one conservation law, that X is a quark-antiquark pair. (3]

{v) The energy released in the decay is of the order of 10%eV.

Estimate, using the uncertainty principle, the mean lifetime of the delta baryon. [2]
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1 - (PHYSI/21_HL_Summer_2017_Q7) - Oscillations & Waves, Measurements & Uncertainties

CH1- MEASUREMENTS &
UNCERTAINTIES

A
b N )
!

a acceleration/restoring force is proportional to displacement v’
and in the opposite direction/directed towards equilibrium v
b ALTERNATIVE 1
. m,
T, m,
mass=0.38/0.39 «kg» v
ALTERNATIVE 2
m _q
«seof T = 211‘/;» k=28 eNm'» v
m
«seof T = 2n,‘/%» m=038/0.39 «kg» v
¢ W= « 2n »=85 «rads™» ¥
0.74
total energy = % «0.39x85%<(4.8:102) ¥
=0.032 «J» ¥
d spring constant/k/stiffness would increase v
T would be smaller v’
fractional uncertainty in T would be greater, so fractional uncertainty of mass of block would
be greater v’
e [i |lefty
ii | coils to the right of P move right and the coils to the left move left v/
hence P at centre of rarefaction v
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2 = (PHYSI/20_HL_Winter_2017_Q3) - Atomic,nuclear & Particle Physics, Quantum & Nuclear Physics (ahl), Measurements & Uncertainties ' L ?
—

a i selectron» neutrino v Do not alfow antineutrino

it has a lepton number of 1 «as lepton number is conserveds» +

it has a charge of zero/is neutral «as charge is conserved» Do not credit answers referring to energy
oR
it has a baryon number of O «as baryon number is conserveds v

a ii hadrons experience strong force Accept leptons experience the weak force
OoR Alfow "interaction" for "force”

leptons do not experience the strong force

hadrons made of quarks/not fundamental
oRrR

leptons are not made of quarks/are fundamental v/

hadrons decay «eventually» into protons
OoR

leptons do not decay into protons v

b i «high energy particles incident onx» thin sample v Allow “fail” instead of thin
detect angle/position of deflected particles v
reference to interferencetdiffraction/minimum/maximum/numbers

of particles v
b i G 1 OR /4 1 v Accept inversely proportional
JE E Only affow marks awarded from one afternative

so high energy gives small . v
to match the small nuclear size v

Alternative 2
E  Affenergy is proportional to frequency ¥
frequency is inversely proportional to wavelength/e 4 v

to match the small nuclear size «

Alternative 3

higher energy means closer approach to nucleus v’

to overcome the repulsive force from the nucleus v

50 greater precision in measurement of the size of the nucleus v

[ two analogous situations stated v eq: moving away from Earth is like climbing a hit

one element of the analogy equated te an element of physics v where the confours correspond to the equipotentials

Atoms in an ideal gas behave like pool balls

The forces between them anly act during collisions
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UNCERTAINTIES
d i R—27x10"5.2% v Allow use of the Fermi radius from the data booklet I b N}
~-
3.4-35x10" «m» v
d ii correctly plotted v/ Allow ECF from (d)(i)
d iii single smooth curve passing through both points with 7
decreasing gradient v/
through origin v/ 47
3 magnesium-24
nuclear radius / 10~ m carbon-12
2,
1,
0 T T
0 12 24
nucleon number
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A
b N )
!

1 - (PHYSI/21_HL_Summer_2017_Q1) - Mechanics, Thermal Physics

a | %v2:0.24gh\/

v=11.9 «ms™» ¢

a |ii [internal energy is the total KE «and PE» of the molecules/particles/atoms in an object v/

temperature is a measure of the average KE of the molecules/particles/atoms v

b |i arrow vertically downwards from dot labelled weightAN/mg/gravitational force/Fy/F gravitational
AND arrow vertically upwards from dot labelled reaction force/R/normal contact force/N/Fy v

W>RvY
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e)

b |ii |ALTERNATIVE 1

9

mv®

recognition that centripetal force is required / seen v’

=468 «N» v

W/B40N (weight) is larger than the centripetal force required, so the skier does not lose
contact with the ground v/

ALTERNATIVE 2

2
recognition that centripetal acceleration is required / Y seenv
r

a=72«ms2»v

g is larger than the centripetal acceleration required, so the skier does not lose contact with
the ground v/

ALTERNATIVE 3
recognition that to lose contact with the ground centripetal force 2 weight v’
calculation thatv 2 14 «ms'» v’

comment that 12 «ms'» is less than 14 «ms'» so the skier does not lose contact with the
ground v’

ALTERNATIVE 4

mv?

recognition that centripetal force is required / seen v’

calculation that reaction force = 172 «N» v

reaction force > 0 so the skier does not lose contact with the ground v
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c ALTERNATIVE 1

0=8.2"+2ax=24 therefore a=«—»1.40 «ms?2» ¥

9

friction force =ma=65x1.4=91«N» v

91

— _-014 Y
65 < 9.81

coefficient of friction =

ALTERNATIVE 2

KE:%mvz = 0.5x65x 8.22= 2185 «J» v

friction force = KE/distance =2185/24 = 91«N» v’

coefficient of friction —=— 21 ___0.14 v

65 % 9.81

d |i «76x96»=730 v

Ns OR kgms™' v’

d |ii |safety net extends stopping time v

F= % therefore Fis smaller «with safety net»

OR

force is proportional to rate of change of momentum therefore F is smaller «with safety net» v

2 = (PHYSI/22_HL_Summer_2017_Q1) - Mechanics

a correct use of kinematic equation/equations v’

148.5 or 149 or 150 «m» v

b
a= % or2.45 «ms=2» v

F-160=492x2.45Y

1370 «N» v
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A _
c ALTERNATIVE 1 ve
«work done to launch glider» = 1370 x 149 «= 204 kJ» v’
«work done by motor» = 204100 v
23
«power input to motor» = 204-100 x 11—1 =80 or 80.4 or 81 k«\Wh» v
ALTERNATIVE 2
use of average speed 13.5ms!' v
«useful power output» = force x average speed «=1370x13.5» v
. 100
power input = «1370 x13.5 x > =» 80 0or 80.4 or 81 k«W» v
ALTERNATIVE 3
work required from motor = KE + work done against friction
«=0.5x492 %272 + (160 < 148.5)» = 204 «kJ» v
. work required from motor x 100
«energy input» = v
23
power input= 883000 =80.3 kaW» v
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direction of

motion

fift force

no other incorrect force shown v

drag correctly labelled and in correct direction v

weight correctly labelled and in correct direction AND

9

3 = (PHYSI/20_HL_Winter_2017_Q1) - Mechanics

a arrow vertically downwards labelled weight «of sledge andfor Do not allow G/g/ 'gravity”.
the snow Sepe labaled reacion frearamormal ontact oA NiFy ¢ | B5.7G€ award MPY i aing force s ncuded
friction force/Fif acting up slope «perpendicular to reaction forces v lgnore point of application or shape of object,
tgnore “air resistance”.
tgnare any reference to "push of feet on sfedge”™
Do not award MP2 for forces on sledge on
horizontal ground
The arrows should contact the abject
b gravitational forcefweight from the Earth «downwardss + Aflow naming of forces as in (a)
reaction force from the sledge/snow/ground «upwardss v
no vertical acceleration/remains in contact with the ground/does not Aflow vertical forces are balanced/equal in
move vertically as there is no resultant vertical force v magnitude/cance! out
c mention of conservation of momentum Aflow p p' or other algebraically equivalent
oRrR statement
5.9 42 (55:55«vnv Award [0] for answers based on energy
038 «ms '»n v
d same change in momentum/impulse ¥
the time taken «to stop» would be greater «with the snows v Allow reverse argument for ice
F % therefore Fis smaller «with the snows
OoR
force is proportional to rate of change of momentum therefore Fis
smaller «with the snows v
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e i «friction force down slope»  umgcos(65) «59N» ¥ Ignore negative signs

9

«component of weight down slope» mgsin(6.5) « 6.1N» ¥ Affowuseof g 10ms™

50 & F » acceleration 12 22ams i v
m 55

correct use of kinematics equation v Allow ECF from (e){i)

distance 4.4 or 4.0«m» v
Alternative 2

KE lost  work done against friction - GPE ¥ Allow [1 max] for GPE missing feading to 8.2 «m»
distance 44 or 40 aemn v

f calculates a maximum value for the frictional force  « 4R » 7.5 «N» «

sledge will not move as the maximum static friction force is greater than Alfow correct conclusion from incomect MP1

i v
the component of weight down the slope Alow 7.5 > 6.1 s0 will not move

4 - (PHYSI/21_HL_Summer_2018 Q1) - Mechanics

a use of conservation of energy
OoR
viou . 2as v 2

v «f2.600 3981» 343ams'» v

b i uge of impulse F,, v \p

OR

use of £ ma with average acceleration
OorR 2

80.0 343
0.758

3620eNs

Affow ECF from (&)

b i upwards v For second marking point allow ECF
. from {b)(f) providing line is upwards.
cleary longer than weight

b i 3620 - 800 981 v Allaw ECF from (B)(1).
4400 «N»
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A _
¢ i {loss in} gravitational petential energy (of block) inte kinetic enargy (of block) v Must see names of energy (gravitational T o
potential energy and kinelic energy) — —
Affow for reasonabie variations of
terminology (eg energy of motion for KE)
c i (loss in} gravitational petential and kinetic energy of block into elastic potential See note for 1{c)i) for naming
energy of rape convention.
Must see aither the block or the rope (or
both) mentioned in connection with the
appropriate energies.
d ' . 1.,z
k ¢an be determined using EPE Ekx W
corredt statement or equation showing Candidate must clearly indicate the
_ energy associated with either positian A
GPFEatA=EPEatC or B for MPZ.
oR
(GPE+KE)atB=EPEatC v
e i 300 Award [0] For kinematic sofutions that
T 2n 400 2.81us» ¥ assume a constant accelerafion.
; T
time 4 0.702 «s2
e ii |ALTERNATIVE1 Award [0} for kinematic sofutions that
2 assume & constant acceleralion.
o T 224wads s )
281 Affow ECF for T from (e){i).
v 224 350 T&4«ms 'n
ALTERNATIVE 2
LIPFR S 1 2 g0
L3 mv: OR _400 25 30v*
2" 2 2 27

v TBa«ams '» ¥

5 - (PHYSI/22_HL_Summer_2018_Q1) - Mechanics, Circular Motion & Gravitation

a |i towards the centre «of the circle» / horizontally to the right v | Do not accept towards the centre of the bow!
a ii downward vertical arrow of any length v/ Judge the length of the vertical arrow by eye. The
arrow of correct length v construction lines are not required. A label is not required
eg. ,
a iii | ALTERNATIVE 1
F=Ncos@ v
mg =Nsinf v
dividing/substituting to get result v/
ALTERNATIVE 2 g
right angle triangle drawn with F, N and W/mg labelled v’ LV mg
angle correctly labelled and arrows on forces in correct 0
directions v/ F
correct use of trigonometry leading to the required ” ~ 0 mg
relationship v/ and=—=—0
__mg
tano
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A
b N )
!

o mg v? y Award [4] for a bald correct answer
LI S )
tanf/ r Award [3] for an answer of 13.9/14 ems s, MP2 omitted
r Rcoosl v
_ 4
gRcos”™ (), [gRcosfl | [9.81 B.0cos22
- f ! v
V osint ¥ @ne Y tan2z
v 13.4/13«ams '» ¥
c there is no force to balance the weight/M is
hoerizontal ¥
so no /it is not possible v Must see correct justification fo award MP2
d i the «restoring» force/acceleration is proportional to | Direction is not required
displacement v/
d i Allow use of g=9.8 or 10
m:«\/g»: ’%«:1.107 sy v g ;
’ Award [0] for a substitution into T =2x \/:
g
_2r_ 2n =»57«s» v
o 1.107
d iii. | sine graph v/ Accept + sine for shape of the graph. Accept 5.7 s or 6.0 s for the
correct amplitude «0.13ms™'» v’ correct period.
correct period and only 1 period shown v' Amplitude should be correct to i% square for MP2
eg:v/ims™' 0.2-
0.1+
OO T T T 1
2 4 6 8 tls
-0.14
-0.24
¢ speed before collision V=«J2gR =2 125«ms '» ¢ Aifow 12.5 from incorrect use of
kinematics equations
Award [3] for a baid correct answer
Award [O] for mg(8) 2mgh leading
to h 4m i donein one sfep
. N R Affow ECF from MP1T
«from conservation of momentum» comrmen speed after collision is 3 initial
speed «v, % 625ms'» ¥
2 2 Aftow ECF from MP2
h «L 6.25 »20«mn v
2g 2 981
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6 - (PHYSI/20_HL_Winter_2018_Q1) - Mechanics

A
b N )
!

a change in momentum each second=65 10° 52 10" ¢=34 10 'kgms '» &
1 2
acceleration= <o 10546 104 «msn ¢
740

b i ALTERNATIVE 1:

{considering the acceleration of the spacecraft)

time for acceleration 30 s w48 10%% esn o

BE-10

max speed wanswerto (a) 486 10° 521 10°«ms 's

ALTERNATIVE 2: z
(eonsidering the conservatian of momenturm)

{momentumn of 30 kg of fuel ions = change of momentum of spacecraft)

30 5.2 10" 710 max speed ¥

max speed =22 10*«ms 'n

b ii as fuel is consumed total mass changesfdecreases so acceleration
changesiincreases

OR 1

external forces (such as gravitational} can act on the spacecraft so acceleration
isn't constart v

b iii. | problem may be too complicated for exact treatment v
to make equations/calculations simpler «

when precision of the calculations is not important v 1 max

some quantities in the problem may not be known exactly v

c i ions have same (sign of) charge v

ions repel each other v

c ii the forces between the ions do not affect the force on the spacecraft. v

there is no effect on the acceleration of the spacecraft. v

7 = (PHYSI/20_HL_Winter_2018_Q3) - Mechanics

a force time
OR 1
change in momentum ¢

b i E, magh 0058 981 11 063J v Alow use of g = 10 m &7 {which gives 0.64 «Js) 1
Substifution and at jeast 2 SF must be shown

b |t | ALTERNATIVE 1: Accept negative accelerafion and force
initial momentum mv  J2 0058 063« 027kgms '»
OR

my =005 2 .81 1.0«=027kgms '» ¥

« change in mementum 0.27

force »
time 0.055

49 «No
F-mg 4950 F 55«N» 4

ALTERNATIVE 2:

1
«E, =EmV2 =063J» v=47ms'

) Av 4.7
acceleration «—

»
M 55x10

«85 me?nd

49 «N»

F-mg 490 F 55«N»v
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b iii | ALTERNATIVE 1: Aflow reverse argument for grass. ' T ?
cancrata reduces the stopping time/distance v

impulse/change in momentomn same so force greater
OR
work done same so force greater v 2

ALTERNATIVE 2:

concrete reduces the stopping time

deceleration is greater so force is greater

8 = (PHYSI/21_HL_Summer_2019_Q1) - Mechanics, Electricity & Magnetism

a i 2010 Must see at feas! two s,

time laken &= 2860 s» = 2900us» v 1
a i use QfE—qV oRr energy - 43«10«16« 688100 & Accept 228 W— 241 W depending on the

exact value of t used from ai. 2

power — 241 «\n Must see at feast three s f,
a  |iil | use of power = force x speed OR force x distance = power x time v Accept 34 N— 36 N

4 aNn 2
b i 66g sin(3°) = 34 «M» 1
b i |totalforce 34 + 34 = B8 «N» v Look for ECF from aiii and bi.

35 «ms e Accept 3.4 - 3.5 amsa. 2

Award [0] for solutions invalving use of KE.

c «maximumy distance will decrease OWTTE

because opposingfresistive force has increased

or

because more energy is transferred to GPE

OR z

because velocity has decreased

oRrR

increased mass means more work required «to move ug the hills
d 4V dropped across battery OR Row.. — 1.85 02

50 interal resistance -;—'g 0.682ualdn v 2
e ' % -32aVn v 9
e i ALTERNATIVE 1: Allow ECF from {d}.

2.5r-062 v

r=0.25«0s v

ALTERNATIVE 2: 2

"
962 124 edn v
r—2(0.124)= 0.248 «fdn ¥
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9 - (PHYSI/21_HL_Summer_2019_Q6) - Mechanics, Oscillations & Waves

A
b N )
!

a i identifies T as 2.25s ¥
L=126mv Accept any number of s.f. for MP2.

1.3/ 1.26«mm ¢ ;:dr,;:;pr any answer with 2 or 3 s.f. for

1
X labels any point on the curve where £, 7 of maximum/s mJ + 1

1 1
Emvzzzo % 10 7 seen OR 517.5:@0 vt -20x10°

0.73&ms » v Must see at least 2 s.f for MP2.

b 0.40ams™'n 1

b § |inilial energy 24mJ and final energy 12mJd v
energy is lostiunequal fchange in energy is 12 mJ 3

inelastic collisions occur when energy is lost

b i | graph with same period but inverted v
amplitude one half of the originalitwo boxes throughout (by eye) v

b v | mention of Doppler effect

there is a change in the wavelength of the reflected wave « 3

because the wave speed is constant, there is a change in frequency '

10 - (PHYSI/22_HL_Summer_2019_Q1) - Mechanics

a i W x
s v g mY 0.058 645‘0
A A 25«10

F =148alN» = 150 alN» 2

a ii ALTERNATIVE 1

;mv2 ;xD 058~ 64.0°
P- /
f 26%10° v

£ - 4700/4800&W»

ALTERNATIVE 2

P —averageFv 1483(6;—'0 <

P 4700/ 4800 «Ws
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b herizontal component of velogity is 54.0xcos7? - B3 52«ms 's

1.9
63.62

A
b N )
!

» Q.1B7 /0. 19us» v

fou

b i ALTERNATIVE 1
u, =64sin7/7.80 ¢ms '» v
decrease in height =7.80x0.187 1 %x 9.81x0.1877 /1 63 urim

final height - «2.80 1.63» - 1.1/1.2«¢m»

«higher than net so goes aver»
ALTERNATIVE 2 3
vertical distance to fall to net «=2.80 0.9 =1.8%am» v/

) - ) 1

time to fall this distance found using «1.89 - 7.8¢ . 3 <981« *»

1-021¢sn v

0.21 asw > 0,187 as»
«aréaches the net before it has fallen far encugh so goes overs

b it | ALTERNATIVE 1

Initial KE + PE = final KE /

%xDDSBthf 10.058=9.81<2 80*%N0058x¢" v

v -64.4ams '» v

ALTERNATIVE 2
v, «J7.8%+2+9.81«28» 108«ms '»v
w J63.5°-10.8»

v - 64.d4ums 'n

c 50 horizontal velocity component at lift off for clay is smaller v
normal force is the same so vertical component of velocity is the same v 3

s0 hounce angle on clay is greater v

11 - (PHYSI/20_HL_Winter_2019_Q1) - Mechanics

a links 0.84ta 3p Awartf [2] for hald correot answer

vfﬂLd.an‘S «ms '»
58-10*

b use of A = u(28=-12)x10>=n16x10 " xsn v Accept a tirme ilerval from 14 lo 16 ms

Pl 084 Allow ECF from incarrect fime imterval

&t _»—— - OR 53«N» ¢ 2
W 16210

c E .. 1 C5E<107 <145 ¢ Altow ECF from fa) and (b}
2 Alfow ECF from MP1
E-W Award [2] max for a calculation withow! reference 1o work
, dona. ey average velocity X lime 3
W 55810 k145
S-60— - 727-»0,12 «mn
F 53
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-

overall correct curvature v

graph must show increasing speed from an initial of zero all the time v

A
b N )
o

12 - (PHYSI/20_HL_Winter_2020_Q1) - Mechanics

zero v

Blades exert a downward force on the air v

air exens an equal and opposite force on fhe blades «by Newton's third laws

oR
air exerts a reaction force on the blades sby Newton's third laws

Dewnward direchion required
tar M1

«lift forceichange of memenium n one seconds 17y v
17w (D95.045) 981V
v B.1«ms » AND answer expressed 1o 2 sfonly v

Aflow 8.2 fromg = 10 ms 2.

ALTERNATIVE 1

pawer 4 rate of energy transfer to the air %"—Tu"n % 17817
A

=56 allva v

ALTERNATIVE 2

Powere = Force x vaves 4irus - 0453 . 9% K—J 4

= 56 aliys

vertical force= lift force —weight QR 0.45 981 OR =4 duhn v

" 045 . 9.81
acceleration ——— 4 R4
0,85 Bems =

13 - (PHYSI/21_HL_Summer_2021_Q1) - Mechanics

=« FE »0.22«8n
g

OR

values.

Answer to 2 or more significant figures or
formula wilhr variables replaced by correct

increasing straight line from zero up to 0.2s in v-axis ¥

with gradient 10«
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c ALTERNATIVE 7 Allowr use ofg BB
1.37
2

A
b N )
!

t 1—= «0.114 sn ¥

1
¥ 5-10-0.114- 0.065m v

$0 (0 24-0085) =0 17620 15 OR 0 085 < {0 24-0 15) «sa it goes over the nets ¥

ALTERNATIVE 2
w024 015 .09 %-10-#50»! 0134s ¢

0134.12 16m ¥

1.6 1.37 uso ball passed the net alreadys v

d i ALTERNATIVE 1

KE %mv‘-mgh %00027 10.57 . 0.0027 - 9.8 - 018 ¥

015 an v

ALTERNATIVE 2
Usecot v, 105AND v 1B lcgety «J105 188w 1067 ams »+v

KE %43002?- 1067 016 whv

w=Zlams » ~

Qo027 - 21
0.01

oR 3

567 aln v

F

any answer to 2 significant figures «Nw «

14 - (PHYSI/22_HL_Summer_2021_Q1) - Mechanics

a Alfow marks far a baid correct answer.
Ap--D45:190R a- 19 v 2]
0.055 Altow ECF for MP2 if 19 5in22 OR 19 cos22

used. 2

04519
0.055

b I horizontal speed =19x¢0s 22 «= 176 mg'» v Allow ECF for MP2

time =« dmtaj L » 062 agn ¥ 2
speed  18cos22

«= F - 2160 «N» ¥

b fi initial vertical speed = 19 xsin22 «=71ms'» v Alfow ECF from ()i} and from MPT
«712x 0624 -05x 981 x 06247 25 2 5 am» v Altow g =10ms*

ball does not hit wall OR 2.8 «me >2.4 «mn ¥

c air resistance opposes «direction of» mation Allov deceferationsacceferation but meaning
or must be clear

air resistance opposes velocity v
on the way up «vertical» acceleration is increased OR greater thang v 2 max

on the way down cvertical» acceleration 1§ decreased OR smaller than g v
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15 - (PHYSI/20_HL_Winter_2021_Q1) - Mechanics

a 1 .. Accept other methods as area from 1
H “5 gt’ =» 4.9 «ma» v graph, altemative kinematics equations
or conservafion of mechamcal energy.
Award [1] for a bald correct answer in
the range 4.9- 5.1
Award [0] if time used is different than
1.0s
b i Mat16sv 1
¢ ‘g’
b ii «g=» 9.80 «ms.Z” P Accept 9.81, 10 or a plain “g 1
ignore sign If provided.
b Wi e - Award [1] mark if curve starts from a 1
e positive fime valus.
-
-~ Award [0] if the final sicpe is negative
concave down parabola as shown «with non-zero initial slope and zero final
slopen ¥
c 1 2 ) Award [1] mark for an answer in the 1
ulussufKEisi 0.25-(9.8° -5) »8.9«inv range 87-9.5
d i v 0,250 (9.8 - 5.0)7 Allow ECF for MF2 and MP3 3
w o 3.7
F et Il =37 oo v
oaE 04
W =37-0.250 - 9.8 =39.5¢N»~
d ji there s an external force aching on the ball Allow references toimpulse nstead of 1
force.
OR
some momentum 1s transfered 16 the Nloor « D0 not avard references fo energy

A
b N )
!

16 = (PHYSI/21_HL_Summer_2022_Q1) - Mechanics

a direction of motion is different / OWTTE v 2
mv / magnitude of momentum is different «even though v the same» v

b use of ma=mg-T«3.5x24=35¢-T» Accept 27 N from g = 10ms= 2
OR
T=35g24 v~
26 «Nx» v

[ proper use of kinematic eguation v Must see either the substituted values OR a 2

value for v to at least three s.f. for MP2.
[2x2.42095) =214 ams™» ¥
2017 -2022 433 Powered By :




IB DIPLOMA

PHYSICS -HL -P2

CH2 - MECHANICS

d ALTERNATIVE T Accept 195N fromg= 10 ms? 4 ' L 7
e’ u'+2a5 >0 2.7 -2ax0.35» leading to a=6.3 «m s?» Accept 242N fromu = 2,14 ms". —
OR
« x=12{(u+vR » leading to t =033 «s» ¥
Fuu=ema=15xB83=»045cN» v
Weight downramp = 1.5 x 9.8 x sin{30) = 7.4 «N» v
friction farce = net force — weight down ramp = 2.1 alN» v
ALTERNATIVE 2
kinetic energy initial = work done to stop 0.5 x 1.5x (2.1)7 = Fie1 x 0.35 v
Fuw =9.45 «N» v
Weight down ramp = 1.5 x 9.8 x sin(30) = 7.4 «M» v
friction farce = net force — weight down ramp = 2.1 alN»
e static coefficient of friction > dynamic/kinetic coefficient of friction / pls > Lh v 3
athereforex» force of dynamic/kinetic friction will be less than the force of static
friction
there will be a net { unbalanced forward force once in motion «which results in
aeceleration»
OR
referenceto net F =ma v
17 = (PHYSI/22_HL_Summer_2022_Q1) - Mechanics
a ALTERNATIVE 1 Accept a reference to Newton's third
there is a force «by the fan» on the air / air is accelerated «to the ream v law, e.g. N'3, or any correct statement
by Newton 3 v of it for MP2 in ALT 1
there is an «equal and» opposite force on the boat v
Allow any reasonable choice of object
ALTERNATIVE 2 where the force of the air is acting on, 3
air gains momentum «backward» v €g. fan or blades.
by conservation of momentum / force is rate of change in momentum v/
boat gains momentum in the opposite direction v’
b i - . A Accept use of Energy of air per second
rR* OR «mass of air through system per unit time =» Av/ seen v = 0.5 pAv' = 0.5 mV* for MP1.
244 akgs™'» v 2
b |ii | «force = Momentum change per sec = Av’p=» 244 x 20 OR 4.9 «kN» v Allow use of 240
< i resislive forces increase with speed OR resistive forces/drag equal forward
thrust v
2
acceleration/net force becomes zero/speed remains constant v
< i recognition that area under the graph is distance covered v Accept graphical evidence or calcufation
of correct geometac areas for MP1. 2
i = . «
ubistance =» 450 - 560 «m» MPZ is numerical value within range.
& iii calculation of acceleration as gradientatt=0 «= 1m s v MP1T can be shown on the graph.
Allow an accelerafion in the range 1 —
4300 1.1 for MP2 and consistent answer for
use of F=ma OR T:seen v MP3
Affow ECF from MP1.
4900 «kgn v Affow use of average acceleration = % 3
or assumption of constant force to
chbfain 11000 «kgwe for [2]
Alfow use of 4800 or 5000 for MP2
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A
b N )
!

«gaininy KE --0.5.3.4-10° . 9.0° «- 1.4 10 7% wln +

energy transferred to air «-7.0-10 " -1.4-10"»-56-10 " ulu v

any calculated answer to 2 st v

a g OR 9.81 «m 5% OR acceleration of gravity/due to free fall v Accept 10 «m s,
igrtore sign.
Do not accept bafd "gravity ™
Accept answer that indicates tangent of the
graph &t time =0,
b Identification of air resistanceldrag force «acting upwardss + A staternen! as "air resistance increases with 3
speed” scores MP1 and MP2.
athats increases with speed ¥
auntils weight and air resistance cancel cut
R
net force/acceleration becomes zera v
¥ i wloss ine GPE -3.4 .10 °-9.81-21¢-7.0-10 ' vln Altow [1] through the use of kinemaltics 3
agsuming constant acceleration.
OR Altaws ECF from MP1

energy «of the airs v

[ il «gravitationals potential energy «of the raindrops into thermmalfinternal

Accept heat for thermal energy
Arcept into Knetic energy of air particles
lanore sound energy
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A
b N )
!

1 - (PHYSI/21_HL_Summer_2017_Q1) - Mechanics, Thermal Physics

a | %v2:0.24gh\/

v=11.9 «ms™» ¢

a |ii [internal energy is the total KE «and PE» of the molecules/particles/atoms in an object v/

temperature is a measure of the average KE of the molecules/particles/atoms v

b |i arrow vertically downwards from dot labelled weightAN/mg/gravitational force/Fy/F gravitational
AND arrow vertically upwards from dot labelled reaction force/R/normal contact force/N/Fy v

W>RvY
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e)

b |ii |ALTERNATIVE 1

9

mv®

recognition that centripetal force is required / seen v’

=468 «N» v

W/B40N (weight) is larger than the centripetal force required, so the skier does not lose
contact with the ground v/

ALTERNATIVE 2

2
recognition that centripetal acceleration is required / Y seenv
r

a=72«ms2»v

g is larger than the centripetal acceleration required, so the skier does not lose contact with
the ground v/

ALTERNATIVE 3
recognition that to lose contact with the ground centripetal force 2 weight v’
calculation thatv 2 14 «ms'» v’

comment that 12 «ms'» is less than 14 «ms'» so the skier does not lose contact with the
ground v’

ALTERNATIVE 4

mv?

recognition that centripetal force is required / seen v’

calculation that reaction force = 172 «N» v

reaction force > 0 so the skier does not lose contact with the ground v
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e)

c ALTERNATIVE 1

0=8.2"+2ax=24 therefore a=«—»1.40 «ms?2» ¥

9

friction force =ma=65x1.4=91«N» v

91

— _-014 Y
65 < 9.81

coefficient of friction =

ALTERNATIVE 2

KE:%mvz = 0.5x65x 8.22= 2185 «J» v

friction force = KE/distance =2185/24 = 91«N» v’

coefficient of friction —=— 21 ___0.14 v

65 % 9.81

d |i «76x96»=730 v

Ns OR kgms™' v’

d |ii |safety net extends stopping time v

F= % therefore Fis smaller «with safety net»

OR

force is proportional to rate of change of momentum therefore F is smaller «with safety net» v
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A
b N )
!

2 = (PHYSI/21_HL_Summer_2017_Q4) - Electricity & Magnetism, Thermal Physics

a |i 3
T«= M» =35«A» v
a |[ii R:1.7><10-3><1o‘,
8.0x10°

=0.028 «Q» v

a |[iii | power = «35%x0.028» =34 «\W» v
b «as temperature increases» there is greater vibration of the metal atoms/lattice/lattice ions
OR

increased collisions of electrons v’

drift velocity decreases «so current decreases» v/
«as V constant so» R increases v

c recognition that power = flow rate x CAT v

power _ 8.5x10°
cAT 420035

=0.058 «kgs™'» v

flow rate «=

kgs'/gs'/Is'/mis'/mis'y
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A
b N )
!

3 = (PHYSI/21_HL_Summer_2017_Q6) - Fields (ahl), Thermal Physics

a the field lines/arrows are further apart at greater distances from the surface v’
b circle centred on Planet X v/
three units from Planet X centre v/
-3V
L
Y
planet X
surface
c -11 21
loss in gravitational potential = 6.67x10 X36'1X10 v
1.2x10
«=1.72x10° Jkg'»
equate to v v
2
v=590 «ams'» v
d available energy to melt one kg 1.72 x10° «J» v/
5
fraction that melts is M =052 OR52% v
3.3x10

4 - (PHYSI/20_HL_Winter_2017_Q5) - Thermal Physics, Oscillations & Waves

a i inJ LI
wy oSN »3 10. 5\{1(33) v
sinr sin{46)

23.10% «ms '» v
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a |[il | light strikes AB at an angle of 57° ¥

9

’

critical angle is «sin * 2:.33 SO v 48.2" from unrounded value

angle of incidence is greater than critical angle so total internal reflection
OR

light strikes AB at an angle of 57° +

calculation showing sin of "refracted angle” 1.1v

statement that since 1.1 .. 1 the angle does not exist and the light does
not emerge v

a iii | total internal reflection shown v
ray emerges at opposite face to incidence v With sensible refraction in correct direction
b |i mass «volume - density» (0.75)° - 920« 388kg» v Accept any consistent units

energy required to raise temperature 388 2100 20« 163 107 J» v

energy required to melt 388 330 10° « 1.28 10%J» v

3 5
1.4 107 «J» OR 1.4 10° «kd» ¥ Award [3 max] for answer which uses density

85 1000 kg™ (1.5 - 10° «d»)

b il in solid state, nearest neighbour molecules cannot exchange placesthave | OWTTE
fixed positions/are c¢loser to each otherfhave regular patternthave stronger

forces of attraction ¢ Accept converse argument for liquids

in liquid, bonds between molecules can be broken and re-form «

5 - (PHYSI/21_HL_Summer_2018_Q2) - Thermal Physics

a 3.0-8.31-290
L e ]
Q.18 "
48 «kPax»
Bl [mass w200 »0.012 ¢kg» 1
3100 23
=] i ALTERNATIVE 1

average kinetic energy §1,‘38 10% 313 85 107 «lw
number of particles 3.0 6.02-107 18 .10

total kinetic energy 1.8 10* 65 10% 124kd»

ALTERNATIVE 2
ideal gas so 4 KE
KE 28‘31 -313x« 3V

total kinetic energy = 12 ks

c larger temperature implies larger (average) speed/larger (average) KE of Ignore any menfion of PY=nRT
molecules/panicles/atoms v

increased force/momentum transferred to walls (per collision) / more frequent
collisions with walls +'

increased force leads o Increased pressure because P=F/A (as area remains
constanty
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6 - (PHYSI/22_HL_Summer_2018_Q2) - Thermal Physics

A
b N )
!

a i a gas in which there are no intermolecular forces Accept atoms/particles.
OR

a gas that obeys the ideal gas law/all gas laws at all pressures, volumes and
temperatures

OoR
molecules have zero PE/only KE v/
a i & 3
N KLV 53 10° 21.10
kT 1.38 10% 310

»26 167 ¢ 1

Aflow ECF from (a}(it)

3 3
«Forone atom & = AT» = x 138 =102 x 310/ 6.4 < 10-4Jn ¥
2 2 Award [2] for & bald correct answer

U «26 107 g 138 10% 310»170«)» ¥ Aflovs use of U gw

b i 21 10°*

P 53 100 Soroa16 10° «Pan ¥ 1

b i «vglume has increased and» average velocity/KE remains unchanged + The idea of average must be included

«s0» molecules collide with the walls less frequentlyitonger time between Decrease in number of collisions is not
collisions with the walls v sufficient for MPZ. Tunre miust be

included. Z max

«hence» rate of change of momentum at wall has decreased ¥ Accept atoms/pariicles.
«and so pressure has decreased»

7 = (PHYSI/20_HL_Winter_2018_Q9) - Thermal Physics

a Internal energy is the sum of all the PEs and KEs of the Molecules/particles/atoms must be included once, if not,
molecules (of the oxygen) award [1 max]
PE of melecules in gaseous state is zero ¥

2 max
(At hoiling point) average KE of molecules in gas and liquid is the

same

gases have a higher internal energy +
b i ALTERNATIVE 1.

flow rate of oxygen=8«gs '»

«21-10°-8-10%» =17 «kW» «

ALTERNATIVE 2:
Q-«025-32-107-2.1-10° - » 1680 «J»
power = «1680W =» 1.7 «kW» v

b i T-260 «K» o

nRT

V=« =»49-10%em®» ¥

c ideal gas has point objects Aflow the appasrte statements if they are clearly made about
oxygen eg oxygen/this can be liquified

no intermolecular forces «
non liguefaction o 1 max

ideal gas assumes monatomic particles

the collisions between particles are elastic ¥
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8 = (PHYSI/21_HL_Summer_2019_Q4) - Thermal Physics

A
b N )
!

a weight of cylinder - Ahgy
pressure _F _Angp v 2
A
b i use of PV = nRT and V = Area x (0.190) seen v
2
subslitution of P — pc + pm are-arrangement to give answersv’
b i nRT
recognition that A is constant OR 190p, + 1900, - 208p, - 208p,
308
OR p, = T8 P 0
4
pressure due to mercury p_ - 0.035x1.36x10°x0.81{- 467 =10'Pa) v
103 %100 Award MP4 for any comrect umit of
Pa OR Nm? OR kgm's? pressure {eq “mm of mercury / Hg?).
b iif same number of particles to collide with a larger surface area OR greater volume
wath constant rms speed decreases collision frequency + 1
9 - (PHYSI/22_HL_Summer_2019_Q2) - Thermal Physics
a 301 3810 7 5 320
L I ‘.':mr ; \iaﬂ‘aa <19 21>32cw 7
2 2 \'m 8.6%10 2
v-14210"«ms 'n
b NPV 51-.10"-3.2x10"
KT 13810 =320
OoR
prVN,,;5‘1410’&3‘2110“xESO?ﬂD“ v 2
RT 8.31¢320
N-37x10°Y
c i 4x10"-49:10" .
——————————— =pBx 107
32-10° 1
< ii «For an ideal gas» the size of the particles is small compared to the distance
belween them/size of the container/gas
OoR
«For an ideal gas» the volume of the particies is negligible/the volume of the
particles is small compared to the volume of the containerigas
oR 2
«For an ideal gas» particles are assumed to be point objects ¥
calculation/ratio/resuit in (c){i) shows that volume of helium atoms is neglgible
compared to/much smaller than volume of helium gas/container «<hence assumption
is justifieds v
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10 = (PHYSI/20_HL_Winter_2019_Q2) - Thermal Physics

A
b N )
o

a N pv oR N 10<10°<0.36 Altowe [1 max] for substitulion with T in Cefsiys.
T kT T1.38.10 7. 205 Aflow [1 max] for a finat answerof n=14.7 or 15
2
N B88-104¢ Award [2] for batd correct answer.
i Aflow ECF from
b use of £ - constant OR p—ﬂ OR EJ ow ECE from ()
T v v Award {2] far bald comect answer 5
g 9410 «Pany
b i F-A=ywp < Altow ECF from (b)(1)
F_0.724(1.0 0.84)<10% OR 4.3x10° «N»+ Allow ECF from MP1 5
b iii force is avery» large v'
there must be a mechanism that makes this force smaller 2
ORrR
assumplion used to calculate the forse/pressure is unrealistic
11 - (PHYSI/20_HL_Winter_2020_Q3) - Thermal Physics
a |i |w15.30 60m 7000 ale s .
a |ii 27210 0.32=c {200 250) OR 2100+ Allow any appropnate unif
e ) that BRE/GY 2
Jkg' K GRIKg! T S aes - temperature
[ antermoleculars bonds are formed dunng freezing «
bond-forming process releases engigy
OR
wintemmoleculars PE decreases «and the diference is ransferred as heata v 3 max
To award MPT or MP4
wavarage randems KE ot the molecules does nol decrease/change OIECLIES/DAICIES/BIOmS
temperature 15 refated to eaverager KE of the molecules ehence unchangeds musi be menioned
< 27 1% v
mass of frozen ail ¢ 300" IO'h 0 21ukgs 2
unfrozen mass « 0.32 0.21» 0.11ukgn ¢
12 - (PHYSI/21_HL_Summer_2021_Q3) - Thermal Physics, Electricity & Magnetism
i 3 > “
E - «5(1‘38 <10 THET3 - 7.7 10 Tadn v
= = 2
3-1.38.10" .6.02-107- 373 .
v «l » 720ems5 nv
\ 0018
i particles can be considered points wwithout dimensionss Accept reference to atoms/imolecufes for
no intermelecular forcesino forces between particles «except during collisions»~’ particte
the volume of a particle is negligible compared to volume of gas «
colisions batween particles are elaslic ¥ 1 max
tme between particle collisions are greater than time of colhsion v
no intermelecular PE/no PE between particles v
! amt = Piyso el = 1000~ 200 5 ayq08 4 kg'n v
Q.14 2
Jkg' ¥
il «dll» of the energy added is used o increase the «intermolecular» potential Accept reference to atoms/molecules for
energy of the particlesibreak «imermoleculars bonds/CWTTE v/ "particle” 1
use of meaT v Accept T in Kehin (353 K).
0.86.4200.(100—- T}=0.3. 1800.(T .10} ¥ 3
Tog = 8568« Cr - 866’ Crn v
2017 -2022 444 Powered By :




IB DIPLOMA PHYSICS -HL -P2 CH3 - THERMAL PHYSICS

d i v 2 Must see either the substituted values

20
S—so——— 30R 3025«02nv OR a value for R to at feast three s.f 1
R 1600 ¢

A
b N )
o

d |0 [use of parallel resistors addition s0 R — 15 «£2» v

2
P 3200 «WWn v
13 = (PHYSI/22_HL_Summer_2021_Q2) - Thermal Physics
a «He behaves as ideal gas ifs 0« T «at constant Vo ¢ MP1 can alse be described as
P worf R
uses two points to show that p« T v T T Vv
2
b w107 <10 * Alfow any correct data point to be used.
%, «0 048 mol» ¥ 4 P
' Aftow ECF from MP1 2
«0.048 x 4 =5 0.19 «g» ¥
[+ recognizes that pressure will double v MP1 can be expressed as
e op PR .
graph will be steeper OR gradient will be larger v ©g."p«n OR T”m double” 2 max
) . Accept pv  2nRT for MPT.
graph will still go through the origin
14 - (PHYSI/21_HL_Summer_2022_Q2) - Thermal Physics
a energy required for milk entering in 1 s = mass x specific heat x 73 v MP1 is for substitution info meAT 2
regardiess of power of ten.
16 kW OR 16000 W ¥
Alfow any correct unit of power (such as
Js' OR KJs 'y if paired with @an answer
to the correct power of 10 for MP2
b Underestimate / more energy or power required v Do not aflow general term “energy” or 2
‘power” for MP2,
because energy transferred as heat / thermal energy is lost «to surroundings or
electrical componentss v
< the temperature has increased so the internal energy / « average » KE «of the 2
moleculesy has increased QR temperature is proportional to average KE «of the
malecules». v
«therefores the «averages spead of the molecules or particles is higher OR more
frequent collisicns « between molecules » OR spacing between molecules has
increased OR average force of colisions is higher OR intermolecular forces are
less QR intermolecular bonds break and reform at a higher rate OR molecules are
vibrating faster. v
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d i conductionfconducting/canducter «through metals ¥ ' v ?
—
d |ii |useof P=esAT where T= 357 K v Affow 85— 8% W for MP3.
useof A .27 ri«=0236m% v Alfow ECF for MP3.
P =87 <\ ¥
d iii | convection «is likely to be a significant lossy <

wdue to reduction in density of air near pipe surface» hot air rises «and is replaced
by cooler air from elsewhere »

OR

zdue to» conduction «of heat or thermal energy» from pipe to air

15 - (PHYSI/22_HL_Summer_2022_Q2) - Thermal Physics

internal energy depends on kinetic energy/temperature «only»

OR
since temperature/kinetic energy is constant v

a Correct conversion of T« T = 310 Kn seen v Aflow ECF from MP1 i.e., T in Celsius
v {Resultis 2.7 x 10F%
wuse of N =L to get» 2.3x 107 v
kT Affow use of n. R and Na
b i density decreases v
volume is increased AND massinumber of particles remains constant v
b i internal energy is constant Do not award MP2 for stating that

“temperature is constant” unless finked
to the correct conciusion. as that is
mentioned i the stem.

Award MP2 for staling that kinetic
energy remains constam.

16 - (PHYSI/20_HL_Winter_2022_Q2) - Thermal Physics

OoR
emitted intensity = 0.97x5.67x105xT* ¢

Tog M a5 e v
097 567 .10°

42 «'Cn ¥

a i energy required - 230 - 4200 . {30--15) + Altow ECF from MPT and MP2.
Accept the carrect use of 0.30 in either
energy available -0.30 - 6BO - f - A ¥ MPT or MP2.
- «M =5 21 «@n*» OR 22 «m?s ¥
0.30.680.60 .80
a |ii | absorbed intensity = {1 0.2} - 680 «= 544» «\W m “» Altow ECF from MPT and MP2.

Altaw MPT if absorbed or ermitied
intensity is multiplied by area,
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A
b N )
!

b i can be liquefied ¢ Accept the converse argument.
has intermalecular forces / potential energy ¥
has atomsimolecules that are not point objects / take up volume 1 max
does not follow the ideal gas law «for all Tand gw +
collisions between particles are non-elastic v/

b ii ALTERNATIVE T MPZ it ALT 2 must carne from expansian of air,
not from expansion of water.

i _ v )
¢constant p and Vimply» AT - const Award [0] for an answer based on expansion of

. vwaler
Tincreases hence n decreases v

Award f1] max for an answer based on
convection currents.

ALTERNATIVE 2 2
sconstant p and nimply» V is proportional to T / air expands as itis
heated
woriginal» air occupies a greater volume OR some air leaves through
opening +

[ photovoltaic cells output electrical energy v Accept any reasonable advantage arsing from
electrical is a more versatile form of energy v the efectrical cutput, .e.g.. PV cells alfow for the

use of a fong list of appliances, PV owners can
self excess power back to grid.

Accept electrical energy can be stored.

Do not accept references to efficiency for MP2.
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1 - (PHYSI/21_HL_Summer_2017_Q2) - Oscillations & Waves, Wave Phenomena (ahl)

9

a when 2 waves meet the resultant displacement v*
is the «vector» sum of their individual displacements v

b AZ4.7><10*3X0.35><10*3 v
2.4

=6.9x107 «m» v
answer to 2 SF v

c green wavelength smaller than red v

fringe separation / distance between maxima decreases v*

d bright central maximum v’
subsidiary maxima «on either side» v

the width of the central fringe is twice / larger than the width of the subsidiary/secondary
fringes/maxima

OR

intensity of pattern is decreased v’

2 - (PHYSI/21_HL_Summer_2017_Q7) - Oscillations & Waves, Measurements & Uncertainties

a acceleration/restoring force is proportional to displacement v’
and in the opposite direction/directed towards equilibrium v

b ALTERNATIVE 1
T_m,

T22 m2
mass=0.38/0.39 «kg» v
ALTERNATIVE 2

«use of T = 211‘/%» k=28 «Nm™'» v

«use of T = ZRJ%» m=038/0.39 «kg» v

¢ o= «2l 5_85 a@ads 'y ¥
0.74
total energy — % <0.39%85°%(4.8:102) v
=0.032 «J» ¥
d spring constant/k/stiffness would increase v’

T would be smaller v

fractional uncertainty in T would be greater, so fractional uncertainty of mass of block would
be greater v’
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A
b N )
!

e |i left v

ii | coils to the right of P move right and the coils to the left move left v/
hence P at centre of rarefaction v

3 - (PHYSI/22_HL_Summer_2017_Q2) - Oscillations & Waves, Energy Production

a force/acceleration proportional to displacement «from
equilibrium position» v

and directed towards equilibrium position/point
OR

and directed in opposite direction to the displacement from
equilibrium position/point v

frequency of buoy movement= % or 0.097 «Hz»
OR

time period of buoy —% or 103 «s» or 10«s» v

%% or 2nfx, »—Mor 2:1x0.097x4.3 ¥

03

V=«

26«amsi» v
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9

b ii peaks separated by gaps equal to width of each pulse «shape of peak
roughly as shown» v

one cycle taking 10 s shown on graph v

output power /\ /‘\ /\ /\
0% 10 20 30

c i PE of water is converted to KE of moving water/turbine to electrical
energy «in generator/turbine/dynamo» v/

time/s

idea of pumped storage, jie: pump water back during night/when
energy cheap to buy/when energy not in demand/when there is a
surplus of energy v
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A
b N )
!

¢ i specific energy available = « gh=» 9.81x 270 «=2650J kg '»
OR

1 5
mgh=—mv
g 2
OR
vi=2ghv

v=73«ms'» v

¢ |l | total energy = «mgh=1.5x10":9.81:270 =» 4.0<10"% «J»
OR

total energy = «%mv2 = % <15 10" « (answer (c)(ii))* =» 4.0 <10 «J»

13
time -« 19, 11.1h or 40-10%s ¥
4:2.5x10
c iv | friction/resistive losses in pipe/fluid resistance/turbulence/turbine or generator
«bearings»

OR

sound energy losses from turbine/water in pipe v’

thermal energy/heat losses in wires/components v°

water requires kinetic energy to leave system so not all can be transferred v/

4 - (PHYSI/20_HL_Winter_2017_Q2) - Circular Motion & Gravitation, Oscillations & Waves, Fields (ahl)

a » JWE» JE'GT 10" .60.10% , Fulf substitution requiret
r 6600 - 10°
7800 «ms™'» ¥ Must see 2 : significant figures.
b i Y has smaller orbit/orbital speed is greater so time period is less v Allow answer from appropriate equation
Allow converse argument for X
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b i to stop Y from getting ahead ¥

9

to remain stationary with respect to X v
otherwise will add tensicn to cable/damage satellite/pull X out of its orbit v

c Marks shoufd be awarded from either
one alfernative or the other.

cable is a conductor and contains electrons ¥
electronsfcharges experience a force when moving in a magnetic field v

use of a suitable hand rule to show that satellite Y becomes negative «so X Da not alfow discussion of positive
becomes positives ¥ charges moving towards X

Alternative 2
cable is a conductor v
so current will flow by induction flow when it moves through a B field v

use of a suitable hand rule to show current to right so «X becomes positives v

d electrons would build up at satellite Y/positive charge at X v
preventing further charge flow v
by electrostatic repulsion v

unless a complete circuit exists ¥

e «s Biv »31.10°% 778015000 ¢+
3600&Vs v Aflow 3700 «V» from v 8000 ms™.
f i Arim 4 72 350 Affow MP1 and MP2 for a bald correct answer
use of ) n ) ¥
T 9.2
510v Alfaw 500
Nm'orkgs?v Allow N/m etc
f i £, in the cable/system transfers to Ecof Y v Exclusive use of gravitational potential energy negates MP1
and back again twice in each cycle v

5 - (PHYSI/20_HL_Winter_2017_Q5) - Thermal Physics, Oscillations & Waves

a i inJ LI
v Cs_lm »3 10. swr.1(33) v
sinr sin{46)

23.10% «ms '» v
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a |[il | light strikes AB at an angle of 57° ¥

A
b N )
!

’

critical angle is «sin * 2:.33 SO v 48.2" from unrounded value

angle of incidence is greater than critical angle so total internal reflection
OR
light strikes AB at an angle of 57° +

calculation showing sin of "refracted angle” 1.1v

statement that since 1.1 .. 1 the angle does not exist and the light does
not emerge v

a iii | total internal reflection shewn v

ray emerges at opposite face to incidence v With sensible refraction in correct direction

b |i mass «volume - density» (0.75)° - 920« 388kg» v Accept any consistent units

energy required to raise temperature 388 2100 20« 163 107 J» v

energy required to melt 388 330 10° « 1.28 10%J» v

3 5
1.4 107 «J» OR 1.4 10° «kd» ¥ Award [3 max] for answer which uses density

85 1000 kg™ (1.5 - 10° «d»)

b il in solid state, nearest neighbour molecules cannot exchange placesthave | OWTTE
fixed positions/are c¢loser to each otherfhave regular patternthave stronger

forces of attraction ¢ Accept converse argument for liquids

in liquid, bonds between molecules can be broken and re-form «

6 - (PHYSI/21_HL_Summer_2018_Q3) - Oscillations & Waves, Wave Phenomena (ahl)

a I superposition of light from each slit / interference of light from both slits v fgnore any reference to crests and

troughs.
with path/phase difference of any half-odd multiple of wavelengthany odd multiple vgns
of & (in words or symbols) v

preducing destructive interference v

a i light waves (from slits) must have constant phase difference / ne phase difference | OWTTE
i be inphase « q

. . d
evidence of solving for O «D rs‘ EX'4
S

450 107 0.300 10°
6330 10 2»  4.27uma v Award {1f max for 2.13 m.
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b {i 4 8330 10° Allow ECE from (a){ii). E Y
sin
0.300 10° Award [1] for 0.121 rad {can award MP3 S
o 0.0084401.. in addition for proper sig fig)
) . Accept calculation in degrees leading to
final answer to three sig figs (eg 0.00844 01 8,44 10%) v o, 431pdeg“rees g g
Award MP3 for any answer expressed
to 3sf 3
0 ; [/ i),
b i use of difraction farmula «b :» Alloww ECF from ()(})
oRrR
6330 10° 2
0.00844
« » 75«00 10 Tamms
c wavelength increases (so frequency decreases) ! light is redshifted v Allew ECF for MP2 {ie wavefength
decreases so moving towards). 2
galaxy is moving away from Earth
d R
' 6330 476enm» 1
1.33
d it [distance between peaks decreases
. 2
intensity decreases v
7 = (PHYSI/22_HL_Summer_2018_Q3) - Oscillations & Waves
a |i the incident wave «from the speaker» and the reflected wave «from the Allow superimpose/add up
closed end» superpose/combine/interfere v/ Do not allow meet/interact 1
a i Horizontal arrow from X to the right v MP2 is dependent on MP1
Ignore length of arrow 1
a iii | Patanode v e ] )
a iv wavelength is = « 4x 2.30 > 040 KN Award [2] for a bald correct answer
2
P » 850 «Hz» ¥ Allow ECF from MP1
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i sinf, 1, Awartd [2] for a bald correct answer e °
340 1500 Award [2] for & bald answer of 13.1 ~-
2
O =13 » v Answer must be to 23 significant figures to award MP2
Aflow 0.23 radians
ii correct orientation v/ Do not penalize the lengths of A and B in the water
greater separation ¥ Do not penalize a wavefront for C if it is consistent with A and B
MP1 must be awarded for MP2 to be awarded
eg:
2
8 - (PHYSI/22_HL_Summer_2018_Q5) - Oscillations & Waves, Wave Phenomena (ahl)
a horizontal straight line through / =2 v eg. 111,
N ko] 1
0 X
Accept a curve that falls from | = 2 as distance increases from centre
but not if it falls to zero.
b «standard two slit pattern» Accept single slit modulated pattern provided central maximum is at 4.
. . _ov ie height of peaks decrease as they go away from central maximum.
general shape with a maximum atx=0 Peaks must be of the same width
maxima at 41, v’
eg: Iy,
maxima separated by <<%: »20cmv
s 5
/\ N 3
- o
x/cm
c fringe width/separation decreases
OR 1
more maxima seen v/
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9 - (PHYSI/20_HL_Winter_2018_Q4) - Oscillations & Waves

horizontal line shown in centre of pipe

«air molecule» moves to the right and then back to the left

returns to Xoriginal position «

b wavelength 2 1.4¢ 28m»
c=«fi=»120 28«=340ms '» ¥
K=wpe' =13 340°=»15 10° ¢

kgm's

construction shoving farmatian of image

Another straight line/ray from image through the
wall with linefray from intersection at wall back fo 1
transmitter. Reflected ray must intersect boat.

interfarence pattern is observed
OR
interference/superposition mentioned o

maximum when two waves oceur in phase/path difference is ni
OR

(n+ ¥ As

minimum when two waves occur 180" out of phasefpath difference is

A
b N )
!

10 - (PHYSI/21_HL_Summer_2019_Q3) - Oscillations & Waves

interference

wavyelengths

a wo waves superposefmention of superposition/mention of uccnstiuctives

they arrive in phasefthere is a path length difference of an integer number of

b path difference = 0.062 «ms+/
s0 wavelength = 0031 emav’

frequency = 9.7 x 107 «Hzav

Award [2 max] for 4.8 x 10° Hz,

c intensity is modulated by a single slit diffraction envelope OR

intensity varies with distance OR points are different distances from the slits « 1

cos? variation shown v/

with zero at 90° (by eye) v/

Award [1 max] for an inverted curve
with maximum at 90°.
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11 - (PHYSI/21_HL_Summer_2019_Q6) - Mechanics, Oscillations & Waves

A _
T
Ky |

a i identifies T as 2.25s ¥
L=126mv Accept any number of s.f. for MP2. 3
1371264mn Accept any answer with 2 or 3 s.f. for
' ’ MF3.
a i . 1 )
X labels any point on the curve where £, 7 of maximum/s mJ + 1
a i 1 1 I R
Emvzzzo % 10 7 seen OR Er?.ixw v -20%10 7
2
0735 &ms ‘» Must see at least 2 s.f for MP2.
b i 0.40ums™n 1
b § |inilial energy 24mJ and final energy 12mJd v
energy is lostiunequal /change in energy is 12 mJ 3
inelastic collisions cccur when energy is lest
b i | graph with same period but inverted v
2
amplitude one half of the originalitwo boxes throughout (by eye) v
b v | mention of Doppler effect
there is a change in the wavelength of the reflected wave « 3
because the wave speed is constant, there is a change in frequency '
12 - (PHYSI/22_HL_Summer_2019_Q3) - Oscillations & Waves
a Expression or statement showing acceleration is proportional to displacement v/
23 2
S0 «7.9x=—»=57ams"» v
3.2
b ! ’
sind - 20 sin5a® v
6010 2
0=26°V
¢ A—ﬂ%:ﬂ1.36=1.4ﬂml v 1
d i horizontal arrow «at M» pointing left v 1
d |ii |any point labelled C on the vertical line shown below
eg:
displacement to the right
A
c y 1
\ *
v
displacement to the left
e i - 2500 340
’ 340+ 280 2
17 -1371=1400«Hz»
&N -2 00ar025amm v 1
1371
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13 - (PHYSI/20_HL_Winter_2019_Q3) - Oscillations & Waves

—
T o
¥
= i v:«ﬂ_,ﬂzso«ms')w 1
0.20x10
a |ii A=0.30«m» v Allow ECF from (a)(i)
250 Allow ECF from wrong wavelength for 2
f=c =» 830 «Hz» v MP2
0.30
b Qv
acceleration is proportional to displacement «and Q has larger displacement» v/ 2
c i 3 «points» v 1
c ii | first harmonic mode drawn v Allow if only one curve drawn, either
solid or dashed.
" 21m >
» b b o P 1
oscillator B
14 - (PHYSI/20_HL_Winter_2019_Q10) - Oscillations & Waves, Wave Phenomena (ahl)
a there is a phase change
of r OR as itis reflected off a medium of higher refractive index v z
b i 2d Accept 2dn
1
; Award [2] for bald correct answer
b ii 2dn-2 v 2]
2
3 656 z
oowre w119 eam»
4n  4x1.38
b iii | reflection from «front surface ofw lens eliminatedireduced Accept reference to reduction of glare
OR for MP1
energy reaching sensor increased ¥ 2
at one wavelength v
c i standard single slit diffraction pattern with correct overall shape v/ Secondary maximum not to exceed 1/5" of
. . . maximum intensity
secondary maxima of right size v/ ) )
Ignore width of maxima
\
\ 2
1
[
‘u
/! \\
C " useof 0= L v
A 2
#-29x10"* «rad» v Award [2] for bald correct answer
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15 - (PHYSI/20_HL_Winter_2020_Q4) - Oscillations & Waves, Wave Phenomena (ahl)

A
b N )
!

a 340 Allpw approach where path
= <
wavelength 350 O 40 em» jength s caiculated i lerms
) _ v af number of wavelengths:
path difference = 1 8 «m» along palf A (56.25) and
e I N path B {80.75) for MP2,
18«mr» = 4.5, OR — u whall-wavelangihss v hence path differance 4.5
- wavelengths far MP3 4

waves meat in antiphase «at Ps
OR
desiructive inferferencersuperposition «al Py v

b «wequally spaceds maxima and minima +

amaximum at ] ¢ 2max

four «additional» maxma «between P and Gn <«

€ the amplitude of sound a8 O s halved ¥

!

«intensity is proportional to amplitude squared hences = v 2
1

p
2
d [i | spesd of sound relatve 1o the microphone 13 less «

wavelength unchanged «so frequency is Iowers 2

OR
fewer waves recorded in unit time/per second aso fregquency is lowers &

4 |ii 40 v
q ¥
245 350 5

v 200 emsin v

16 = (PHYSI/21_HL_Summer_2021_Q8) - Oscillations & Waves

a «lravelling» wave moves along the length of the string and reflects «at fixed
endnv’

superposition/interference of incident and reflected waves v 2 max
the superposition of the reflsclions is reinforced anly for certain wavelengths ¥

b i h=21=2 0862 =«l24mav Answer must be to 3 or more st ar working
shown for MP2.
¥=Fr=195.124=242ems"n ¥

b i straight line through origin with negative gradient v 1

b il | max velocity occurs atx =0
v =«{22}{195)40.004 5 =4 9em s 'n ¥ 2

b v a- (2. 1951 » 0.004 = 8005 «m 5 v
. 600g v

b |v |useof £x A" ORx ¥
A =042 =057 ccm» = 0.6 com»

¢ 52 21xemn ¥ 1
3
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17 - (PHYSI/22_HL_Summer_2021_Q7) - Oscillations & Waves, Electromagnetic Induction (ahl)

A
b N )
!

a ! a% = 3300 =» 450 «turns» v

a i ALTERNATIVE 1

calculates total current = % ABa=187An ¥

resistance = « =2 0.80 «2» v

15
18.7

ALTERNATIVE 2

calculates total power = 35x8 « =280W» ¥ 2
2

resistance = «E =» 0.80 «d» ¢
280

ALTERNATIVE 3

calculates individual resistance = % «=B43 On v

5.43
8

resistance = « » = 080 alin v

a |iii |total power required = 280 <\W» Award [2] marks for a bald correct
answer.

OR
uses factor T:DO Aliow ECF from (a){i)

CR 2

total current = 18.7 « A» ¥

current = 25 0R 2.6 ¢A» ¢

a iv | the secondary coil does not enclose all flux «lines from corex» v Award [0 for references to eddy
currents/Meating of the core as the
induced emf in secondary reason.

CR
power transferred to the secondary Award MP2 if no reason stated.
GR

efficiency is less than expected v

k bob cuts mag field lines MP4 and MPS can be expressed in
CR terms of energy transfer from kinetic
there is a change in flux linkage v energy of bob to efectnicalthermal
energy in bob

induced emf across bob v

leading to eddy/induced current in bob v
4 max
eddyanduced current produces a magnetic field that opposes «direction of»
motion v

force due to the induced magnetic field deceleratas bob v

damping of pendulum increasesithers is additional «magnetic» damping ~
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18 - (PHYSI/20_HL_Winter_2021_Q2) - Oscillations & Waves ' —'-?
—
4 T 4.107%ssorf = 250 «Hz» v Aliew. ECF from MPT. 2

Award [2] for a bald cormrect answer.
A 340.40.10° 136=14amn ¥

b 7 3
g W2 2T ap1.57 . 10%s Tnv
T 4.10°

a=«afx, (1.57.10°)Y .6.10°% 14B:»15«nsisv

wopposite to displacement sow to the right «

«n 2790 ort 1270 «

< " 15 umsn ¢ 1

< il |80 0ORAEepmn From the graph on the paper. value 15 1
8.0. From the cafcufated comect trig
Tunctions. vatue 1s 8 43

d i L «ii = 0.90 «mn 1

d i |totheright v 2
displacement 15 getting tess negative
OR

change of displaceneant is positive «

d ii horizontal line drawn at the equilibrivm position « 1

19 - (PHYSI/22_HL_Summer_2022_Q3) - Oscillations & Waves

a i «incident and reflecteds waves superpose/interfere/combine « OWTTE
athat leads tow standing waves formed OR nodes and antinodes present v Alfow a sketch of a standing wave for
at antinodes / maxima there is maximum intensity / censtructive interference / mpz 3 max
adisplacement» addition / louder sound v Alfow a correct reference to path or

_ - ) . phase differences to identify
at nodes / minima there is minimum intensity / destructive interference /| onetructive / destrictive interference

«displacement, cancellation / quieter sound v

a ii wavelength = 0.24 am» v Altgw ECF from MP1
£ =« 30 -y 1.4 akHzn OR 1400 wHzn z
0.24
b relates intensity to amplitude v OWTTE

antinodes { maximum intensity will be decreased / quister ¥
nodes / minimum will be increased / louder v 3 max
difference in intensities will be less v

maxima and minima are at the same positions v’
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20 = (PHYSI/20_HL_Winter_2022_Q3) - Oscillations & Waves

A
b N )
o

a i oscillation in antiphase v
smaller amplitude than P v/

displacement

a ii Allow ECF from incorrect wavelength
wavelength = % %0.80=0.53 «m» v 9!
2
speed = _ 053 =190 «m s» ¥
2.8x107
b |i kg ms? ORm? s2 seen v Award [2] fora BCA
2
kg m' v
b ii speed increases hence frequency increases v
by factor /2 v 2
[ ] trayeling waves transfer energy OR standing waves don't ¥ 1 max
amplitude of oscillation varies along a standing wave OR is constant along a
travelling wave v
standing waves have nodes / antinodes OR travelling waves don't v
peints in an internodal region have same phase in standing waves OR different
phase in travelling waves+
[ il ALTERNATIVE 1 Conclusion must be justified. award f0] 2
340 for BCA
critical angle = 137 «from T 1500y, v

the angle of incidence is greater than f, hence the sound can't enter water +

ALTERNATIVE 2

sing = @sin 30
340 ¥

sine value greater than one hence the sound can't enter water
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A
b N )
!

1 - (PHYSI/21_HL_Summer_2017_Q3) - Energy Production, Electricity & Magnetism

a solar heating panel converts solar/radiation/photon/light energy into thermal energy AND
photovoltaic cell converts solar/radiation/photon/light energy into electrical energy ¥

b power received = 240 x 25000 = «6.0 M\W» ¢

efficiency « %» =027/27% ¥

¢ |i |area = nx17%«=908m?» v

power :%x 908 1.3 % 7.5° «= 0.249MW» v’

number of turbines «= —-2_ _6.4y—7 v
0.249

ii | «efficiency is less than 100% as»

not all KE of air can be transferred to KE of blades

OR

air needs to retain KE to escape v

thermal energy is lost due to friction in turbine/dynamo/generator v/
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A
b N )
!

2 = (PHYSI/21_HL_Summer_2017_Q4) - Electricity & Magnetism, Thermal Physics

a |i 3
T«= M» =35«A» v
a |[ii R:1.7><10-3><1o‘,
8.0x10°

=0.028 «Q» v

a |[iii | power = «35%x0.028» =34 «\W» v
b «as temperature increases» there is greater vibration of the metal atoms/lattice/lattice ions
OR

increased collisions of electrons v’

drift velocity decreases «so current decreases» v/
«as V constant so» R increases v

c recognition that power = flow rate x CAT v

power _ 8.5x10°
cAT 420035

=0.058 «kgs™'» v

flow rate «=

kgs'/gs'/Is'/mis'/mis'y
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3 = (PHYSI/22_HL_Summer_2017_Q3) - Electromagnetic Induction (ahl), Electricity & Magnetism

9

a ((%CVZ—%XO.022><242 »—B.3«d» ¥

b t
— _ g 800022
100
In0.01=- __t
8.0x0.022
0.81«s» v
o i Q
cC=—
m =< AT
OR
6.3
0.00061x28

370Jkg 'K v

c i ALTERNATIVE 1

some thermal energy will be transferred to surroundingsfalong connecting wires/to
thermometer v

estimate «of specific heat capacity by student» will be larger «than accepted value» v
ALTERNATIVE 2
not all energy transferred as capacitor did not fully discharge v’

so estimate «of specific heat capacity by student» will be larger «than accepted value» v’
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4 - (PHYSI/20_HL_Winter_2017_Q4) - Electricity & Magnetism

A
b N )
!

a |i RA 82 8.10%.2.10°
af o »
o 4110

0.032 ¢my v

a [0l |power 1500 8 10° 0032« 0384»v

power 0.384
«current i J »
resistance 82

0,068 «A» v

Be aware of ECF from (a)(i)

Award [1] for 4.3 «A» where candidate has not calculated area

a iii | quantities such as resistivity depend on the material
OR

they allowr the selection of the correct material
OR

they allow scientists to compare properties of materials v

4] as area is larger and length is smaller ¥

resistance is «very much» smaller v

Award [1 max] for answers that invoive a calculation

5 = (PHYSI/21_HL_Summer_2018 Q4) - Electricity & Magnetism

a N 0.10
1.7 10 002 102 v \
0.043 «tm
!
b v« ) * 12 20 9 2 J
neA 85 10 .180.10" 002 2
0.37«ems '» ¥
c i ¥ R/ 0.086«V» Altow EGF fram 4(a}.
Altow ECF fram MP1. 2
& D085 hssaum s v
d 010
c i ALTERNATIVE ¢ For ALTERNATIVE 1 look for:
clear use of Ohm's Law (V=IR) v=ir
clear useofR=% v _ak
combining with f = nAve and V= EL to reach result, ¥ v=£
ALTERNATIVE 2 I'=nAve
attempts to substitute values into equation. v yo— it
correctly calculates LHS as 4.3 x 10%. |pf
comrectly calculates RHS as 4.3 x 10%. FlL=1=— 3
F=it
a
F= Jmuc% = nrep
v 1
£ nep
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6 = (PHYSI/21_HL_Summer_2018_Q5) - Electricity & Magnetism, Circular Motion & Gravitation

A
b N )
o

a out of the page plane / © Do not accept just "up” or "outwards’. 1
b 160 10™ 68 10° 85 82 10" aN» v 1
< i the magnetic force does not de work on the electron hence does not change the

electron’s kinetic energy

OR 1

the magnetic forcefacceleration is at right angles to velocity v

< ii the velocity of the electron is at right angles te the magnetic field v
[therefore) there is @ centripetal acceleration f force acling on the charge OWTTE 2
7 = (PHYSI/22_HL_Summer_2018_Q4) - Electricity & Magnetism
a the work done per unit charge v Award [1] far "energy ger unit charge provided by the
cell' /' power per unit current”
Award [1] for “potential difference across the terminals of the
cell when no current is flowing” 2
De not accept “pofential difference across terminals of cedt”
inn moving charge from one terminal of a cell to the other / all
the way round the circuit ¥
b i the resistance is proportional te length / see 0.35 AND
10,00y
so itequals 0,35 80 v :
« 280»
B current leaving 12 V cell is % 015«A» Avard [2] for & baid cotrect answer
OR
E E .28 ¥
80 2
E «0.15.28 »42«Vn ¥ Allow & 1sf answer of 4 if if comes from a caleulation,
Do not affow a bald answer of 4 « Vs
Aliow ECF from incorrect eurrent
€ since the current in the cell is still zero there is no potential OWTTE
drop across the internal resistance ¥ 2
and sa the length would be the same v
8 - (PHYSI/20_HL_Winter_2018_Q2) - Electricity & Magnetism
a ALTERNATIVE 1:
R VAN 72 107 125 v
iiad n 01
r 5352 10« For MP2 accept any SF
5.4 102 «ms For MP3 accept anly 2 SF
For MP3 accepf ANY answer given to 2 SF
3
ALTERNATIVE 2.
4 72907 125 7
01
r 5352.10°%4 For MP2 accept any SF
54 107 «mp ¢ For MP3 accept only 2 SF
For MP2 accept ANY answer given to 2 SF
L currant in lamp s e=021» «A»
24
OR
2
B
n 24 =
5
80 «38.4 and therefore» 38 lamps v Do not award ECF from MP1
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when adding more lamps in parallel the brightness stays
the same

when adding more lamps in paralle| the pd across each
remains the same/at the operating value/24V ¢

whan adding more lamps in parallel the current through
each remains the same +

lamps can be controlled independently «

the pd across each bulb is larger in parallel +
the current in each bulb is greater in parallel v
lamps will be brighter in parallel than in series ¥

In paraliel the pd across the famps will be the operating
value/Z4V &

Accepf converse arguments far adding Jamps in series:

when adding more larmps in series the brightness decreases
when adding rmore lamps in series fhe pd decreases
when adding more lamps in series the current decreases

lemps can't be conlrofled indépendently
fhe pd across each buib is smaller in series

the current in each bulb is smaller in series

it senes the pd across the lamps wif less than the operating
value/24 V

Do not accept statements that only compare the overall
resistance of the combination of bulbs,

1 max

«as flux linkage change occurs in core, induced emfs
appear so» current is induced v

induced currents give rise to resistive forces +

eddy currents cause thermal energy losses «in
conducting core» v

power dissipated by eddy currents is drawn from the
primary coilireduces power delivered to the secondary ¥

2 max

power =190 OR 192 «\W» v

100

required power =190 « o5 «=200 or 202W»

s0 200 083 OR 0.84 «Ams» v
240

peak current= «0.83 ~ \E OR 0.84= JE»: 1.21.3
“«A»

A
b N )
!

9 - (PHYSI/20_HL_Winter_2018_Q7) - Electricity & Magnetism

a charge stored on capacitor 12 10° 7.6 0.09 «C» ¥

anergy stored in capacitor « ;CVEM’ ; Q¥ =2 ;

1 0.338

3 981 45.10° » 0.25/0.26 «ms

height «

12 10°

Allow use of g = 10 m s which

757« 0338J» ¥ gives 0.25 <m»

[+ C halved ¥

discharge timefraisa time less as RC halved/reduced «

s0 energy stored is halvedireduced so rises «less than» half height

Ailow &6 mF
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10 - (PHYSI/21_HL_Summer_2019_Q1) - Mechanics, Electricity & Magnetism

A
b N )
!

a i 2.0<10° Must see at leas! two s,
time taken — &= 2860 s» = 2900us» v 1
a i use of E - qV OR energy - 4.3x10°<16 « 688100 Accept 229 W— 241 Wdepending on the
exact valie of t used from ai 2
power — 241 «Wn Must see at feast three s
a |iil | use of power = force x speed OR force x distance = power x time Accept 34 N- 36 ML
I aNn 2
b i 66g sin(3°) = 34 «N» 1
b i total force 34 + 34 = 68 aN» + Look for ECF from aiff and i
35 «ms iy Accept 3.4 - 3.5 amsa. 2
Award [0] for solutions involving use of KE.
c emaxamumy distance will decrease OWTTE
because opposingfresistive force has increased
oRr
because more energy is transferred to GPE
oR 2
because velocity has decreased
OR
increased mass means more work required «to move up the hille
d 4V dropped across battery OR Row.s — 185
S0 intemal resistance ,g;g 082uin v 2
e ! ? -32aVn ¥ 1
e ii ALTERNATIVE 1: Allow ECF from (d}.
25r-08682 v
r=025«s v
ALTERNATIVE 2: 2
=
D62 6124 et v
3
r—2(0.124)= 0.248 «2n ¥
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11 - (PHYSI/21_HL_Summer_2019_Q8) - Electromagnetic Induction (ahl), Electricity & Magnetism

A
b N )
!

4 ! length - _dxC
width s .

= 0.33 am» v
50 0.66/0 67 «ms «as two lengths requireds

a |l [15 % 10° % 55 < 106 =83 «Vs <
qe=CVr»=56 = 10F aCrny

05=p ;e'c:e R EIE 4a® J
t—« »1200=68 10«05 ¥
57 x 10 ° «sn v

OR 3
useof {, =RCxIn2

2
1200 = 68 = 10 F x 0693 v
57 % 10 Susw

b i mention of Faraday's law v

indicating that changing current in discharge circuit leads to change in flux in coilfchange 2
in magnetic field «and induced emf»

b iii | decreasefreduce v

resistance {R) OR capacitance (C) v

12 - (PHYSI/22_HL_Summer_2019_Q4) - Electricity & Magnetism

a total resistance of circuit is 8.0 af2»

2z
P—E—W«W»J 2
8.0

b i «a resistor is now connected in parallel» reducing the total resistance
OR 1

current through YZ unchanged and additional current flows through X v

b i} evidence in calculation or slatement that pd across Y/current in Y is the same as
before 2

soratiois 1+

E - ez OVE - 24610127 5 43210 s ¥ 1

d i ALTERNATIVE 1

capacitance doubles and voltage halves v

since £ = %CVQ energy halves v/

sochangeis &« #2210 *al»

ALTERNATIVE 2

E-lCV? and Q@=CV so Erg s
2 2C

capacitance doubles and charge unchanged so energy halves v

sochangeis & »2.2x10 *«l» +

d |@ |itis the work done when inserting the dielectric into the capacitor + 1
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13 - (PHYSI/22_HL_Summer_2019_Q5) - Electricity & Magnetism, Circular Motion & Gravitation

F towards centre v/

v tangent to circle and in the direction shown in the diagram v/

proton

mv , 1673x10?%" x2.16x10°
qB 1.60x107" x0.042

2
«qu—ﬂ:o»Rw
R

R =0.538«m» v
R=0.54«m» v

T:ﬂ/ 2nx0.54

v ' 2.16x10°
T=16x10 «s» v

T
L

14 - (PHYSI/20_HL_Winter_2019_Q4) - Electricity & Magnetism, Circular Motion & Gravitation

magnetic force is 1o the left «at the instant showr»
OR

force is perpendicular to velocity/«direction of» motion
OR
force is constant in magnitude v

force is centripetalitowards the centre

explains a rule to determine the direction of the magnetic force «

Accept reference to acceleration instead of force.

2 max

1 my?

8
g RJ

2 5
w OR 0080 ema»
18x10 '"=035

Award MP2 for fulf replacement or correct answer to
al least 2 significant figures

—«LQ(T—BT.QI10 Twsn o
2010

Award [2] for baid carrect answer

ALTERNATIVE 1
work done by force is change in kinetic engrgy v

work done is zerofforce perpendicular to velocity ¥

ALTERNATIVE 2
proton moves at constant speed

kinetic energy depends on speed v

Award [2] for a reference lo work done is zeroe hence
£y remains constant

Accept mention of speed or vefacity indistinctfy m

MpP2
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15 - (PHYSI/20_HL_Winter_2019_Q5) - Electricity & Magnetism

A
b N )
!

a > fgrore any negslive sign.
E:krzq’, grore any negslive sigr

8.99.10°.6.0.10°

0.4° OR E-337=10° «NC "» 2

3

b 1T | F_gxE OR F-16<10"x34-10°-54.10 " aNav fgnate any hegative sign.
Award [1] for a caleulation feading to
54x19" a-3.7 . 10%ms ¢» 2

W—» 5% 10" ems Zaf
#

Award [2] for bald correct answer

b il the electron maves away from the point chargefo the right «along the line joining Affow ECF from MP1 if 3 candidate

them» « mistakenly evafustes the force as
. . affractive 50 concludes that the 3
decreasing acceleration « acceleration wilf increase

increasing speed

16 = (PHYSI/20_HL_Winter_2020_Q5) - Electricity & Magnetism

current is net «dirgCllys properional 1o the potential difference
CoR

resistance of X is not canstant 1
OR

resistance of X changes ewith currentivoltagen

b [i |ALTERNATIVE 7
vollage across X = 2.3 aln ¥
vellage across Rae 40 23» 1.7 evn ¥

résistarice of vanable resistor «

‘;3» B aiin ¥

ALTERNATIVE 2 3
40 .
overall resistance « % 200uiln ¥
Q020
23
resistance of X « » 115t
0.020

resistance of vanable resistor « 200 115» BSalin ¥
b [ii |power « 40.0020% 0.080«\W» v 1
& |1 from 0 1¢ 6O ma « 1
¢ |ii |ALTERNATIVE { Allow [h8 ravarse amumein!

current from the cell is greater «than 20 mAn v

because some of the current must Aow through section SG of the petentiometer ¥

overall power greater «than in pad () +

3

ALTERNATIVE 2

tolaloverall resistance decreases «
because SO and X ace o paraliel ¥
overall power greater athan in parl (Bin v
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17 - (PHYSI/21_HL_Summer_2021_Q3) - Thermal Physics, Electricity & Magnetism

A
b N )
!

a i - .
E, - «3(1‘38 10 PHITIS - 7.7+ 10 Tadn v
[3-138.10".6.02.107 - 378 2
v o S — » 720ams av
\ 0018
a i particles can be considered points wwithout dimensionss Accept reference to atoms/molecules for
no intermelecular forcesino forces between particles «except during collisions»~’ particte
the volume of a particle is negligible compared to volume of gas «
colisions batween particles are elaslic ¥ 1 max
tme between particle collisions are greater than time of colhsion v
no intermelecular PE/no PE between particles v
b ! amt = Piyso el = 1000~ 200 5 ayq08 4 kg'n v
Q.14 2
Jkg' ¥
b il «dll» of the energy added is used o increase the «intermolecular» potential Accept reference to atoms/molecules for
energy of the particlesibreak «imermoleculars bonds/CWTTE v/ "particle” 1
c use of meaT v Accept T in Kehin (353 K).
0.86.4200.(100- T} =03 1800.(T .10y ¥ 3
Tog = 8568« Cr - 866’ Crn v
d i v 2 Must see either the substituted values
. —sp—— 30R 30258«0nv OR a value for R to at feast three 5.1 1
R 1600
d |l [use of parallel resistors addition 50 Re — 15 «£2n +
2
P 3200 «Wn ¥
18 - (PHYSI/22_HL_Summer_2021_Q3) - Electricity & Magnetism
a identifies units of 5 as C m2v Accept any analysis (eg dimensionall that welds
answer correctly
i.\ : _Nn?' seen and reduced to N C'v 2
m G
b j horizontal force F on ball = T sin 30 v Altow g= 10 N kg '
T=_M Award [3] marks for a bald correct answer.
cos 30 3
Award [Tmax] for an answer of zero.
Fa=mgtan 30 = 0.025 x 8.8 x tan 30» = 0.14 «N» v interpreting that the honzonlal force refers to the
horizontal component of the net force.
B i 0.14 . Allow ECF trom the calcutated F in [b){i)
2o 12100
' ; 10" Award [2] for a bald correct answer. 2
o 27885-10  «014 50105 «C m2ev
1.2+10°
[ horizontalirepulsive force and vertical forcefpull of gravity act on the ball
s ball has constant acceleration/constant net force v
motion is in a straight ling + 3 max
at 30° to vertical away from wall‘along onginal line of thread v’
G -
' ) Do not award MP2 if charge is negative 3
+»1.8 x 10° «C» + o
zsfb v ’ Any answer given to 2 sig figs scores MP3
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A
b N )
!

d i work must be done to move a «positivex charge from infinity to P «as hoth | Awasd (0] for bafd answer that F has non-zefro
charges are positives potential
OR
reference to both potertials positive and added
2
OR
dentifies field as gradient of potential and with zero value «
therefore, point F is at a positive / non-zero potential +
19 - (PHYSI/22_HL_Summer_2021_Q5) - Electricity & Magnetism
a energy is not propagated by standing waves v OWTTE
amplitude constant for travelling waves OR amplitude varies with
position for standing waves OR standing waves have nodes / antinodes v
phase varies with position for travelling waves OR phase constant inter-node for 2 max
standing waves v
travelling waves can have any wavelength OR standing waves have discrele
wavelengths v
b i esound» wave «travels down tube and» is reflected OWTTE
Do not award MP1 if the reflection is
incident and reflected wave superposelcombinefinterfere v guoled at the walls/container 2
b i 2 Accept drawing of displace ment
nodes shown at water surface AND 3 way up tube {by eye} v diagram for corract hammonic without
nodes specifically identified.
Award [0] if waveform is shown 1
below the water surface
b i [r=0.74 «m» ¥ Aflow ECF from MP1
f=« & 320 =n 430 «Hz» v 2
A 74
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20 = (PHYSI/22_HL_Summer_2021_Q6) - Electricity & Magnetism, Energy Production

A
b N )
!

a there is a potential difference acress the internal resistance Atfow fuil crecit for answer based on
CR Vog-Ir
there is energy/power dissipated in the internal resistance v’ 2

when there is current «in the celln/as charge flows «through the cells v

b ALTERNATIVE 1 Afternative solutions are possible
pd dropped across cell = 6.5 av» ¥
internal resistance = E v Award [3] marks for a bald correct
) answer
T2« ¥
3
ALTERNATIVE 2
f=KR-rysoc=Vilrv
21.0=145+09xrv
T2al» ¥
c power arnving at cell = 680 x 0.35 x 045 = «107 W» Award {3] marks for a bald correct
power in external circuit = 145 x 0.9 = «13.1 Wy v answer 3
efficiency =012 0R12% v Afiow ECF for MP3
d «energy from Sun/photovoltaic cellss is rengwable OWTTE
SRH_r newable are runnin t v Do not alfow economic aspects
on-renewable are running ou (.o free energy)
nen-palluting/clean 2 max

no greenhouse gases
CR
does not contribute to global warming/climate change v

21 - (PHYSI/20_HL_Winter_2021_Q3) - Electricity & Magnetism
i .10" . 44 .10° 2
2 I aglectne field at P from ane charge 1s Q »w
IS 0.48
OR
1.7168 . 10% NG *» v
anetfieldis » 2-1.7168 - 10° - €030 =2.97 - 10°eNC =~

a ii directed vertically up «on plane of the page» v Alfow an arrow pointing up on the 1
diggram

b force con g» 15 proportional to the displacement « 2

and opposite to 1he displacement / directed towards equilibrium «

b ji F - 115 v Award [2] marks for & bald correct 2
L w * 025 answer.
7 Allow ECF for MPZ
T <& w020y v ECFior
ol
c i decreasing from 12 v Do not penalize if the graph does not 2
touch the t axis.
correct shape as shown v’
12
Voltage across resistor
00 !
c |ii 1 . y Award [2] for a bald correct answer. 2
5 e
C=3.6x10"c«Fsv
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22 = (PHYSI/20_HL_Winter_2021_Q7) - Electricity & Magnetism

VR  34.10 -0.48
A— B

@ k 899107

oR

0 182€Cn ¥

A
b N )
!

electrons [eave the small sphere amaking it pesitively chargads «

[

b 2q v
48 24 &
q..q. 18v

s0q 12«0l g GOauCsv

Award [3] marks for a bald correct
answer.

23 = (PHYSI/21_HL_Summer_2022_Q4) - Electricity & Magnetism

ALTERNATIVE 1

attempt to use potential divider equation or similar method v

40

«8.0x m

w=24 a\Vs ¥

Al TERNATIVE 2

«eurrent = L » =005 wd» ¢
60 - 40

40x0.06 =24 «V¥» v

ALTERNATIVE T
PdacrossQ=24Vs07=015«A»
and pd across S is6.0-24=3B6«V»

36 _ 24 «0On v

0.15

r-Y_
!

ALTERNATIVE 2

pd at PR junction = pd at QS junction +

24 «(n v
ALTERNATIVE 3
! —,M: 0.15 ey ¥

%
6.0= (16+8)(0.15) OR 2.4:(6)(Si) v

+16
R= 24 «ln v

or MP2,

Atfow ECF for MP3 from incorrect MP1 3

recognition that ¢ leads to 4R/ « "J:L » = ARV

A
abecause the volume of S is constant new area is» I v

16 x 24 = 384 «Q» «

«total» power has decreased ¥

Because current in the branch has decreased «and P=£R »

OR

) ) ) v
Because resistance has increased in branch «and P ? w

Affow opposite argument as ECF fram (c)(i) (if 2
sandidate deduces a lower resistance}

Aftow "power doesn t change’ if candidate has no
change of resistance from (B to fe)fi)
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24 - (PHYSI/22_HL_Summer_2022_Q4) - Electricity & Magnetism

A
b N )
!

a « censervalion of » charge v Alflow [1] max if they explicitly refer i

« conservation of » energy v Kirchhioff laws Imkilng therm to the 2

conservation faws incorrechy.

b i 12v 7 1
b |l |[/=20A0R12=i{r+4)OR4=/rORB=4{ ¥ Alfow any valid method.

«Correct working to get » r= 2.0« ¥ Allow ECF from {b){i) 2
c i Leoop equation showing EITHER correct voltages, i.e., 10 — 4 on one side or both | Affow any vafid method

emf's positive on different sides of the equation OR correct resistances. i.e. | (1+

2y R

10-4 =[{1+2) OR | =20«A» seen v

V=B80uVe v
c ] Charge is being driven through the 4.0V cell OR it is being (re-)charged v 1
d i is generated from primary/other saurces v 1
d ii «a fuel » that can be replenished/replaced within a reasonable time span OWTTE

OR

«a fuel» that can be replaced faster than the rate at which it is consumed

GR

renewables are limitless/never run out 1

OR

«a fuel» produced from renewable sources

OR

gives an example of a renewahle (biofuel, hydrogen, wood. wind, solar, tidal,

hydroetc.} +
e i ALTERMATIVE 1 Affow ECF for MP3

«energy output of the panel =» VIf OR 6 x 5 x 0.25 x 3600 OR 27000 «J» ¢

Accept final answer in muinutes (110} or

hours (1.8).

«available power =» 380 x 0.4 x 0,15 x 0.18 OR 4.1 «W» ¥

=« 2?030 =» G600 «sn v

3
ALTERMATIVE 2
«energy needed from Sun =» w OR Bx5x0.25x 3600 OR 150000 «J» v
eff 0.18
« incident power=» 380 x 0.4 x 0.15 OR 22.8 «\W» v
t= u150000 =5 BE00 «s» ¥
228
e i coherent reason ¢ Do not affow econommic reasons

e.g..to improve efficiency, 15 non-polluting, 1s renewable, does not produce 1

greenhouse gases, reduce use of fossil fuels.
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25 = (PHYSI/20_HL_Winter_2022_Q5) - Electricity & Magnetism

9

a infinite resistance
OR 1
ne current is flowing through it v

L L BE AP 1
500

b [i | 294{500.r)=139{100.7) v Do not afiow working backwards from
470

attempt to solve for r. e.g. 29.4 - 50.0-139-10.0 r(139-294)

OR
0.73 «ln «

b |l | 139.107(10.0-0.73) Watch for ECF from 5(B){i)

OR
29.4.10°{50.0 1 0.73) ¥ 2

149 s v

[+ t charge/carriers are moving in a magnetic field + Accept electrons

For MP2, the force must be identified as

there is a magnetic force on them / quots F = gvl acting on charge / carriers 2

OR
this creates a magnetic field that interacts with the external magnetic figld «

¢ i | into the plane «of the papers v 1
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A
b N )
!

1 - (PHYSI/22_HL_Summer_2017_Q8) - Circular Motion & Gravitation

a potential is defined to be zero at infinity v
s0 a positive amount of work needs to be supplied for a mass to reach
infinity v
b i GM
Vo= - so r x Vg «=—GM» =constant because G and M are constants v’
b il | GM=1.33x10% «Jmkg'» v
: 1.3310% x6.010%
GPE at Earth orbit «= — - - T - »=«-»53x10" «J» v
1.5<10
b iii | ALTERNATIVE 1
. o GMm N
work leading to statement that kinetic energy= 5 AND Kinetic energy evaluated
r
tobe «+»2.7x10° «J» ¥
energy «= PE + KE = answer to (b)(ii) + 2.7 x10¥ » = «—»2.7x10¥ «J» ¢
ALTERNATIVE 2
statement that kinetic energy is = —% gravitational potential energy in orbit v’
S0 energy «= answer to (b) (i) »=«»27x10% «d» v
2
b iv | «KE will initially decrease so» total energy decreases
OR
«KE will initially decrease so» total energy becomes more negative ¥
Earth moves closer to Sun v
new orbit with greater speed «but lower total energy» v
changes ellipticity of orbit v/
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centripetal force is required v’

and is provided by gravitational force between Earth and Sun v

A
b N )
o

2 = (PHYSI/20_HL_Winter_2017_Q2) - Circular Motion & Gravitation, Oscillations & Waves, Fields (ahl)

Gm 667.10" .60.10% Fulf substitution required
«v £y : - v
r

5600 - 10°

7800 «ms™'» ¥ Must see 2 : significant figures.

Y has smaller orbitforbital speed is greater so fime period is less ¢ Affow answer from appropriate equation
Allow converse argument for X

to stop Y from getting ahead ¥
to remain stationary with respect to X v

otherwise will add tensicn to cable/damage satellite/pull X out of its orbit v

cable is a conductor and contains electrons ¥
electronsfcharges experience a force when moving in a magnetic field v

use of a suitable hand rule to show that satellite Y becomes negative «so X
becomes positives ¥

Alternative 2
cable is a conductor v
so current will flow by induction flow when it moves through a B field v

use of a suitable hand rule to show current to right so «X becomes positives v

Marks shoufd be awarded from either
one alfernative or the other.

Da not alfow discussion of positive
charges moving towards X

electrons would build up at satellite Y/positive charge at X v
preventing further charge flow v
by electrostatic repulsion v

unless a complete circuit exists ¥

«s Biv »31.10°% . 7780 15000 v
3600 «¥» ¢

Allow 3700 «V» from v 8000 ms™'.

An’m 4 72 350 Affow MP1 and MP2 for a bald correct answer

use of k ¥

n
T? 5.2°
510 v Alfow 500

Nm'orkgs?v Allow N/m etc

£, in the cable/system transfers to Ecof Y v Exclusive use of gravitational potential energy negates MP1

and back again twice in each cycle v
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3 = (PHYSI/21_HL_Summer_2018_Q5) - Electricity & Magnetism, Circular Motion & Gravitation

A
b N )
!

a out of the page plane / © Do not accept just "up” or "outwards’. 1
b 160 10™ 68 10° 85 82 10" aN» v 1
< i the magnetic force does not de work on the electron hence does not change the

electron’s kinetic energy

OR 1

the magnetic forcefacceleration is at right angles to velocity v

< ii the velocity of the electron is at right angles te the magnetic field v
[therefore) there is @ centripetal acceleration f force acling on the charge OWTTE 2
4 = (PHYSI/22_HL_Summer_2018 Q1) - Mechanics, Circular Motion & Gravitation
a |i towards the centre «of the circle» / horizontally to the right v | Do not accept towards the centre of the bow! 1
a i downward vertical arrow of any length v/ Judge the length of the vertical arrow by eye. The
arrow of correct length v construction lines are not required. A label is not required
eg:
2
a iii | ALTERNATIVE1
F=Ncosf v
mg=Nsinf v
dividing/substituting to get result v/
ALTERNATIVE 2 g P
right angle triangle drawn with F, N and W/mg labelled v’ N~ mg 3
angle correctly labelled and arrows on forces in correct 0
directions v/ F
correct use of trigonometry leading to the required ” -0 mg
relationship v/ ane’]’?
__mg
tano
o mg v? y Award [4] for a bald correct answer
tanf/ r Award [3] for an answer of 13.9/14 ems s, MP2 omitted
r Roost v
. 4
gRcos™ ), [gRoosf |, [9.81 B.0cos22
- / ! '
V osint Y @ne tan2z
v 134/13ams '» ¥
4 there is ne force to balance the weight/M is
honzontal ¥ 2
so no /it iIs not possible v Must see correct justification fo award MP2
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GRAVITATION
d i the «restoring» force/acceleration is proportional to | Direction is not required 1 ! T 7
displacement v/ o
d i Allow use of g=9.8 or 10
m:«Jg»: ’%«:1.107 sy v g ;
’ Award [0] for a substitution into T =2x \/:
g 2
2 2 =»57«s» ¥
o 1.107
d iii. | sine graph v/ Accept + sine for shape of the graph. Accept 5.7 s or 6.0 s for the
correct amplitude «0.13ms™'» v’ correct period.
correct period and only 1 period shown v' Amplitude should be correct to i% square for MP2
eg:v/ims™' 0.2-
0.1+
i 3
00 T T T 1
2 4 6 8 tls
—0.14
-0.24
¢ speed before collision V=«J2gR =2 125«ms '» ¢ Aifow 12.5 from incorrect use of
kinematics equations
Award [3] for a baid correct answer
Award [O] for mg(8) 2mgh leading
to h 4m i donein one sfep
. N . Afiow ECF from MP1 3
«from conservation of momentum» comimen speed after collision is 3 initial
speed «v, 125 625ms'» ¥
2 2 Aftow ECF from MP2
h «L 625 »20emn v
2g 2 981
5 = (PHYSI/22_HL_Summer_2018_Q6) = Circular Motion & Gravitation, Fields (ahl)
a i the «gravitational» force per unit mass exerted on a point/small/test 1
mass v’
a " at height A potential is V = - Gm Do not allow an answer that starts with g = - ﬂ
(R+h) Ar
and then cancels the deltas and substitutes R+ h
2
fieldis g = ﬂz
(R+h)
«dividing gives answer»
ign v/
a ii correct shape and sign eg V
non-zero negative vertical intercept v/
2
0 0 /// h
b V=«-22x(3.1x10%+2.4x10") =» «» 8.0x107 Jkg™' v’ Unit is essential
Allow eg MJ kg'"if power of 10 is correct 1
Allow other correct SI units eg m?s%, Nmkg'
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GRAVITATION

A
b N )
!

¢ total energy at P O/ KE gained = GPE lost v Award [3] for a bald correct answer
1 lgnore negative sign errors In the workings
“Em‘f’ my 0 »v 2V ¥ Aftow ECF frem 6(b) 3
v ay2.60-10° w11 10° ems '» ¥
d ALTERNATIVE 1
force on asteroid is «6.2 10" 2.2 »1.4 10 «N» ¢
«by Newdon's third Raves this is alsa the foree on the planet v MP2 must be explicit
ALTERNATIVE 2 2
_ . GM
mass of planet = 2.4 x 10%«kg» «from ¥ »v
(R k)
force on pfanet « GMmz » 1.4 10" «N» v
(R
6 = (PHYSI/20_HL_Winter_2018 Q8) - Circular Motion & Gravitation
a |i force per unit mass o 2
acting on a smallitest/point mass aplaced at the point in the field» «
a il Mars is sphericalia sphere sand of uniform density so behaves as a point mass»
satellte has a much smaller mass/diameter/size than Mars «so appreximates to a peint 2
mass»
b |i 2
T GMI neen v }ﬂ Alssy 277
r r~ R T
OR
v ’r GM:_m hence @° % ¥
r R
b Unit not required 3
uses either of the above to get T2 = iﬁ“
GM
OR
457
uses k '
GM
k 92 10793 10" v
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GRAVITATION

b ii 2 ‘__ =
R TP (B0 04107 amn v ve
== =L x «m»
k 925:10" L\
7
v=cor=22200 00 44 10° ams'n 2
89000
OR
101, 103
v M _ wﬂﬂA/ﬂf «ms '
R 2.04 <10
" Juseofral @310 1w v
r? 1.5 2
604 «Wm?2» v
¢ i use of g for mean intensity
600 2
temperature/K= « 3 s =»230 ¥
4567 <10
¢ |iii | reference to greenhouse gas/effect v The greenhouse effect can be described, it
doesn't have to be named
recognize the link between molecular density/concentration and
pressure v'
low pressure means too few molecules (to produce a significant heating 3
effect) v
OR
low pressure means too little radiation re-radiated back to Mars «
7 = (PHYSI/21_HL_Summer_2019_Q5) - Circular Motion & Gravitation
a i gravitational attraction/forceffield «of the planet/Mars» v Do not accept “gravity”. 1
a i the force/field and the velocity/displacement are at 90° to each other OR
there is no change in GPE of the moon/Phobos 1
b i ALTERNATE 1
«using fundamental equations»
use of Universal gravitational force/acceleration/orbital velocity equations v
equating to centripetal force or acceleration. v/
rearranges to get k = % v
4n
3
ALTERNATE 2
R!
«starting with 7 kM »
substitution of proper equation for T from orbital motion equations v/
substitution of proper equation for M OR R from orbital motion equations v
rearranges to get k = iz v
4n
b 2] ‘R, A 32
s = k| m, .. or other consistent re-arrangement
\Rs;mn LAY Tu.—m. 2 2
B4 10° ukgn
¢ read off separation at maximum potential 0.9 v Aftow ECF from MPT
equating of gravitational field strength of earth and moon at that location
MF? - MM; v 3
09" 0.1
7.4 x 102 «kgn
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8 = (PHYSI/22_HL_Summer_2019_Q5) - Electricity & Magnetism, Circular Motion & Gravitation

a i F towards centre v/

a ii v tangent to circle and in the direction shown in the diagram v

proton

bl | B ™, gomv , 16732107 x2.16x10°
W2 R "B ' T 16010 70042

R =0.538«m» v
R=0.54«m» v

b i ;. 27R , 2mx054
“Tv ' 2.16x10°

T=16x10 «s» v

T
L

9 - (PHYSI/20_HL_Winter_2019_Q4) - Electricity & Magnetism, Circular Motion & Gravitation

a g;gneiic force is to the left wat the instant showr»

explains a rule to determine the direction of the magnetic force «
force is perpendicular to velocity/«direction of» motion

f?rqoe is constant in magnitude ¥

force is centripetalitowards the centre

Accept reference to acceleration instead of force.

2 max

b i my’

8
g RJ

2 5
w OR 0080 ema»
18x10 '"=035

Award MP2 for fulf replacement or correct answer to
al least 2 significant figures

—«LQ(T—BT.QI10 Twsn o
2010

Award [2] for baid carrect answer

c ALTERNATIVE 1
work done by force is change in kinetic engrgy v

work done is zerofforce perpendicular to velocity ¥

ALTERNATIVE 2
proton moves at constant speed

kinetic energy depends on speed v

Award [2] for a reference lo work done is zeroe hence
£y remains constant

Accept mention of speed or vefacity indistinctfy m

MpP2

10 - (PHYSI/20_HL_Winter_2020_Q2) - Circular Motion & Gravitation

a arrow downwards labelled weight'W/mg and arrow upwards labelled friction/F v Ignore point of application of
: : the forces but do not aflow
v
arrow horizentally to the left labelled «normal» reaction/N arrows that do not touch the
F object
N 2
Do not allow herizontal force
to be labelled ‘centnpetal’ or
R
W
b See F = uN ANDN = mRwo’ ¥
2
«substituting for N» (M@°R =mg «

2017 -2022

485 Powered By :




IB DIPLOMA

PHYSICS -HL -P2
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ALTERNATIVE 1

041'8;‘_» Z6urads = ¥
2t

5b » 28«rads » ¥

minimum required angular velocity «

actual angular velociy «

28

actual angular velocity s greater Whan the rmnimum, so the person does not slide v

ALTERNATIVE 2
minimum friclion force = mg <« sims «

actual friction force «  LUmR’ 040m-3,5'2.1§' » 12.0m ¥

actual frigtion force is greater than the minimum frictional forge $0 the person does
not slide

Aftow 2.7 fromg = 10 ms 2.

A
b N )
!

11

= (PHYSI/21_HL_Summer_2021_Q2) - Circular Motion & Gravitation, Fields (ahl)

«cwcylar mohoene involves a changing velocity «

«Tangential velocity» is «alwaysws perpendicular to centripetal
forcefacceleration

there must be a force/acceleration towards centre/star v
without a centripetal force the planet will move in a straight ling ¥

2 max

(B.B7 10 ")(8 < 10°)(3.2 . 10%)

F —
{4.4-107)

8.8« 10 aN» ¥

88T 10810

v 91«10

(B.67 <10 T)3.2 <107
44.10"

V. «-»49a09610° wdkg's

Poare Yt

-w-»5.9 107wl kg'n ¥

V., «n a #49-107%) kg'n v

Must see substitutions and nof just
equalions.

useof v, = \‘@ v

v=881x10"aums 'n v
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CH6 - CIRCULAR MOTION &
GRAVITATION

12 - (PHYSI/20_HL_Winter_2022_Q4) - Circular Motion & Gravitation

A _
b N )
g

a horizontal component of any length to the left v* Ignore point of application.
N ‘/ -
\éemcal component two squares long upwards Award [1] max if arrowhead not
9 present.
rod \ 2
w
A
b ALTERNATIVE 1 Accept reference to centripetal or net
force indistinctly.
the net/centripetal force has constant magnitude v Allow reference to centripetal
the direction of the net/centripetal force constantly changes v acceleration.
this is achieved by «vector-» adding weight and the force from the rod
OR
the force from the rod is «vector» difference of the centripetal force and weight v/ 3
ALTERNATIVE 2
at the top Frea = Fo- W
at the bottom, Froq = Fe + W v
net FiF. is constant so the force from the rod is different «hence is changing» v’
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1 - (PHYSI/21_HL_Summer_2017_Q5) - Atomic,nuclear & Particle Physics, Quantum & Nuclear Physics (ahl)

Meson: quark-antiquark pair v*

Baryon: 3 quarks v’

Alternative 1

strange quark changes «flavour» to an up quark v’

changes in quarks/strangeness happen only by the weak interaction v/
Alternative 2

Strangeness is not conserved in this decay «because the strange quark changes to an up
quark» v’

Strangeness is not conserved during the weak interaction v/

arrows drawn in the direction shown v

cl

d

W v

it lowers the cost to individual nations, as the costs are shared v’

international co-operation leads to international understanding OR historical example of
co-operation OR co-operation always allows science to proceed v

large quantities of data are produced that are more than one institution/research group can
handle v

co-operation allows effective analysis\collaboration of able scientists v

2 = (PHYSI/20_HL_Winter_2017_Q3) - Atomic,nuclear & Particle Physics, Quantum & Nuclear Physics (ahl), Measurements & Uncertainties

gelectrony neutrino v Do not alfow antireulrino

it has a lepton number of 1 «as lepton number is conserveds» ¢

it has a charge of zero/is neutral «as charge 1s conserved» Do not credit answers referring to energy
oRrR

it has a baryon number of 0 «as baryon number is conserveds ¥

hadrons experience strong force Accept leptons experience the weak force
OR Allow “interaction" for “force”

leptons do not experience the strong force v

hadrons made of quarks/not fundamental
oRrR

leptons are not made of quarksf/are fundamental v’

hadrons decay «eventually» into protons
oR

leptons do not decay into protons v

PHYSICS

A
b N )
o
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PHYSICS
b i «high energy particles incident onx» thin sample v Allow “fail” instead of thin ' T 7
detect angle/position of deflected particles ¥ ZSi
reference to interference/tdiffraction/minimummaximumfnumbers
of particles v
b i . 1 OR ;s 1 v Accept inversely propoitional
JE E Only alfow marks awarded from one alternative
so high energy gives small i +
to match the small nuclear size v
Afternative 2
E  Aflenergy s proportional to frequency v
frequency is inversely propertional to wavelengthfc 2 v
to match the small nuclear size v
Alternative 3
higher energy means closer approach to nucleus v
to overcome the repulsive force from the nucleus v
so greater precision in measurement of the size of the nucleus +
[ two analogous situations stated v/ eq: moving away from Earth is like climbing a hit
one element of the analogy equated to an element of physics v where the confours correspond to the equipotentials
Atoms in an ideal gas behave like poal balls
The forces between them anily act during coliisions
d i R—27x10"5.2% v Allow use of the Fermi radius from the data booklet
3.4-35x10"° «m» v
d i correctly plotted v/ Allow ECF from (d)(i)
d iii single smooth curve passing through both points with
decreasing gradient v/
through origin v/ 4
X
3 nr'ngnp”ium.’4
nuclear radius / 10~ m carbon-12
2
1
0 T T
0 12 24
nucleon number
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PHYSICS

3 = (PHYSI/21_HL_Summer_2018_Q6) - Atomic,nuclear & Particle Physics

A
b N )
!

“Be —» 3B+ Se+oVa
antineutrino AND charge AND mass number of electron ‘e, V v

conservation of mass number AND charge 'iB, ";Be v

Do not accept V.
Accept V without subscript .

correct shape /e increasing from O to about 0.80N, v/

crosses given line at 0.50N, v

number of nuclei

N, .. number of remaining
_beryllium-10 nuclei

0.75N,
0.50N,

025N, |

time

ALTERNATIVE 7

1

frachion of Be 8 12.5%, or 0125 7

therefore 3 hall lives have elapsed v
43 -10°

t, —3 143 10°&=1.4-10"pay» +
P

ALTERNATIVE 2

i

fraction of Be 8 12.5%. or 0.125 v

; e [43 10°)leadingto 2 4836 107ay 's v

2

~

1,43 10%ay»

Must see at feast one extra sig figin
final answer.

In2

14 100”495 10 Tay '»

. , ; . 80 10° 363 24 BO
rearranging of A iNe 'togive sf In 485 107 76 10V
0.400

495 107 81 10%ay»

60

Aflow ECF from MPT
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PHYSICS

emission of (infrared) electromagneticiinfrared energy/waves/radiation. v

the (peak) wavelength of emitted em waves depends on temperature of
amitter/reference to Wein's Law

so frequencyicolor depends on temperature

3
i 290 10 v
253

1.1 10 *amn

Allow ECF from MPT {incorrect
temperalure).

fromihe laboratory to the sample ¥

conduction — contact between ice and lab surface.
CR

convection — moverment of air currents

Must elearly see direction of energy
transfer for MP1.

Must see more than just words
“econduction” or “convecfion” for
MP2

correct units for Intensity (allow W, Nms’ OR Js'' in numerafor}

rearrangement into proper S| units = kgs?

Allow ECF for MP2 if final answer is
int fundarmental units.

A
b N )
!

4 - (PHYSI/22_HL_Summer_2018_Q9) - Quantum & Nuclear Physics (ahl), Atomic,nuclear & Particle Physics

«most of» the mass of the atom is confined within a very small
volume/nusleus ¥

«all» the posttive charge is confined within a very simall velumetnucleus ¥

electrens orbit the nueleus «in circular orbitsy «

2 max

the electrons accelerate and so radiate energy v

they would therefore spiral into the nucleus/atomns would be unstable ¥
electrons have discrete/only certain energy levels

the only orkits where electrons do not radiate are those that satisfy the Bohr

condition «mvr nin v
2n

3 max

my? kel Answer given — laok for correct working

rd
KE 'PE hence 'my? %€y
2 2 2r

wsolving for vto get answer»

- ke® . -
combining v wath m_vr 4 using cerrect substitution v
tar 2n

ket o A

weg m, r . »
9 e m,r 4

correct algebraic manipulation to gain the answer v

Answer given — look for carrect working

Do not aifow 8 bald statement of the answer
for MP2. Some further warking eg
canceflafion of m or r must be shown

(6,63 10 ¥y N
4n? 899-10° .11 10% (18 10"y

r 53 10" ams v

the energy released is 3.54-0.48 = 3.06 «MeV» ¢
this is shared by the electron and the antineutrino v

50 the electron’s energy varies from 0 to 308 aMeVs ¥

the palladium nucleus emits the photon when it decays inte the ground state
&from the excited staten v
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PHYSICS
d iii | Photon energy Award [2] for a bald correct answer ' L 7
E=0.48x10°x1.6x10 " =«7.68x10 “J» v —
2
he 6.63x10* x3x10°% Allow ECF from incorrect energy
= "~ —»26x10 «m» v
' 3 7.68x10"
e i line with arrow as shown labelled anti-neutrino/v v/ Correct direction of the “arrow” is essential
The line drawn must be “upwards” from the vertex in the time
direction i.e. above the horizontal
eg.
4
1
e ii V=W"v 1
5 = (PHYSI/20_HL_Winter_2018_Q5) - Atomic,nuclear & Particle Physics, Quantum & Nuclear Physics (ahl)
a i . T
identifies 7. = 435 nm
W a
£ «{zc ”6,63 10 3? 10 3
2 435 10
46 10" wdn v
a 1] -0.605 OR -0.870 OR -1.36 o —5.44 AND arrow pointing downwards + Arrov MUST mateh calculation in
faK 1
Allow ECF from (a)fi)
a iii | Difference in energy levels is equal to the energy of the photan v
2
Downward arrow as energy is lost by hydrogen/energy is given out in the photanithe
electron falls from a higher energy level to a lower ene v
b i P 656.20 1813 «li 7 Aflow use of either wavelength or the mean vaiue
27, 0181 2 «hnes» Must see af feast 2 SF for a bald correct answer
H
35 10° 5
ingis ————u«=19 10°m» v
30 spacing i1s 1813 « »
b1 12 41 107=18 10°sin{, seen
OR
86 107=19 10 sin¢} seen ¥
f), =24-26« » 3
OR
fl,=18-20a"» ¥
v 5 Ba's o For MFPS answer must follow from answers in MPZ
For MP3 do not aflow ECF frem incorrect angles
b iii | centre of pattern is white ¥
coleured fringes are formed «
bluelviclet edge of erder is closer to centre of pattern
OoR
3 max
red edge of order is furthest fram centre of pattern &
the greater the order the wider the pattern
there are gaps between «first and secand order» spectra
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6 - (PHYSI/20_HL_Winter_2018_Q6) - Atomic,nuclear & Particle Physics

A
b N )
!

a i it is constant 1

a i R 120 10" 31 38 0 “«m» Must see working and answer to at least 25F 1
i separation for interaction 5.3 or 5.5 «fm» 1
i 15e” Altow ecf from () (1)

energy required
grieq 4ne, 5.3 10" 2

65/6.6 10" OR 63 10" wv

c «electrons antineutring also emitted v

energy split between glectron and zantisneutrine &

d i prabability of decay of a nucleus
OoR
the fraction of the number of nuclei that decay

in one/the next second
OoR

per umt time

d i 1 week=6.05 10°«sp ¢ Award [2 max] if answer 1s not in seconds

17 24e AETW If answer not in seconds and ro unit quoted award (1 max] for 3
correct subshitution inta equation (MP2)
57107 esw o

~
1

(PHYSI/21_HL_Summer_2019_Q2) - Atomic,nuclear & Particle Physics

a i read off between 17 and 19 «deg» v Award ecf for wrong angle in MP1.

correct use of @ =
st

- 13
=78 x 10 P ema S Answer for MP3 must show at jeast 2 3

78 sf.
so radius = T «fm» — 3.9 «fm»

a i Al

R, - /. (-t or substitution +
2y 2

7.4 «fma

a iii electron wavelength shorter than alpha particles {thus increased resolution}
OR i

electron is not subject to strong nuelear force v

a |iv | nuclear forces act v
nuclear reccil ocours

significant penetration into nucleus / probing internal structure of individual 2 max
nuclecns v

incident particles are relativistic v
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PHYSICS
: A _
b i 1P (2si)v T
2 K |
+e+v, v "?\
b ii t
-
3
udy
p
correct change of eitherutod v/
W* shown v/
correct arrow directions for positron and electron neutrino v/
b iii | quarks cannot be directly observed as free particles/must remain bound to
other quarks/quarks cannot be isolated v/
because energy given to nucleon creates other particles rather than freeing 2
quarks/OWTTE v
[ models need testing/new information may change models/new technology
may bring new information/Models can be revised/OWTTE 1
8 - (PHYSI/22_HL_Summer_2019_Q6) - Atomic,nuclear & Particle Physics
a proton/ Hipv q
b «3x278-2x2x112»
See 3-27B/B34 OR 2+«2x112/448 2
386 «MeVa v
b i |the deuterium nuclei are positively chargedi/repel +
high KE/energy is required to overcome «Coulomb/electrostatics repulsion
fpotential barrier
oR 2 max
high KE/energy is required ta bring the nuclei within range of the strong nuclear
force v
high temperatures are reguired to give high KEs/energies v
¢ i -1/ev 1
e 0 |-3v 1
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PHYSICS

9 - (PHYSI/20_HL_Winter_2019_Q7) - Atomic,nuclear & Particle Physics

A
b N )
!

a random:
it cannat be predicted which nucleus will decay
OoR

it cannot be predicted when a nucleus will decay '

Spantaneous
the decay cannot be influencedfmodified in any way

OWTTE

OWTTE

b i 234=76 OR 4x707
BE, «234x758:4x7.07 427 »1802cMeV»

BE, 1802

#7.57 «MeVr
A 238

Alfow ECF from MP2

Award [3] for bafd correct answer

Alfow conversion lo J. final answeris 1.2 210 "7

b |0l |states or applies conservalion of momentum

ratio is «i-—'-—uﬁﬁﬁ \f
E 4

Award [2] for bald correct answer

10 - (PHYSI/20_HL_Winter_2020_Q6) - Atomic,nuclear & Particle Physics, Energy Production

a |i |energy required to «completely» separate the nuclsons
OR

energy released when a nucleus is formed from its constituent nucleons v’

Allow protons AND
neutrons

a |li |the values «in Sl units» would be very small ¥

a [l | 140.829-94.859-235 . 7.590R 184 «Mevn v

74.10%«dkgin ¥

b i S28 wenergy n180 - 10" - 180 10 " AND «mass =» 236 - 166 - 10 ¥

b |ii 1.2. 10" . 24 . 3600
0.36
29 10"

mass- S - 3.8 «kgn ¥
7.4 .10

enerqy produced inoneday_ —— —— =" """ 249 10" «J» v

produced from the same mass of fuel / per kg
Or

¢ |i |38v¥

b |iii | «specific energy of uranium is much greater than that of coal, hencen maore energy can be

less fuel can be used te create the same amount of energy v

Do not aliow ’:X urnfess the
proton number is indicated.

¢ |ii |T5asn v

¢ |iil | ALTERNATIVE 1
10 min-8¢. v

Ny .
mass remaining- 1.0 §| =39:10° akg» v
[y

ALTERNATIVE 2

decay conslant—«%ﬁng,ﬂ- 10 T ws Tn ¥

mass remaining=1.0 - @ *** THS_39.10° wkgn
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PHYSICS

11 - (PHYSI/20_HL_Winter_2020_Q10) - Atomic,nuclear & Particle Physics, Quantum & Nuclear Physics (ahl)

A
b N )
o

a 663-10 ™ -3-10" . Answer (o at feast 2 5.1,
o ——— =~ _0OR 236-10" am»Y Y 1
160.10 % . 4.2 . 10° ie. 30}
b |i |«the shape of the graph suggests thatw electrons underge diffraction awith carbon nuclei»
v 2
only waves diffract v
b | s
sinth - 22810~ _o599m v
484-10 7 2
37 vdegreesn OR 0.64/0.65 wad» v
b |iii |the de Broglie wavelength of electrons is emuchw» longer than the size of a nucleus v
hence electrons would not undergo diffraction 2
OR

no diffraction pattern would be observed v

[ soand Both needed for MP1
volume of 2 nucleus proportionalte  4*  _ 4 AMD mass proportional lo A «

mass .

the ratio | independent of o whence density the same for all nuclein v
volume

12 - (PHYSI/21_HL_Summer_2021_Q7) - Atomic,nuclear & Particle Physics

a -‘ngA“ :i»m e ¥ Affow He for alpha

b udd L uud
OoR 1
down quark changes to up quark «

c measure sradioractivity/«radioactive» decay/A for either

gfe measuraments with a Geiger counter. v

for Uranium measure number/N of radicactive atoms/OWTTE v
for Thalium measure «rate of» change in aclivity over time. v

correct connection for either Uranium or Thalium to determine half life v/

d i links lemperature to kinetic energy/speed of particles ¥

energy required lo avercome «Coulombs electrostatic repulsion v

d i aenergy is released when» binding energy per nucleon increases 1

d |iii |any use of {value from graph) x (number of nucleons) v
«235.76-(6%.86+144.82) » 160sMevn v 2

13 - (PHYSI/21_HL_Summer_2021_Q9) - Atomic,nuclear & Particle Physics

a they express fundamental principles of nature v
allow to model situations v

allow to calculate unknown variables ¥

allow to predict possible outcomes v

allow to predict missing quantities/particles v’
allow comparisen of different system states +

1 max

b three correct conservation laws listed v
at least one conservation law correctly demonstrated v

all three conservation laws correctly demonsirated
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IB DIPLOMA PHYSICS -HL -P2 CH7 - ATOMIC,NUCLEAR & PARTICLE

PHYSICS

14 - (PHYSI/22_HL_Summer_2021_Q4) - Atomic,nuclear & Particle Physics

A _
b N )
g

a i Pb ¥
. . 2
e AND S ¥
a 1] caleulates 5= Inz _ 4= 482 x10%year's v Accept conversion to seconds al any
15107 stage
. L . Award {3] marks for a bald correct
calculates nuclei remaining = 0.50 x 108 x 8.0 x 10% «= 3.0 10" v answer
activity = « 2 N = 1.4 x 10" nuclei per year» = 440 «nuclei per seconds Aliow ECF from MPT and MP2 3
Allow use of decay equation
b Reference to proton repulsion OR nuclecn attraction -/
strong force is short range GR electrostatic/electromagnetic force is long range ¥ 2 max
more neutrons «than protonss needed «to hold nucleus togethers v
c Award [2] max for a correct diagram without
arrows drawn.
For MP1 accept a (-2, -2 ) line with direction
indicated, drawn at any position in the graph.
For MP2 accept a (1, -1) line with direction
indicated, drawn at any position in the graph.
Award [1] max for a correct diagram with all
! arrows in the opposite direction. 3
any a change correct v/
any [} change correct v/
diagram fully correct v/
15 - (PHYSI/20_HL_Winter_2021_Q4) - Atomic,nuclear & Particle Physics
a i the energy needed to «completely» separate the nuclkeons of a nucleus Accept reference to profons and 1
nesirons.
OR
the energy released when a nucleus is assembled from its conslituent nucleons
a i Curve rising to a maxmum belween 50 and 100 v ignore starting poin. 2
fgrnore maximum ai alpha pariicle
curve conlinued and decreasing ¥
a i | At apoint on ihe peak of ther graph v 1
a v | Dbetaminus adecayn v 1
b i cofrect mass numbers for uranivm {234 and alpha (4)v fgiore any negative sign 3
234.7600-4.7074 23B T 563 aMeVn~
energy released 5 51 uMevn
b i o Award [2] marks for a bald correct Z
«g =2 pR 'l v answer
KE,, # m 117
Accept —— for MP2.
234 z
27 5 58.5v¢
4
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IB DIPLOMA PHYSICS -HL -P2 CH7 - ATOMIC,NUCLEAR & PARTICLE
PHYSICS
TE . Alfov: a finat f 20 KW Jf 6 MeV 3 "‘ —
! number of nuclei present % . 6.02 .10« B8.347 . 10%» ,,5::1 3 et arewer o ! © b N
nbal achvity s AN, 2.5 10" - 8.347 107« 2.08 - 10"™Bgr ~ Allow: ECF from MP1 and MP2. el
poweris 208.10" . 6551.10° . 16. 10 = 18akWan »
€W available power after time fis e v MP1 may be implicit 2
Atigw ECF from {e)fi)
1Be -7 AT kW Adiow 17.4 %W frot unrouncied power
from {chs)
Alfcrer 18 8 KWW from 6 Mew
d i stays the same v/ Affow refarence to vavelength for MP2 2
as energy depends on the frequency of light v ﬁgz’fctii Ezn;yu?!:nsgf:;efr:;;g;haf
d i decreases v 2
as number of photons inccdent decreasas
16 = (PHYSI/21_HL_Summer_2022_Q5) - Atomic,nuclear & Particle Physics
a 3 quarks / example with three quarks «eg up up downe v 2
integer [ zero / 1/ no fractional «electrons charge
GR
held tegether by the strong force / gluons
OR
half integer spin
OR
paryon number = 1
OR
colour neutral ¥
b A «Decay of the strange antiquark is a» weak «interaction» v 2
B «Decay of the u to a gluon and eventually to d and anfi-d is a» strong
«interaction» v'
¢ weak «interaction» « ]
strangeness is not conserved and this is possible only in weak interactions
CoR
the weak interaction allows change of quark flavour
only the weak interaction has a boson / an exchange particle / a W+ to conserve
the charge
OR
neutrinos are only produced via the weak interaction «
17 = (PHYSI/21_HL_Summer_2022_Q9) - Atomic,nuclear & Particle Physics
a iCa v Full equation K — Ca+ “e+ K, 2
e+, OR Sp+6,v
b i 2
total K-40 decayed = '20”—1":"‘ =109 «umol»
so total K-40 criginally was 109 + 340 = 449 «ymolsv
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CH7 - ATOMIC,NUCLEAR & PARTICLE

PHYSICS

ALTERNATIVE 1
In{2
P y used to give A= 53 x 10°'" per year ¥

2

240 (449)(e 33107y
OR
Iﬁlﬂ - 53x10 Yt ¥
| 449 )

$=52x 10° «years v

AL TERNATIVE 2

_ 340
449
. Itp) (076}
0693 0893

= .76 «remaining» ¥

=040

t=040x 1.3 x 10°= 52 x 10° wyears» v

AL TERNATIVE 3
p .:%= 0.76 ~remaining-
1 I
D76 =(=)2 107
(21

$=0.40 x 1.3 x10% = 5.2 x 10* vyears»

Aflow 5.3 x 10 years for final answer.

Atiow ECF for MP3 for an incorrect
number of half-fives.

«use the mass of the sample to» determine number of potassium-40 atoms f

nuclei in sample v

xUse a counter tox» determine (radio)activity / A of sample v

use A = AN «to determine the decay constant / a»v

A
b N )
!

18 - (PHYSI/22_HL_Summer_2022_Q5) - Atomic,nuclear & Particle Physics

background count rate is subtracted «from each readings» v

OWTTE

thickness is 0.25 «mm» v/

380 «count min™'» ¥

MPT and MP2 can be shown or the
graph

Affow a range of 0.23 to 0.27 mm for
MPT

Aftow ECF from MP1.

Accept a final answer in he range 350 —
420
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IB DIPLOMA PHYSICS -HL -P2

CH7 - ATOMIC,NUCLEAR & PARTICLE

PHYSICS
c lead better absorber than copper v ' v 7
not alpha v L
as it does not go through the foil / it is easily stopped ! it is stopped by paper v
there is gamma ¢
as it goes through lead v
ALTERNATIVE 1
can be beta v 4 max
as it is attenuated by athin» metal 7 can go through athine metal
ALTERNATIVE 2
not beta v
it is stopped by «thin» metal
d Tes »'Ba: B Accept @ or e in MP1
d Do not penalize if proton / nucieon 2
i numbers or electron subscript in
s v antineutring are Mmissing.
19 - (PHYSI/20_HL_Winter_2022_Q6) - Atomic,nuclear & Particle Physics
a according to AE = Amc’ ] identifies mass energy equivalence ¥ Accept protons and newtrons
energy is released when nucleons come together / a nucleus is formed «so
nucleus has less mass than individual nucleonss 2
OR
energy is required to «completely» separate the nuclecns { break apart a nucleus
450 individual nucleons have more mass than nucleuss «
b i : Alfow ECF from MP1
M Ty 1CT OR (20993676 - 20592945 - 400151
é;‘ #23 }I { ) Award {2} for a BCA
mass difference = 5.8x10°% # Award {1} for 8.6 x 107 2
conversion to MeV using 931.5 to give 54 «Mels «
b ii ALTERNATIVE 1
. . £ Ti2m
energy ratio expressed in terms of momentum, e.g. —— L_prem
E-‘.‘ZI-T pk\‘-: Ifgm!l‘a:
E m
- hence —= = o
2.7 P E.. m,
mn;— - @ _51.5— £, _51.5E,,. «so ahas a much greater KE»
OR
Mk #MIUCHS greater than M., «50 0 has a much greater KE» + 3
ALTERNATIVE 2
alpha particle and lead particle have equal and oppesite momenta «
s0 their velocities are inversely proportional to mass v
bt KE « v «50 a has a much greater KE» »
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IB DIPLOMA PHYSICS -HL -P2 CH7 - ATOMIC,NUCLEAR & PARTICLE
PHYSICS

A
b N )
!

b |iii |photon energy is determined by its wavelength v

photons are emitted when nucleus undergoes transitions between its «nuclears
energy lavels

OR

photon energy equals the difference between «nuclears energy levels v

3
photons have the same energy / a fixed value
CR
energy is quantized / discrate v
[+ undecayed mass - 50xe "% ¢ tamdtel, na 9 Alfow f2] max for answers that ignore
mass of decayed polonium «= 5.0 — undecayed mass» = 4.2 «gn ¥ rzast difference betweer b and £o
206 4.2 g}
mass of lead «= 0 42w =41 agn v Aftow calcutations in number of particles 3

or mofes for MPT and MP2
Affow ECF from MPT and MP2
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IB DIPLOMA PHYSICS -HL -P2 CH8 - ENERGY PRODUCTION

1 - (PHYSI/21_HL_Summer_2017_Q3) - Energy Production, Electricity & Magnetism

9

a solar heating panel converts solar/radiation/photon/light energy into thermal energy AND
photovoltaic cell converts solar/radiation/photon/light energy into electrical energy ¥

b power received = 240 x 25000 = «6.0 M\W» ¢

efficiency « %» =027/27% ¥

¢ |i |area = nx17%«=908m?» v

power :%x 908 1.3 % 7.5° «= 0.249MW» v’

number of turbines «= —-2_ _6.4y—7 v
0.249

ii | «efficiency is less than 100% as»
not all KE of air can be transferred to KE of blades
OR

air needs to retain KE to escape v

thermal energy is lost due to friction in turbine/dynamo/generator v/

2 = (PHYSI/22_HL_Summer_2017_Q2) - Oscillations & Waves, Energy Production

a force/acceleration proportional to displacement «from
equilibrium position» v

and directed towards equilibrium position/point
OR

and directed in opposite direction to the displacement from
equilibrium position/point v

frequency of buoy movement= % or 0.097 «Hz»
OR

time period of buoy —% or 103 «s» or 10«s» v

%% or 2nfx, »—Mor 2:1x0.097x4.3 ¥

03

V=«

26«amsi» v
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IB DIPLOMA PHYSICS -HL -P2 CH8 - ENERGY PRODUCTION

9

b ii peaks separated by gaps equal to width of each pulse «shape of peak
roughly as shown» v

one cycle taking 10 s shown on graph v

output power /\ /‘\ /\ /\
0% 10 20 30

c i PE of water is converted to KE of moving water/turbine to electrical
energy «in generator/turbine/dynamo» v/

time/s

idea of pumped storage, jie: pump water back during night/when
energy cheap to buy/when energy not in demand/when there is a
surplus of energy v
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IB DIPLOMA PHYSICS -HL -P2 CH8 - ENERGY PRODUCTION

A
b N )
o

¢ i specific energy available = « gh=» 9.81x 270 «=2650J kg '»

OR

mgh= iy
2

OR

vi=2ghv

v=73«ms'» v

¢ |l | total energy = «mgh=1.5x10":9.81:270 =» 4.0<10"% «J»
OR

total energy = «%mv2 = % <15 10" « (answer (c)(ii))* =» 4.0 <10 «J»

40 10"

m:))11.1h or 4-0><104 sv
K . X

time = «

c iv | friction/resistive losses in pipe/fluid resistance/turbulence/turbine or generator
«bearings»

OR
sound energy losses from turbine/water in pipe v’

thermal energy/heat losses in wires/components v°

water requires kinetic energy to leave system so not all can be transferred v/

3 - (PHYSI/20_HL_Winter_2017_Q7) - Energy Production

a i . 290 10° 290 103 Award [0] for any use of wavelength from Sun
— 101.10° Do not accept 287 C

287 «Knor 14« C» v

a i wavelength of radiation from the Sun is sherter than that emitted frem
Earth «and is not absorbed by the atmosphere» v’

infrared radiation emitted from Earth is absorbed by greenhouse gases in
the atmeosphere v

this radiation is re-emitted in all directions «including back to Earths +

b peer review v

international collaboration v’

full details of experiments published so that experiments can repeated v
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IB DIPLOMA PHYSICS -HL -P2 CH8 - ENERGY PRODUCTION

4 = (PHYSI/22_HL_Summer_2018_Q7) - Energy Production

A
b N )
o

a i Average height = 127 am» v
Umit is essential
Allew ¢ 10 gives 1.3 107 Jke® 2
Aliow ECF from 110m (1.1 10*Jkg ')
or 14dm (1.4 10" Jkg ')

Specific energy « mrih gh 981 127» 1.2 10°Jkg' v

a i 5
mass per second leaving dam is % 107 «20 10°kgs 's ¥
rate of decrease of GPEis 20 10° 981 127 v Do not award ECF for the use of 110m 3
or 144t
249 10%«iV» J 2.49¢GWn v Allow 2.4 GW if rounded vatue used
from (a)(1) or 26GWf ¢ 10 isused
& ] efficieney Is «% wOTZIT2% ¥ 1
b water is pumped back up at times when the demand for/price of electricity is low v 1

5 - (PHYSI/21_HL_Summer_2019_Q7) - Energy Production

a § 1350 3°% Must see 1360 (from data booklel) used
‘ v for MP1.
Lo 2
390 «K» ¥

Must see al feast 2 s.1.

a i energy/Power/Intensity lower at B v
cannection made between energy/powerdfintensity and temperature of
blackbody v

b (28%) of sun’s energy is scattered/reflecied by earth's atmaosphere OR anly 72% | Must be clear that the energy is being
of incident energy gets absorbed by blackbody + scattered hy the atmosphere. 1

6 - (PHYSI/22_HL_Summer_2019_Q7) - Energy Production

a 5.67x10% 280"
OR
=396«Wm?» v

«= 400Wm *»

b amost of the radiation emitted by the oceans is in thes infrared v

«this radiation is» absorbed by greenhouse gases/named greenhouse gas in the
atmosphere

] . 3 max
uthe gases» reradiate/re-emit v/

partly back towards oceans/in all directions/awareness that radiation in other
directions is also present v

c i water loses 396 - 330/66 «Wm 7 »
extra intensity that must be lost is «170 —66» =104 = 100Wm?»

OR 2
absorbed by water 330 + 170/ 500 «Wm ?» v

extra intensity that must be lost is «500 - 396» — 104 = 100Wm“»
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CH8 - ENERGY PRODUCTION

canduction o the air above
OR

«mainly» evaporation

OR

melting ice at the poles
OR

reflection of sunlight off the surface of the ocean v

Do not accept convection or radiation.

A
b N )
o

7 = (PHYSI/20_HL_Winter_2019_Q6) - Energy Production

Pf%xﬂﬂ_z- & OR pf%. Acidz &y

P @n incoming beama - 1.4 10° « Wa
oR
P «in oulgoing beamn —1.8>10* «W»

subtracts both P to ofitain 1.2:10° « Wy

Condone use of & wrong area or use of
circtifergnee in MP1.

Allow ECF from MP2.

Award FT] max for any altempl to use the
farmuia for wind power which cubes the
difference of velocilies

Award [3] for a bald correct answer

because some power is lost due to inefficiencies in the systemftransfers to
the surroundings ¢

Accept power or energy indistinetly

8 = (PHYSI/20_HL_Winter_2020_Q6) - Atomic,nuclear & Particle Physics, Energy Production

energy requited 1o «Completely» separate the nuclsons
OR
energy released when a nucleus is formed from its constituent nucleons v

Allow protons AND
neutrons

the values «in S| units» would be very small v

140 .8.29-94 . 8.59 - 235 . 7.59 OR 184 «MeV » ¥’

S8 qenergy »180 - 10" - 1.80 - 10 " AND «mass =» 2356 - 166 - 10 ' ¥

74.10%«dkgin ¥

1.2 10" . 24 . 3600

ener roduced in one day —
qyp ¥ 0.36

~208 10" «dn v

29 10"

mass -
7.4.10"

-~ 3.9«kgn ¥

uspecific energy of uranium is much greater than that of coal, hencer more energy can be

produced from the same mass of fuel / per kg
Or
less fuel can be used to create the same amount of energy v

38 v

Do not aliow ):X urfess the 1

proton numper is indicated.

75 «sn v

ALTERNATIVE 1
10min-8¢.- v

C4nE
mass remaining - 1.0 %| -30:10 " «kg» v
W2,

Al TERNATIVE 2

decay conslant—«%ﬁng_ﬁd- 10 T es s ¥

mass remaining=1.0 - IRCTED _3g.qp? akgy
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IB DIPLOMA PHYSICS -HL -P2 CH8 - ENERGY PRODUCTION

9 - (PHYSI/21_HL_Summer_2021_Q4) - Energy Production

A
b N )
!

is the power received by e planetat a distance d «from stans ¥

i is the projected area‘cross seclional area of the planet v
4

wsecteaaT oR-F A1 v
dad” 4 2

with correct manpulation to show the resull ¥

=10 .087
b Jreean e
2.567.10
T 26B75cky - 270 akn v

10 - (PHYSI/22_HL_Summer_2021_Q6) - Electricity & Magnetism, Energy Production

a there is a potential difference acress the internal resistance Atfow fuil crecit for answer based on
CR Vog-Ir
there is energy/power dissipated in the internal resistance v’ 2

when there is current «in the celln/as charge flows «through the cells v

b ALTERNATIVE 1 Afternative solutions are possible

pd dropped across cell = 6.5 av» ¥

. ’ _ 65 Award [3] marks for a bald correct
=29

internal resistance 7o answer

T2« ¥

ALTERNATIVE 2
f=KR-rysoc=Vilrv
21.0=145+09xrv
T2afy ¥

c power arnving at cell = 680 x 0.35 x 045 = «107 W» Award {3] marks for a bald correct
power in external circuit = 145 x 0.9 = «13.1 Wy v answer 3
efficiency =012 0R12% v Afiow ECF for MP3

d «energy from Sun/photovoltaic cellss is rengwable OWTTE
OR

non-renewable are running out ¥ Do not alfow economic aspects

fe.g. free energy)

| i N
nen-palluting/clean 2 max

no greenhouse gases
CR
does not contribute to global warming/climate change v

2017 -2022 507 Powered By :




IB DIPLOMA

PHYSICS -HL -P2

CHS8 - ENERGY PRODUCTION

11 - (PHYSI/20_HL_Winter_2021_Q6) - Energy Production

1
incident |n1en5i1y§ OR 15.7 s 16«\Ym » ¥

Alfgw the use of 1400 for the solar
constant.

a il exposed surface is W of the otal surface v
abeaibed intensity = (1-0 22} = incident intensity «

0.78x0.26 % 157 GR3.07 aWm?s v

Aligw: 3 08 from rounding and 3.12F
they use 16 Wm?

a i | oT 307

correc| rearangement 19 reach the expression given ¢

QR
T 86akn v
b zeM  [oo2s
Voo, o — 112
VR Yo 404
[
279 ukms m v
c i correct equaling of gravitatkonal force / acceleration to centripetal force 7 E
acceleration ¥ sea P Aliow use of #% = Z;R for MPT

< [ T=159x24 %3000 asa v

45711210}

10 v
55700 55 24 oy o010k

d i 2810 °
6.02-10°

CR

4.65 - 10 * akgs v

Award {2 marks for a bald correct
aNSWer.

Aliow ECF from MP1

d .
! ec1 my’ ik? Lo 4T
2 2 m

7 428 4~ - on
1213810 - 90

vV aEse » 263 = 300 ams wv

Award [2] marks for 2 bafd correct
answar.

Allow: 282 from a rounced mass.

e no, molecular speeds much less than escape speed «

Allgw: ECF from incorect {d){ii)

A
b N )
!
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IB DIPLOMA PHYSICS -HL -P2 CH9 - WAVE PHENOMENA (AHL)

A
b N )
!

1 - (PHYSI/21_HL_Summer_2017_Q2) - Oscillations & Waves, Wave Phenomena (ahl)

a when 2 waves meet the resultant displacement v*
is the «vector» sum of their individual displacements v

b AZ4.7><10*3X0.35><10*3 v
2.4

=6.9x107 «m» v

answer to 2 SF v

c green wavelength smaller than red v

fringe separation / distance between maxima decreases v*

d bright central maximum v’
subsidiary maxima «on either side» v

the width of the central fringe is twice / larger than the width of the subsidiary/secondary
fringes/maxima

OR

intensity of pattern is decreased v’
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PHYSICS -HL -P2 CH9 - WAVE PHENOMENA (AHL)

2 = (PHYSI/22_HL_Summer_2017_Q4) - Wave Phenomena (ahl)

a

«light» superposes/interferes v/

pattern consists of «intensity» maxima and minima
OR

consisting of constructive and destructive «interference» v’

voltage peaks correspond to interference maxima v

_AD 63x107<5.0

4 15,107 =»2.1x103«m» v
e I

«S

correct read-off from graph of 25 ms v

x 2.1x10°
V=«—=

p WZ»S.4X1072 «msi‘I» v
>

angular width of diffraction minimum= 05'103 «=0.026rad» v

-7
slit width = «é = w —»2.4:10° «m» v
d 0.026

«beyond the first diffraction minimum» average voltage is
smaller v

«voltage minimum» spacing is «approximately» same
OR

rate of variation of voltage is unchanged v’

«reflection at barrier» leads to two waves travelling in opposite directions ¥

mention of formation of standing wave v/

maximum corresponds to antinode/maximum displacement «of air molecules»

OR

complete cancellation at node position v/

A
b N )
!
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IB DIPLOMA PHYSICS -HL -P2 CH9 - WAVE PHENOMENA (AHL)

3 = (PHYSI/20_HL_Winter_2017_Q6) - Wave Phenomena (ahl)

9

a i the diagram shows the combined effect of «single slit» diffraction and
«double slit» interference v

recognition that there is a minimum of the single slit pattern
oRr

a missing maximum of the double slit pattern at A v

waves «from the single slit» are in antiphase/cancel/have a path difference
of {n - ) Z/destructive interference at A v/

a i 41.102 s 70 59.10° Award [0] for use of double slit formula
v OR b « P (which gives the correct answer so do not
7.0 t 41-10
award BCA)

Affow use of sin or tan for smalf angles
1.0.10% ams v

a i ; g Alfow ECF.
use of s /;‘D with 3 fringes « 59[; 11010 27'0 » v

3.0 10%«ms v

b i Award [1 max] for stating one or more
differences with no explanatior

Award [2 max] for stating one difference with its
explanation

Award [MP3] for a second difference with its
explanation

fringes are further apart because the separation of slits is «much» less | Affow “peaks” for “fringes”

intensity does not change «significantly» across the pattern or
diffraction envelope is broader because slits are «much» narrower

the fringes are narrower/sharper because the region/area of
constructive interference is smaller/there are more slits

intensity of peaks has increased because more light can pass through
b ii A4 589582 588995

OR

A4 0597 «nm» ¥

pa » 589
myi 20587

beam width «;gg »82 10* «m» or 0.82 «mm» ¢

N o« «493» v

4 - (PHYSI/21_HL_Summer_2018_Q3) - Oscillations & Waves, Wave Phenomena (ahl)

A i superposition of light from each slit / interference of light from both slits + fgnore any reference to crests and

froughs.
with pathiphase difference of any half-odd multiple of wavelgngthlany odd multiple vghs

of n {in words or symbols) « 3

praducing destructive interference v

a il light waves {from slits) must have constant phase difference / no phase difference | OWTTE
i be inphase ¥ 1

. . d
evidence of solving for O «D rs‘ ER'd
Ao

450 10 0300 10°

§33.0 10° 2»  4.27cmn Award [T max for 2.13 m.
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IB DIPLOMA PHYSICS -HL -P2 CH9 - WAVE PHENOMENA (AHL)

b i L, 48330 107 Aliow ECF from (a){ii). E Y
sin
0.300 10° Award [1] for 0.121 rad {can award MP3 S
o 0.0084401.. in addition for proper sig fig)
i ) Accept calculation in degrees leading to
final answer to three sig figs (eg 0.00844 01 8,44 10%) v o, 431pdeg“rees moea e
Award MP3 for any answer expressed
to 3sf 3
0 ; [/ i),
b i use of difraction farmula «b :» Alloww ECF from ()(})
OR
6330 10° 2
0.00844
« » 75«00 10 Tamms
c wavelength increases (so frequency decreases) ! light is redshifted v Allew ECF for MP2 {ie wavefength
decreases so moving towards). 2
galaxy is moving away from Earth
a |i
' 6330 476enm» 1
1.33
d it [distance between peaks decreases
2
intensity decreases v
5 - (PHYSI/22_HL_Summer_2018_Q5) - Oscillations & Waves, Wave Phenomena (ahl)
a horizontal straight line through / =2 v eg. 111,
6,
4,
. 2 1
0 X

Accept a curve that falls from | = 2 as distance increases from centre
but not if it falls to zero.

b «standard two slit pattern» Accept single slit modulated pattern provided central maximum is at 4.
. . _ov ie height of peaks decrease as they go away from central maximum.
general shape with a maximum atx=0 Peaks must be of the same width

maxima at 41, v’

eg. 111,
DA *
maxima separated by «—==» 2.0cm v
s 5
//\\ /\ 3
\ L
—4 -2 0 2
x/cm
c fringe width/separation decreases
OR 1

more maxima seen v/
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CH9 - WAVE PHENOMENA (AHL)

6 - (PHYSI/22_HL_Summer_2019_Q8) - Wave Phenomena (ahl)

A
b N )
!

a there is construclive interference at M
OR
the amplitude doubles at M 3
intensity is «proportional to» amplitude? v
BB« WM 2» v
b i 3 . 2
«s -Qun.‘. _sd / 012107 x7.0:10 v
d 7] 15 2
A - 580@nm» v
< i sthe interference pattern will be modulated by»
single slit diffraction v 1
senvelope and so it will be less»
< ii ALTERNATIVE 1
. . L 28x10 7
the angular position of this point is # - ——— - 0.01867 «radn
which coincides wath the first minimum of the diffraction envelope
: ?
oL SO0 N0 4 61867 aradn v
b 003010
«s0 inlensity will be zere» 2
ALTERNATIVE 2
3 9
the first minimum of the diffraction envelope is ato = m 0.01867 ¢radn v/
b 0.030x10
distance on screen is y - 1.50 ~ 0.01867 - 28«¢mmn» v
«so intensity will be zero»
7 = (PHYSI/20_HL_Winter_2019_Q10) - Oscillations & Waves, Wave Phenomena (ahl)
a there is a phase change ¥
2
of r OR as itis reflected off 2 medium of higher refractive index v
b i o2d Accept 2dn
1
o N Award [2] for bald correct answer
b ii sdn-t 2]
2
2
i. 656
-«H-m_uﬁgmmn v
b iii | reflection from «front surface ofw lens eliminatedireduced Accept reference to reduction of glare
OR for MP1
energy reaching sensor increased + 2
at one wavelength «
c |i standard single slit diffraction pattern with correct overall shape v Secondary maximum not to exceed 1/5" of
maximum intensity
secondary maxima of right size v’ )
Ignore width of maxima
il
1\
f1\ 2
]\
11
|l |l
[ 1\
f \
| \
R |
b = use of & = e v
2 2
6 -29x10"* «rad» Award [2] for bald correct answer
513 Powered By :
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CH9 - WAVE PHENOMENA (AHL)

8 = (PHYSI/20_HL_Winter_2020_Q4) - Oscillations & Waves, Wave Phenomena (ahl)

a 40
wavelength =—
aso

path difference = 1 8 «m»n ¥

O 40 em» +

1.8 «mr =4.5: OR I_: 4w whall-wavelengihss v
20

waves meat in antiphase «at Ps
OR
desiructive inferferencersuperposition «al Py v

A
b N )
!

Allpw approach where path
Jength vs calculated in terms
af number of wavelengths:
afong patf A (56.25) and
path B {80.75) for MP2,
hence path differance 4.5
wavelengths far MP3 4

b «wequally spaceds maxima and minima +

amaximum al J +

four «additional» maxma «between P and Gn <«

2 max

€ the amplitude of sound a8 O s halved ¥

!

«intensity is proportional to amplitude squared hences = v
1

p
4
spead of sound relative to the microphcne 13 less «
wavelength unchanged «so frequency is Iowers

OR
fewer waves recorded in unit time/per second aso fregquency is lowers &

30 v
q b A
845 3850

v 200 emsin v

9 - (PHYSI/20_HL_Winter_2020_Q7) - Wave Phenomena (ahl)

a the arestoring» force/acceleration is propertional te displacement v

Allow use of symbols
e Fo-X 0rd o -x

b PAT _

Evidence of equating mw?x = pAgx ato cbtain PAZ @' n v
m

OR a43«rads »*

”7\{1‘03-10‘ 22910 981
' 118

Answer fo at feast 3 s.1.

714 aln v

energy never negative v
correct shape with two maxima v

kinetic energy

B ]

T time

«£, is a maximum when X =0 hence» £, .,. -% 18- 4.4°{0.250° -0°) ¥

2017 -2022

514 Powered By :




IB DIPLOMA PHYSICS -HL -P2 CH9 - WAVE PHENOMENA (AHL)

10 - (PHYSI/21_HL_Summer_2021_Q6) - Wave Phenomena (ahl)

A
b N )
!

a «change is» T/ 180"+ 1
b «to eliminate reflection» destructive interference is required +

phase change is the same at both boundaries / no relative phase change due to

reflections v

therefare 2wn_ . = s % |4..

oR 3
A
W caahig
4
OR
we_
dntxmmg
(] i centrzl maximum of one diffraction pattern lies over the centralfirst minimum of 1

the other diffraction pattern

g-wz2t 12279107 s 14,10 “wracn v
b 4.10° 2

D 14«06 m» ¢

11 - (PHYSI/22_HL_Summer_2021_Q8) - Wave Phenomena (ahl)

a i 0 ORZr OR 3650
1
v
a i 42 1
a 1] - E” 44, Do not award ECF from(a){ii}.
WX 2d
1
i fi
b identifies gracient with g OR use of dsing - ni ¥ Allow ECF from MFP3
gradient = 0.08 QR correct replacement in equation with coordinates of a paint v
4
q=2310" _ rotx105me v
0.080
1.26 x 10° OR 1.27 X 10F«mm’'s v’
[~ i gradient smaller ¥ 1
c i no change v 1
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12 - (PHYSI/20_HL_Winter_2021_Q8) - Wave Phenomena (ahl) ' v ?
—
a the change in the cbserved frequency v Da not award MPT f they refer to 2

wavelength.
when there is refative mokon between the source and the observer v

b useof2a [ AV Award [2] for a bald correct answer. 2

maximum speed (s 21 .39 - 0080 196 ams » v

© frequency at plate 2400 340-196 « 2538Hz» ‘;.'\;\;awrzfz‘j marks for a bald correct z
at source 26538 —20 2694 . 27004Hzn ¢ ey Lk e g eliect s ooly
240 186
d i stays the same « 1
d Wi decreases 1
d iii | decreasesv 1

13 - (PHYSI/21_HL_Summer_2022_Q3) - Wave Phenomena (ahl)

a movement of B means that path distance is different « between BM and AM » 3
OR

movement of B creates a path difference «between BM and AM» v

interference
OR
superposition sof wavess v

maximum when waves arrive in phase / path difference = n x lambda

OR

minimum when waves arrive «180° or = » out of phase / path difference =
(n+%2) x lambda ~

b wavelength = 26 em v Alfows 25— 27 em for MP1. 2

peak to peak distance is the path difference which is ane wavelength
OR

this is \he distance B maves to be back in phase «with A»

c A 13 v Altow % of wavelength from (b} or data 2
wop = leem from graph for MP1.
Aow ECF from MP1.
f—«E - 340 -»n 2.8 «kHz» v
4 013
d ALTERNATIVE 1 2
v

useof f'=Ff

{+ sign must be seen) OR ' = 2987 «Hz» v
UCI
« Afw =13 «Hz» v

ALTERNATIVE 2

Attempted use of

~|&
o<

« Af » =13 «Hzn v
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14 - (PHYSI/21_HL_Summer_2022_Q6) - Wave Phenomena (ahl)

A _
T
Ky |

a For both models: 2
displacement is x to acceleration/force «because graph is straight and thraugh
origine
displacement and acceleraticn / force in gppesite directions sbecause gradient is
negative»
OrR
acceleration/«resteringn» force is always directed to equilibrium «
b 4
attempted use of o’ = | )E v
x
suitable reac-offs leading te gradient of ling = 28 « 5%» v
7= E«_- 2r nv
w28
T=12s+v
¢ time period increases v 2
because average o «for whole cycle» is smaller
OR
slope / acceleration / force at large x is smaller
OR
area under graph B is smaller so average speed is smaller. v
d same curve OR shape for small amplitudes «to about 0.05 m» ¢ Accept answers drawn on graph — e.g. 2
0.25
for large amplitudes «outside of 0.05 m» E, smaller for model B / values are lower 0.20
than original / spread will be wider v OWTTE 015
E |
' 0.10-4
0.05+
015 010 005 0 005 010 0.
xim
15 - (PHYSI/22_HL_Summer_2022_Q6) - Wave Phenomena (ahl)
a i 1.3 aHzn v 1
a i .
ke mor Ty
ko k.
2
02s0r 1 v
4
a | Ve =48 ams™» ¥ Allow a range of 4.7 to 4.9 for MP1
xomol YT 382080 ' 56t amm v Allow & range of 0.58 to 0.62 for MP2
-  2n 2n 2
Allow ECF from (a)i)
Allow ECF from MP1.
a iv | all energy shown positive + Do not accept siraight fines or
curve starting and finishing at £ = 0 with two peaks with at least one at 44 J discontinuous curves for MP2 2
OR
curve slarting and finishing at £ = 0 with one peak at 44 J «
b read off of 9.4 «ms'n ¥ Allow a range of 2.3 to 9.5 for MP1
+y Allow ECF from MP1.
useof 7' - fl— ) OR #'- (2% » _
voou, v MP4 can afso be found by applving the
Doppler effect twice 4
f= 36 «kHz» OR 34 «kHzn
«recognition that there are two shifts so» change in f = 2«kHz» ORf=
37 «kHz» OR 33 «kHzn v
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16 - (PHYSI/20_HL_Winter_2022_Q7) - Wave Phenomena (ahl)

A _
b N )
~

a i smooth curve decreasing from fp to 0 between 0 and x v/
secondary maximum correctly placed AND of intensity less than 0.3 fp v
fo
intensity 2
0.5/,
0
0 x 2x
Eg. distance
a ii observed pattern goes beyond the rectangular shape/geometrical shadow Accept any correct description of the
OR diffraction pattern for MP1.
observed pattern shows maxima/minima v 2
«this is explained by» interference/superposition of waves v
a il s 1.4x10° m scores [1] mark.
angle of the first minimum = o0 10___ (0 0059 rad» v’ ores {1] . _
0.10x10 Do not penalize the use of sin or tan in 2
width =2x0.0059x2.4=28x107 «m» v MP2
b intensity at O increases v Accept answers as sketches. For MP1
expect the scale on the y-axis. 2 max
fringes / a series of maxima and minima v Eg.
with intensity decreasing away from O
OR
intensity modulated by diffraction v Io !
0 x
c ALTERNATIVE 1 Allow ECF from MP2 3
number of illuminated slits = 2.0 =750 =1500 v
smallest resolvable difference «= 4 = ﬂn =0.39 «nm» v
mh  1x1500
0.39 < 0.60 hence the lines can be resolved v’
ALTERNATIVE 2
number of illuminated slits = 2.0 =750 =1500 v
 -g83v
AL
1500 greater than 983 hence lines can be resolvedv’
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1 - (PHYSI/21_HL_Summer_2017_Q6) - Fields (ahl), Thermal Physics

9

a the field lines/arrows are further apart at greater distances from the surface v’

b circle centred on Planet X v
three units from Planet X centre v/

-3V

<@

planet X
surface

c -11 21
loss in gravitational potential = 6.67x10 X36'1X10 v
1.2x10

«=1.72x10° Jkg'»
equate to %vz v

v=590 «ms'» v

d available energy to melt one kg 1.72 x10° «J» v/

5
fraction that melts is % =052 OR52% v

et

2 = (PHYSI/20_HL_Winter_2017_Q2) - Circular Motion & Gravitation, Oscillations & Waves, Fields (ahl)

a » JWE» JE'GT 10" .60.10% , Fulf substitution requiret
r 6600 . 10°

7800 «ms™'» ¥ Must see 2 - significant figures.

b i Y has smaller orbit/orbital speed is greater so time period is less ¢ Aflow answer from appropriate eqguation
Allow converse argument for X
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b i to stop Y from getting ahead ¥

9

to remain stationary with respect to X v
otherwise will add tensicn to cable/damage satellite/pull X out of its orbit v

c Marks shoufd be awarded from either
one alfernative or the other.

cable is a conductor and contains electrons ¥
electronsfcharges experience a force when moving in a magnetic field v

use of a suitable hand rule to show that satellite Y becomes negative «so X Da not alfow discussion of positive
becomes positives ¥ charges moving towards X

Alternative 2
cable is a conductor v
so current will flow by induction flow when it moves through a B field v

use of a suitable hand rule to show current to right so «X becomes positives v

d electrons would build up at satellite Y/positive charge at X v
preventing further charge flow v
by electrostatic repulsion v

unless a complete circuit exists ¥

e «s Biv »31.10°% 778015000 ¢+
3600&Vs v Aflow 3700 «V» from v 8000 ms™.
f i Arim 4 72 350 Affow MP1 and MP2 for a bald correct answer
use of ) n ) ¥
T 9.2
510v Alfaw 500
Nm'orkgs?v Allow N/m etc
f i £, in the cable/system transfers to Ecof Y v Exclusive use of gravitational potential energy negates MP1
and back again twice in each cycle v

3 - (PHYSI/20_HL_Winter 2017 _Q8) - Fields (ahl)

a force per unit charge ¥
acting on a smallftest pesitive charge v
b horizentally to the left v Arrow does rnof need fo touch X

[ proten moves to the rightithey move in opposite directions v* Alfow ECGF fram (b)

force on each is initially the same
proton accelerates less than electron initially «because mass is greaters v' | Accept converse argument for electron

field is stronger on right than left «as lines closer» v

proton acceleration increases «as it is moving into stronger field»
OR

electron acceleration decreases «as it is moving into weaker field» ¢
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4 - (PHYSI/21_HL_Summer_2018_Q7) - Electromagnetic Induction (ahl), Fields (ahl)

A
b N )
o

a 10712 2
d= 881070025 45 10t v 1
4310

b 6.9x 10" <<C>> v

negative charge/sign v

c charge increases v

because capacitance increases AND pd remains the same.v/

d ALTERNATIVE 1 Alfow ECF from MP | and MP2.
1200 Award {2] max for 12 96 V (reversing
“ g0 20V N, and N,
2640 aVn
2640
Vi
J2

ring

1870 «\'n
ALTERNATIVE 2

{Primary) Vims 156uVn

220
2
156 1200

b d Vi
{Secondary) 100

Vims = 1870 «Va <

e step-up transfermers increase voltage/step-down transformers decrease voltage v

{step-up transformers increase voltage) from plants to transmission lines 7 (step-

down transformers decrease voltage) from transmission lines to final utilizers 3 max

this decreases current (in transmission lines) v

fo minimize energy/power losses in fransmission

5 = (PHYSI/22_HL_Summer_2018 Q6) - Circular Motion & Gravitation, Fields (ahl)

a i the «gravitational» force per unit mass exerted on a point/small/test
mass v’

a " at height A potential is V = - Gm v Do not allow an answer that starts with g = - ﬂ
(R+h) Ar
and then cancels the deltas and substitutes R+ h

2
GM v
(R+hy

fieldis g =

«dividing gives answer»

a ii correct shape and sign v/ X
eg. V
non-zero negative vertical intercept v/

0 I

-

b V=«-22x(3.1x10%+2.4x10") =» «» 8.0x107 Jkg™' v’ Unit is essential
Allow eg MJ kg'"if power of 10 is correct 1
Allow other correct SI units eg m?s%, Nmkg'
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IB DIPLOMA PHYSICS -HL -P2 CH10 - FIELDS (AHL)
¢ total energy at P O/ KE gained = GPE lost v Award [3] for a bald correct answer e °
1 Ignore negative sign errors in the workings o
agmei-mi 0 sy VY Aflow ECF from 6(b) 3
v ay2- 60 107 =11 10" «ms '» v
d ALTERNATIVE 1
force on asteroid is «6,2 107 2.2 »1.4 10" «N» ¢
«by Newton's third lawe this is also the force on the planet v MP2 must be explict
ALTERNATIVE 2 2
_ . GM
mass of planet = 2.4 x 10%«kg» «from ¥ »v
(R k)
force on pfanet « GMmz » 1.4 10" «N» v
(R
6 - (PHYSI/22_HL_Summer_2018_Q8) - Fields (ahl), Electromagnetic Induction (ahl)
a A . 1.2 10°
¢ i a5 0n 210,
d 1800 1
«G 660 107 F»
b i Vo« Q N 25 v Award [2] for a bald correct answer
¢ 86107 2
vV 33 107 «vn ¥
b it ALTERNATIVE 1 Award [2] for a bald correct answer
£ «101/ »1 95 38.10° v Affow ECF fram (b)(1)
2 2
E 47 10%adn ¥
ALTERNATIVE 2 2
1 2 1 7 2,2 Award [2] fer 2 bald correct answer
E «zCV »g 660 107 (38 107) ¥ Aflow ECF from (b))
E 47 10°«J»/48 10 «J» if rounded value of ¥ used ¥
c i H 18
Q «Qer »25 eRv¥
R=142«C» ¥
3
charge delivered=Q=25-14.2=108«C» # Finaf answer must be given (o at feast 3
significant figures
@ -11C»
c it AQ " o= B10 €An ¥ A;ceprananswerfnthemnge 597 - 617 1
s 18 10° “Aan
d the base of the thundercloud must be parallel to the Earth surface
OR
the base of the thundercloud must be flat 1
OR
the base of the cloud must be very long «compared with the distance from the
surface» v’
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7 = (PHYSI/22_HL_Summer_2019_Q9) - Fields (ahl)

A _
b N )
~-

a i | 1 GM GMm _ 1GMm , .
2 r r 2 r

comparison with v = &M v 2
r

«ato give answer»

a i ALTERNATIVE 1

«at the position of the planet» the potential depends only on the mass of the star /does
not depend on the radius of the star v/

the potential will not change and so the energy will not change v

ALTERNATIVE 2 2
r / distance between the centres of the objects / orbital radius remains unchanged v
since E, .. = _%GMm , energy will not change
b kQ __kq v
(0.600+0.820)° 0.820°
2

Q_(0600+0820)°

. SmagT 299883V

8 - (PHYSI/20_HL_Winter 2020_Q8) - Fields (ahl)

a ALTERNATIVE 1

work done on moving a posilive test charge in any outward direction is negative ¥

potential difference is propartional 1o thes work «so V' decreases from A to Be v

ALTERNATIVE 2

potential gradient is directed opposile to the field so inwards +

the pradient indicaies the derection of increase of ¥ «shence Vincreases towards the

centre/decreases from A to Bn

2

ALTERNATIVE 2

V= % 0 as rincreases V decreases ¥

Vis pesitive as (}is postive v

ALTERNATIVE 4

the work done per unit charge in bringing a positive charge from infinity

to point Bis less 1han point A v
b curve decreasing asymptotically for 1 > R v

nen — zero constant between 0 and R v

v
2
e | W 70 10 ave ¥ 1
g 160-10
c | ( 1 1 )
. ] P . 3 v

8.99:10° = Q \50-107 10.107) 1110 )

Q=12:10"«Cn ¥
d to highlight similanities between «different» fields v 1
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9 - (PHYSI/21_HL_Summer_2021_Q2) - Circular Motion & Gravitation, Fields (ahl)

A
b N )
o

a «cwcylar mohoene involves a changing velocity «
«Tangential velocity» is «always» perpendicular to centripetal
forcefacceleration 2 max
there must be a force/acceleration towards centre/star v
without a centripetal force the planet will move in a straight line ¥
b +10 "y(8 « 107 «10% .
£ (B67.107)8 1ct HB210M) oo sy v
{4.4.107) 1
c i 66710 "8« 10" . . Must see substitutions and nof just
Ve - «—»% -€-35.9 10wl kg'» v equalions.
V,, & nw a #49-107%) kg'n v 3
i 44-10"
Ve Vi a2 49a090K10° «lhg™'» v
¢ i useof v, =2V v
v=891x10%cms 'n v
2
10 - (PHYSI/22_HL_Summer_2021_Q10) - Fields (ahl)
a . 1 . o
«ﬂ:&‘oﬁ? _10 8‘9\ 10 o1l v
4 {1.8-10%) 2
Nkg' ORm s?v
b i 1.9 .10 858.10~ For MP1, potentials can be seen
29 10 AND 7@ 1Q° seen v indivicdually or as a ratio.
1.9 107 1.8 10° 2
“Ai » 78
4.9.10° 8.9 107 v
b i «this is the escape speed for lo alone but» gravitational potential / field of Jupiter | OWTTE
must be taken into account ¢ 1
c ! 1 1 4 i Award [2] marks if factor of % used.
Mo 38 107 106 1T, 21X 10 kg taking inta account orhital kinetic
« multiplies by 3800 kgtoget» 1.9 % 10" wJn v Sr;e;%e:g.«ze:dmg foa finai answer of
' ' 2
Alfow ECF from MP1
Award [2] marks for a baid correct
answer-
11 - (PHYSI/21_HL_Summer_2022_Q7) - Fields (ahl)
a kQ v MP1 can be seen or implied from 3
use of e calculation.
g 5 Allow ECF from MP2 for MP3.
W OR 240 «k\/» for one charge calculated v/
480 «kV» for both v
b symmetric curve around O with potential always positive, “bowl shape up” and ‘\ ! 2

curve not touching the horizontal axis. v i Y J
clear asymptotes at X and Y v/ \ / ‘

p g ¥ Gtance
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A
b N )
o

< i force is towards © v 2
always ¥
c i ALTERNATIVE T 2z

motion is not SHM  ~
«because SHM requires force proportional to r andx this force depends on l v
=

ALTERNATIVE 2
motien is not SHM  «

energy-cistance «graph must be parabohc for SHM and this» graph is not
parabolic

12 - (PHYSI/22_HL_Summer_2022_Q7) - Fields (ahl)

a the work done per unit charge v Allow use of energy per unit charge for MPT
In bringing a small/point/positive/test acharge» from infinity to the point ¥ 2
b use of Vr=constant v Aflow [1] max i r+ 2.8 used fo gel 0.47 m.
0.40m ¢
Affow [2] marks if they calculate Q at one 2

potential and use it to get the distance at
the other potential.

G i S0° / perpendicular ¥ 1
[ i 1
3 x0.14 x 10% x 3.1 OR 0.67 amJn» seen v 1
[ iii ap.d. between point and sphere surface = » {§3.9kV - 7.71) «kV» OR MP23 is for a conclusion consistent with the
46.2 «kV» seen v calcufations shown.
X Atlow ECF from MP1 3
wenergy required =» VQ « =46 200 x 2.4 x 108 = 1.11mJ v

this is greater than kinetic energy so will not reach sphere v

13 - (PHYSI/20_HL_Winter_2022_Q8) - Fields (ahl)

a potential greater at Y
afrom £ - —\—» the potential increases in the direction opposite to field strength «so from
Ar
XtoY»
OR 2
opposite to the direclion of the field lines, «s0 from X to ¥
OR

«from W — gaV,» work done to move a positive charge from X to Y is positive «so the
potertial increases from X to Y» «

b i orbital radius 6.4 -10° - 5.0 10° « 6.9-10° ms v Award {1] max for answers
B67.10" . 8.0x10% ighoring orbital height 2

1 r e
KE - —-B.0-10°« OR 253107 als v i o
2 69 10° an {KE = 2.8x12"% )

) - 4 S 100 5 Alfow ECF from B{bi{i}.
change in PE - 6.67 10 " «B.0 5107 « 8.0 10 | o - ———— - «3.6:10° I v
\64.10° 68.10°,

energy needed = KE + APE = 2.7 - 107 wJ» ¥
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IB DIPLOMA PHYSICS -HL -P2 CH11- ELECTROMAGNETIC
INDUCTION (AHL)

A
b N )
!

1 - (PHYSI/21_HL_Summer_2017_Q8) - Electromagnetic Induction (ahl)

a the size of the induced emf v
is proportional/equal to the rate of change of flux linkage v

b |i varying voltage/current in primary coil produces a varying magnetic field v’
this produces a change in flux linkage / change in magnetic field in the secondary coil v/
a «varying» emf is induced/produced/generated in the secondary coil v

voltage is stepped down as there are more turns on the primary than the secondary v’

b output voltage _90+240
1800
=12 «\/» v
c laminated core reduces eddy currents v’
less thermal energy is transferred to the surroundings v/
d for a certain power to be transmitted, large VV means low [ v’

less thermal energy loss as P = /’R / joule heating?’
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IB DIPLOMA PHYSICS -HL -P2 CH11- ELECTROMAGNETIC
INDUCTION (AHL)

2 = (PHYSI/22_HL_Summer_2017_Q3) - Electromagnetic Induction (ahl), Electricity & Magnetism ' 1-7
—

a ((%CVZ—%XO.022><242 »—B.3«d» ¥

b t
— _ g 800022
100
In0.01=- __t
8.0x0.022
0.81«s» v
o i Q
c = e—
m =< AT
OR
6.3
0.00061x28

370Jkg 'K v

c i ALTERNATIVE 1

some thermal energy will be transferred to surroundingsfalong connecting wires/to
thermometer v

estimate «of specific heat capacity by student» will be larger «than accepted value» v
ALTERNATIVE 2
not all energy transferred as capacitor did not fully discharge v’

so estimate «of specific heat capacity by student» will be larger «than accepted value» v’
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IB DIPLOMA

PHYSICS -HL -P2 CH11-

3 = (PHYSI/22_HL_Summer_2017_Q6) - Electromagnetic Induction (ahl)

ELECTROMAGNETIC
INDUCTION (AHL)

A
b N )
!

when an electric field is applied to any material «using a cell etc» it
acts to accelerate any free electrons v’

electrons are the charge carriers «in copper» v’

metals/copper have many free electrons whereas insulators have
few/no free electrons/charge carriers v’

8 3
area:1'7><10 6:35X10 «=93x10%m’» v

-6
radius_«‘fm_» 0.00172m v
T

P
Ieak €= peak y _ 730 «A» ¥

peak

resistance of cable identified as «% =»2Q v

a power
35000

seen in solutiony”

2
plausible answer calculated using 2!
35000

«plausible if in

range 10 W m' to 150 W m~! when quoted answers in
(b)(ii) usedy 31 «W nr'»v

« response to (b)(ii) »=260«A» v
2\2
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IB DIPLOMA PHYSICS -HL -P2 CH11- ELECTROMAGNETIC
INDUCTION (AHL)

A
b N )
o

d wires/cable attract whenever current is in same direction v/
charge flow/current direction in both wires is always same «but
reverses every half cycle» v

force varies from 0 to maximum v’

force is a maximum twice in each cycle v’

e i higher voltage gives lower current v°

«energy losses depend on current» hence thermal/heating/power
losses reduced v

e i laminated core v

4 - (PHYSI/21_HL_Summer_2018_Q7) - Electromagnetic Induction (ahl), Fields (ahl)

a 12 2
d:«w:)ﬂ.?’ 107 «m» 1
43107

b 69x 10" <<C>> v

negative charge/sign v/

c charge increases ¥

because capacitance increases AND pd remains the same.v/

d ALTERNATIVE 1 Alfow ECF from MP T and MP2.

1200 Award [2] max for 12.96 V (reversing
100 220 N and Mo}t

2640«\Vn

2840
v
™2

ALTERNATIVE 2

1870«\Vn

220
186«Vy
Jz
156 1200
100

{Primary) Vims

{Secondary) VYem

Vims = 1870 «V»

e step-up transformers increase voltage/step-down transformers decrease voltage v

{step-up transformers increase voltage) from plants to transmission lines / {step-

down transformers decrease voltage) from transmission lines to final utilizers 3 max

this decreases current (in transmission lines)

to minimize energy/power losses in fransmission
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IB DIPLOMA

PHYSICS -HL -P2 CH11-ELECTROMAGNETIC

INDUCTION (AHL)

5 - (PHYSI/22_HL_Summer_2018_Q8) - Fields (ahl), Electromagnetic Induction (ahl)

A
b N )
!

12 108
1600

v

A 2
C «r— 88 10"
d

«C 660 167 F»

«Q » 23 Tv’
¢ 6610
v 38 107 q¥» v

Award [2] for a bald correct answer

ALTERNATIVE 1
E «1OV »1 5 38107 ¥
2 2

E 47 10%adn v

ALTERNATIVE 2
E 4OV »g 660 107 (38 10°) ¥

E 47 10°«ln/48 10° «l» if rounded value of V usad «

Award [2] for a bald comrect answer
Aflow ECF fram (b)(J)

Award [2] fer a bald correct answer
Aflow ECF from (bJ(i)

18

Q uQne; 25 e R ¥
Q=142«C» ¥
charge delivered=Q =25-14.2=108 «Cx» +

ax -11C»

Final answer must be given to at feast 3
significant figures

Accept an answer i the range 597 — 611
«An 1

the base of the thundercloud must be parallel to the Earth surface
OR

the base of the thundercloud must be flat

OR

the base of the cloud must be very long «compared with the distance from the

surface» v’

6 - (PHYSI/21_HL_Summer_2019_Q8) - Electromagnetic Induction (ahl), Electricity & Magnetism

axC v
width s .

= 0.33 am»
50 0.66/0.67 «m» «as twa lengths required» v

length -

15 % 109 % 55 x 10% =83 «V»
qa=CVe=56 = 10F alr»yv

065=e h"c:e ] alls-t:n" N,
t-« »1200=6.8:10°=In05 ¢
57 = 10 ®«sn v

OR

useof {,=RCxIn2 4

2
1200 = 68 x 10 F x 0693 v
57 % 10 % usn

mention of Faraday's law v

indicating that changing current in discharge circuit [eads to change in flux in caoil/fchange 2z

in magnetic field «and induced emfr

decreasefreduce v

resistance (R) OR capacitance (C) v
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IB DIPLOMA PHYSICS -HL -P2 CH11- ELECTROMAGNETIC
INDUCTION (AHL)
7 = (PHYSI/22_HL_Summer_2019_Q10) - Electromagnetic Induction (ahl) ' L 7
Kl |
the magnetic field at the position of the ring is increasing «because the mafiiet gets
closer to the ring» v/ 1
the current must be counterclockwise «in diagram 2» v
eg:
1
Diagram 2: view from above
since the induced magnetic field is upwards
OR
by Lenz law the change «of magnetic field/flux» must be opposed
OR 2
by conservation of energy the movement of the magnet must be opposed +
therefore the force is repulsive/upwards v/
8 = (PHYSI/20_HL_Winter_2019_Q9) - Electromagnetic Induction (ahl)
2
£ - 1@ CR V -9 v
2C c 9
B2
= lw =364,10 " udn v
2 18«10
i ALTERNATIVE 1 Award [3] for bald correct answer
Qe 10y 48 ¥
QG
18 12
solvingtoget Q, —28«4C» @, -19¢4Cr 3
ALTERNATIVE 2
48 -18Y 112V sV -18uVn &
Qw1 Bx18 2294, 16x18 29 uCn v
Qv «168x12 w19auCyo»
ii | ALTERNATIVE 1 Attow ECF frem (b){i)
_1{28-10 %P 1(19:10 %Y v Award 2] for batd correct answer
T Y B
2 18x10 2 12-10 Award [1] max as ECF lo a calculation
S3.8.10° alny tising only one charge
2
ALTERNATIVE 2
£, -Lutg100 16 - 120018 o
2 2
38:10° edn
charge moves/current flows «in the circuity «
2
thermal losses «in the resistor and connecting wirgs» Accept heat losses for MP2
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IB DIPLOMA

PHYSICS -HL -P2

CH11-ELECTROMAGNETIC

INDUCTION (AHL)

9 - (PHYSI/20_HL_Winter_2020_Q9) - Electromagnetic Induction (ahl)

a there 15 a magnebic lux «linkages in the ol / coil cuts magnetic field «
this flux «linkages changes as the angle vanes/coil rxates «

Oo nof sward MPZ or 3 for

wpower loss propoctional to /7 hence the step-up factor is v2.5 107 816 v

answers thal don't discuss 3
«Faraday's lawn cannects induced emf with rate of change of flux «linkages with time v Aux.
b i 25 .10° g
Vi o 17710 W
V2
$5 10 2
[ . FEPT Y
17.7 107
b [ii

peak emf doubles
Thahes «

Must show at feast T oycle.

A
b N )
!

10 - (PHYSI/21_HL_Summer_2021_Q5) - Electromagnetic Induction (ahl)

a tc charge a capacitor current must be direct v
diede will enly allew current to flow in one direction
OR

the diode provides half wave rectification ¥

V=15 . 220 = «3300 Vn v

F=—=CW¥=— .30 10%. 3300°

N

1
2
OR

163%dn ¥

Aflow use of 220 V as an RMS value to
calcutate Vs = 467 Vand € = 327 Jior
fulf marks if appropriate work s provided.

Answer must be to 3 or more sfor
working shown for MP2

] ii Qo 00989 = 0.1 «Cxn v

Aftow ECF from ({0} (Q = 30 pF x V) 1

labels - on the lower side of the capacitor ¥

the energy stored in the capacitor is delivered to the resistor/heart v’

useof @ Que * to show that 0.37 v

1
&

ALTERNATIVE 1
reads from the graph «
0.0016

16 ms v

_53u(ln v

ALTERNATIVE 2

reads a correct value from the graph for g andt

¢

80 R=— v

\nlxéi “3- 10 ":]

stored

Or

Cea is larger

OorR

electrode capacitor charges and discharges v

«thereforen discharge takes longer/increases v

d athe capacitors are in parallel hencer capacitances are added / more charge is
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IB DIPLOMA PHYSICS -HL -P2

CH11- ELECTROMAGNETIC
INDUCTION (AHL)

11 - (PHYSI/22_HL_Summer_2021_Q7) - Oscillations & Waves, Electromagnetic Induction (ahl)

A
b N )
!

GE » 3300 =» 450 «turnsy» ¥
110

ALTERNATIVE 1
calculates total current = % ABa=187An ¥

15
18.7

resistance = « =2 0.80 «2» v

ALTERNATIVE 2

calculates total power = 35x8 « =280W» ¥
2

resistance = «E =» 0.80 «d» ¢
280

ALTERNATIVE 3

calculates individual resistance = % «=B43 On v

5.43
8

resistance = « » = 080 alin v

total power required = 280 <Wh»

OR

3300
uses factor

450

CR

total current = 18.7 « A» ¥

current = 25 0R 2.6 ¢A» ¢

Award [2] marks for a bald correct
answer.

Affow ECF from (a){i)

the secondary coil does not enclose all flux «lines from corex» v

induced emf in secondary

CR

power transferred to the secondary
CR

efficiency is less than expected v

Award [0 for references to eddy
currents/Meating of the core as the
reason.

Award MP2 if no reason stated.

bob cuts mag field lines

OR

there is a change in flux linkage v
induced emf across bob v

leading to eddy/induced current in bob v

eddyanduced current produces a magnetic field that opposes «direction of»
motion v

force due to the induced magnetic field deceleratas bob v

damping of pendulum increasesithers is additional «magnetic» damping ~

MP4 and MPS can be expressed in
terms of energy transfer from kinetic
energy of bob to efectnicalthermal
energy in bob

4 max

2017 -2022 533

Powered By :




IB DIPLOMA

PHYSICS -HL -P2

CH11-ELECTROMAGNETIC

INDUCTION (AHL)

12 - (PHYSI/20_HL_Winter_2021_Q5) - Electromagnetic Induction (ahl)

A
b N )
!

4 n,
35
b i
b/wb
0 0,'25 : 3'25 3r50 tis
shape as above v
b ii oV Vertical lines not necessary to score
Allow ECF from (b)(i)
0 0‘25 y 3‘25 3.50 tis
shape as above v’
c i ALTERNATIVE 1 Award [2] marks for a bald correct
maximum flux at «5.0-50-107 -85 0.94» 019975 = 0.20«Wbs ¥ answer
emif = “D 20 WD.B0KS + Alfow ECF from MP1
0zs
ALTERNATIVE 2
emfinduced in one lun =B8vi=0.94 . 0,20 . 0,05 =0,0094 «V» »
ermf =85 - 0.0094 = 0.80 «V»~
- i Allavs ECF from (c){i)
1 ol 228 0R0.33 wanv el
R 24 Award [2] marks for  baid correct
answer
F=uNBIL=85-0594.033.005=0=13aNs~
d ] Energy 15 beng disspated for 0.50 3 « Aliow ECF from (b) and (<),
Walch for candidates who 90 no! jushfy
€ Fut 13-020-030 «013Uw somehow e use of 0.5 5 and just
divide by 2 their answer.
OR
£ Vi 080-033-050 «Q13Jnv
d u T 0.13 Allgres [2) marks for & baki correct
0.018. 385 answer
Award [1] for 8 POT error in MPY
AT 1.9 10 fckny
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IB DIPLOMA PHYSICS -HL -P2

CH11- ELECTROMAGNETIC
INDUCTION (AHL)

13 - (PHYSI/21_HL_Summer_2022_Q8) - Electromagnetic Induction (ahl)

A
b N )
!

a Q=eCV =15228x10"» = 0.042 smCr v’

Award MP for full replacement or

correct answer to al feast 2 sigrificant

figures

E= %K{ZB X107%)§1.5) =318 x 105 Je ¥

total capacitance = 50 «yuF»

OR

.i0¢
og= . 42110

A =084V
5010 "

OR

charge on C, after switch moved to B = 0.0235 «mC» v
Ei= % (28 x107)(084) = 9% 10% ) ¥

energy 10st= 3.2 x 10%-99x 10€ =22 sul» ¥

b i energy transferred to electromagnelic radiation «to environment»
GR

energy is transferred as thermal energy / heat «to circuit compenents» ¢

c i initial deflection by veltmeter falling to zere reading~

emfis induced «only» while the field / flux is changing

attempted use of ﬂt:JR NA'\_B v
At A

. 5X7.5%10%x64x10"
o 3x107

v

8.0 «my- v

14 - (PHYSI/22_HL_Summer_2022_Q8) - Electromagnetic Induction (ahl)

a i a-» 50 «min OR 5.0 x 10 % «V» ¥

Accept 5.1

a i kgméA's? v

b ALTERNATIVE 1

Flux linkage is represented by magnetic figld lines through the cail v
when magnet has passed through the coil / is moving away v

flux «linkage» is decreasing v’

suitable comment that it is the opposite when above v

when the magnet goes through the midpoint the induced emf is zero v
ALTERNATIVE 2

reference to / states Lenz's law v

when magnet has passed through the coil / is moving away v

«coil attracts outgeing S pole son induced field is downwards +
before «coil repels incoming N pole so» induced figld is upwards
OR

induced field has reversed

when the magnet goes through the midpoint the induced emf is zero v

OWTTE

3 max
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IB DIPLOMA

PHYSICS -HL -P2

CH11- ELECTROMAGNETIC
INDUCTION (AHL)

b ii area represents the total change in flux «linkagew v ' L ?
the change in flux is the same going in and out v ~
wwhen magnet is approaching flux increases to a maximum 2 max
awhen magnet is receding» flux decreases to zero ¥
«s0 areas must be the samen

c magnet moves slower v Altow a graphical interpretation for MP2
overall time «ior interactiony» will be longer v as 'graph more spreac out
peaks will be smaller ¥ 3 max
areas will be the same as before v

15 = (PHYSI/20_HL_Winter_2022_Q9) - Electromagnetic Induction (ahl)

a 1 10 2 8
«§>1.5x10 <247 =» 43107 «J» v 1

b i A . " y Award [1] max for a reasoning without
«from C = EE» capacitance decreases «by factor 4 /to 3.8 x 107" F» numbers.

2
«from V = %» charge unchanged hence p.d. increases by factor 4 / to 96 «\/» v
b ji work = (energy in the new arrangement) — (initial energy) v Allow ECF from 9(a)
. ; Award [2] for a BCA
wenergy increased by factor 4 hence» work =3x4.3x107 =1.3:10" «l» v 2
c i exponential decrease from current = lp v For MP2, the curve should be between
0.30 and 0.45 when time t=t and
approximately correct values for time = r AND 21 v below 0.20 when time t=2r
Iy
0.750 2
current
0.250
0
0 T 27
time
c i «activity vs time in» radioactive decay Accept any other appropriate phiysics
phenomenon, as X-ray absorption.
or Accept terminal velocity as the question
th | transfar v can he inferpreted a5 a phenomenon 1
ermal energy transter modelfed with an exponentiad function
{i.e. including growth).
Do not accept dice throwing.

d without a capacitor, cutput voltage/current drops to zero «twice per cycle of input
voltages +
capacitor provides smoothing / smoaths out voltagefcurrent variations +
voltagefcurrent output becomes constant £ similar to direct current output + 2 max
voltagefcurrent does not drop to zero «
by returning some of its enargyicharge to the circuit «when input voltage is lows v
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IB DIPLOMA

PHYSICS -HL -P2 CH12 - QUANTUM & NUCLEAR

1 - (PHYSI/21_HL_Summer_2017_Q5) - Atomic,nuclear & Particle Physics, Quantum & Nuclear Physics (ahl)

PHYSICS (AHL)

A
b N )
o

Meson: quark-antiquark pair v*

Baryon: 3 quarks v’

Alternative 1

strange quark changes «flavour» to an up quark v’

changes in quarks/strangeness happen only by the weak interaction v/
Alternative 2

Strangeness is not conserved in this decay «because the strange quark changes to an up
quark» v’

Strangeness is not conserved during the weak interaction v/

arrows drawn in the direction shown v

cl

d

W v

it lowers the cost to individual nations, as the costs are shared v’

international co-operation leads to international understanding OR historical example of
co-operation OR co-operation always allows science to proceed v

large quantities of data are produced that are more than one institution/research group can
handle v

co-operation allows effective analysis\collaboration of able scientists v
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IB DIPLOMA PHYSICS -HL -P2 CH12 - QUANTUM & NUCLEAR

2 = (PHYSI/21_HL_Summer_2017_Q9) - Quantum & Nuclear Physics (ahl)

PHYSICS (AHL)

.1—;
—

Observation 1:

particle — photon energy is below the work function
OR

E = hf and energy is too small «to emit electrons» v’

wave — the energy of an em wave is independent of frequency v
Observation 2:

particle — a single electron absorbs the energy of a single photon «in an almost instantaneous
interaction» ¥’

wave — it would take time for the energy to build up to eject the electron v’

42107

attempt to calculate gradient of graph =«—————»
P g grap 6.2 x10™

=6.8-6.9=10* «ls» v

ALTERNATIVE 1
minimum energy required to remove an electron «from the metal surface» +
ALTERNATIVE 2

energy required to remove the least tightly bound electron «from the metal surface» v

ALTERNATIVE 1

reading of y intercept from graph in range 3.8-4.2x107" «J» v
conversionto el =2.4-26 «eV» v

ALTERNATIVE 2

reading of x intercept from graph «5.8-6.0x10" Hz» and using £, to get
3.8-42x10" «» v

conversionto eV =2.4-26 «eV» v

line parallel to existing line v’

to the right of the existing line v/

3 - (PHYSI/22_HL_Summer_2017_Q5) - Quantum & Nuclear Physics (ahl)

o
OR
‘éHe v

222
ssRn ¢
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PHYSICS -HL -P2 CH12 - QUANTUM & NUCLEAR

PHYSICS (AHL)

b |i ALTERNATIVE 1 ve
6 days is 5.18x10°s v
.. . 1.4x107" %5.18x10°
activity after 6 days is Aje '410 91810 A
OR
A=0.9999927 A, or 0.9999927 AN,
OR
. : A
states that index of e is so small that —is =1
OR
A-A=10"%«s'» v
ALTERNATIVE 2
shows half-life of the order of 10''s or 5.0x10'° s v
converts this to year «1600 y» or days and states half-life
much longer than experiment compared to experiment v’
b ii ALTERNATIVE 1
use of A=AN, ¥
conversion to number of molecules= N, =3.7 «10%
OR
initial activity = 5.2 x10° «s™'» v
number emitted = (6 x 24 x 3600) x1.4x 107" . 3.7 x10%° or 2.7 <10" alpha particles ¥
ALTERNATIVE 2
use of N=Nye * v
Ny=nxN, =37x10® v
alpha particles emitted « = number of atoms disintegrated = N - Ny =» N, (1 g *®24:3800)
or 2.7x10" alpha particles v’
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PHYSICS -HL -P2

CH12 - QUANTUM & NUCLEAR

i alpha particles highly ionizing

OR

alpha particles have a low penetration power

OR

thin glass increases probability of alpha crossing glass
OR

decreases probability of alpha striking atom/nucleus/molecule v

ii conversion of temperature to 291 K v/

291

45410831« «——»
P e300

OR

p=27x10"x1.38x10% x « 291

¢
13-10°

0.83 or 0.84 «Pa» v

PHYSICS (AHL)

A
b N )
!

electron/atom drops from high energy state/level to low state v

energy levels are discrete v/

wavelength/frequency of photon is related to energy change or quotes E = hf

or F = % and is therefore also discrete v

peer review guarantees the validity of the work
OR

means that readers have confidence in the validity of work v

2017 -2022
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PHYSICS -HL -P2 CH12 - QUANTUM & NUCLEAR

4 - (PHYSI/22_HL_Summer_2017_Q7) - Quantum & Nuclear Physics (ahl)

-25
wavelength= «E = M:» 57 <107 «m»

E 35:10"

«potential» energy is required to leave surface v’

all/most energy given to potential «so none left for kinetic energy» v

energy surplus=1.7x10"°J v

19
Vo = ’% =6.1x10% «ms'» v
9

«same intensity of radiation so same total energy delivered per square
metre per second»

light has higher photon energy so fewer photons incident per second v/

1:1 correspondence between photon and electron v/

so fewer electrons per second v

current smaller v

PHYSICS (AHL)

A
b N )
!

2017 -2022
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IB DIPLOMA

PHYSICS -

HL -P2 CH12 - QUANTUM & NUCLEAR

PHYSICS (AHL)

5 - (PHYSI/20_HL_Winter_2017_Q3) - Atomic,nuclear & Particle Physics, Quantum & Nuclear Physics (ahl), Measurements & Uncertainties

] —
T
—

celectron» neutring v

it has a lepton number of 1 «as lepton number is conserveds» +

it has a charge of zero/is neutral «as charge is conserved»
oR
it has a baryon number of O «as baryon number is conserveds v

Do not alfow antineutrino

Do not credit answers referring to energy

hadrons experience strong force
OR

leptons do not experience the strong force

hadrons made of quarks/not fundamental
oRrR

leptons are not made of quarks/are fundamental v/

hadrons decay «eventually» into protons
OoR

leptons do not decay into protons v

Accept leptons experience the weak force

Alfow “interaction” for "force”

«high energy particles incident onx» thin sample v
detect angle/position of deflected particles v

reference to interferencetdiffraction/minimum/maximum/numbers
of particles v

Allow “fail” instead of thin

. 1 o1
Ao OR /x v
JE £

so high energy gives small . v
to match the small nuclear size v

Alternative 2
E  Affenergy is proportional to frequency ¥
frequency is inversely proportional to wavelength/e 4 v

to match the small nuclear size «

Alternative 3

higher energy means closer approach to nucleus v’

to overcome the repulsive force from the nucleus v

50 greater precision in measurement of the size of the nucleus v

Accept inversely propoitional

Only affow marks awarded from one afternative

two analogous situations stated v

one element of the analogy equated te an element of physics v

eq: moving away from Earth is like climbing a hit
where the confours correspond to the equipofentials

Atoms in an ideal gas behave like pool balls

The forces between them anly act during collisions

2017 -2022
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IB DIPLOMA PHYSICS -HL -P2 CH12 - QUANTUM & NUCLEAR
PHYSICS (AHL)
d i R—27x10"5.2% v Allow use of the Fermi radius from the data booklet ' b 0
-

3.4-35x10" «m» ¥

d ii correctly plotted v/ Allow ECF from (d)(i)
d iii single smooth curve passing through both points with
decreasing gradient v/
through origin v/ 4
/”k_//
3 nr'ngnp”ium.’4
nuclear radius / 10~ m carbon-12
2
1
0 T T
0 12 24

nucleon number

6 - (PHYSI/21_HL_Summer_2018_Q8) - Quantum & Nuclear Physics (ahl)

Must ¢ least 10.2 eV
2 B, 136eeVnE, % 3deevanv ustsee atieast10.2e
4 2
energy of pheton is difference £, £, 10.2«=10eVs v
b i 10 51 4.9«eVn < Allow 5.1 #10.2 & used to give
® » 8.2 10 "ale. 2
49 16 10" 78 10 "« v
b n EPE produced by battery +/ For first mark. accept explanation in
exceeds maximum KE of electrons / electrons don't have enough KE v/ terms of electric potential energy 2
difference of elecirons between surface
and plate.
b iii 4.9¢Vn Allow 5.1 if 10.2 is used in (b)(i).
fgnore sign on answer. 1
c i two equally spaced vertical lines (judge by eye) at approximately 1/3 and 2/3v
labelled correctly v/
04V -08V
photoelectric surface collecting plate
2
oV == variable voltage source
¢ |ii | kinetic energy at collecting plate=0.9«eV» v Allow ECF from MP1
«0.9x1.6x10" 2
speed = «‘F—Eﬁ—%o—» =5.6x10°«ms '» v
9.11x10
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IB DIPLOMA

PHYSICS -HL -P2

CH12 - QUANTUM & NUCLEAR

PHYSICS (AHL)

7 = (PHYSI/22_HL_Summer_2018_Q9) - Quantum & Nuclear Physics (ahl), Atomic,nuclear & Particle Physics

A
b N )
!

a «most of» the mass of the atom is confined within a very small
volume/nusleus ¥
- . ' - 2
«all» the positive charge is cenfined within a very small velume/nucleus ¥ max
electrens orbit the nueleus «in circular orbitsy «
b the electrons accelerate and so radiate energy v
they would therefore spiral into the nucleus/atomns would be unstable ¥
electrons have discrete/only certain energy levels 3 max
the only orkits where electrons do not radiate are those that satisfy the Bohr
condition «mvr nin v
2n
2 F - i
[ i my ""3 Answer given — look for correct working
r rt
OR
1
]
KE 'PE hence 'my? %€y
2 2 2
wsolving for vto get answer»
G i H h Answer given — fook for correct working
combining v wath m_vr 2 using cerrect substitution v
.
e
«eg m? ke e h_, » z
m,r 4n-
correct algebraic manipulation to gain the answer v Do not aifow 8 bald statement of the answer
for MP2. Some further warking eg
canceflafion of m or r must be shown
¢ i {663 10 )
2 5 EY 10,2 ?
4r° 899 .10° -9.11 10 (16 10™) 1
r 53 10" «ms ¥
d the energy released is 3.54-0.48 = 3.06 «MeV» ¢
this is shared by the electron and the antineutrino v 3
50 the electron’s energy varies from 0 to 308 aMeVs ¥
d i the palladium nucleus emits the photon when it decays inte the ground state 1
#from the excited states +
d iii | Photon energy Award [2] for a bald correct answer
E=0.48x10°x1.6x10" =«7.68x10 “J» v
2
he 663x10* x3x10° " Allow ECF from incorrect energy
e~ =»26x10 «m» ¥
E 768x10"
e i line with arrow as shown labelled anti-neutrino/v v Correct direction of the “arrow” is essential
The line drawn must be “upwards” from the vertex in the time
direction i.e. above the horizontal
eg. 7 (-
A »
(
1
e ] V=W"v 1
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PHYSICS (AHL)

8 = (PHYSI/20_HL_Winter_2018_Q5) - Atomic,nuclear & Particle Physics, Quantum & Nuclear Physics (ahl)

A
b N )
!

" | identifies 7. = 435 nm v
h 663 10% 3 10°
E « ,C » f 3
2 435 10
46 10 ™«dn v
a 1] -0.605 OR -0.870 OR -1.36 to —=5.44 AND arrow pointing dewnwards + Arrovy MUST mateh caleulation in
fak 1
Allow ECF from (a)fi)
a iii | Difference in energy levels is equal to the energy of the photan v
2
Downward arrow as energy is lost by hydragen/energy is given out in the photentthe
electron falls from & higher energy level to a lower ene v
b i i 656.20 1813 «li 7 Aflow use of either wavelength or the mean vaiue
27, 0181 2 «hnes» Must see af feast 2 SF for a bald correct answer
H
35 10°
ingis ————«=19 10°mn» v
30 Spacing is 1813 « »
Bl 12 41107 =18 10 ®sind), seen
oR
86 107=19 10 sin¢} seen ¥
f), =24-26« » 3
OR
fl,=18-20a"» ¢
v 5 Ba's o For MFPS answer must follow from answers in MPZ
For MP3 do not aflow ECF frem incorrect angles
b i centre of pattern is white ¥
coleured fringes are formed «
bluefviolet edge of order is closer to centre of pattern
OoR
3 max
red edge of order is furthest fram centre of pattern
the greater the order the wider the pattern
there are gaps between «first and secand order» spectra
9 - (PHYSI/22_HL_Summer_2019_Q11) - Quantum & Nuclear Physics (ahl)
a wde Broglie's hypothesis states that thews electron is represanted by a wave v Award MP1 for any mention of
. ) - ) . N wavelike properly of an efectron. 2
therefore it cannot be localized/it is spread outfit does not have a definite position v
b i %10 %
wdsing - J=nd - &rswno S amy v
sint7
d 2
R_Eaz?fz 8«10 ¥ am» v
b i this implies that the nucleons are very tightly packedithat there is very little space in
between the nucleons v 2
because the nuclear force 1s stronger than the electrostatic force v
[ i 3
number of nuclei is % <8.02x107/263-10"
5.5x10 % 2
A-aiN-283,10% « 2222 5 4.0x 10" B
3600 4
c i 1 e o
3 2
t - 20«hre
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10 - (PHYSI/20_HL_Winter_2019_Q8) - Quantum & Nuclear Physics (ahl)

A
b N )
!

a i 2 2
equaling centripetal to electrical force Zkf _m to get result v
r r 1
a i ? ?
uses {aj{i} to state £, RTE DR slates E| —ﬁ 7
/
2 2 2
adds «Ergr K, - E, =2 2K 4 (o get the result
i
a i the tolal energy decreases Award [0} for an answer concluding that radius
icreases
OoRrR
L3
by reference to Eqgp - —k% 2
the radius must also decrease v
b i [ T R 1912
with n=3, v - ¢,127 899 130 S0810 TY 445 10% «ms o
Vo110, 0-27-10 "
2
3z .
s B80T R 505410 C«mn v
9.11:10 % = 1.44~.10
b |ii . oY Altow ECF from (b)(:
2nr  2mx9x27 1;0 28083 ¥ {hyii) 1
A 5.1x10
< reference to fixed orbits/specific radn OR quantized angular momentum in Bohr model +
glectron described by 2 wavefunchan/as a wave in Schrodinger model OR as panicle in
Bohr model +
I max
reference to «same» energy levels in both madels v
reference to «relationship between wavefunction ands probatility «of finding an electron in
a point» in Schrodinger model
11 - (PHYSI/20_HL_Winter_2019_Q11) - Quantum & Nuclear Physics (ahl)
a i «low intensity light would» transfer energy to the electron at a low rate/slowly +
time would be required for the electron «to absorb the required energy» o OWTTE 2
escapefbe emitted v
a ii «in the photan theary of lights the electron interacts with a single photon v Reference lo pholon-glectron collision
scores MP1 2
and absorbs all the energy OR and can leave the metal immediately +
b i ) he £ v Allow reading from the graph of Ex=1.4
P % leadhing lo arr answer of 1.2 «¢Vn
E,-15zeVn ¥ 3
5
12000 as-»1ieeve ¥
480« 10
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similar curve lower than original v

with same horizontal intercept v

A
b N )
o

I/nA 2.5
2
r T T 1
=2.0 05
12 - (PHYSI/20_HL_Winter_2020_Q10) - Atomic,nuclear & Particle Physics, Quantum & Nuclear Physics (ahl)
a 663-10* .3.10" OR 296.10" 7 Answer to at feast 2 s.1.
"TiB0.10 ¢ .42 .10° ; «m» ie. 30} 1
b |i |«the shape of the graph suggests thatw electrons underge diffraction awith carbon nuclei»
v 2
only waves diffract v
b . #
" Asing, - M «-0.599» ¥
48410 ™ 2
37 udegrees» OR 0.64/0.65 wrad» v
b |iii |the de Broglie wavelength of electrons is emuchw longer than the size of a nucleus ¥
hence electrons would not undergo diffraction 2
OR
no diffraction pattern would be observed v
[ soan? Both needed for MP1
volume of 2 nucleus proportionalto 4% _ A AND mass proportional lo A «
. s 2
. omass . \ . .
the ratio independent of « shence density the same for all nuclein ¢
L]
13 = (PHYSI/21_HL_Summer_2021_Q10) - Quantum & Nuclear Physics (ahl)
a electrons are ejected from the surface of a metal
after gaining energy from photons/electromagnetic radiation ¢
2 max
there is a minimum «thresholds energy/frequency
CR
maximum «thresholds wavelength v
b 1 . "
«eV = > mv?» and manipulation to get v+
4 Must see either compigte substitution or 2
v= OR 702 ckm s7'n v calcufation to at least 3 s.f. for MP2.
c E=23+14v Must see an appropriate unit to award
. 663.10% 3. 10° MP3.
= ——
37-16-10 "
=34.10°'m OR 340nmv
3
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14 - (PHYSI/22_HL_Summer_2021_Q9) - Quantum & Nuclear Physics (ahl)

A
b N )
!

a i photon transfers «all» energy to electron v 1
a ii photon energy is less than both work functions Answer must be in terms of photon
energy.
OR 1

photon energy is insufficient «to remove an electrony» «

a il | Identfies P work function lower than Q werk function 1
b changing/doubling intensity «changes/doubles number of photons arriving but» 1
does not change energy of photen ¥
¢ 51x10M=11x10%-¢ + Award [2] marks for a bald correct
{(110--51)=10" answer. 2

work function = ¢ » 3.7 vl ¥

1.6.10"

15 = (PHYSI/22_HL_Summer_2022_Q9) - Quantum & Nuclear Physics (ahl)

a i wave properties « Accept reference to diffraction or

interforence. 1
a |ii [440x10°x 16X 10" OR 7.0« 10" wdn v 1
a |iii | B.B3X10" x 3x10° 1.24x10™ Accept an angle belween 45 and 47
OR 2.8 x 107 wm» seen v
7x10 440x10° degrees
read off graph as 45° ¥ Altows ECF from MP2 4
A

D__=
«Use of sinf? =» 3.9x10%m ¢«

b ALTERNATIVE 1
! Although the question expects
useof Rz A* GRV <AV candidates to work from the oxygen
. . radivs found. affow ALT 2 working from
ﬂul Ay P the Fermi radius.
volume of Sn= 3 & Ao or equivalent working v
2.3t0 25 x 10 «m’nv ME4 is for any answer stated to T or 2

answer to 1 or 2sf + significant figures

ALTERNATIVE 2
use of R=Rox A
volume of Sn = %zR’ OR 5.9 x10% seen v

8.5 x 107 am®nv’

answer to 1 or 2sf v
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A
b N )
!

16 - (PHYSI/20_HL_Winter_2022_Q10) - Quantum & Nuclear Physics (ahl)

a i strong «nuclears force v 1

a t ALTERNATIVE 1

attempt to apply conservation law of baryon number to the overall reaction v

baryon number of X is zero ¥

this is only possible if constituent quarks of X have an opposite baryon number ¥ «so quark-
antiquark pairs

ALTERNATIVE 2

attempt to apply conservation law of charge to the overall reaction «
charge of X is -1+

this is only possible is constituent quarks of X have charges of -%and % v 3
«s0 quark-antiquark pairs
ALTERNATIVE 3
attermpt to apply conservation law of baryon number QR charge to each vertex «
) . 1 1
at first vertex, the unknown particle has charge _EOR baryon number 3 hence a quark, +
2 1
at second vertex, the unknown particle has charge 3 OR baryon number 3 hence an antiquark «
b 0% % 16410 OR 165107 seen v Award [2] for a BCA

Af - 6‘.'63-10‘“ = 3107 asn v Award [1] for an

A7~ 10° 160,10 ° answer of 5.3x 107, 2

Aliew ECF from MP1
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