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IB DIPLOMA PHYSICS -SL -P2 CH2 - MECHANICS

1 - (PHYSI/21_SL_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
D —

24m

(@) 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.

() FromAto 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.
Draw and label the vertical forces acting on the skier. [2]

/‘*\

(i) 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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IB DIPLOMA PHYSICS -SL -P2 CH2 - MECHANICS

(d) At the side of the course flexible safety nets are used. Another skier of mass 76 kg falls
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]

Powered By :
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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)

ground

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

total distance travelled by the glider before it leaves the ground. [2]

9

(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]
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IB DIPLOMA PHYSICS -SL -P2 CH2 - MECHANICS

(c) The cable is pulled by an electric motor. The motor has an overall efficiency of 23 %.
Determine the average power input to the motor. [3]

9
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(d) The cable is wound onto a cylinder of diameter 1.2 m. Calculate the angular velocity
of the cylinder at the instant when the glider has a speed of 27ms™. Include an
appropriate unit for your answer. [2]

Powered By :
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(e) 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.

o=
N
’
vertical
direction of
motion ,
«— lift force

Draw the forces acting on the glider to complete the free-body diagram. The dotted lines
show the horizontal and vertical directions. [2]

()  Explain, using appropriate laws of motion, how the forces acting on the glider maintain
it in level flight. [2]

(g) Ata particular instant in the flight the glider is losing 1.00 m of vertical height for
every 6.00 m that it goes forward horizontally. At this instant, the horizontal speed of
the glider is 12.5ms™. Calculate the velocity of the glider. Give your answer to an
appropriate number of significant figures. [3]
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3 = (PHYSI/20_SL_Winter_2017_Q1) - Mechanics

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

9
\.)

sledge

snow slope ] ]
horizontal region of snow

(a) Drawthe 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
snow. 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]

2017 2022 Powered By :
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(¢) When the sledge is moving on the horizontal region of the snow, the girl jumps off
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
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(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]

2017 2022 Powered By : 8
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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

o—y
(i)  Show that the acceleration of the sledge is about -2 ms™ [3] L
’

(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 slecdge. [2]

2017 2022 Powered By :
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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 negligible.

The unextended length of the rope is 60.0m. From position A to 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 B and 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]

CH2 - MECHANICS
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(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]
o—y
g 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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(c) For the rope and block, describe the energy changes that take place

(i) between AandB. [1]

9
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(i) betweenBandC. [1]

(d) 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]

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

bowl

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

CH2 - MECHANICS

(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]

Powered By :
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(i)  Show that the magnitude of the net force F on the ball is given by the following
equation.

_ g
 tané

(8]

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

(4]

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

(2]

CH2 - MECHANICS
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(dy 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 Cs
o

9

second ball

The first ball is released and eventually strikes the second ball. The two balls remain
in contact. Determine, in m, the maximum height reached by the two balls. [3]
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6 - (PHYSI/20_SL_Winter_2018_Q1) - Mechanics
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

«— direction of
— P
direction of ! ion movement
—p
spacecraft motion - »

The mass of ions ejected each second is 6.6 x 107 kg and the speed of each ion 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]

(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.

(i)  Estimate the maximum speed of the spacecraft. [2]

(i)  Outline why scientists sometimes use estimates in making calculations. [1]

Powered By :
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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

direction of
spacecraft motion

(2]

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

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

(2]

2017 2022 Powered By :
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(d) On arrival at the planet, the spacecraft goes into orbit as it comes into the
gravitational field of the planet.

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

9
\.)

(i)  Newton’s law of gravitation applies to point masses. Suggest why the law can be
applied to a satellite orbiting a spherical planet of uniform density. [1]
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7 = (PHYSI/20_SL_Winter_2018_Q3) - Mechanics

A chicken’s egg of mass 58 g is dropped onto grass from a height of 1.1 m. The egg comes
to rest in a time of 55 ms. Assume that air resistance is negligible and that the egg does
hot bounce or break.

(@) Determine the magnitude of the average decelerating force that the ground exerts on
the egg. [4]

(b) Explain why the egg is likely to break when dropped onto concrete from the
same height. [2]

Powered By :
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8 = (PHYSI/21_SL_Summer_2019_Q1) - Mechanics, Electricity & Magnetism

A girl rides a bicycle that is powered by an electric mator. A battery transfers energy to the
electric motor The emf of the batiery 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 horizontal 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]

(i}  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]

2017 2022 Powered By :
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(b) The bicycle and the girl have a total mass of 66kg. The girl rides up a slope that is at
an angle of 3.0° to the horizontal.

()  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]

2017 2022 Powered By : 21
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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.

pd

current

12V

6.5A

Determine the internal resistance of the battery.

(2]

Calculate

(i) the emf of one cell.

(11

(i)  the internal resistance of one cell.

(2]

2017 -2022
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9 - (PHYSI/21_SL_Summer_2019_Q5) - Mechanics, Oscillations & Waves

A small metal pendulum bob of mass 759 is suspended at rest from a fixed point with a
length of thread of negligible mass. Air resistance is negligible. The bob is then displaced to
the left.

At time t = 0 the bob is moving horizontally to the right at 0.8 ms™. It collides with a small
stationary object also of mass 75g. Both objects then move together with motion that is
simple harmonic.

Direction of motion ——

bob object
(a) Calculate the speed of the combined masses immediately after the collision. [1]
(b) Show that the collision is inelastic. [3]

(c) Describe the changes in gravitational potential energy of the oscillating system from
t =0 as it oscillates through one cycle of its motion. [1]

2017 2022 Powered By :
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10 - (PHYSI/22_SL_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 864ms™". The ball has a2 mass of 0.058 kg and the contact between the ball and the
racquet lasts for 25 ms.

(8} Calculate the

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

(i) average power delivered to the ball during the impact. [2]

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

diagram not to scale

280m
net
I Io.gmm
y . ground
11.9m
The following data are available.
Height of P =2.80m
Distance of student from net = 11.9m
Height of net =0.910m

Initial speed of tennis ball =84ms™

2017 2022 Powered By :
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{iy 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]

2017 2022 Powered By :
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{c)

The student models the bounce of the tennis ball to predict the angle ¢ at which the ball
leaves a surface of clay and a surface of grass.

surface Q .
" sliding

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.

9

o
o
P

(3]

2017 -2022
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11 - (PHYSI/20_SL_Winter_2019_Q1) - Mechanics
Answer all questions. Answers must be written within the answer boxes provided.
o—
The graph shows the variation with time t of the horizontal force F exerted on a tennis ball by v o
a racket. —
150
100+
FIN
504
0 I I I
0 40
t/ms
The tennis ball was stationary at the instant when it was hit. The mass of the tennis ball is
5.8 x 10kg. 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]

2017 2022 Powered By :
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(¢) Determine, with reference to the work done by the average force, the horizontal

distance travelled by the ball while it was in contact with the racket. [3]

o—y

.......................................................................... T o
.......................................................................... ~-
(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]

v
f
2017 2022 Powered By :
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12 - (PHYSI/20_SL_Winter_2020_Q1) - Mechanics

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 initizlly T ‘:
stationary.
’
aircraft
package
T ground

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 1.7kg.

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

(i)  Qutline, 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]

(k) The package and string are now released and fall te the ground. The lift force on the
aircraft remains unchanged. Calculate the initial acceleration of the aircraft. [2]

2017 2022 Powered By :
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13 - (PHYSI/21_SL_Summer_2021_Q1) - Mechanics

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.

L-‘—“; 12.0ms* diagram not to scale

-~

-~
-
-
-

0.24m ~~.

net s ’

table

(a) 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. [2]
3
2
v,/ ms
1
0
0 0.1 0.2
time/s

2017 2022 Powered By :
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(c) The netis 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]

(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]

2017 2022 Powered By :
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14 - (PHYSI/22_SL_Summer_2021_Q1) - Mechanics
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. T
’
diagram not to scale
1Mm -
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]

2017 2022 Powered By :
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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]

{c} In practice, air resistance affects the ball. 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]

{d) The player kicks the ball again. It rolls along the ground without sliding with a horizontal
velocity of 1.40ms . The radius of the ball is 0.11m. Calculate the angular velocity of
the ball. State an appropriate S| unit for your answer, (1]

2017 2022 Powered By :
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15 - (PHYSI/20_SL_Winter_2021_Q1) - Mechanics

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

ball @ 'y

v

]
floor

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

vims'

5k

-10

2017 2022 Powered By :

)

34



IB DIPLOMA PHYSICS -SL -P2 CH2 - MECHANICS

(a) Determine H. (1]

9
\.)

&)y (i} Labe! the time and velocity graph, using the letter M, the point where the ball
reaches the maximum rebound height. (1]

(iiy  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. M

I
height

r

ﬂme—

2017 2022 Powered By :
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{c) Estimate the loss in the mechanical energy of the ball as a resuit of the collision with
the floor. [1]

{dy (i} DLetermine the average force 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]

2017 2022 Powered By :
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16 - (PHYSI/21_SL_Summer_2022_Q1) - Mechanics

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 2.

Calculate the tension in the string. [2]

2017 2022 Powered By :
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(¢} (i)  Show that the specd of the load when it hits the floor is about 2.1ms . (2]

(i)  The radius of the pulley is 2.5 ¢cm. Calculate the angular speed of rotation of the
pulley as the load hits the floor. State your answoer to an appropriate number of
significant figures. 2]

{(d)  Aifter the load has hit the floor, the box travels a further 0.35m along the ramp before
coming te rest. Determine the average fricticnal force between the box and the surface
of the ramp. (4]

--------------------------------------------------------------------------

2017 2022 Powered By :
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(e} The student then makes the ramp horizental and applies a constant horizontal force
lo the box. The force is just large encugh to start the box moving. The force continues
lo be applied after the box begins to move,

constant force

Explain, with reference to the frictional force acting, why the box accelerates once
it has started 1o move. (3]

2017 2022 Powered By :

9
19

39



IB DIPLOMA PHYSICS -SL -P2 CH2 - MECHANICS

17 - (PHYSI/22_SL_Summer_2022_Q1) - Mechanics

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

- 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 airis 1.2kgm °.

(a) Outline why a force acts on the airboat due to the fan blade. [3]
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(b) In atest the airboat is tied to the river bank with a rope normal to the bank. The fan
propels the air at its maximum speed. There is no wind.

()  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) The rope 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 e

16 pas

14 /
12 /

ol

0 5 10 15 20 25 30 35 40!/s
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(i) Estimate the distance the airboat travels to reach its maximum speed. [2]

(i)  Deduce the mass of the airboat. [3]

(d) The fan is rotating at 120 revolutions every minute. Calculate the centripetal
acceleration of the tip of a fan blade. [2]

2017 2022 Powered By :
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18 - (PHYSI/20_SL_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

T T T T T /HS
5

(b)Y Explain, by reference 1o the vertical forces, how the raindrop reaches a constant speed.  [3]

Powered By :
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{¢) During the first 3.0s of motion, the raindrop falls a distance of 21m and reaches a
speed of 9.0ms '. The mass of the raindrop is 34mg. The temperature of the raindrop

does not change.

o—y
{n Determine the energy transferred to the air during the first 3.0's of motion. State v
your answer 1o an appropriate number of significant figures. [3] ~-
(i} Describe the energy change that tzkes place for { » 3.0s. [1]
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1 - (PHYSI/21_SL_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. =
T o
A —
A
50m
B
20m
v
o D
L —
24m

(@) 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.

() FromAto 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]

Powered By :



IB DIPLOMA PHYSICS -SL -P2 CH3 - THERMAL PHYSICS

(b) () The dot on the following diagram represents the skier as she passes point B.
Draw and label the vertical forces acting on the skier. [2]

9
\.)

/‘*\

(i) 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 76 kg falls
normally into the safety net with speed 9.6ms .

()  Calculate the impulse required from the net to stop the skier and state an T ‘:
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/20_SL_Winter_2017_Q4) - Oscillations & Waves, Thermal Physics
(@) Alarge cube is formed fromice. Alight ray is incident froma 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°. N
’
A B
_________ /333’
y
ice cube

(i)  Calculate the speed of light inside the ice cube. [2]

(i)  Show that no light emerges from side AB. [3]

(i) Sketch, on the diagram, the subsequent path of the light ray. [2]

48
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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.
(i) Determine the energy required to melt all of the ice from =20 °C to water at a ==
temperature of 0°C. [4] N
’

Specific latent heat of fusion of ice =330kJ kg™
Specific heat capacity of ice =21kJkg' K™
Density of ice =920kg m™

(i)  Outline the difference between the molecular structure of a solid and a liquid. [1]

2017 -2022
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3 = (PHYSI/21_SL_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.

(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.

(i)  Calculate the average kinetic energy of the particles of the gas.

(c) 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.

CH3 - THERMAL PHYSICS
0
(1] -
(1]
(1]
(3]
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4 - (PHYSI/22_SL_Summer_2018_Q2) - Thermal Physics

(@ An ideal monatomic gas is kept in a container of volume 2.1 x 10™* m’, temperature
310K and pressure 5.3x10° Pa.

o—y
g 2
(i) State what is meant by an ideal gas. [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.

(i) Calculate, in Pa, the new pressure of the gas. [1]

(i)  Explain, in terms of molecular motion, this change in pressure. [2]
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5 - (PHYSI/20_SL_Winter_2018_Q7) - 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 =32¢
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]

(i)  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 260 K. [1]

Powered By :
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(c) State one assumption of the kinetic model of an ideal gas that does not apply to
oxygen. [1]

9
\.)
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6 - (PHYSI/21_SL_Summer_2019_Q4) - Thermal Physics

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

9

o
o
P

(a) Show that the pressure p, exerted by the cylinder on the surface is given by p. = pgh. [2]
(b) Atube of constant circular cross-section, sealed at one end, contains an ideal gas
trapped by a cylinder of mercury of length 0.035m. The whole arrangement is in the
Earth’s atmosphere. The density of mercury is 1.36 x 10*kgm™.
0.035m § m—— 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, + p, )= 0.190 = % 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]
2017 2022 Powered By :
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(i)  The tube is slowly rotated until the gas column is above the mercury.

diagram not to scale

trapped gas sealed end

N\

0.208m

mercury
AN

>~ 110.035m

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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7 = (PHYSI/22_SL_Summer_2019_Q2) - Thermal Physics

A container of volume 3.2 x 10°°m? is filled with helium gas at a pressure of 5.1 x 10°Pa and
temperature 320K. Assume that this sample of helium gas behaves as an ideal gas.

(a) The molar mass of helium is 4.0gmol *. Show that the mass of a helium atom is

6.6 x 10kg. 11
(b) Estimate the average speed of the helium atoms in the container. [2]
(¢) Show that the number of helium atoms in the container is about 4 x 10%. (2]

(d) A helium atom has a volume of 4.9 x 10 *'m”.

total volume of helium atoms

(i) Calculate the ratio . (1]

volume of helium gas

(i)  Explain, using your answer to (d)(i) and with reference to the kinetic model,

why this sample of helium can be assumed to be an ideal gas. [2]

2017 2022 Powered By :
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8 = (PHYSI/20_SL_Winter_2019_Q2) - Thermal Physics

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 cooled 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 i1s about 4 kN. [2]

(il Comment on the magnitude of the force in (b){ii). [2]

2017 2022 Powered By :
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9 - (PHYSI/20_SL_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
0O 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.

(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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{B) 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]
o—y
veo
""""""""""""""""""""""""""""""" o=
(c) Calculate the mass of the oil that remains unfrozen after 60 minutes. (2]
2017 2022 Powered By :
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10 - (PHYSI/21_SL_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 1.8kW.

(a) (i) 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.

T
’

(2]

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

(1]

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

{iy  Estimate the specific latent heat of vapornization of water, State an appropriate
unit for your answer.

(2]

(i)  Explain why the temperature of water remains at 100°C during this time.

2017 2022 Powered By :
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(¢} The heater is remcved and a mass of 0.30kg of pasta at —10°C is added to the boiling
water.

Determine the equilibrium temperature of the pasta and water after the pasta is added.
Other heat transfers are negligible.

9
\.)

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

—

o o
220V
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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11 - (PHYSI/22_SL_Summer_2021_Q2) - Thermal Physics

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?®.

9

o—y
()
N &=

p/kpa 220
200+
1801
1601
1401

120 -

100 . . 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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{¢) A second container, of the same volume as the original container, contains twice as

many helium atoms. The graph of the variation of P with T is determined for the gas
in the second container.

o—y
Predict how the graph for the second container will differ from the graph for the first T
container. [2] -
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12 - (PHYSI/20_SL_Winter_2021_Q2) - Thermal Physics

(a) State what is meant by the internal energy of an ideal gas. 1]

(b) A quantity of 0.24 mol of an ideal gas of constant volume 0.20m® is kept at a
temperature of 300K.

(i Calculate the pressure of the gas. [1]

(i)  The temperature of the gas is increased to 500K. Sketch, on the axes, a graph
to show the variation with temperature T of the pressure P of the gas during
this change. [2]

PlkPa

T/K

0 100 200 300 400 500 600
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{c) A container is filled with 1 moie of helium {moiar mass 4gmol ) and 1 male of neon
(molar mass 2Cgmol '). Compare the average kinetic energy of helium atoms to that of
necn atoms. [2]

9
19
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13 - (PHYSI/21_SL_Summer_2022_Q2) - Thermal Physics

Cold milk enters a small sterilizing unit and flows aver an electrical heating element.

mik in ———

heating
element

— > milk out

The temperature of the milk is raised from 11 °C to 84°C. A mass of 55g of milk enters

the steriizing unit every second.

Specific heal capacity of milk = 3.9kJkg 'K

(a) Estimate the powoer input to the heating clement. State an appropriate unit

for your answer.

{b)  Outline whether your answer to {a) is likely to overestimate or underestimate

the power Input.

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

at 11°C and milk at 84 “C,

2017 -2022

T
’
[2]
i2]
[2]
Powered By :

66



IB DIPLOMA PHYSICS -SL -P2 CH3 - THERMAL PHYSICS

(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 ——

___.pipe

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 1s 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]
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14 - (PHYSI/22_SL_Summer_2022_Q2) - Thermal Physics

A fixed mass of an ideal gas is contained in a cylinder closed with a frictionless piston.
The volume of the gas is 2.5 = 10 *m” when the temperature of the gas is 37°C and the
pressurc of the gas is 4.0 » 10°Pa.

9
\.)

{a) Calculate the number of gas particles in the cylinder. [2]

(b) Energy is now supplied te 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

{iy  density of the gas. 2]

(i} internal energy of the gas. [2]
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15 - (PHYSI/20_SL_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.

9
\.)

{(a) 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 = 250 kg
Initial temperature of the water in the tank = 15°C
Specific heat capacity of water — 4200 Jkg 'K
Qverall 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]

(i)  Estimate, in °C, the temperature of the roof tiles. [3]
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(b) There is 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 T

’
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.

Distinguish between photovoltaic cells and solar heating panels. [1]

2017 2022 Powered By :

70



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

1 - (PHYSI/21_SL_Summer_2017_Q2) - Oscillations & Waves

(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 0.35mm.
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
R N —— | ________________________________________
—_
< 2.4m

(not to scale)

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

9
\.)

(d) One of the slits is now covered.

Describe the appearance of the pattern on the screen. [2]
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2 = (PHYSI/22_SL_Summer_2017_Q3) - Oscillations & Waves

A student investigates how light can be used to measure the speed of a toy train.

direction of travel

double slit

it

laser light —»| 1.5mm

toy train

light sensor

5.0m (not to scale)

Light from a laser is incident on a double slit. The light from the slits is detected by a
light sensor attached to the train.

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 incident on the sensor.

output voltage

[ [ [
0 25 50 75 100
time / ms
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(a) Explain, with reference to the light passing through the slits, why a series of
voltage peaks occurs. [3]

(b) (i) The slits are separated by 1.5mm and the laser light has a wavelength
of 8.3:x107 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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() 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.

o—y
reflecting barrier veo
’
toy train sound sensor
E )/ loudspeaker

The sound sensor gives a graph of the variation of output voltage with time along the
track that is similar in shape to the graph on page 8. Explain how this effect arises. [2]
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3 = (PHYSI/20_SL_Winter_2017_Q4) - Oscillations & Waves, Thermal Physics

(@) Alarge cube is formed fromice. Alight ray is incident froma 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°.

9
\.)

_______ e
y

ice cube
(i)  Calculate the speed of light inside the ice cube. [2]
(i)  Show that 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
is —20 “C.

(i) 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 =920kg m™

[4]

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

(]
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4 - (PHYSI/21_SL_Summer_2018_Q3) - Oscillations & Waves

PHYSICS -SL -P2

CH4 - OSCILLATIONS & WAVES

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

(@ The beamis incident hormally 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. [3]
(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 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]

9
\.)

(i)  State two ways in which the intensity pattern on the screen changes. [2]
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5 - (PHYSI/22_SL_Summer_2018_Q3) - Oscillations & Waves

(@) 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

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

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

(iy 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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The loudspeaker in (a) how emits sound towards an air—water boundary. A, Band C
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
o ;
B
A
@) air
water

(i) 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 Aand B in water for #<8, ..

(2]
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6 - (PHYSI/20_SL_Winter_2018_Q4) - Oscillations & Waves

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

displacement of pipe of pipe

to the left

(@) An air 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 {=0. [2]
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(b) The speed of sound ¢ for longitudinal waves in air is given by
K
= =
£ T
’
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, in kg m™ s, the value of K for air. [3]
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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. -
v
%
plan view not to scale
transmitter of wall
electromagnetic wave position of image
[
land
water
X Y
boat

(i) Demonstrate, using a second ray, that the image appears to come from the
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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7 = (PHYSI/21_SL_Summer_2019_Q3) - Oscillations & Waves

A beam of microwaves is incident normally on a pair of identical narrow slits S1 and S2.

TZ 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 S1 to Y is 1.243m and the distance from S2to Y is 1.181m.

{py Determine the frequency of the microwaves. (3]

{c} Outline one reascn why the maxima observed at W, X and Y will have different
intensities from each other. (1]
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8 =~ (PHYSI/21_SL_Summer_2019_Q5) - Mechanics, Oscillations & Waves

A small metal pendulum bob of mass 759 is suspended at rest from a fixed point with a

length of thread of negligible mass. Air resistance is negligible. The bob is then displaced to -

the left. v o
’

At time t = 0 the bob is moving horizontally to the right at 0.8 ms™. It collides with a small i

stationary object also of mass 75g. Both objects then move together with motion that is

simple harmonic.

Direction of motion ——

bob object
(a) Calculate the speed of the combined masses immediately after the collision. [1]
(b) Show that the collision is inelastic. [3]

(c) Describe the changes in gravitational potential energy of the oscillating system from
t =0 as it oscillates through one cycle of its motion. 1
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9 - (PHYSI/22_SL_Summer_2019_Q3) - Oscillations & Waves

The diagram shows the direction of a sound wave travelling in a metal sheet.
o—
diagram not to scale T

g
metal sheet

normal
1

wave
direction

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 2.3 um. [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.
{iy State the frequency of the wave in air. [1]
{iiy Determine the wavelength of the wave in air. [1]
(d)y The sound wave in air in {c) enters a pipe that is open at both ends. The diagram shows

the displacement, at a particular time 7, of the standing wave that 1s set up In the pipe.

displacement to the right

displacement to the left

2017 -2022

On the diagram, at time 7, label with the letter C a point in the pipe that is at the centre
of a compression ]
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10 - (PHYSI/20_SL_Winter_2019_Q3) - Oscillations & Waves

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.

6_

(i)  Calculate, in Hz, the frequency for this wave.

(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 at t = 0.

T
’
(1]
2]
2]
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(¢) One end of a string is attached to an oscillator and the other is fixed te a wall. When
the frequency of the oscillator is 360 Hz the standing wave shown is formed on the string.

9

o
o
P

oscillator

Pgint X {not shown) is a point ¢n the string at a distance of 10¢cm 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 oscillator is reduced to 120Hz. On the diagram, draw the
standing wave that will be formed on the string. [1]

2.1m

'Y
v

[

oscillator
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11 - (PHYSI/20_SL_Winter_2020_Q4) - Oscillations & Waves

Two loudspeakers, A and B, are driven in phase and with the same amplitude at a frequency

of 850Hz. Point P is located 22.5m from A and 24.3m from B. The speed of sound is 340ms™". —
T
P Kl |
22.5m L 4

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.

P ==
v o
direction of travel f-l
A @ :
............................. P
B @

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

(c) 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 ?—A . [2]

0
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12 - (PHYSI/21_SL_Summer_2021_Q6) - Oscillations & Waves

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.

(a) (2]
(b) The string is displaced 0.4cm at point P to sound the guitar. Point P on the string

vibrates with simple harmonic motion (shm) in its first harmonic with a frequency of

195Hz. The sounding length of the string is 62cm.

()  Show that the speed of the wave on the string is about 240ms™". [2]
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(i) Sketch a graph to show how the acceleration of point P varies with its
displacement from the rest positicn.

[

acceleration

g »

displacement

2017 -2022
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13 - (PHYSI/22_SL_Summer_2021_Q5) - Oscillations & Waves

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

9
\.)

(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

Ltube
/

(i)  Outline how a standing wave forms in the tube. [2]

2017 2022 Powered By :
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(i)  The tube is raised until the loudness of the sound reaches a maximum for a
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 0.37m. The speed of sound in the air in the tube is 320ms™".
Determine the frequency of the sound emitted by the loudspeaker. [2]

2017 -2022
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14 - (PHYSI/20_SL_Winter_2021_Q3) - Oscillations & Waves

A longitudinal wave travels in a medium with speed 340ms '. The graph shows the variation
with time ¢ 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/pum

t ' I t/ms
I 2 4 (5]
—2F
_4F
B
—-8F
(a) Calculate the wavelength of the wave. [2]
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(b) Another wave travels in the medium. The graph shows the variation with time ¢ of the
displacement of each wave at the position of P.

x/um

(iy State the phase difference between the two waves.

(1]

(1]

(1]
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(¢) 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

9
19

mean displacements to the right.

© oo

(i)  Calculate the length of the tube. [1]
(i) A particle 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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15 - (PHYSI/21_SL_Summer_2022_Q3) - Oscillations & Waves

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
at M

0 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]

2017 -2022
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(b) State and explain the wavelength of the sound measured at M. i21

9
19

{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 ' 2]
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16 - (PHYSI/22_SL_Summer_2022_Q3) - Oscillations & Waves

A loudspeaker emits sound waves of frequency f towards a metal plate that reflects the waves.
A small microphone is meved along 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.

9
\.)

loudspeaker microphone metal plate

The speed of sound in air is 340ms .

(a) (i) Explain the variation in intensity.

(31

(i)  Adjacent minima are separated by a distance of 0.12m. Calculate f.

(2]
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(b) The melal plate is replaced by a wooden plate that reflects a lower intensity sound
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.

131

9
19
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17 - (PHYSI/20_SL_Winter_2022_Q3) - Oscillations & Waves

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 t of the displacement of particle P is shown.
displacement
0 5 tims
04 1.2 16 2.4 28

(i) Draw, on the axes, a graph to show the variation with ¢ of the displacement of

particle Q. [2]
(i)  Calculate the speed of waves on the string. [2]
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(b} Itis suggested that the speed ¢ of waves in the string is related to the tension force Tin
the string according to the equation T — ac®, where a is a constant.

(i)  Determine the fundamental S| unit for a. (2]

9
\.)

(i) ~ The tension force on the string is doubled. Describe the effect, if any, of this
change on the frequency of the standing wave. (2]

{c} The standing wave on the string creates a travelling sound wave in the surrounding air.

Outline two differences between a standing wave and a travelling wave. (2]
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1 - (PHYSI/21_SL_Summer_2017_Q4) - Electricity & Magnetism

A heater in an electric shower has a power of 8.5k\WW when connected to a 240V electrical
supply. It is connected to the electrical supply by a copper cable.

o—y
g 2
The following data are available: —
Length of cable =10m
Cross-sectional area of cable = 6.0mm?®
Resistivity of copper =1.7x10°Qm
(@) (i) Calculate the current in the copper cable. [1]
(iiy  Calculate the resistance of the cable. [2]

(b) Explain, in terms of electrons, what happens to the resistance of the cable as the
temperature of the cable increases. [3]
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(c) The heater changes the temperature of the water by 35K. 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] v
’

Powered By :



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

2 = (PHYSI/22_SL_Summer_2017_Q5) - Electricity & Magnetism

A cable consisting of many copper wires is used to transfer electrical energy from a generator
to an electrical load. The copper wires are protected by an insulator.

9

o
0
P

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. [3]
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(b) The cable consists of 32 copper wires each of length 35km. Each wire has a
resistance of 84CQ. The resistivity of copper is 1.7x10°Qm.

(i)  Calculate the radius of each wire. [2]

9
\.)

(i)  There is a current of 730 A in the cable. Show that the power loss in 1 m of the
cable is about 30 W. [2]

(i) When the current is switched on in the cable the initial rate of rise of temperature
of the cable is 35 mK s™. The specific heat capacity of copper is 390 J kg™ K.
Determine the mass of a length of one metre of the cable. [2]
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3 = (PHYSI/20_SL_Winter_2017_Q3) - Electricity & Magnetism

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

(a) 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

K7
< /) mm charge flow

\ $2.0um

not to scale

()  The resistance of the carbon film is 82 C2. The resistivity of carbon is
4.1x10°Qm. Calculate the length ! of the film. (1]

(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. [1]
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(b) The current direction is now changed so that charge flows vertically through the film.

L charge flow

not to scale

Deduce, without calculation, the change in the resistance.

(2]

(c) Draw a circuit diagram to show how you could measure the resistance of the
carbon-film resistor using a potential divider arrangement to limit the potential
difference across the resistor.

(2]

2017 -2022
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4 - (PHYSI/21_SL_Summer_2018_Q4) - Electricity & Magnetism

An ohmic conductor is connected to an ideal ammeter and to a power supply of output voltage V.

9

drift speed

N

o
0
P

The following data are available for the conductor:

density of free electrons =85 x10%cm™
resistivity p=17x10°%Qm
dimensions w x 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™".
State your answer to an appropriate number of significant figures. [3]
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5 - (PHYSI/21_SL_Summer_2018_Q5) - Electricity & Magnetism, Circular Motion & Gravitation

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

9

o
0
P

P velocity

The velocity of the electron at point P is 8.8 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]

(c) Explain why the electron moves

(i) atconstant speed. [1]

(i) ona circular path. [2]
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The diagram shows a potential divider circuit used to measure the emf E of a cell X.
Both cells have negligible internal resistance.

(a) State what is meant by the emf of a cell. [2]
(b) AB s 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.
0] Show that the resistance of the wire AC is 28 Q). [2]
(iii Determine E. [2]
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7 = (PHYSI/20_SL_Winter_2018_Q2) - Electricity & Magnetism

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

powe/r supply rod
24V, 50W
\rod

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

Lamp specifications 24V, 5.0W
Power supply emf 24V

Power supply maximum current 8.0A

Length of each rod 125m
Resistivity of rod metal 7.2x107Qm

(@) Each rod is 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
remain lit. Outline one other electrical advantage of this system compared to one in
which the lamps are connected in series. [1]

9
\.)
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8 = (PHYSI/21_SL_Summer_2019_Q1) - Mechanics, Electricity & Magnetism

A girl rides a bicycle that is powered by an electric mator. A battery transfers energy to the
electric motor The emf of the batiery 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 horizontal 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]

(i}  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 66kg. The girl rides up a slope that is at
an angle of 3.0° to the horizontal.

()  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.

pd

current

12V

6.5A

Determine the internal resistance of the battery.

(2]

Calculate

(i) the emf of one cell.

(11

(i)  the internal resistance of one cell.

(2]

2017 -2022
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9 - (PHYSI/22_SL_Summer_2019_Q4) - Electricity & Magnetism

Three identical light bulbs, X, Y and Z, each of resistance 4.0Q2 are connected to a cell of
emf 12V. The cell has negligible internal resistance.

12v),
!
S X

(a) The switch S is initially open. Calculate the total power dissipated in the circuit.

¥

(2]

(b) The switch is now closed.

(i)  State, without calculation, why the current in the cell will increase.

(1]

power dissipated in Y with S open

ii Deduce the ratio .
(i) power dissipated in Y with S closed

(2]

2017 -2022
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10 - (PHYSI/22_SL_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 inte the plane of the page.

® ® ® ® @ @

® ® ® @ ©® ®
s @ proton

® | 0® @ ® @ ®

® . ® ® e/ ® ®

® ® @ o ® ®

(a} Label with arrows on the diagram the
(iy  magnetic force £ on the proton.
(iiy  velocity vector v of the proton.
(b} The speed of the proton is 2.16 » 10°ms"' and the magnetic field strength is 0.042T.

For this proton, determine, in m, the radius of the circular path. Give your answer to an
appropriate number of significant figures.
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11 - (PHYSI/20_SL_Winter_2019_Q4) - Electricity & Magnetism, Circular Motion & Gravitation

A proten 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.

& & VY ® & X

® @’ ® )\ ®
l proton
i i

® ® ©® ®,/) ®
\\ //

{(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 8is 0.35T.

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

{c) Explain why the kinetic energy of the proton is constant. [2]
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12 - (PHYSI/20_SL_Winter_2019_Q5) - Electricity & Magnetism

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

-6.0mC electren
S .
' 0.40m '
(a) Show that the electric field strength due to the point charge at the position of the
electron is 3.4 x 10°NC™". 2]
(p) (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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13 - (PHYSI/20_SL_Winter_2020_Q5) - Electricity & Magnetism
The graph shows how current / varies with potential difference V across a component X,
/
90

80+

70
60
Jima 207
40
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20-

10

0 T T T T T T T T T >

0 05 10 15 20 25 30 35 40 45 50
ViV

(a) Outline why component X is considered non-ohmic. [1]
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(b) 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.

T
’

40V

() Determine the resistance of the variable resistor. (3]

(i}  Calculate the power dissipated in the circuit, (1]
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(c) Component X and the cell are now placed in a potential divider circuit.

40V

9
\.)

{i) State the range of current that the ammeter can measure as the slider S of the
potential divider is moved from Q to P. (1]

(il  Describe, by reference to your answer for (c)(i), the advantage of the potential
divider arrangement over the arrangement in (b). (2]
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14 - (PHYSI/21_SL_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 1.8kW. -
v
(a) (i) 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 0.86 kg of water remains after it has boiled for 200 s.

{iy  Estimate the specific latent heat of vapornization 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 remcved and a mass of 0.30kg of pasta at —10°C is added to the boiling
water.

Determine the equilibrium temperature of the pasta and water after the pasta is added.
Other heat transfers are negligible.

9
\.)

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

—

o o
220V
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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15 - (PHYSI/22_SL_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.

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.

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

9
\.)

(¢) The centre of the ball, 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.

) 0.40m .
| 0.22m
o
12uC P Q

Calculate the charge on Q. State your answer to an appropriate number of
significant figures. [3]
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16 - (PHYSI/22_SL_Summer_2021_Q6) - Electricity & Magnetism, Energy Production

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

The intensity of solar 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 =0.80 A
Qutput potential difference to external circuit = 14.5V
QOutput emf of photovoltaic cell - 21.0 V

Area of panel = 350mm x 450mm

(a) Explain why the output potential difference to the external circuit and the output emf of
the photevoliaic cell are different.

9

o
0
P

(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
Earth's surface is 680Wm 2.

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

9

o—y
o
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 reascns why future energy demands will be increasingly reliant on sources
such as photovoltaic cells. [2]

REason 1: o

R EasON 2. e e e e e e
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17 - (PHYSI/20_SL_Winter_2021_Q4) - Electricity & Magnetism

(a) The work done to move a particle of charge 0 251C from cne point in an electric field
to another is 4.5uJ. Calculate the magnitude of the potential difference between the
two points. (1]

() Acharged particle, P, of charge +881tC is fixed in space. A second particle, Q, of
charge -0.251:C is held at a distance of 48cm from P and is then released.

P Q
® @
48cm
{ii  Determine the force on Q at the instant it is released. [2]
{i)  Describe the motion of Q after release. [2]
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(c) The diagram shows two parallel wires X and Y that carry equal currents into the page.

9
19

Point Q is equidistant from the two wires. The magnetic field at Q due to wire X alone

is 15mT.
()  On the diagram draw an arrow to show the direction of the magnetic field at Q

due to wire X alone. [1]
(i)  Determine the magnitude and direction of the resultant magnetic field at Q. [2]
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18 - (PHYSI/21_SL_Summer_2022_Q4) - Electricity & Magnetism

A power supply is connected to three resistors P, Q and R of fixed value and Lo an ideal
voltmeter. A variable resistor S, formed from a solid cylinder of conducting putty, is also
connected in the circuit. Conducting putty is a material that can be moulded so that the
resistance of S can be changed by re-shaping it.

9
19

The resistance values of P, Q and R are 4002, 16 Q) and 600 respectively. The emf of the
power supply is 6.0V and its internal resistance is negligible.

{a) Calculate the potential difference across P. [2]

(b} The voltmeter reads zero, Determine the resistance of S, 3]

2017 -2022 Powered By : 136



IB DIPLOMA PHYSICS -SL -P2 CH5 - ELECTRICITY & MAGNETISM

(c) Allthe putty is reshaped into a solid cylinder that is four times longer than the original length.

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

(i) Outline, 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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19 - (PHYSI/22_SL_Summer_2022_Q4) - Electricity & Magnetism

fa) Identify the laws of conservation that are represented by Kirchhoff's circuit laws. (2]

9
'3

{b) Accllis connected to an ideal voltmeter, a switch S and a resistor R. The resistance
of Ris 4.00.

————————————————

O,
_/ R
—
S 400

When S is open the reading on the voltmeter i1s 12 V. When S is closed the voltmeter
reads 8.0V.

()  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 twe secondary cells.

P ————— ==

e e e m -

Fr——————————====n

e __a

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]
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{d)  Electricity can be generated using renewable resources.
(i)  Outline why electricity is a secondary energy source. (1]
()  Some fuel sources are renewable, Outline what is meant by renewable, [1]
(e) (i) 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 dimensicns
0.40m « 0.15m at a place where the maximum intensity of sunlight
s 380Wm °.
The overall efficiency of the re-charging process is 18%,
Calculate the minimum time required to re-charge the cell fully. [3]
(il Qutline why research into sclar cell technology is important to society. [1]
2017 2022 Powered By :
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20 = (PHYSI/20_SL_Winter_2022_Q5) - Electricity & Magnetism

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]

(o) The cell has an emf of 1.43V. The resistance of R is 50.0£2). The voltmeter reads 1.47V.

{n Show that the internal resistance of the cell is about 0.7 (). [2]

(il  Determine the total power dissipated in the circuit. [2]
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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)  Every current-carrying wire produces a magnetic field.

Describe one piece of evidence that supports this statement. [1]
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1 - (PHYSI/20_SL_Winter_2017_Q5) - Circular Motion & Gravitation, Energy Production

A satellite powered by solar cells directed towards the Sun is in a polar orbit about the Earth.

Py

satellite &
s

1]
1
)
i
¥
.
!
i

I3
"~

/;r =
T

—————
..
.

£
kY

The satellite is orbiting the Earth at a distance of 6600 km from the centre of the Earth
Determine the orbital period for the satellite. [3]

(@)
Mass of Earth=6.0x10* kg
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GRAVITATION
(b) 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 um.
o—y
(i)  Determine the mean temperature of the Earth. [2] veo
’

(i) Suggest how the difference between A, and A helps to account for the
greenhouse effect. [3]

(¢) 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. [11
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2 = (PHYSI/21_SL_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 8.8 x 10°ms " in the direction shown.
The magnitude of the magnetic field is 8.5T.

(a) State the direction of the magnetic field.

CH6 - CIRCULAR MOTION &
GRAVITATION

9

o
0
P

(1]

(1]

(c) Explain why the electron moves

(i) atconstant speed.

(1]

(i) ona circular path.

(2]
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3 = (PHYSI/22_SL_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.

bowl

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

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

CH6 - CIRCULAR MOTION &
GRAVITATION

9

o
0
P

(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.

_ g
 tané

(8]

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

(4]

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

(2]
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GRAVITATION
(dy 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 =
g 2
’

second ball

The first ball is released and eventually strikes the second ball. The two balls remain
in contact. Determine, in m, the maximum height reached by the two balls. [3]
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4 - (PHYSI/21_SL_Summer_2019_Q6) - Circular Motion & Gravitation, Energy Production
The Moon has nc 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. =
T o
’

\ axis of rotation

(@) (i) 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.

(i) Ancther black body is on the Moon's surface at point B.

Qutline, without calculation, why the maximum temperature of the black body at
point B is less than at point A.
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GRAVITATION

() The albedo of the Earth's atmosphere is 0.28. Qutline why the maximum temperature
of a black body on the Earth when the Sun is overhead is less than that at poinl A on

the Moon.

(1

9

o
o
P

(c) The Moocn orbits the Earth in a circular path,
Outline why

()  aforce acts on the Moon.

(1]

(i)  this force deoes no work on the Moon.

(1]

2017 -2022
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5 - (PHYSI/22_SL_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 inte the plane of the page. Lo
veo
’
& @ ® @ & @
® ® ® @ ©® ®
s @ proton
® :. & @ @ : @ ®
® ® @ ® @ ®
® ®  ® @ ® ® ®
(a} Label with arrows on the diagram the
(iy  magnetic force £ on the proton. [1]
(iiy  velocity vector v of the proton. (1]
(b} The speed of the proton is 2.16 » 10°ms"' and the magnetic field strength is 0.042T.
For this proton, determine, in m, the radius of the circular path. Give your answer to an
appropriate number of significant figures. [3]
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GRAVITATION
6 - (PHYSI/20_SL_Winter_2019_Q4) - Electricity & Magnetism, Circular Motion & Gravitation
A proten 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. T o
’
&® @ @ ® @ &
I - ™ ~
/ \
@ & ® ® \ ® ®
!
l proton
| i
® 8 ©® ©®/) ® 8
N V4
~ ~
N -
&K X ® ® ® &
{(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 8is 0.35T.
(i)  Show that the radius of the path is about 6ecm. [2]
2017 -2022 Powered By : 152



IB DIPLOMA PHYSICS -SL -P2 CHG6 - CIRCULAR MOTION &

GRAVITATION
(i)  Calculate the time for one complete revolution. [2]
.......................................................................... ‘ i
.......................................................................... veo
’
{c) Explain why the kinetic energy of the proton is constant. [2]
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7 = (PHYSI/20_SL_Winter_2020_Q2) - Circular Motion & Gravitation

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

 axis of rotation

]

1

1

I

I
(a) Draw and label the free-body diagram for the person. [2]
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GRAVITATION

(by The person must not slide down the wall. Show that the minimum angular velocity o of
the cylinder for this situation is

g
o= |—
UR

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

(c) 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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8 = (PHYSI/21_SL_Summer_2021_Q2) - Circular Motion & Gravitation
A planet is in a circular orbit around a star. The speed of the planet is constant.
{(a o Explain why a centripetal force is needed for the planet to be in a circular orbit. [2] . ?
P

(i)  State the nature of this centripetal force.

(]

{b)  Determine the gravitational field of the planet.
The following data are given:

Mass of planet =8.0 x 10 kg
Radius of the planet = 9.1 « 10°m.

(2]
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9 - (PHYSI/20_SL_Winter_2022_Q4) - Circular Motion & Gravitation

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

rotation

g
{/
g .
&

The scale diagram shows the weight W of the mass at an instant when the rod is horizontal.

(a)
Draw, on the scale diagram, an arrow to represent the force exerted on the mass by
the rod. [2]
rod
S
’ w
(b) Explain why the magnitude of the force exerted on the mass by the rod is not constant. [3]
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PHYSICS
1 - (PHYSI/21_SL_Summer_2017_Q5) - Atomic,nuclear & Particle Physics
(a) State the quark structures of a meson and a baryon. [2]
o—y
g 2
eSO, . e e e P
Baryon: ...

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

u - u
AU{d > d}p
S u

u
-
d
()  Explain which interaction is responsible for this decay. [2]
(i) Drawarrow heads on the lines representing U and d in the «. [1]
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(i) Identify the exchange patrticle in this decay. [1]

9

o
0
P

(c) Outline one benefit of international cooperation in the construction or use of
high-energy particle accelerators. [1]
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PHYSICS
2 = (PHYSI/22_SL_Summer_2017_Q4) - Atomic,nuclear & Particle Physics
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) Wirite down the missing values in the nuclear equation for this decay. [1]
226D A DA g e

(b) Rutherford and Royds put some pure radium-226 in a small closed cylinder A.
Cylinder Ais fixed in the centre of a larger closed cylinder B.

_‘
‘ | cylinder A

|- cylinder B

I
I
i
pmm T
~—

At the start of the experiment all the air was removed from cylinder B. The alpha particles
combined with electrons as they moved through the wall of cylinder A to form helium gas
in cylinder B.

The wall of cylinder Ais made from glass. Outline why this glass wall had to be
very thin. [1]
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PHYSICS

Rutherford and Royds expected 2.7 x 10" alpha particles to be emitted during the
experiment. The experiment was carried out at a temperature of 18°C. The volume of
cylinder B was 1.3 x107°m?® and the volume of cylinder A was negligible. Calculate the

[3]

pressure of the helium gas that was collected in cylinder B.

©

T
’

(d) Rutherford and Royds identified the helium gas in cylinder B by observing its
emission spectrum. Outline, with reference to atomic energy levels, how an
(3]

emission spectrum is formed.

() 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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PHYSICS
3 = (PHYSI/20_SL_Winter_2017_Q2) - Atomic,nuclear & Particle Physics
The Feynman diagram shows electron capture.
o—y
veo
’
A X
n W -
time e
P
(a) Deduce that X must be an electron neutrino. [2]
(b) Distinguish between hadrons and leptons. [2]
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PHYSICS
4 - (PHYSI/21_SL_Summer_2018_Q6) - Atomic,nuclear & Particle Physics, Energy Production
The radioactive nuclide beryllium-10 (Be-10) undergoes beta minus (fi—) decay to form a
stable boron (B) nuclide. —
v
(@) Identify the missing information for this decay. [1] &
o L
(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

N0 r & emaining
bervlliium-10-nuclei
075N, ™
\\
0.50 N,
025N, =
0
time
(i)  On the graph, sketch how the number of boron nuclei in the sample varies
with time. [2]
(i)  After 4.3 x 10° years,

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. State the number of remaining
beryllium-10 nuclei in the sample after 2.8 x 10° years.

(c) Anice sample is moved to a laboratory for analysis. The temperature of the
sample is —20°C.

() State what is meant by thermal radiation.

(iii  Discuss how the frequency of the radiation emitted by a black body can be used
to estimate the temperature of the body.

(i) Calculate the peak wavelength in the intensity of the radiation emitted by the
ice sample.

(iv) Derive the units of intensity in terms of fundamental Sl units.

PHYSICS
[1]
)
’
1]
[2]
[2]
[2]
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PHYSICS

5 - (PHYSI/22_SL_Summer_2018_Q6) - 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]

9

o
0
P

(b) Rhodium-106 ('$2Rh) decays into palladium-106 ( '$3Pd) by beta minus (7 decay.
The binding energy per nucleon of rhodium is 8.521 MeV and that of palladium
is 8.550 MeV.

(i)  State what is meant by the binding energy of a nucleus. [1]

(i) Show that the energy released in the /5~ decay of rhodium is about 3 MeV. [1]
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(c) B decay is described by the following incomplete Feynman diagram.

PHYSICS -SL -P2

CH7 - ATOMIC,NUCLEAR & PARTICLE

time

u quark e

d quark

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

(i)  Identify particle V.

(1]
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PHYSICS

6 - (PHYSI/20_SL_Winter_2018_Q5) - Atomic,nuclear & Particle Physics, Quantum & Nuclear Physics (ahl)

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.

9

o
0
P

energy / 10-°J

—-0.605
—-0.870

-1.36

-2.42

W Q\N

L
3%
ERE

WY 999

—-5.44

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

(b) 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 (a). [1]

() Explain your answer to (b). [2]

2017 -2022 Powered By : 167



IB DIPLOMA PHYSICS -SL -P2 CH7 - ATOMIC,NUCLEAR & PARTICLE

PHYSICS
7 = (PHYSI/21_SL_Summer_2019_Q2) - Atomic,nuclear & Particle Physics
(@) Silicon-30 (fﬁS\) can be formed from phosphorus-30 (?‘;P) by a pracess of beta-plus decay.
o=
(i Write down the nuclear equation that represents this reaction. [2] v
’

{iy Sketch the Feynman diagram that represents this reaction. The diagram has
been started for you. [3]

time,

-~

udu

{(iiiy 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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PHYSICS
{b) The Standard Model was accepted by many scientists before the ohservation of the
Higgs bosen 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] T
’
2017 2022
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PHYSICS
8 = (PHYSI/22_SL_Summer_2019_Q6) - Atomic,nuclear & Particle Physics
Deuterium, ?H, undergoes fusion according to the following reaction.
o—
i

H+?H—> SH+ X

(a) Identify particle X.

F
. '3

(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]

(i)  Suggest why, for the fusion reaction above to take place, the temperature of
deuterium must be very high.

(2]
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PHYSICS
(c) Particle Y is produced in the collision of a proton with a K™ in the following reaction.
K+p 5K +K +Y
=
The quark content of some of the particles involved are b
— 0 _— ’
K =Us K’ =ds i
Identify, for particle Y, the
(i) charge. [1]
(i) strangeness. (1]
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PHYSICS
9 - (PHYSI/20_SL_Winter_2019_Q7) - Atomic,nuclear & Particle Physics
(a) Radioactive decay is said to be “random” and "spontaneous”. Outline what is meant by
each of these terms. [2] ==
T o
RaNdOm: oy
SPONMEANEOUS. . L e e e e

(b) A stationary nucleus of uranium-238 undergoces alpha decay to form thorium-234.
The following data are available.
Energy released in decay 4.27 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

(il Calculate the ratio —— : :
kinetic energy of thorium nucleus

2]
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PHYSICS

10 - (PHYSI/20_SL_Winter_2020_Q6) - Atomic,nuclear & Particle Physics, Energy Production

{a) One possible fission reaction of uranium-235 (U-235) is
\ o—
E0 0 > 'GXe 1 S8 20n v
’
The following data are available.
Mass of one atom of U-235 = 235U
Binding energy per nucleon for U-235 - 7 589 MeV
Binding energy per nucleon for Xe-140 = 8 28MeV
Binding energy per nucleon for Sr-94 = 8 58 MeV
(iy  Slate what is meant by binding energy of a nucleus. [1]
(i)  Qutline why guantities such as atomic mass and nuclear binding energy are often
expressed in non-Si units. (1]
(iiy Show thatthe energy released in the reaction is about 180 MeV. [1]
(p A nuclear power station uses U-235 as fuel. Assume that every fission reaction of

U-235 gives rise to 180 MeV of energy.

(i) Estimate, in Jkg ', the specific energy of U-235. [2]
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PHYSICS

(i)  The power station has a useful power output of 1.2 GW and an efficiency of 36 %.
Determine the mass of U-235 that undergoes fission in one day. 2]

.......................................................................... T

RO ¥

(

c) A sample of waste produced by the reactor contains 1.0kg of strontium-94 (Sr-94).
Sr-94 is radioactive and undergoes beta-minus (B) decay into a daughter nuclide X.
The reaction for this decay is

G4
wor o> X+ v, +e

(i)  Write down the proton number of nuclide X. [1]

2017 -2022

The graph shows the variation with time of the mass of Sr-94 remaining in the sample.
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PHYSICS
(i)  State the half-life of Sr-94. 1]
___________________________________________________________________ : —_—
.......................................................................... T
’
(i Calculate the mass of Sr-94 remaining in the sample after 10 minutes. 2]
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PHYSICS

11 - (PHYSI/21_SL_Summer_2021_Q5) - Atomic,nuclear & Particle Physics

Radioactive uranium-238 (2§§U) 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 (87) processes. ‘ g —:
(@) Uranium-238 decays into a nuclide of thorium-234 (Th). —

Write down the complete equation for this radioactive decay. [1]

238
U=

(b)  Thallium-206 (*5T1) decays into lead-206 (*%Pb).

Identify the quark changes for this decay. [1]

9

8

binding energy
per nucleon / MeV

0 20 40 60 80 100 120 140 160 180 200 220 240
nucleon number A
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PHYSICS
(i)  Outline why high temperatures are required for fusion to occur. [2]
.......................................................................... —
v
’
(i) Outline, with reference to the graph, why energy is released both in fusion and in
fission. [1]
(i)  Uranium-235 (Zggu) is used as a nuclear fuel. The fission of uranium-235 can
produce krypton-89 and barium-144.
Determine, in MeV and using the graph, the energy released by this fission. [2]
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PHYSICS
(i)  Outline why high temperatures are required for fusion to occur. [2]
.......................................................................... o=
v
.......................................................................... —
(i) Outline, with reference to the graph, why energy is released both in fusion and in
fission. [1]
(i)  Uranium-235 (Zggu) is used as a nuclear fuel. The fission of uranium-235 can
produce krypton-89 and barium-144.
Determine, in MeV and using the graph, the energy released by this fission. [2]
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PHYSICS
12 - (PHYSI/21_SL_Summer_2021_Q7) - Atomic,nuclear & Particle Physics
Conservation of energy and conservation of momentum are two examples of conservation laws.,
o—y
(@) Cutline the significance of conservation laws for physics. (1 C
’

{b) When a pi meson - (du) and a proton (uud) collide, a possible outcome is a sigma
baryon X° {uds) and a kaon meson K’ (d3).

Apply three conservation laws to show that this interaction is possible. [3]
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PHYSICS

13 - (PHYSI/22_SL_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 (*;.T1) can be formed when an unstable lead {Pb) T ‘:
’

nuclide captures an electron.

Wite down the equation to represent this decay. [2]
\—lan—Ie 3 m551Tl+|:|Ue
{b)  The neutron number N and the proton number Z are not equal for the nuclide 2% TL.
Explain, with reference to the forces acting within the nucleus, the reason for this. 2]
Powered By :
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PHYSICS
(c)  Thallium-205 (*Tl) can also form from successive alpha (ct) and beta-minus (B7)
decays of an unstable nuclide. The decays follow the sequence e B 3~ a. The diagram
shows the position of *, Tl on a chart of neutron number against proton number.
o—y
v
’
134
132
130
128
neutron number / N
126
124 o
122
120+
118+
116 T T T T T T T T T T
76 77 78 79 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]

2017 -2022 Powered By : 181



IB DIPLOMA PHYSICS -SL -P2 CH7 - ATOMIC,NUCLEAR & PARTICLE

PHYSICS
14 - (PHYSI/20_SL_Winter_2021_Q5) - Atomic,nuclear & Particle Physics
(@) (i) State whatis meant by the binding energy of a nucleus. [1]
o—y
v
.......................................................................... P

(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

AA

»Y

0 50 100 150 200 250

(i) Identify, with a cross, on the graph in (a)(ii), the region of greatest stability. [1]
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PHYSICS

(b) Piutonium-238 (Pu) decays by alpha (ar) decay into uranium (U).

The foliowing data are available for binding energies per nucleon:

plutenium 7.568MeV
uranium 7 600MeV
alpha particle  7.074MeV

(i  Show that the energy released in this decay is about §MeV,

13

(1} TFhe plutomum nucleus is al rest when it decays,

kinetic energy of alpha particle
kinetic energy of uranium

Calculate the ratio

2]

2017 -2022
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PHYSICS

15 - (PHYSI/21_SL_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= +v,.

State and explain the interaction that is responsible for this decay. [2]
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PHYSICS
16 - (PHYSI/22_SL_Summer_2022_Q5) - Atomic,nuclear & Particle Physics
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. v

’
N
1200- ; i
1000 \
800 \ |
600 '

400 \
=SS

\
200 ~

corrected count rate / count minute™!

0 1
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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PHYSICS
(c)  Further results were obtained in this experiment with copper and lead absorbers.
Absorber Thickness | Corrected cpunt Late P
/ mm [ count minute T o
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 ('}.Cs) that decays to
barium ('};Ba).
Write down the reaction for this decay. [2]
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PHYSICS
17 - (PHYSI/20_SL_Winter_2022_Q6) - Atomic,nuclear & Particle Physics
{a) OQutling, 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.

MNuclear mass of Po-210 = 209.83676u
Nuclear mass of Pb-206 — 205.92945 4

Mass of the alpha particle = 4.00151u

by 1) Calculate, in MeV, the energy released in this decay. [2]

(il  The polonium 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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PHYSICS

(iiiy  In the decay of polonium-210, alpha emission can be followed by the emission of
a gamma photon.

State and explain whether the alpha particle or gamma photon will cause greater
ionization in the surrounding material.

2] g 2
’
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1 - (PHYSI/21_SL_Summer_2017_Q3) - Energy Production

Two renewable energy sources are solar and wind.

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

{b) Asolar farmis made up of photovoltaic cells of area 25000m®. The average solar
intensity falling on the farm is 240Wm 2 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 =1.3kgm™
Average wind speed =7.5ms”’

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

as the solar farm. [3]

Powered By :

T
’



IB DIPLOMA PHYSICS -SL -P2 CHS8 - ENERGY PRODUCTION

(i)  Explain two reasons why the number of turbines required is likely to be greater
than your answer to (c)(i). [2]

9
\.)
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2 = (PHYSI/22_SL_Summer_2017_Q2) - Energy Production

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

(b) The hydroelectric system has four 250 MWW generators. The specific energy
available from the water is 2.7kJkg™". Determine the maximum time for which the
hydroelectric system can maintain full output when a mass of 1.5:x10" kg of water
passes through the turbines. [2]

(¢) Not all the stored energy can be retrieved because of energy losses in the system.
Explain one such loss. [1]

Powered By :
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(d) Atthe location of the hydroelectric system, an average intensity of 180 Wm™ arrives
at the Earth’s surface from the Sun. Solar photovoltaic (PV) cells convert this solar
energy with an efficiency of 22 %. The solar cells are to be arranged in a square array.

Determine the length of one side of the array that would be required to replace the .
hydroelectric system. [2] v
’
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3 = (PHYSI/20_SL_Winter_2017_Q5) - Circular Motion & Gravitation, Energy Production

A satellite powered by solar cells directed towards the Sun is in a polar orbit about the Earth.

Py

satellite &
s

1]
1
)
i
¥
.
!
i

I3
"~

/;r =
T

—————
..
.

£
kY

The satellite is orbiting the Earth at a distance of 6600 km from the centre of the Earth
Determine the orbital period for the satellite. [3]

(@)
Mass of Earth=6.0x10* kg
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(b) 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 um.

9

o—y
(i)  Determine the mean temperature of the Earth. [2] o
’

(i) Suggest how the difference between A, and A helps to account for the
greenhouse effect. [3]

(¢) 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. [11
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4 - (PHYSI/21_SL_Summer_2018_Q6) - Atomic,nuclear & Particle Physics, Energy Production

The radioactive nuclide beryllium-10 (Be-10) undergoes beta minus (fi—) decay to form a
stable boron (B) nuclide.

o—y
v
(@) Identify the missing information for this decay. [1] &
o L
(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

N0 r & emaining
bervlliium-10-nuclei
075N, ™
\\
0.50 N,
025N, =
0
time
(i)  On the graph, sketch how the number of boron nuclei in the sample varies
with time. [2]
(i)  After 4.3 x 10° years,

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]

2017 -2022

Powered By : 195



IB DIPLOMA PHYSICS -SL -P2 CHS8 - ENERGY PRODUCTION

(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. State the number of remaining
beryllium-10 nuclei in the sample after 2.8 x 10° years. [1]

(c) 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]

(iii  Discuss how the frequency of the radiation emitted by a black body can be used
to estimate the temperature of the body. [2]

(i) Calculate the peak wavelength in the intensity of the radiation emitted by the
ice sample. [2]

(iv) Derive the units of intensity in terms of fundamental Sl units. [2]
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5 - (PHYSI/22_SL_Summer_2018_Q5) - Energy Production

In a pumped storage hydroelectric system, water is stored in a dam of depth 34 m.

upper lake

9
19

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 1.2 x10° m® per minute. The density of
water is 1.0x10°kgm™.

(i) Estimate the specific energy of water in this storage system, giving an
appropriate unit for your answer. [2]
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(i) Showthat the average rate at which the gravitational potential energy of the
water decreases is 2.5 GW.

(i) The storage system produces 1.8 GW of electrical power. Determine the overall
efficiency of the storage system.

(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.

[3]
)
’
[1]
[1]
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6 - (PHYSI/21_SL_Summer_2019_Q6) - Circular Motion & Gravitation, Energy Production

The Moon has nc 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 rotation

9
\.)

(@) (i) 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.

(i) Ancther black body is on the Moon's surface at point B.

Qutline, without calculation, why the maximum temperature of the black body at
point B is less than at point A.
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() The albedo of the Earth's atmosphere is 0.28. Qutline why the maximum temperature
of a black body on the Earth when the Sun is overhead is less than that at poinl A on
the Moon. [1]

9
\.)

(c) The Moocn orbits the Earth in a circular path,

Outline why
()  aforce acts on the Moon. (1]
(i)  this force deoes no work on the Moon. [1]
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7 = (PHYSI/22_SL_Summer_2019_Q7) - Energy Production
The average temperature of ocean surface water is 289 K. Oceans behave as black bodies.

(a) Show that the intensity radiated by the oceans is about 400Wm™.

(]

9

(b) Explain why some of this radiation is returned to the oceans from the atmosphere.

[3]
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8 = (PHYSI/20_SL_Winter_2019_Q6) - Energy Production

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.

o=
g
Before After =
Density of air 1.20kgm™ 1.32kgm™
Wind speed 8.0ms™ 40ms™
(@) 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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9 - (PHYSI/20_SL_Winter_2020_Q6) - Atomic,nuclear & Particle Physics, Energy Production

{a) One possible fission reaction of uranium-235& (U-235) is

2% 1 120 e .ol
wd an > gXe 1 5 5r 250

9
de)

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 28MeV
Binding energy per nucleon for Sr-94 = 8 58 MeV

(iy  Slate what is meant by binding energy of a nucleus. [1]

(i)  Qutline why guantities such as atoemic mass and nuclear binding energy are often
expressed in non-Si units. (1]

(iiy Show thatthe 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.

(il  Estimate, inJkg ', the specific energy of U-235. [2]
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(i)  The power station has a useful power output of 1.2 GW and an efficiency of 36 %.
Determine the mass of U-235 that undergoes fission in one day. 2]

(c) A sample of waste produced by the reactor contains 1.0kg of strontium-94 (Sr-94).
Sr-94 is radioactive and undergoes beta-minus (B) decay into a daughter nuclide X.
The reaction for this decay is

G4
wor o> X+ v, +e

(i)  Write down the proton number of nuclide X. [1]

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]

9
'3

(i Calculate the mass of Sr-94 remaining in the sample after 10 minutes. 2]
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10 - (PHYSI/21_SL_Summer_2021_Q4) - Energy Production

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

4nd* 4° 2]

(i) The albedo of the planet is «,. The equilibrium surface temperature of the planet

is T. Derive the expression
e 4’P(Fozp)
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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11 - (PHYSI/22_SL_Summer_2021_Q6) - Electricity & Magnetism, Energy Production

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

The intensity of solar 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 =0.80 A
Qutput potential difference to external circuit = 14.5V
QOutput emf of photovoltaic cell - 21.0 V

Area of panel = 350mm x 450mm

(a) Explain why the output potential difference to the external circuit and the output emf of
the photevoliaic cell are different.

9

o
0
P

(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
Earth's surface is 680Wm 2.

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

9

o—y
o
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 reascns why future energy demands will be increasingly reliant on sources
such as photovoltaic cells. [2]

REason 1: o

R EasON 2. e e e e e e

2017 -2022 Powered By : 208



IB DIPLOMA

PHYSICS -SL -P2 CHS8 - ENERGY PRODUCTION

12 - (PHYSI/20_SL_Winter_2021_Q6) - Energy Production

(a) Titan is a moon of Saturn. The Titan-Sun distance is 8.3 times greater than the
Earth-Sun distance.

(i)  Show that the intensity of the solar radiation at the location of Titan is 16Wm ~ [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 hlack body. Explain why the average
intensity of solar radiation absorbed by the whole surface of Titan is 3. 1¥Wm * [3]

(i)  Show that the equilibrium surface temperature of Titan is aboui 90K, [1]

2017 -2022

Powered By :

9
\.)

209



IB DIPLOMA PHYSICS -SL -P2 CH8 - ENERGY PRODUCTION

{b) (i}  The orbital radius of Titan around 3aturn is R and the period of revolution is T.

23
Show that T2 = JZR

where M is the mass of Satumn. [2]

(i} The orbital radius of Titan around Saturn is 1.2 « 10"m and the orbitai period is
15.9 days. Estimate the mass of Saturn. [2]
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1 - (PHYSI/20_SL_Winter_2018_Q5) - Atomic,nuclear & Particle Physics, Quantum & Nuclear Physics (ahl)

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. =
o

9

)

energy / 10-°J

—-0.605
—-0.870

-1.36

-2.42

W Q\N

L
3%
ERE

WY 999

—-5.44

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

(b) 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 (a). [1]

() Explain your answer to (b). [2]
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1 - (PHYSI/21_SL_Summer_2017_Q1) - Mechanics, Thermal Physics

a1 112 024gn v
2
v=119 «¢ms™'» ¥

a |ii |internal energy is the total KE «and PEx» 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 weight/\\W/mg/gravitational force/F¢/F gravitational

AND arrow vertically upwards from dot labelled reaction force/R/normal contact force/N/Fy v

W>R Y
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ALTERNATIVE 1

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 / ¥ 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

Powered By :
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c ALTERNATIVE 1
0=82%12xax24 therefore a=«—»1.40 «ms™» v
friction force = ma =65x1.4=91«N» v

coefficient of friction — _91 0.14 v

65 < 9.81
ALTERNATIVE 2

KE:%mv2 =05x65x8.22=2185 «J» v

friction force = KE/distance =2185/24 = 91«N» v’

coefficient of friction = 1 0.14 v
65 «9.81
d |i «76:9.6» =730 v
Ns ORkgms™ 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

9
\.)

2 = (PHYSI/22_SL_Summer_2017_Q1) - Mechanics

a correct use of kinematic equation/equations v

148.5 or 149 or 150 «m» v’

b
a= % or245«ams—2» v

F-160=492x2.45+v

1370 «N» ¥
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ALTERNATIVE 1
«work done to launch glider» = 1370 x 149 « =204 kJ» v/

«work done by motor» = w v

«power input to motor» = 204100 X 11—1 =80 or 80.4 or 81 k«W» v

23

ALTERNATIVE 2
use of average speed 13.5ms™ v

«useful power output» = force xaverage speed «=1370x<13.5» v

100

power input = «1370x<13.5 >3 =» 80 or 80.4 or 81 k«W» v

ALTERNATIVE 3

work required from motor= KE + work done against
friction «= 0.5« 492 x 27% + (160 x 148.5)» = 204 «kJ» v

work required from motor x 100 v
23

«energy input» =

833000

power input= =80.3 k«W» v

CH2 - MECHANICS

9
19
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d
= «—:»2:45 v
r 0.6
rads-' v
e i
I
l
I
I
I
I
|
drag
weight
!
drag correctly labelled and in correct direction v/
weight correctly labelled and in correct direction AND
no other incorrect force shown v/

f name Newton's first law v’
vertical/all forces are in equilibrium/balanced/add to zero
OR
vertical component of lift mentioned v
as equal to weight v’

g any speed and any direction quoted together as the answervy’
quotes their answer(s) to 3 significant figures v/
speed=12.7 ms™! ordirection=9.46° or 0.165 rad «below the horizontal» or
gradient of —% 4
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3 = (PHYSI/20_SL_Winter_2017_Q1) - Mechanics
a arrow vertically downwards labelled weight «of sledge andior Do not aliow G/g/ gravity”.
giris/Wimglgravitational forcelFg/Fgavimiona AND arrow perpendicutar to Do not award MP1 if a “driving foree” is i —
) v Iriving force” is included.
the snow slope labelled reaction force/Rinormal contact force/NiFy Allow camponents of weight if correctly tabsifed. 1- o
friction force!F/f acting up slope «perpendicular to reaction force» v {gnore point of application or shape of abject. P
{gnore "air resistance”
Ignore any reference fe "push of feet on siedge”.
Do not award MP2 for ferces on sfadge on
horizontaf ground
The arrows should contact the abject
b gravitational forcefweight from the Eaith «downwards» ¥ Allow naming of forces as in {a}
reaction force from the sledge/snowiground «upwards» ¥
no veitical acoelerationfremains in contact with the groundidoes not Allow vertical forces are balanced/equal in
move vertically as there is no resultant vertical force ¥ magnitude/cancel out
] mention of conservation of momentum Allow p p' or other algebraically equivalent
OR statement
55.42 (55-55)uv»v Award [O] for answers based on energy
0.38«ms '» ¥
d same change in momentumiimpulse v
the time taken «to stop» would be greater «with the snows v Allow reverse argumert for ice
F % therefore £ is smaller «with the snow»
OoR
force is proportional to rate of change of mementum therefore Fis
smaller «with the snows v
e i «friction force down slepe»  umgeos(6.5) «5.9N» v
«component of weight down slope» mgsin(6.5)« 8.1N» ¥
F O N
«s0 & — »acceleration 224ms “» v {gnore negative signs
m
Affow useof g 10ms™
e i
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 leading fo 8.2 «mm»
distance 4.4 or 4.0¢m» v
f caleulates a maximum valug for the frictional force « R » 7.5 al» ¢
sledge will not move as the maximumn static friction force is greater than Affow correct conclusion from incorrect MP 1
i v )
the component of weight down the slope Allow 7.5 > 6.1 so will not move
2017 -2022 Powered By : 218
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4 - (PHYSI/21_SL_Summer_2018_Q1) - Mechanics

a use of conservation of energy
OR [
vi o ul-2as v 2 ' o
v 4J2=60.0:9.81% 343ams '»
b |i use of impulse £,,, ¥ o Aflow ECF fror (a)
OR
use of F ma with average acceleration
OR 2
800 343
0.759
3620 «N» v
b i upwards For second rmarking point alfow ECF
fram (b)(i} providing line is upwards.
clearly longer than weight
2
b |ii |3820:800x9.81 Allovr ECF fratm (b)(i}.
A4400uNy 2
c | (loss in) gravitational potential energy (of block) into kinetic energy {of block) + Must see names of energy {gravitational
potential energy and kinetic energyl -
Allaw for reasonable variations af
termrinofogy (eg energy of molion for
KE).
c ii (loss in) gravitational potential and kinetic energy of block into elastic potential See note for T(c){i for maming
enargy of rope v convention.
Must see either (he block or the rope (or
both) mentioned in cannection with the
appropriate anergies.
d ) . 1,2
k can be determined using EPE Ekx «
carract statement or equation showing Candidate must clearly indicate the
energy associated with either position A
GPE at A =EPE atC or £ for MP2.
QR
[GPE+ KE}at B=EPE atC +
2017 -2022 Powered By : 219
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5 - (PHYSI/22_SL_Summer_2018_Q1) - Mechanics, Circular Motion & Gravitation

a i towards the centre «of the circle» / horizontally to the | Do not accept towards the centre of the bow/ 1
right v/
a ii downward vertical arrow of any length v Judge the length of the vertical arrow by eye. The construction
arrow of correct length v* fines are not required. A label is not required
eg: .
i 2
a iii | ALTERNATIVE 1
F=NcosO v
mg=Nsinf v
dividing/substituting to get result v/ eg:
ALTERNATIVE 2 % mg
right angle triangle drawn with £, N and W/mg 0 3
labelled v/ E
angle correctly labelled and arrows on forces in o m
correct directions v/ tang = 2 Tg
correct use of trigonometry leading to the required
relationship v/ __mg
tano
b mg v P Award {d] for a bald correct answer
m—
tan{} r Avrard [3] for an answer of 13.9/14
«ms . MP2 omitied
r Rcosf) ¥ a4
igH‘Gusz fl ngcus[f IS B1 &0cos22
v - ! f v
Y sing N tanfl ¥ tan22
v 13.4/13«ms '» v
& there is no force to balance the weight/N is horizontal ¥
50 no /it is not possible v Must see correct justification to award 2
MF2
d speed before colliston v = «f2gR =» 125 ems '» « Aflow 12.5 from incorrect use of
Kinematics equations
Award {3) for a bafd correct answer
Award [0] for mg({8) 2mgh leading to
h 4m i done in one step.
‘ N Aliow ECF frem MP1 3
dram conservation of momenturms common speed after collision is E initial
speed «v, % 825ms '» ¥
? 2 Aftow ECF frorm MP2
Y 825 »20am» ¥
2g 2 981
2017 2022 Powered By :
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6 - (PHYSI/20_SL_Winter_2018_Q1) - Mechanics

a change in momentum each second= 66 W% 52 10°«=34 ﬂﬂ'kgms‘»"

1
acceteration «>2 10 145 101 ems s v
740

=] i ALTERNATIVE 1:
{considering the acceleration of the spacecraft)

30 4B 10%s ass o

time for acceleration 108

max speed «answerto{a) 486 10° »21.10° «ms '» &

ALTERNATIVE 2:
{considering the conservation of momenturm)

{momentum of 30 kq of fuel ions = change of momentum of spacecraft)

30 52 10° 710 max speed v

max speed = 2.2-10° «ms '»

b i problem may be too complicated for exact treatment +
to make equationsicalculations simpler «

when precision of the calculations is not impertant
some quantities in the problem may not be known exactly

1 max

c i ions have same (sign of) charge v

ions repel each other «

c i the forces between the ions do not affect the force on the spacecraft. v

there is no effect on the acceleration of the spacecraft. ¥

d i force per unit mass +

acting on a smallftest/point mass «placed at the point in the field» v

d ii satellite has a much smaller mass/diameter/size than the planet «so approximates
to a point mass» ¥

9
19

7 = (PHYSI/20_SL_Winter_2018_Q3) - Mechanics

a ALTERNATIVE 1.

intial momentum my 2 0058 063« 027kgms '»
OR

mv=0.058 2 981 11&= 0.27kgms v

change in momentum Q.27
time 0.055

force «

4.9 «N» v
F-mg 49scF S55«N»

ALTERNATIVE 2.
aE, =%m\¢2 =0683J% v=47ms'¢

acceleration «—Y 47 «85 msiad

L
it 55x¢10°

4.9 aN»

F-mg 49s0 F 55«N» ¢

2017 -2022
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ALTERNATIVE {:
cencrete reduces the stopping time/distance +

impulse/change in momentum same so farce greater
OR
wotk done saime so lorce greater v

ALTERNATIVE 2:
coherete reduces the stopping time v

deceleration is greater so force is greater

Alfow reverse argument for grass.

9
19

8 - (PHYSI/21_SL_Summer_2019_Q1) - Mechanics, Electricity & Magnetism

a |i i 20.10° Mus! see at leasi two .1,
time taken ———— &= 2860 s» = 29004s» ¥
a |ii Jyseof E=qV ORenergy=43:10" 18 a=6.88x10"dn « Accept 229 W — 247 W depending on the
exact value of t used from af
power =241 «iifn Must see at leas! three s F
a ili | use of power — force x speed OR force x distance — power x time Award 2] for a bald correct answer.
344Ns Accept 3¢ N - 36N
b i 869 $IN(3°) = 34 aN» v
b ii total force 34 + 34 = 68 sN» v 1f you suspect that the incorrect reference in
o this question caused confusron for a particular
3.5 amsiny candidate. please refer the response 1o the
FE.
Look for ECF from aiif and bi.
Accept 3.4 — 3.5 «ms »,
Award [0] for sofidions involving use of KE
Award [0 for v =7 ms’.
Award [2] for a bald correct answer,
c «maximumy distance will decrease OWTTE v
because opposinglresistive force has increased
or
because more energy is transferred to GPE
OR
because velocily has decreased
OrR
increased mass means more work required «to move up the hill» &
d 4V dropped across battery OR R = 1.86 00 For MP1 aflow use of jnternal resisiance
40 equabions that feads lo 16V — 12V (=4V).
so internal resistance - — - 0.62ali»
6.5 Award [2] for a bald correct answer.
D LR LS YAV
5
e ii  |ALTERNATIVE 1: Altow ECF from {d} and/or efi).
25r=0862v
r=025elln v
ALTERNATIVE 2:
062 G 124wt v
K
r=2{0.124)= 0248 «On
2017 2022
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9 - (PHYSI/21_SL_Summer_2019_Q5) - Mechanics, Oscillations & Waves

0.40«ms "» ¥

initial energy 24mJ and final energy 12mJ v
energy Is lost/unequal /change in energy is 12 mJ

inglastic collisions occur when energy is lost &

maximum GPE at extremes. minimum in centre

9
19

10 - (PHYSI/22_SL_Summer_2019_Q1) - Mechanics

RY. W 0.058x684.0
- — nr— —_—
F A / ,\r/ 26x10°

F =148«Nn = 150«Nn

ALTERNATIVE 1

1mv"’ %x 0.058 x84 .0°

P2y
‘ 25.10°
P - 4700 ¢ 4800 «WW» v

ALTERNATIVE 2

P - averageFv [ 148> v

54.0
2

P = 4700 / 4300 «Wn

horizontal component of velocity is 64 0xcos7 =63 .52ams '» ¢

11.9

« =n 0187 /0. 19«sn
63,52

Do not award BCA. Check working.
Do not award ECF frotn using 64 m 5™

ALTERNATIVE 1
u, =64sin7 /7 80 ams '»

decrease in height 7.80-0.187 +%, 9.81%0.187% /1 1.63 «mn
final height - «2.80-1.63» - 1.1/1.2«m» v

«higher than net so goes overn

ALTERNATIVE 2

vertical distance to fall to net «-. 2.80-091» - 1.8%wm» v

time to fall this distance found using «1.89.. 7 8{ + %x9,81 xtn

_0.21usn v

0.21 asp > 0,187 «s» v
«reaches the net before it has fallen far enough so goes overs

Other alternatives are possible

2017 -2022
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b iiii AL TERNATIVE 1
Initial KE + PE = final KE ¢
%x0,058r642 +0.058+981x2 80 —%»’.0,0{)vaz v
v =64.4aems »
2
ALTERNATIVE 2
v, —&y7.8" 29812289 _ 10 Bams '» v
« =635 - 10.8»
v=64.4aems » v
< s0 horizontal velocity component at lift off for clay is smalter v
narmal force is the same s¢ vertical companent of velocily is the same ¢ 3
so bounce angle on clay is greater
11 - (PHYSI/20_SL_Winter_2019_Q1) - Mechanics
a links G.84 10 Ap Award [2] for baid correct answer
v ML"Z »145«ms '» ¥ z
5810
b use of At - «(28—-12)x10 > #1610 > «s» Accept a time inferval frorr 14 1o 16 ms
Affow ECF from incorrect time interval
= \D 0.84
~e—-»——— OR 53 «Nx»v 2
A 1610
} I
< £ T 88,107 <145 ¢ Allow ECF from (a) and (b)
2 Aoy ECF from MPT
E =W v Award [2] thax for a calculation without reference to work
; done, ey average velegity  time 3
“5B8x107 x14.5"
S*uﬂfzifnﬂ."lz ama
F 53
d v -
4‘/
/
/
/
//
t
graph must show increasing speed from an initial of zero all the time v
overall correct curvature v
2

2017 -2022
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12 - (PHYSI/20_SL_Winter_2020_Q1) - Mechanics

zero v’

Blades exert 3 downward force on the air v

air exerts an equal and opposite force on the blades uby Newton's third laws
QR
air exerts a reaction force on the blades «by Newton's third laws «

Deownward directon required

for MP1.

acceleration 94581 4Gums n ¥
0.95

K v
a i «lfl fercefchange of moemeniumn one second» 1.7y Allow 82 from g = 10 ms ?
1.7v (085.045) 9617
v 8.1«ms » AND answer expressedlo 2 sfonly
4 vertical force= lift force - weight GR - 045 - 9.81 OR = 4.4 uhn v

9
19

13 - (PHYSI/21_SL_Summer_2021_Q1) - Mechanics

OR

t=

P Answer o 2 or more significant figures or
e |22 w02248n formula vath variables replaced by correct
Ve values

ncreasing straight ine from zero up to 0.2 5 in x-axis ¥

with gradient 10 ¢

ALTERNATIVE 1

1.37
12

! =l 114 50 ¥

¥ %—10—0.114' 0.085m ¥

56 (0.24-0.055=0.175>0.15 OR 0.065 < (0.24-0 15) @30 1t goes over the
nets

ALTERNATIVE 2
w024 015 Q09 %-1D-P’sonf 01345 ¥

0134.12 16m ¢
16 1.37 «so ball passed the net already» v

Allow use ofg 28

ALTERNATIVE 1

KE %mv‘ “mgh %o 0027 . 105 . 0.0027 . 98 - 018 ¥

0.15 an ¥

ALTERNATIVE 2

Useof v 105AND v 18Btogelv ayJ105 . 188 » 1067 ams »v

KE %-00027-1057 0.15 win ¥

w=2lams » «

Q0027 - 21
001

F

OR
567 aNao ¢

any answer 10 2 sigaificant figures s v

2017 -2022
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14 - (PHYSI/22_SL_Summer_2021_Q1) - Mechanics

a 19 Allow [2] marks for a bald correct answer.
Ap=045<190R a=—— ¥ . .
0055 Allow ECF for MP2 if 19 sin22 OR 19 cos22
used. 2
0.45 16
= F = —————»160 «N» v
« 0055 » KN
b i horizontal speed = 19 x co5 22 «= 176 ms'n v Allow ECF for MP2
fime = 2320CE 11 560 cen v 2
speed  19cos22
51 i nitial vertical speed = 19 x s8N 22 «=7.1ms"» v Aliow ECF from {B){D) and from MP1
«712x0624-05x9.81x0624%=» 2.5 am» ¥ Allow g = 10 m s7 3
ball dees not hit wall OR 2.5 «m» > 2.4 «mn ¥
c air resistance opposes «direction of» motion Allow deceleration/acceleration but meaning
OR must be clear
air resistance opposes velocity v/
on the way up evertical» acceleration is increased OR greater thang v
on lhe way down «veriical» acceleralion is decreased OR smaller than g v 2
d 13 wrade 871 v Urut riust be seen for mark 1
Accept Hz
Accept 4 m wrads 57

15 - (PHYSI/20_SL_Winter_2021_Q1) - Mechanics

a 1 ., Accept other methods as area from 1
H “E gt -» 4.9 «m» v graph, alternative kinematics equations
or conservation of mechanical energy.
Award [1] for a bald corect answer in
therange 49-51
Award [0] if time used is different than
10s
b i Mat16s v !
- ? 9871, in ‘g”
b i «g=» 9.80 «ms 2, Accept 8.81, 10 or a plain °g 1
ignare sign if provided
b i ™ . Award [1] mark if curve starts from a 1
o - positive fime value
-~ Award [0] if the final sicpe is negative
P e
concave down parabola as shown «with non-zero initial slope and zero final
slopen
< . Award [1] mark for an answer in the 1
«loss of KE is % 0.25-(9.8° 5') =»B.9«Jnv ,angeg'r;,gs
d i v 0.250 (9.8 -5.0)~ Allgw; ECF for MP2 and MPZ 3
g 3.7
F. O e T
™o 01
N=37-0.250. 9.8 =395k
d 1] there is an external force achng on the ball Allov: references to impulse instead of 1
OR force
some momentum is transferred to the floor ¥ Do riot award refarences 1o enegy.
2017 2022 Powered By :
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16 - (PHYSI/21_SL_Summer_2022_Q1) - Mechanics

a direction of motion is different / OWTTE v 2
my ! magnitude of momentum is different «even though v the same» ~

b use of ma=mg-T«3.5x24=35¢-T» Accept 27 N from g=10m s? 2
OR
T=35(g-24) ¢
26 «h» ¢

c i proper use of kinematic equation v Must see either the substituted values 2

OR a value for v to at least three s.f. for
(2x2.4x0.95) =214 «ms™» ¥ MP2.
c i v 2
@ =—

use of I to give 84 «rad s'»
OR
®=21/0.02510 give 84 «rads'» v
quoted to 2sf onlyv':

d ALTERNATIVE 1 Accepl 1.95N from g =10 ms?. 4
av® u -2as >0 -2.1* -2a+«0.35» leading to a= 6.3 «m s2» Accept 242 N from u = 2. 14 ms™,
OR
@ ¥=12{u+¥)t » leadingtot=033 as»
Fri=«ma=15x63=» 345 «N» v
Weight down ramp = 1.5 x 9.8 x 8in(30) = 7.4 «N» v
friction force = net force — weight down ramp = 2.1 «N» ¥
ALTERNATIVE 2
kinetic energy initial = wark done to stop 0.5 x 1.5x(2.1)?= Fuz-x 035 v
Fraer =9.45 «Nn ¥
Weight downramp = 1.5 x 9.8 x sin(30) = 7.4 al» v
friction force = net force — weight down ramp = 2.1 «N» ¥

e static coefficient of friction > dynamic/kinetic coefficient of friction f p. > pi ¥ 3
wthereforer force of dynamicikinetic friction will be less than the force of static
friction v
there will be a net/ unbalanced forward force once in motion awhich results in
accelerations
CR
reference to net F = ma

2017 -2022 Powered By :
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17 - (PHYSI/22_SL_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 rear ¥ law, e.g. N'3, or any corect 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
L e.g.. fan or blades.
air gains momentum «backward» v
by conservation of momentum / force is rate of change in momentum v
boat gains momentum in the opposite direction v
b i e ) G avn Accept use of Energy of air per second
7R* OR «mass of air through system per unit time =» Av/ seen v = 0.5pAV' = 0.5mV for MP1.
244 «kgs» ¥ 2
b |ii | «force = Momentum change per sec = Av’p=» 244 x 20 OR 4.9 «kN» v Allow use of 240
[ i recognition that area under the graph is distance covered v Accept graphical evidence or calculation
of correct geometric areas for MP1. 2
i = - v
«Distance =» 420 - 580 «rm MP2 is numencal value within range.
c i caleulation of acceleration as gradientstt=0«=1ms%» v MPT can be shown on the graph.
Affow an acceleration in the range 1 —
4500 1.1 for MP2 and consistent answer for
use of F=ma OR fseem v MP3
Alfow ECF from MPT.
4900 akgn v Affow use of average acceleration = % 3
or assumption of constant force o
obitain 11000 «kg» for [2]
Affow use of 4800 or 5000 for MP2
d AL TERNATE 1
“w=»dnfads ¥ Aliow ECF from MPT for wrong w (120
«a=rw=»280ums in ¥ gives 2.6 x 10% ms 2 »)
T T
AL E:NA £2 Alfow ECF from MPT forwrong 7 (2 s 2
av- S =2 gmetv gives 18« ms *»)
v .
«ad=—»=280ams?n ¥
r
2017 -2022 Powered By : 228
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PHYSICS -SL -P2

CH2 - MECHANICS

a g OR9.81 am s7» OF acceleration of gravilyidue to free fall « Accept 10 «m 572,
fgrore sign.
Do not accept bald “gravity™ .
Accept answer thal indicafes tangent of the '
graph at time t=0. P
b Identification of air resistance/drag force «acting upwardss « A staterment as “air resistance increases 3
with speed” scores MP1 and MP2
4that» increases with speed v
«untils weight and air resistance cancel out
OR
net forcefacceleration becomes zero v
c b «loss iny GPE —3.4 .10 *- 2.81- 21 - 7.0 10 *» b Afiow [1} through e use of kinemalics 3
as5uMInNG constant acoeleration.
OR Alow ECF from MPT
«gain in» KE =05-3.4-10" .90 «=1.4 .10 *» eln
energy transferred to air a=7.0- 10" 1.4 - 10 *2=56-10 * wla v
any calculated answerto 2 sf v
c i] wgravitational» potential energy «of the raindrop» into thermaliinternal energy | Accept heat for thermal energy
it . - . .
acf the aire Accept into kinetic energy of air particles
fgnore sound energy

Powered By :
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1 - (PHYSI/21_SL_Summer_2017_Q1) - Mechanics, Thermal Physics

a1 112 024gn v
2
v=119 «¢ms™'» ¥

a |ii |internal energy is the total KE «and PEx» 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 weight/\\W/mg/gravitational force/F¢/F gravitational

AND arrow vertically upwards from dot labelled reaction force/R/normal contact force/N/Fy v

W>R Y

Powered By :
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ALTERNATIVE 1

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 / ¥ 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

Powered By :
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ALTERNATIVE 1
0=82%12xax24 therefore a=«—»1.40 «ms™» v
friction force = ma =65x1.4=91«N» v

coefficient of friction — GL =014 v

5x9.81
ALTERNATIVE 2

KE:%mv2 =05x65x8.22=2185 «J» v

friction force = KE/distance =2185/24 = 91«N» v’
91

coefficient of friction = ———=0.14 ¥
65 «9.81
d |i «76:9.6» =730 v
Ns ORkgms™ v
d |ii |safety net extends stopping time v’

F= 2P therefore Fis smaller «with safety net»

OR

force is proportional to rate of change of momentum therefore F is smaller «with safety net» v

9
\.)

2 - (PHYSI/20_SL_Winter_2017_Q4) - Oscillations & Waves, Thermal Physics

e 2] .
csm: »3 10° - sin(33) v
sinr sin(46)

23 10%«ms "» ¥

light strikes AB at an angle of S7° v

critical angle Is «sin ' 253 2501 ¢
3,

angle of incidence is greater than critical angle so total internal reflection
OR
light strikes AB at an angle of S7° v

calculation showing sin of “refracted angle” 1.1 ¢

staterment that since 1.1 -- 1 the angle does not exist and the light does
not emerge ¥

49.2" from unrounded vaiue

total internal reflection shown v’ Judge angle of incidence sangle of reflection by
eye or accept correctly labelled angles

ray emerges at opposite face to incidence ¢

With sensible refraction in correct direction

Powered By :
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4] i mass «volume density » (0‘75)3 920« 388kg» ¥ Accepf 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°)» v ".‘
" N Award [3 max] for answer which uses density
1.4 10% «J» OR 1.4 10" «kd» v &8 1000‘@"‘;{1.5‘ faﬁﬂJ») -
b i in solid sfate, nearesl neighbour melecules cannotf exchange places/have QWwiTTE
fixed posmonsfgre closer to each other’have regular pattern/have stronger Accept converse argument for liquids
forces of attraction ¥
in liquid, bonds between molecules can be broken and re-form
3 - (PHYSI/21_SL_Summer_2018_Q2) - Thermal Physics
a 3.0-831 290
" »
0.13 4
48 ukPa»
b i Award [1] for a bald correct answer,
mass &0l _ 20012 akgn i 4
3100 - 23
bon 3133 108 33 65 10 Mals s
c larger temperature implies larger (average) speedilarger (average) KE of Jgnore any mention of PV=nRT,
molecules/particles/atoms
increased force/momentum transferred to walls (per collision) / more frequent
collisions with walls v 3
increased force leads to increased pressure because P=F/A (as area remains
constant) v
4 - (PHYSI/22_SL_Summer_2018_Q2) - Thermal Physics
a i a gas in which there are no intermolecular forces Accept atoms/particles
OR
a gas that obeys the ideal gas lawfall gas laws at all pressures, volumes and 1
temperatures
cR
ralecules have zero PE/lonly KE v
a ii i +
N (LV 53 10° 21 10 226 102 v 1
KT 1.38 10 310
a iii Allow ECF from (a)(ii
«For one atemn U EHT:} 3 %138 x 102 « 310/ 6.4 x 102'«d»n ¢ @
2 2 Award [2] for a baid correct answer
2
U «2.6.10% %-1 38 107 3105170 «dn v Aliow use of U %pv
b i 4
B «53 10° 2'—10_»1.5 10° «Pawn v 1
68 10
b ii «volume hags increased and» average velocity/KE remains unchanged The idea of average must be included
«so» molecules collide with the walls less frequently/longer time bebtween Decrease in number of collisions is nof
collisions with the walls ¥ sufficient for MPZ2. Time must be 2
max
incluted.
ahences rate of change of momentum at wall has decreased v Accepl atoms/particles.
wand so pressure has decreased»
2017 -2022 Powered By : 233
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5 - (PHYSI/20_SL_Winter_2018_Q7) - Thermal Physics

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 molecules in gaseous state is zero v

(At boiling point) average KE of molecules in gas and liquid is the
same v

gases have a higher internal energy v

2 max

ALTERNATIVE 1.

flow rate of oxygen=28 «g sy v

«2.1:10° <8107 » =1.7 «kW»
ALTERNATIVE 2:
Q=«0.25-32:107+2.1+10° =» 1680 «J» «
power = «1680W =» 1.7 «kW»

nRT

V=« =»4.9:10° «m®» ¢

ideal gas has point objects v Allow the opposite statements if they are clearly made
about oxygen eg oxygen/this can be liquified

no intermolecular forces v
non liquefaction v
ideal gas assumes monatomic particles v

the collisions between particles are elastic v

1 max

9
19

6 - (PHYSI/21_SL_Summer_2019_Q4) - Thermal Physics

weight of eylinder  Ahg,

F _Ahgp

pressure — «.f
A A

Allow use of A — rr’ in MP1.

use of PV = nRT and V = Area x (0.190) seen

substitution of P = pa + pr wre-arrangement ta give answerny'

nRT
recognition that v is constant OR 190g, - 190p_ = 208, - 2080,

OR p. _a‘l_Bp" <

pressure due to mercury . 0.035x1.36%10°x8.81( 4.87=10°Pa) v

103 = 100V
Pa OR Nm? CRkgm's?

Do not award for a bald correct answer.
Working must be shown to award MP3.

Award MP4 for any correct unif of
pressure {eq -mm of mercury £ Hg'}.

same number of particles to collide with a larger surface area OR greater volume
wilh constant rms speed decreases collision frequency ¢

Look for a correct statement that
connecis pressire 16 mofectilar
movemnenl/collisions.

2017 -2022
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7 = (PHYSI/22_SL_Summer_2019_Q2) - Thermal Physics

a _Aox6®
602<107 9 -
OR 1 v o
G684x10 7 akgr o=
b ApT 10 2
L e - ‘JSkT 32138210 7300
2 2 m 6.6+10 2
v-14+10"ams '» ¥
< pV  51x10°+32-10¢
N —
KT 1.38x10 %~ 320
OR
< G 21 2
N p¥N, / 51<10°<32:10°8,02x10 7
RT 8.31-320
N_37-10%
u t 20 w x an
4%10 49610 Ex10 " ;
32«10
d ] «For an ideal gas» the size of the particles is small compared to the distance
between them{size of the container/gas
OR
«For an ideal gas» the volume of the particles is neghgible/the volume of the
particles is small compared to the volume of the container/gas
OR 2
«Fer an ideal gas» particles are assumed to be point objects v
calculation/ratiofresult in {d)(i} shows that volume of helium atoms is negligible
compared to/much smaller than volume of helium gas/container «hence assumption
is justifieds
8 = (PHYSI/20_SL_Winter_2019_Q2) - Thermal Physics
a N pV OR N 1.0:10°-0.36 Affow [1 max] for subrstitution with T in Celsits
TKT T 1.38+10 ¥« 295 Allow {1 max] for a tinal answer of n=14.7 or 15
N- 8Bx10%*V Award [2] for bald correct answer. 2
b Allow ECF fi
! use of £_ constant OR p- oRT OR Mt S o rom faf
T v v Award [2] for bald corrett answer 2
g 9410 «Pan «
b i F-A:\p S Allow ECF from (b))
F-0.72<(1.0-0.94)x10° OR 4.3x10° «Nns Aliow ECF from MP1 2
b il |forceis everyn large «
there must be a mechanism that makes this force smaller 2
assumption used to calculate the force/pressure is unrealistic v
2017 -2022 Powered By : 235
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9 - (PHYSI/20_SL_Winter_2020_Q3) - Thermal Physics

«15- 30 . 60» - 27000 «Jn ¥

27%10"  0.32%c (290 - 260) OR 21007
JhgT K OR J kg IC1V

Altow any appropriate urit

thatis — SME9Y
mass - Iemperarure

«intermoleculary bonds are formed during freezing v

bond-forming process releases energy
OR
wintermcleculars PE decreases wand Lhe difference is transferred as heatn v

«average randem» KE of the molecules dces not decrease/change v

temperature is related to zaverage» KE of the molecules «hence unchangeds v

To award MP3 or MP4
moleculessparticlesfatoms
must be mentioned,

3 max

27 . 10°
130.10°

unfrozen mass «-032-021a -0 11akgn ¥

mass of frozen oil « - »=021akgs ¥

10 - (PHYSI/21_SL_Summer_2021_Q3) - Thermal Physics, Electricity & Magnetism

E, --«%(1 3810 3373 7.7 10 Twdn v

[3.138.107 602 107 373

Vo« »=7204ms »v
¥ 0018

particles can be considerad points «without dimensionss ¥

no intermolecular forces/no forces betwaen particles «except during collisions»’
the volume of a particle is negligible compared to volume of gas «

collisions between particles are elastic v

time between particle collisions are greater than time of collision v

no intermelecular PE/ne PE between particles «

Accept reference to atoms/molecules for
“paricle”

1 max

wihil  Ptr s0 «l w» 23x10° wlkg'n ¥

Jkg'v

«all» of the energy added 1s used to increase the «intermolecular» potential
energy of the particles/break «intermoleculars bonds/OWTTE v

Accept reference to atoms/molecules for
“particle”

use of meaT v
0.86.4200. (100=T) = 0.3.1800.(7 . 10} ¥
Tiq = 85.69¢"Cn ~ BB« Cn v

Accept To in Kelvin (359 K).

vi v

=— gg — v
= % 1600 soR 3025¢0n

Must see either the substituted values
OR a value for R to at least three s.f.

use of parallel resistors addition $0 Re — 15«2 » v
P = 3200 «W» v

2017 -2022
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11 - (PHYSI/22_SL_Summer_2021_Q2) - Thermal Physics
a «He behaves as ideal gas if» £ « T «at constant v~ R
¢ MP1 can also be desciibed as 2k OR 2.
T r v =1
uses two points to showthat p 2 T o' .
2 7‘7 ’ {
b 100-10" 107 Aftow any cerrect data point to be used.
W %0.048 maoly v
- Atlow ECF from MP1 2
«0.048 x4 =3 019 ¢gn v
c recognizes that pressure will double v MP1 can be expressed as
. P R .
graph will be steeper OR gradient will be larger v &g pen OR v will double” 2 max
o n Accept pv — 2nRT for MP1.
graph will still go through the origin ¥
12 - (PHYSI/20_SL_Winter_2021_Q2) - Thermal Physics
a the total krandom» kinetic energy of the molecules/atoms/particles v 1
® I 9:«%:%:»30.10'«%»/ 1
b i Allow ECF from (b)i) for incorrect initial 2
pressure.
Allow tolerance of + one gnd square for
. the endpoints.
sﬁaighl‘i;;le |01;1lmg LSBO, 3) ;:ld (566, 5) :“
drawn only in the range from 300 to 500 K v
[ temperature is the same for both gases v Award [1 max] for a bald statement that 2
«average» kinetic energy is the same «becauseE, = %kT OR E, depends on T kineic energy is the same.
only» v
13 = (PHYSI/21_SL_Summer_2022_Q2) - Thermal Physics
a energy required far milk entering in 1 5 = mass x specific heat x 73 v MP1 is for substitution info mcAT 2
regarciess of power of ten,
16 kW OR 16000 W v
Allow any carrect 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 Da not aftow general term “energy” or 2
“power” for MP2,
because energy transferred as heat / thermal energy is lost «to surroundings or
electrical componentsy v
[ the temperature has increased so the internal energy / « average » KE «of the 2
molecules» has increased OR temperature is proportional to average KE «of the
moleculess. v
wthereforen the «averagen» speed of the molecules or particles is higher OR more
frequent collisions « between molecules » OR spacing between molecules has
increased QR average force of collisions is higher OR intermolecular forces are
less OR intermolecular bands break and reform at a higher rate OR maolecules are
vibrating faster. v
2017 -2022 Powered By : 237
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d i cenduction/conducting/canductor «lhrough metal» v 1
d |ii |useof P=esAT where T= 357 K v Afiow 85 — 8% W for MP3. 3

useof A-27rfe=0238m v Aflow ECF for MP3. 1. "‘.
F =87 «is ¥ P
d fii convection «is hikely to be a significant loss» « 2
«due to reduction in densily of air near pipe surface» hot air rises «and is replaced
by cooler air from elsewhere »
OR
wdue tor conduction «of heat or thermal energy» frem pipe lo air +
14 - (PHYSI/22_SL_Summer_2022_Q2) - Thermal Physics
a Correct conversion of T «T = 310 K» seen v/ Allow ECF from MP1T (.e.. Tin Celsius
y {Resultis 2.7 x 10°%)
wuseof N- 2l togetn23x 109+ 2
KT Affow use of n, R and Na
b i density decreases v
volume is increased AND mass/number of particles remains constant + 2
b i internal energy is constant v Do not award MP2 for stating that
. ) “temperature Is constant” untess linked
internal energy depends on kinetic energy/temperature aonly» to the correct canclusion. as that is
GR mentioned in the stem. 2
since temperature/kinetic energy is constant ¥
Award MP2 for stating that kinetic
Energy remains constant.
15 = (PHYSI/20_SL_Winter_2022_Q2) - Thermal Physics
a i energy required - 250 - 4200 - (30 -15) v Affow ECF From MPT and MFPZ2.
energy available - 0.30- 680 -+ - A ¥ Accept the comrect use of (.30 in either 3
250 - 4200 <15 %21 am’s OR22 amis ¢ MPT or MPZ.
0.30-680~B0-80
a ii | absorbed intensity - {1-0.2) . 680 «- 5445 «W m “» OR emitted intensity = Allow ECF from MP1 and MP2.
0.87x5 67x103%T v Affow MP1 if absorbed or emitted
T4 544 _ 315 aKn v intensity is multipfied by area. 3
097 567 -10°
42 «°Cxn ¥
b i can be liquefied » Accept the converse argument.
has intermolecular forces f potential energy «
has atoms/molecules that are not point ohjects / take up volume « 1 max
does not fullow the ideal gas law «for all Tand p» v
collisions between particles are non-elastic +
b i ALTERNATIVE 1 MP2 in ALT 2 must come from expansion
of air. not from expansion of water,
i _ v
«constant p and V implys o7 — const Award [0] for an answer based on
Tincreases hence n decreases « expansion of water
Award [1] max for an answer based on
conveckion currents. 2
ALTERNATIVE 2
aconstant pand nimplys Vs proportional to T/ air expands as it is heated «
soriginals air accupies a greater volume OR some air |zaves through opening ~
[ solar xenergys to electrical in a photovoltaic cell AND salar to thermal in a
heating panel ¥ 1
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1 - (PHYSI/21_SL_Summer_2017_Q2) - Oscillations & Waves

CH4 - OSCILLATIONS & WAVES

a when 2 waves meet the resultant displacement v’

is the «vector» sum of their individual displacements v’

b 114.7x10*3x0.35x10*3 v
2.4

=6.9:107 «mn 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/

fringes/maxima
OR

intensity of pattern is decreased v’

the width of the central fringe is twice / larger than the width of the subsidiary/secondary

9
\.)

2 = (PHYSI/22_SL_Summer_2017_Q3) - Oscillations & Waves

a «light» superposes/interferes v’

OR

pattern consists of «intensity» maxima and minima

consisting of constructive and destructive «interference» v/

voltage peaks correspond to interference maxima v’

t 25.10°

b i -7
«s:£: 6.3-10 >_<35'0 =»2.1x10"«m» v
d 1.5+10
b ii correct read-off from graph of 25 ms v’
-3
V=« 2.1-10 ~»84x102«ms'» v
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CH4 - OSCILLATIONS & WAVES

ALTERNATIVE 1

«reflection at barrier» leads to two waves travelling in opposite directions v

o=
mention of formation of standing wave v’ v
’
maximum corresponds to antinode/maximum displacement «of air molecules»
OR
complete cancellation at node position v°
3 - (PHYSI/20_SL_Winter_2017_Q4) - Oscillations & Waves, Thermal Physics
e 2] .
a ! sind »3‘10 -sin(33)
sinr sin{46)
23 10%e«ms '» ¥
a n light strikes AB at an angle of S7° v
critical angle Is «sin ! 2.3 501" ¥ 49.2° from unrounded value
AN )
angle of incidence is greater than critical angle so total internal reflection
OR
light strikes AB at an angle of 57" v
calculation showing sin of “refracted angle” 1.1 ¢
staterment that since 1.1 -- 1 the angle does not exist and the light does
not emerge ¥
a iii total internal reflection shown v’ Judge angle of incidence sangle of reflection by
eye or accept correctly labelled angles
ray emerges at opposite face to incidence ¢ With sensible refraction in correct direction
[+] i mass «volume density» (0‘75)3 920« 388kgs v Accept any consistent units
energy required to raise temperature 388 - 2100 20« 1.63-10° J» v
energy required to melt 388 .330- 10 « 1.28 - 10°)» v
Award {3 max] for answer which uses densify
1.4 0% «J» OR 1.4 10° «kd» v s 1000 kg™ (1.5 10° aJn)
b i in solid sfate, nearesl neighbour melecules cannotf exchange places/have QWwiTTE
fixed posmonsfgre closer to each other’have regular pattern/have stronger Accept converse argument for liquids
forces of attraction ¥
in liquid, bonds between molecules can be broken and re-form
2017 -2022 Powered By : 240
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CH4 - OSCILLATIONS & WAVES

4 - (PHYSI/21_SL_Summer_2018_Q3) - Oscillations & Waves

a i superposition of light fram each slit / interference of light from both slits v ignore any reference to crests and
with path/phase difference of any half-odd multiple of wavelength/any odd multiple froughs —
of 1 (in words or symbols) v' 3 ' .
producing destructive interference v P ot
2 . evidence of selving for D «D Sd » S
FA
2
450 10° 0300 10°
& a0 10° <20 = 4 27 @ Award [1] rrax for 2.13 m,
b i 633.0
——— 476«nma
1.33 e 1
b i distance between peaks decreases
2
intensily decreases ¥

5 = (PHYSI/22_SL_Summer_2018_Q3) - Oscillations & Waves

a i the incident wave «from the speaker» and the reflected Allow superimpose/add up
wave «from the closed end» Do not allow meet/interact 1
superpose/combine/interfere v’
a ii Horizontal arrow from X to the right v’ MP2 is dependent on MP1
Ignore length of arrow 1
a jii | Patanodev T ” :
a iv wavelengthis 1= « 4% 2.30 5040 ein: Award [2] for a bald correct answer
2
/ 7«340 T Allow ECF from MP1
0.40
b i sind, 1 v Award [2] for a bald correct answer
340 1500 Award [2] for a bald answer of 13.1
2
O.=13¢ » ¥ Answer must be to 2/3 significant figures to award MP2
Allow 0.23 radians
b ii correct orientation v* Do not penalize the lengths of A and B in the water
greater separation v/ 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
4
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6 = (PHYSI/20_SL_Winter_2018_Q4) - Oscillations & Waves

K=wpci=13 340° =» 1.5 10° ¢

a «air molecule» maoves to the right and then back to the left ¥ 2
returns to Xloriginal position «

b wavelength 2 14« 28m»
c=efi=»120 28«=340ms '» « 3

interference/superposition mentioned

c i censtruction showing formation of image « Another straight line/ray from image through the
wall with linefray fram intersection at walf back to 1
transmitter. Reflected ray must intersect baat
¢ |ii | intederence pattern is abserved
OR

9
\.)

2
maximum when fwo waves occur in phase/path difference 1s na
OR
minimurm when twe waves occur 130 out of phase/path difference is.
(n+¥2)A
7 = (PHYSI/21_SL_Summer_2019_Q3) - Oscillations & Waves
a two waves superposeimention of superposition/mention of econstructives Ignore references lo nodes/antinodes
interference v
2

wavelengths v

they arrive in phasefthere is a path length difference of an integer number of

b path difference = 0.062 «m» v
so wavelength = 0.031 «m»

frequency = 9.7 x 10° aHzn

I no unit is given, assume the answer
is in Hz. Accepl other prefixes (eg
9.7 GHz) 3

Award f2 max] for 4.8 x 10° Hz.

< intensity varies with distance OR points are different distances from the slits v Accept Intensily is moditated by a
single siit difftaction envelope”. 1
8 = (PHYSI/21_SL_Summer_2019_Q5) - Mechanics, Oscillations & Waves
a 0.40«ms "» ¥ 1
b initial energy 24mJ and final energy 12mJ v
energy Is lost/unequal /change in energy is 12 mJ 3
inglastic collisions occur when energy is lost v
c maximum GPE at extremes. minimum in centre 1
2017 2022 Powered By : 242
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Q =~ (PHYSI/22_SL_Summer_2019_Q3) - Oscillations & Waves

a Expression or statement showing acceleration is proportional to displacement v/
S0 «79)(230*5 7«ms?n v 2
T2 7 T o
b ; 340 . .0
sinf = %sin54"
6010 2
0=26°v
c I f=250«Hz» OR Same OR Unchanged v 1
c ii 340
A=e—=0136=14am» v
250 1
d any point labelled C on the vertical line shown below v/
eg.
displacement to the right
A
o} 1
v
displacement to the left
10 - (PHYSI/20_SL_Winter_2019_Q3) - Oscillations & Waves
ol V=¢L54=»250(m5“14 1
0.20x10
a i |[2=030«m» v Allow ECF from (a)(i)
250 Allow ECF from wrong wavelength for 2
f=« =» 830 «Hz» ¢ 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.
1
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11 - (PHYSI/20_SL_Winter_2020_Q4) - Oscillations & Waves
a _340 Aflow approach where path
wavelength = o+ 0.40 «ms o/ length is calcuiated in terms
. of number of wavelengths: ==
path difference = 1.8 wmx» v along path A (56.25) and e N
) 18 y path B {60.75) for MP2,
1.8 amn=45. OR e = g ahaif-wavelengths» hence path difference 4.5 -
- wavelengths for MP3 4
waves meet in antiphase «at P»
OR
destructive interference/superposition «at Py v
b wequally spaced» maxima and minima v
amaximum atQ ¥ 2 max
four «additional» maxima «between P and Qx» v
[ the amplitude of sound at Q is halved +'
«intensity is proportional to amplitude squared hence»‘;—“ - % v 2
a
12 - (PHYSI/21_SL_Summer_2021_Q6) - Oscillations & Waves
a «travelling» wave moves along the length of the string and reflects «at fixed
ends ¥
superpositionfinterference of incident and refiected waves v 2 max
the superposition of the refleclions is reinferced only for certain wavelengths v
b i 3=21=2082 =«124mn v Answer must be to 3 or more sf
v=Ffr=195124=242 ¢m 5'n v OR working showrt for MP2. 2
b i straight line through origin with negative gradient v 1
13 = (PHYSI/22_SL_Summer_2021_Q5) - Oscillations & Waves
a energy is not propagated by standing waves OWITE
ampltude constant for travelling waves OR ampltude 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 discrete
wavelengths v
b i «spund» wave gtravels down tube and» is reflected v OWTTE
incident and reflected wave superpose/combinefinterfere ) o
Oo not award MP1 if the reffection is 2
quoted at the wallsicontainer.
b ii 2 Accept drawing of displacement
nedes shown at water surface AND 3 way up tube (by eve) v diagram for correct hammonic withou!
nodes specifically identified
Award [Q] if waveform is showrn 1
below the water surface
b Wi | 3=074 ema v Affow ECF from MP1
f=a & 320 -\ 430 aHzs v 2
s 074
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14 - (PHYSI/20_SL_Winter_2021_Q3) - Oscillations & Waves

T 4.10 %«ssor f = 250 «Hzo v

A 340.40.10° 136=14uamn <

Allgw: ECF from MPT. 2
Award [2] for a bald correct answer.

i . 37 .
wn 290" 0r 32 1270
2/ 3 /2707

1.5 wrnsn v

BOORBS eums» v

From the graph an the paper value is i
8.0, Frowm (he caiculated correc! Ing
fonctions. vaiue 5 § 49,

Lo«3i o 0.90 «msv

to 1he fight v
displacement is getting tess negative

oRrR

change of displacement is positive »

narizontal line drawn a1 the equilibrium position «

15 - (PHYSI/21_SL_Summer_2022_Q3) - Oscillations & Waves

movement of B means that path distance is different « between BM and AM »

OR
movement of B creates a path difference «between BM and AMy

interference
Or
superposition «of wavess v

maximum when waves arrive in phase / path difference = n x lambda
OR

minimum when waves amve ¢180° or 7 » out of phase / path difference = (n+4)

% lambda v

wavelength = 26 cm v/
peak to peak distance is the path difference which is one wavelength
OR

this 1s the distance B moves io be back in phase «wwth A» v

Altow 26 — 27 cm for MP1 2

«Zp =130m ¥
2

£ 380 6 ukHen v
7 013

Aflow 24 of wavelength from (b) or dafa 2
from graph.

2017 -2022
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16 - (PHYSI/22_SL_Summer_2022_Q3) - Oscillations & Waves

a i wincident and reflected» waves superpose/interfere/combine v OWTTE
«that leads to» standing waves formed OR nodes and antinodes present v Allow a sketch of a standing wave for =
at antinodes / maxima there is maximum intensity [ constructive interference / MF2 3max ' .
wdisplacement» addition ¢ louder sound ¥ Alfow a correct reference to path or P
. . " . . . phase differences to identify
at nodes [ minima there is minimum intensity ¢ destructive interference ! | ~nnstretive / destructive interference
«displacemenl» cancellation f quieter sound v
a i | wavelength = 0.24 am» v Affow ECF from MPT
f= « 3490 ., 1.4 akHzn OR 1400 «Hzn v é
0.24
b relates intensity to amplitude « OWTTE
antinodes / maximum intensity will be decreased / quieter v
nodes / minimum will be increased / louder v 3 max
difference in intensities will be less v
maxima and minima are at the same positions «
17 - (PHYSI/20_SL_Winter_2022_Q3) - Oscillations & Waves
a i oscillation in antiphase v’
smaller amplitude than P v
displacement
N T 2
0 t/ims
% 0.8 12 16 2.0 \u 8
a ii 2 Allow ECF from incorrect wavelength
wavelength == x0.80 =053 am» v o
2
speed =053 _ 190 «m §'» v
28x10°
b kg m s OR m? 7 seen v Award [2] for a BCA
kg m'' ¢ 2
b i} speed increases hence frequency increases v
by factor N 2
c traveling waves transfer energy OR standing waves don't «
amplitude of oscillation varies along a standing wave OR is constant along a
travelling wave v
2 max
standing waves have nodes and antinodes OR travelling waves don't ¢
paints in an internodal region have same phase in standing waves OR different
phase in travelling wayes v
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1 - (PHYSI/21_SL_Summer_2017_Q4) - Electricity & Magnetism

 85x10°

T« »=35«A» v

1.7x10° %10
- B.0x10°

=0.028 «Q» v

«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

recognition that power = flow rate x cAT ¢

power 851 0*
cAT 4200=35

=0.058 «kgs '» ¥

flow rate «=

kgs'/gs'/ls'/imis'/imis 'Y

Powered By :
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2 = (PHYSI/22_SL_Summer_2017_Q5) - Electricity & Magnetism

a

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°

-3 3
ama:JI7X10 5235X10 «=93x10°%m’» v

«resistance of cable =2Q»

power dissipated in cable = 7307 x 2 «=1.07 MW » v

6
power loss per meter = M or 306 «<Wm'y» v
35x10

30-m«390-35<107° v

22kag» v

9
\.)

3 - (PHYSI/20_SL_Winter_2017_Q3) - Electricity & Magnetism

RA 82 8 10%.2.10°%
«f

0.032 «m» v

o 41.10°

power 1500 8 10° 0032« 0.384»v

’ power 0.354
acurrent - »
resistance 82

0.068 «hn v

Award [1] for 4.3 «A» where candidate has not
calculated area

gquantities such as resistivity depend on the material
OR

they altow the selection of the correct material

OR

they altow scientists to compare properties of materials v

as area is larger and length is smaller v

resistance is «very much» smaller v

Award [T max] for answers that involve a caleulation

Powered By :
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and voltmeter across it v/

[ complete functional circuit with ammeter in series with resistor eq

N
:\.A/‘- ==
/,‘}\-. ' o
Sl &=
potential divider arrangement correct ¥
4 - (PHYSI/21_SL_Summer_2018_Q4) - Electricity & Magnetism
2 17 100 219
(002 107y 2
Q.043 60
b I i Award [7 rmax] f answer is not
€ —n d
neA 85 107 160 10" 002 expressedto 2 o,
0.388«cms '» ¥ 3
0.37 «crns 's
5 = (PHYSI/21_SL_Summer_2018_Q5) - Electricity & Magnetism, Circular Motion & Gravitation
a oul of the page ptane / () Do not accept just "up" or "outwards” 1
b 160 10" 68 10° 85 92 10 VaN» q
¢ i the magnetic force does not do work on the electron hence does not change the
electron's kinetic eneray
OR 1
the magnetic forcefacceleration is at right angles to velocity
G |t |the velocity of the electron is at right angles to the magnetic field v
WTT, 2
(thercfore) there is a contripetal acceleration f force acting on the charge + @ E
6 - (PHYSI/22_SL_Summer_2018_Q4) - Electricity & Magnetism
a the work done per unit charge ¥’ Award [1] for "energy per unit charge pravided by the
cell Mpawer per unit current”
Award [1] for "potential difference across the terminals of the
cefl when no cumrent is flowing" 2
Do not accept "potentiat difference across terminals of cell”
in moving charge from one terminal of a cell to the other /
all the way round the circuit v
b i the resistance is proportional to length / see 0.35 AND
1.000v"
50 it equals 0.35 .80 v 2
« 280»
b ii currenit lbaving 12V oell is % 015« An Award [2] for a bald correct answer
OR
12
E = 287
80 2
£ «015 28 »42«Va ¥ Allow a 15f answer of 4 ff it comes from a caleulation,
De not allow a bald answer of 4 «U»
Altow ECF from ineorrect current
2017 -2022 Powered By : 249
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7 = (PHYSI/20_SL_Winter_2018_Q2) - Electricity & Magnetism

a ALTERNATIVE 1.
[ f B )
N 72 10° 125
r R n 01 v ' .
r 5352 10° ¢ ”
54 10° «mn v
3
ALTERNATIVE 2:
A 7.2 107 125 v
01
r 5352 10°y
54 10 * «m» o
b current in lamp 2_54 w=0.21» «A»
OR
8 z
n 24. 5 v
so «38.4 and therefore» 38 lamps
c Accept converse arguments for adding lamps in series:
when adding more lamps in parallel the brightness stays when adding more lamps in senes the brightness decreases
the same
when adding more lamps in parallel the pd across each when adding more lamps in senes the pd decreases
remains the same/at the operating value/24V
when adding more lamps in parallel the current through when adding more lamps in series the current decreases
each remains the same v
lamps can be controlled independantly lamps can't be controlled independently 1 max
the pd across each bulb is larger in parallel & the pd across each bulb is smalfer in series
the current in each bulk is greater in parallel ¥ the current in each bulh is smaller in series
lamps will be brighter in parallel than in series
In parallel the pd across the lamps will be the aperating in series the pd across the lamps will fess than the aperating
value/24V value/Zd V
Do not aceept statements that only compare the overall
resistance of the combination of buibs.
8 = (PHYSI/21_SL_Summer_2019_Q1) - Mechanics, Electricity & Magnetism
a i 3 2.0~10° Muss! see at Jeas! two 8.1
time taken ———— &= 2860 s» = 29004s» ¥ 1
a |ii Jyseof E=qV ORenergy=43:10" 18 a=6.88x10"dn « Accept 229 W — 247 W depending on the
exact value of t used from af 2
power — 241 «Wy
Must see at leas! three s.f
a ili | use of power — force x speed OR force x distance — power x time Award 2] for a bald correct answer.
4 ey Actept 3¢ N - 36 N 2
b i 869 $IN(3°) = 34 aN» v 1
b n tolal force 34 + 34 = 68 aN» v 1f you suspect that the incorrect reference in
o this question caused confusron for a particular
3.5 amsiny candidate. please refer the response 1o the
FE.
Look for ECF from aiif and bi.
Accept 3.4 — 3.5 «ms », 2
Award [0] for sofidions involving use of KE
Award [0 for v =7 ms’.
Award [2] for a bald correct answer,
2017 -2022 Powered By : 250
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c «maximumy distance will decrease OWTTE
because opposinglresistive force has increased
ORr

because more energy is transferred to GPE —
OR 2 T
because velocily has decreased
Or

A

increased mass means more work required «to move up the hill» &

d 4V dropped across battery OR R = 1.86 00 For MP1 aflow use of jnternal resisiance
40 equations that feads lo 16V — 12V {=4V).
so internal resistance - —— _ 0.62ats
6.5 Award [2] for a bald correct answer.

€ ! %—3.2«\!» v 1

€ ii ALTERNATIVE 1 Allow ECF from {d} antor efi).
25r=0862 v
=025 aldn v
ALTERNATIVE 2:

802 0124 o v
&

r=2(0.124)=0.248 «lin

9 - (PHYSI/22_SL_Summer_2019_Q4) - Electricity & Magnetism

a total resistance of circuit is 8.0 «l2n

b i «a resistor is now connected in parallel» reducing the total resistance
OR 1

current threugh YZ unchanged and additional current flows through X «

b ii evidence in calculation or statement that pd across Yfcurrent in Y is the
same as before v 2

soratiois 1

10 - (PHYSI/22_SL_Summer_2019_Q5) - Electricity & Magnetism, Circular Motion & Gravitation

a |i F towards centre v/ 1

a |ii |vtangent to circle and in the direction shown in the diagram v/ ¥

proton

b vy g mv , 1673x1077x2.16x10°
TR " g8 ' T 160x10"x0.042

R =0.538 «am» v
R =0.54«¢m» v

2017 2022 Powered By :
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11 - (PHYSI/20_SL_Winter_2019_Q4) - Electricity & Magnetism, Circular Motion & Gravitation

a magnetic force is to the left «at the instant showns Accepl reference lo aceeleration instead of force
OoRrR
explains a rule to determine the direction of the magnetic force ,' .
force is perpendicular to velocity/«direction of» motion 2 max -
[#/4
force is constant in magnitude +
force is centripetalitowards the centre v
b i v’ Award MP2 for full replacement or correc! answer to
B - R v al least 2 significant figtires
z
n 2”7 a5
.. 167210 - 2.0:10° b o e emp
1.6<10 7~ 0.35
b ii T 2nR Y Award [2] for bald correct answer
- v
2
_«M-»Lgno s o
2.0-10°
< ALTERNATIVE 1 Award [2] for a reference 1o work done i zero hence
work done by force is change in kinetic ensrgy « £, remains constait
work done is 2zero/farce perpendicular to velocity v
2
ALTERNATIVE 2 A o of , oty ndistinetly
proton moves at constant speed ¥ Mo;:gp! mention of speed Or velocly indistingtly in
kinetic energy depends on speed
12 - (PHYSI/20_SL_Winter_2019_Q5) - Electricity & Magnetism
a e 3 xzq 7 fgnore any negative sign.
LN
B.9§=10"»6.0=10" 2
£ ———————— OR E 337:10°¢NC "»v
0.4
b i F guEOR F 1610 "x34,10° 54410 ' «Nu v fgriore aiy fiegative sign.
54,10 " Award fi] for a caicedation leading to
egag 5o ams hy a-37 <10"ms » 2
o Award [2] for bald correct answer
b i the electron maves away from the point chargerto the right «along the line jaining | Altow ECF from MP1 if a candidate
them» o mistakerdy evaluates the force as
3 attractive so conciudes that the 3
decreasing accelzration ¥ acceferation will increase
increasing speed
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13 - (PHYSI/20_SL_Winter_2020_Q5) - Electricity & Magnetism

current is not «directly» propertional to the potential difference
OR

resistance of X is not constant

oA

resistance of X changes «with current/vollages v

ALTERNATIVE 1
voltage across X = 2.3 «V» v
voltage acress Ra—- 40-23n-17 aWn ¥

1.7
Q020

resistance of variable resistor « - B B5«lly v

ALTERNATIVE 2

4.0

5056 »— 2006 (in ¥

overall resistance « -

resistance of X « 23 » 118 «lin ¥
0.020

resistance of variable resistor «- 200 115» - 85 «f1y» v

power « 4.0 - 0.020» - 0.0BD «Wa v

from 0 to BO mA v

allows zere current through component X / potential divider arrangement
provides greater range «of current through component X» ¢

9

14 - (PHYSI/21_SL_Summer_2021_Q3) - Thermal Physics, Electricity & Magnetism

E. --«%{1 3810 (3738 - 7.7 10 Taln v

[3.138.107 602 107 373
v o«

y T8 »=7204ms »v

particles can be considered points «without dimensions» v

ne intermolecular forces/no forces between particles «except during collisions»v’

the volume of a particle is negligible compared to volume of gas «
collisions between particles are elastic v

time between particle collisions are greater than time of collision v
no intermelecular PE/ne PE between particles «

Accept reference to atoms/molecules for
“paricle”

1 max

1600 - 200 »
D.14

whl  Pin so ul 23x10° wlkg'n ¥

Jkg'v

«all» of the energy added 1s used to increase the «intermolecular» potential
energy of the particles/break «intermoleculars bonds/OWTTE v

Accept reference to atoms/molecules for
“particle” 1

use of meaT v
0.86,4200. (100-T) = 0.3.1800. {7 . 10} v
Teq = 85.69¢"Cn - 8B«"Cn v

Accept To in Kelvin (359 K).

z v
v

=— 50 —— v
7 * a0 soR 2025«0»

Must see aither the substituted values
OR a value for R to at feast three s.f. 1

use of parallel resistors addition 50 Req — 15« $2 » ¢
P = 3200 «Ws v

2017 -2022
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15 - (PHYSI/22_SL_Summer_2021_Q3) - Electricity & Magnetism

a identifies units of 5 as C mv Accept any analysis feg dimensional) that yields
2 answer comectly o
—C; . @,- seen and reduced to NC'v ?
e To
b i horizontal force F on ball = T sin 30 « Alow g= 10 N kg ' o=
T=_M9 v
cos30 Award [3] marks for a bald correct answer.
Fa=mgtan 30 = 0.025 x 9.8 x tan 30» = 0.14 «N»v’ 3
Award [1max] for an answer of zero. inferpreting that
the honzontal force refers to the honzomal component
of the net force.
b ii 0.14 . Aftow ECF from the calculated F in (b)fi)
[ER TR
- =N Award [2] for a baid comect answer.
n:uwn=21xﬂoﬁu0mqnv‘ 2
1.2»x10°
c Q 1.2-10°
.22 0.16 Do not award MP2 if charge is negative
318 x 105 «Co v 3
18X A0% «Cr Any answer given to 2 sig figs scores MP3
2sf ¥
16 = (PHYSI/22_SL_Summer_2021_Q6) - Electricity & Magnetism, Energy Production
a there is a potential difference across the internal resistance Aflow full credit for answer based on
oR V=c-Ir
there is energy/power dissipated in the internal resistance v 2
when there is current «in the cell»/as charge flows «through the cells v
b AL TERNATIVE 1 Altermnative solutions are possible
pd dropped across cell =8.5 «V» ¢
internal resistance = &5 v Award [3] marks for a bald correct
0.9 answer
7. v
2 alln 3
ALTERNATIVE 2
r=iR.r)ses=V-fv
210=145+09xrv
T2am ¢
c powes arriving at cell = 680 x 0.35 x 0.45 = «107 Wa  + Award [3] marks for a bald correct
power in external circuit= 14.5x 0.9 = «13.1 W» v answer 3
efficiency =012 OR12 % ¥ Allow ECF for MP3
d wenergy from Sunfphotovolizic cells» is renewable OWTTE
1(1251 renewable are running out ¥ Do nat alfaw BCONOMIC aspects
- ¢ fe.g. free energy)
non-polluting/clean v 2 max
no greenhouse gases
OoR
does not contribute to global warming/climate change +
2017 -2022 Powered By : 254
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17 = (PHYSI/20_SL_Winter_2021_Q4) - Electricity & Magnetism

directed «horizontally» to the right v

. «V = 4—5 =»18«V» v 1
0.25
o—
b ' 8.99x10° x68x10“x0.25x10"° Award [2] marks for a bald correct 2
Fe 0.48° v answer. ' .
Allow symbolic k in substitutions for
F =066 «N» v MP1. ~
Do not allow ECF from incorrect or
not squared distance
b i Q moves to the right/away from P «along a straight line» 2 max
R
Q is repelled from PV’
with increasing speed/Q accelerates v/
acceleration decreases v’
¢ |i Q 1
& 45 45 ®
X Y
arrow of any length as shownv’
¢ |ii | «using components or Pythagoras to get» B =21 «mT» v/ If no unit seen, assume mT, 2

18 = (PHYSI/21_SL_Summer_2022_Q4) - Electricity & Magnetism

a ALTERNATIVE 1 2
attempt to use potential divider equation or similar method v
40
6.0 m» =24 «vn v
ALTERNATIVE 2
wcurrent = L» =006 wAn
60+ 40
40x006 =24 «Vo ¥
2017 -2022
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b ALTERNATIVE 1 Aliow ECF for MP2 from incorrect MP1T
or MP2,
Pdacross Q=24Vsci=015«A » v
and pd across SisB8.0-24=38u«V» ¥ —
R-v— 3'5-24({ﬂ»~f ¢
/015 -0
ALTERNATIVE 2 }
pd at PR juncticn = pd at Q5 junction v
o s_R ORS:1GxGUJ
Q P 40
24 aQn ¥
ALTERNATIVE 3
120008 515 aan v
18
6.0 = (16+5)(0.15) OR 2.4 45)(31—616) v
R=24 «(n ¥
c i . AL
recognition that 4L leads to 4R ¢ «T »— AR Y
A
«because the volume of S is constant new area is»I v
16 x 24 = 384 «On v
' i «total» power has decreased v Attow opposite argument as ECF from
(e){i) (if candictate deduces a lower
Because current in the branch has decreased «and P=£R » resistance).
OR
. . v’ v Aftow “pawer doesn't change” if
Because resistance has increased in hranch «and P = " candidate has no change of resistance
from (B) to {c)(D
19 - (PHYSI/22_SL_Summer_2022_Q4) - Electricity & Magnetism
a « conservalion of » ¢charge v Affow [1] max if they explicitly refer lo
« conservalion of » energy v’ Kirchhoff' faws Imknlng therm to the
consenvation faws incomectly.
b i 12v ¥
b |ii |{=20A0R12={{r+4) OR4=/{rORB=4{ + Atiow ECF from (b){i)
«Correct working to get » r=2 0« ¥
¢ Loop equation showing EITHER correct voltages, i.e., 10 — 4 on one side or both | Affow any valid methed
emf's positive on different sides of the equation OR correct resistances. i.e. 1 (1 +
2) v
10-4 =7 {1+2) OR = 2.0«A» seenv
V=80uVn v
2017 -2022 Powered By : 256
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CHS5 - ELECTRICITY & MAGNETISM

is generated from primary/other sources v

«& fual » that can be replenishedireplaced within a reasonable time span
OR

«a fuel» that can be replaced faster than the rate at which it is consurmed
Oor

renewables are limitless/never run out

OR

«a fuel» produced from renewable sources

OR

gives an example of a renewable (biofuel, hydrogen, wood, wind, solar, tidal,
hydroetc.)

OWTTE

ALTERNATIVE 1
wehergy output of the panel =» Vit OR 6 x 5 x 0.25 x 3600 OR 27000 «J» v

«available power =» 380 x 0.4 x 015 x0.18 OR 4.1 «\Wn  ~

=» 6600 us»

f=a

27000
4.1

ALTERNATIVE 2

«energy haeded from Sun =» i OR Bx5x0.25 x 3650

v
oF KL OR 150000 «J»

« incident power=» 380 x 0.4 x 0.15 OR 22.8 «\W» ¢

t=« =» 6600 ¢s» ¥

150000
2

Allow ECF for MP3

Accept final answer in minutes (110) or
hours (1.8

ceherent reason v

e.g.. to improve efficiency, is non-polluting, is renewable, does not produce
greenhouse gases, reduce use of fossil fuels.

Do not allfow econemic réasons

2017 -2022
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CHS5 - ELECTRICITY & MAGNETISM

20 = (PHYSI/20_SL_Winter_2022_Q5) - Electricity & Magnetism

a infinite resistance
OR 1
no current is flowing through it v
b i 147 - For MP2, allow any other correctly
curient = 500 2.94.10° «fn v substituted expression for r
1.49 2
-——————-5300 QROBE «s v
2394.10°
bo|ii 1.49.2.94.10° Accept use of 0.7 {2 in MPT
OR
1.49°
50.0 - 0.68
OR 2
(294 10°) (300 06R) v
0.0438 «\Ws v
G i chargelcarriers are moving in a magnetic field « Accept electrons
th . tic i them ! te F = ovB For MPZ, the force must be identiffed as
Ogre is a magnetic force on them / guote F = gw acting on charge / carers P
this creates a magnetic field that interacts with the external magnetic field v
[ i magnetic needle is deflected by nearby currents Onlfy aceept argument that refers to an
OR observation or expenment
two «parallel» current-carrying wires exert a force on each other 1
OR
magnetic field due to a current can be measured directly with a probea v

Powered By :
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IB DIPLOMA PHYSICS -SL -P2 CH6 - CIRCULAR MOTION &
GRAVITATION
1 - (PHYSI/20_SL_Winter_2017_Q5) - Circular Motion & Gravitation, Energy Production
2
a meoa Mm
’ 2 o=
4 2}'3 I .
leacingto 72 7' v
9 oM Cand
T S5320«s» ¥
Alternative 2
i B Accept use of w hsteadof v
«v JG’"E » JG'G-" 107 -8.0-10% 4R 7800 ams s
v 6600 10
distance 2nr 2m 6600 10" «mv»or 415 107 am»
d 415 107
«T v 2800 » 5300 «s»
b i 260.10°2 260.10 2 Award fO] for any use of wavelength from
T a= » — = Sun
2 max i0.1- 10
287 «K» or 14« Cn v Do not accept 287 C
b 1] wavelength of radiation from the Sun is sherter than that emitted from Earth
«and is not absorbed by the atmospherar v
infrared radiation emitted from Earth is absorbed by greenhouse gases in the
atmosphere v
this radiation is re-emitted in all directicns «including back to Earthy v
c peer review v
international collaboration ¥
full details of experiments published so that experiments can repeated v

2 = (PHYSI/21_SL_Summer_2018_Q5) - Electricity & Magnetism, Circular Motion & Gravitation

a oul of the page ptane / () Do not accept just "up" or "outwards” 1

b 160 10" 88 10° 85 92 10 WaN» v i

< i the magnetic force does not do work on the electron hence does not change the
clectron's kinctic energy
OR 1
the magnetic force/acceleration is at right angles to velocity «

< n the velocity of the electron is at right angles to the magnetic field +

WTT) 2
(therefore) there is a centripetal acceleration / force acting on the charge o E
2017 2022 Powered By :
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IB DIPLOMA PHYSICS -SL -P2 CH6 - CIRCULAR MOTION &
GRAVITATION
3 = (PHYSI/22_SL_Summer_2018_Q1) - Mechanics, Circular Motion & Gravitation
a i towards the centre «of the circle» / horizontally to the | Do not accept towards the centre of the bow/ 1
right v/ —
a ii downward vertical arrow of any length v Judge the length of the vertical arrow by eye. The construction ' .
arrow of correct length v* fines are not required. A label is not required
eg: .
i 2
a iii | ALTERNATIVE 1
F=NcosO v
mg=Nsinf v
dividing/substituting to get result v/ eg:
ALTERNATIVE 2 % mg
right angle triangle drawn with £, N and W/mg 0 3
labelled v/ E
angle correctly labelled and arrows on forces in o m
correct directions v/ tang = 2 Tg
correct use of trigonometry leading to the required
relationship v/ __mg
tano
b mg mv—? P Award {d] for a bald correct answer
tan# r Avrard [3] for an answer of 13.9/14
«ms '». MP2 omitied
r Rcosf) ¥ a4
2
v igH‘?us fl ) ngcus[f f IS 81 80cos22
Y sind Y tan? ¥ fan22
v 13.4/13«ms '» v
[ there is no force to balanse the weight/N is horizontal ¥
so0 no / itis not possible v/ Must see correct justification fo award 2
MF2
d speed before colliston v = «f2gR =» 125 ems '» « Aflow 12.5 from incorrect use of
Kinematics eguations
Award {3) for a bafd correct answer
Award [0] for mg({8) 2mgh leading to
h 4m i done in one step.
‘ N Aliow ECF frem MP1 3
dram conservation of momenturms common speed after collision is E initial
speed «v, 125 825ms '» ¥
? 2 Aftow ECF frorm MP2
v 629 »204m» ¥
2g 2 981
2017 -2022 Powered By : 260
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CH6 - CIRCULAR MOTION &
GRAVITATION

4 - (PHYSI/21_SL_Summer_2019_Q6) - Circular Motion & Gravitation, Energy Production

a i ; 0
T 1360 v

Mus!t see 1360 (frorm data bookiet) used
for MP1.

LTy I 7
380 «Kn Must see af least 2 s.f. —
a |[H |energy/Power!Intensity lower at B
connection made between energy/power/intensity and temperature of
blackbody
b (28%) of sun's energy is scatteredireflected by eanth's atmosphere OR only 72% | Must be clear that the eneray is being
of incident energy gets absorbed by blackbody v scattered by the atmosphere.
Award [O] for simpie definition of
“albedo”.
< i gravitational attraction/foreeffield «of the planet/Moons Do not accept "gravity”.
c i the force/ffield and the velocity/displacement are at 90° fo each other OR there is | Award [0 for any mention of no net
no change in GPE of the moon v force on the satefiite.
Do not accept acceleration is
perpendicidar to velocity.
5 = (PHYSI/22_SL_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
b B, g , 1673x10%x2.16x10°
Ve R “g8 | T 160x107x0.042
R =0.538«m» v
R =054«m» v
2017 2022 Powered By : 261



IB DIPLOMA PHYSICS -SL -P2 CHG6 - CIRCULAR MOTION &
GRAVITATION

6 - (PHYSI/20_SL_Winter_2019_Q4) - Electricity & Magnetism, Circular Motion & Gravitation

a magnetic force is to the left «at the instant showns Accepl reference lo aceeleration instead of force
OR

explains a rule to determine the direction of the magnetic force +

force is perpendicular to velocity/«direction of» motion 2 max
[#/4

force is constant in magnitude +

force is centripetalitowards the centre v

Award MP2 for full replacement or correc! answer to

mv
B - R Y al least 2 significant figures
z
- 27 . f
.. 167210 - 2.0:10° b o e emp
1.6<10 7~ 0.35
b ii T 2R Y Award [2] for bald correct answer
- v
2
_MM-»LBxiO Tusn o
2.0-10°
< ALTERNATIVE 1 Awartl [2] for a reference o work done js zero hence
work done by force is change in kinetic ensrgy « £, remains constait
work done is 2zero/farce perpendicular to velocity v
2
ALTERNATIVE 2 ) , et incdistinetiy
proton moves at canstant speed ’:4%02&“ mertion of speed or velocdy indistingtly in

kinetic energy depends on speed ¥

7 = (PHYSI/20_SL_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
i forces but do not allow amows that do
v
arrow horizontally to the left labelled «normal» reaction/N not touch the object,
F
Do not allow horizontal force to be
N labelied ‘centripetal’ or R. 2
w
b See F = uN ANDN = mRo’ ¥
2
wsubstituting for N» sme?R = mg ¥

¢ ALTERNATIVE 1

—5E Aliowr 2.7 fromg = 10 ms *

minimum required angular velogity « \fo 035" ZBurads » ¢

actual angular velocily « :g b 2Qarads w ¥
28
aclual angular velocity is grealer than the minimum. so the person does not
slide v
3
AL TERNATIVE 2

Minimum friction facce = mg  «wxlm»

actual friction force @ pmRer  0.40m . 3.5 2:% » 120m «
Actual friction force is greater than the minimumn frictonal force so the person
does not slide v

2017 -2022 Powered By : 262
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GRAVITATION

8 = (PHYSI/21_SL_Summer_2021_Q2) - Circular Motion & Gravitation

«cwcular mohene involves a changing velocity «

«Tangential velocity» is walwayse perpendicular to centripetal
force/acceleration v

there must be a force/acceleration towards centre/star v
without a centrpetal force the planet will move in a straight line v

2 max

gravitational force/farce of gravity

use of ﬂ 4
IS

6.4 «Nkg ' or ms Z» v

O =~ (PHYSI/20_SL_Winter_2022_Q4) - Circular Motion & Gravitation

horizontal component of any length to the left v
vertical component two squares long upwards v’

E.g.
rod \

Ignore point of application.

Award [1] max if arrowhead not present.

ALTERNATIVE 1
the net/centripetal force has constant magnitude v
the direction of the net/centripetal force constantly changes v

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

ALTERNATIVE 2

at the top Frea = Fe- W v
at the bottom, Fea=F. + W

net F/F. is constant so the force from the rod is different «hence is changing» v

Accept reference to centripetal or net
force indistinctly.

Allow reference to centripetal acceleration.

2017 -2022
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IB DIPLOMA PHYSICS -SL -P2 CH7 - ATOMIC,NUCLEAR & PARTICLE

PHYSICS
1 - (PHYSI/21_SL_Summer_2017_Q5) - Atomic,nuclear & Particle Physics
a Meson: quark-antiquark pair v/
o—y
Baryon: 3 quarks v’ v o
’

b |i |[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/

ii | arrows drawn in the direction shown v’

u
-
d
ili |w v
c 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 v’

Powered By :



IB DIPLOMA PHYSICS -SL -P2 CH7 - ATOMIC,NUCLEAR & PARTICLE

PHYSICS
2 = (PHYSI/22_SL_Summer_2017_Q4) - Atomic,nuclear & Particle Physics
a 222 AND 4V s
e
b 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’
c conversion of temperature to 291 K v’
p=45:10° 831« __,
1.3x10°
OR
P=27-10% 138107 205 v
1.3x10°
0.83 or 0.84 «Pa» v
d 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 E = E and is therefore also discrete v/

e peer review guarantees the validity of the work
OR

means that readers have confidence in the validity of work v’

Powered By :
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CH7 - ATOMIC,NUCLEAR & PARTICLE

PHYSICS

3 = (PHYSI/20_SL_Winter_2017_Q2) - Atomic,nuclear & Particle Physics

it has a lepton number of 1 «as lepton number is conserved» v

it has a charge of zerofis neutral «as charge is conserveds
OR
it has a baryon number of O «as baryon number is conserved» v

Do not credit answers referring to energy

hadrons experience strong ferce
OR

leptons do not experience the strong force v

hadrons made of quarks/not fundamental
OR

leptons are not made of quarksfare fundamental v

hadrons decay eventually» into protons
OR

leptons do not decay into protons v

Accept leptons experience the weak force

Allow “interaction” for "force”

9

o
o
P

4 - (PHYSI/21_SL_Summer_2018_Q6) - Atomic,nuclear & Particle Physics, Energy Production

“Be B4 4V,

conservalion of mass number AND charge 'S8, '[Be

Corract identification of bath missing
vafues required for [1] 1

cotrect shape fe increasing from O to about 0.80N, v

crasses given line at Q.50N, v

number of nuctel

. number of remasmning
~ beryllium-10 nuclei

L

time

ALTERNATIVE 7

1

fraction of Be 8 12.5%, or 0125V

therefere 3 half lives have elapsed

U]
¢, 2310 143 105 k14 10%mayn v
3

2

ALTERNATIVE 2

fraction of Be ; ,125%, ¢r0.125 ¥

% e {43 10°) leadingto = 4836 10 ays ' v

M2 43 10°ays v
oo

Must see at least one extra sig fig in
final answer.

1.9x10"

2017 -2022
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IB DIPLOMA PHYSICS -SL -P2 CH7 -ATOMIC,NUCLEAR & PARTICLE
PHYSICS
c i emission of {infrared) electromagneticiinfrared energy/waves/radiation. v/ 1
c 1 the {peak) wavelength of emitted em waves depends on temperature of
emitter/referance to Wein's Law 2
=
50 frequencyicolor depends on temperature 1- .
c iii . 290-10° Affow £CF from MP1 {incorrect &=
~ 283 v temperature).
1.1 10 %ame ¥ 2
c ¥ | gorrect units for Intensity {alflow W, ANms ' OR Js'' in numerator) Alfow ECF for MP2 if final answer is in
X . fundamental units,
rearrangement into proper S units = kgs™
2
5 - (PHYSI/22_SL_Summer_2018_Q6) - Atomic,nuclear & Particle Physics
a «most of» the mass of the atom is confined within a very small
volume/nucleus v
«all» the positive charge is confined within a very small volume/nucleus v 2max
electrons orbit the nucleus «in circular orbits» v
b i the energy needed to separate the nucleons of a nucleus Allow neutrons AND protons for nucleons
Don't allow constituent parts
OR 1
energy released when a nucleus is formed from its nucleons «
b ii Q=106x8.550-106x8.521=3.07 «MeV» v
1
«Q = 3MeV»
c i line with arrow as shown labelled anti-neutrino/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
eq
v
1
c ii V=W« !
6 - (PHYSI/20_SL_Winter_2018_Q5) - Atomic,nuclear & Particle Physics, Quantum & Nuclear Physics (ahl)
a identifies ». = 435nm
k) 3
£ «!.w »6.63 10 3_ 149 v
’. 435 10°
48 10"aln v
b -0.605 OR -0.870 OR —1.36 to —5.44 AND arrow pointing downwards & Arrov MUST maich calculation in
(apd 1
Afflow ECF from (a)fi)
c Difference in energy levels is equal to the energy of the photon Ajfow ECF from (a)ti)
2z
Downward arrow as energy is lost by hydrogenienergy is given out in the photonithe
electron falls from a higher energy level to a lower one « 3
2017 -2022 Powered By : 267
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PHYSICS
7 = (PHYSI/21_SL_Summer_2019_Q2) - Atomic,nuclear & Particle Physics
a i 2P (323 i) v Subscript on neutrino not necessary to award
MP2. 2 —
0 ; Allow the use of B for e.
tattnd Do not allow an anti-neutrino for MP2. ". .
a i t o=

correct change of eitherutod v
W* shown v/

correct arrow directions for positron and electron neutrino v/

Allow ECF from MP2 in ai for MP3.

other quarks/quarks cannot be isolated v/

quarks/OWTTE v

a iii | quarks cannot be directly observed as free particles/must remain bound to

because energy given to nucleon creates other particles rather than freeing

may bring new information/Models can be revised/OWTTE

b models need testing/new information may change models/new technology

Look for responses thal suggest
changesimprovements fo models.

Don't accept answers spectfically about the
Standard Maodel.

Dot accept answers aboul simply proving
the model correct.

8 = (PHYSI/22_SL_Summer_2019_Q6) - Atomic,nuclear & Particle Physics

a proton/ Hip

b i €3 278 2x2x112n
See 3x2.78/834 OR 2x2+112/448V
3.86 «Mev»

b i the deuterium nuclei are positively chargedirepel +

fpotential barrier
OR

force

high temperatures are required to give high KEs/energies v

high KE/energy is required to overcome «Coulomb/electrostaticn repulsion

high KE/energy is required to bring the nuclei within range of the strong nuclear

2 max

c i 1/-ev

[ i1 3¢

2017 -2022
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PHYSICS

9 - (PHYSI/20_SL_Winter_2019_Q7) - Atomic,nuclear & Particle Physics

a random.
it cannot be predicted which nucleus will decay
OR

it cannot be predicted when a nucleus will decay +

sporlanecus.
the decay cannot be influenced/medified in any way

AWTTE

OWTTE

b i 234576 OR 4x7.07 v
BE,=«234:7614x7.07 427=»1802«MeV» «

BE" " 1§0: 757 aMeVn ¥

Allow ECF from MP2

Award [3] for bald correct answer

Alfow conversion to J. finaf answer s 1.2 ¥1077%

states or applies conservation of momentum
pz

ratio is « E. _2m -?» 585

E- ¢
2m,,

Award {2] for bald correct answer

10 = (PHYSI/20_SL_Winter_2020_Q6) - Atomic,nuclear & Particle Physics, Energy Production

a |i |energy required to «<completelyn separate the nucieons
orR

enerQy released when a nucleus is formed from its constituent nucleons «

Allow protons AND
rieutrons.

a |ii |the values «in Sl units» would be very small ¥

a |iii [140.829+24.859 235.7590R 184 «<MeVn v

74.10% adKkg'n ¥

b |i SE8 «energy »180 10" .1.60 .10 ~ AND «mass =» 235.1.66. 10+ ¥

b i . 12.10° . 24 . 3500
energy preduced in one day - T Y a—

2.9 10"

mass - —————
7T4.10"

-39 «kgy v

-29.10°%«dn v

¢ i |39V

Do rat atlow X unless the 1
proton number is indicated

¢ |ii |75 «sn v

ALTERNATIVE 1
Wmin B, o

o

mass remaining 1.0 % 39 10 wuxge v

ALTERNATIVE 2

decay constant u% 92410 w5 »

mass remaining=10. &3 239 103 «kgn v

2017 -2022
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CH7 -ATOMIC,NUCLEAR & PARTICLE

PHYSICS

11 - (PHYSI/21_SL_Summer_2021_Q5) - Atomic,nuclear & Particle Physics

29 pach] z
E,U—){( - »TH T ad

Alfow He for alpha.

-] udd , uud
CR
down quark changes {o up qguark ¥

¢ i links temperature to kinetic energy/speed of particles «
energy required to overcome «Coulamb» electrostatic repulsion ¥

c i «energy is released when» binding energy per nucleon increases

c ili | any use of (value from graph) x (number of nuclecns) v
«235.76-(89.36+144.82) » 160«MeVr v

12 - (PHYSI/21_SL_Summer_2021_Q7) - Atomic,nuclear & Particle Physics

a they express fundamental principles of nature «
allow fo model situations v

allow to calculate unknown varisbles ¥

allow fo predict possible outcomes v

allow to predict missing quantilies/particles ¥

allow comparison of different systemn states v

1 max

b three correct conservation laws listed v’
at least ane conservation law comectly demanstrated ¢

all three conservation laws correctly demonsirated. v

13 - (PHYSI/22_SL_Summer_2021_Q4) - Atomic,nuclear & Particle Physics

a =pPp v

%e AND (U, v

b Reference to proton repulsion OR nucleon attraction

more neutrons «than protons» needed «to hold nucleus together» v/

strong force is short range OR electrostatic/electromagnetic force is long range v

2 max

c 135

76 77 78 79 80 81 82 83 B4 85 86
any a change correct v
any [} change correct v/

diagram fully correct v

Award [2 max] for a correct diagram
without arrows drawn.

For MP1 accept a (-2, -2 ) line with
direction indicated, drawn af 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

2017 -2022
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PHYSICS
14 - (PHYSI/20_SL_Winter_2021_Q5) - Atomic,nuclear & Particle Physics
2 i the energy needed to «campletelys separate the nucleons of a nucleus Accep! raferance [o protons AND 1
neutrons
OR =
the energy released when a nucleus is assembled from its constituent nucleons v ' .
@ i |curve fising to a mawmum between 50 and 100 « igrore starting point. 2 Lo
ignore maxwmum al slipha garticle
curve conlinued and decreasing «
a il [ At apoint on the peak of ther graph « 1
b cartect mass numbers for uranium {234) and alpha (4} HnomE any neganve son 3
2347600 - 47074 238 73568 aMeVay
energy released 5 51 uMevn »
b ii KE Award [2] marks for a bald correct 2
e L answer
KE, 17
Accepl = for MP2.
«% » 58,57

15 = (PHYSI/21_SL_Summer_2022_Q5) - Atomic,nuclear & Particle Physics

a 3 quarks / example with three guarks «eg up up down» v 2
integer f zero / 1/ no fractional «electron» charge
OR
neld together by the strong force / gluons
OR
nalf integer spin
OR
baryon number = 1
OR
colour neutral +

b A «Decay of the strange antiquark is a» weak «interaction» ¢ 2
8 «Decay of the u to a gluon and eventually to d and anti-d is a» strong
sinteraction» ¥

¢ weak «interactions v 2
strangeness is not conserved and this is possible only in weak interactions
CR
the weak interaction allows change of quark flavour
OR
only the weak interaction has a beson / an exchange particle / a W+ to conserve
the charge
OR
neutrines are only produced via the weak interaction v

2017 2022 Powered By :
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CH7 - ATOMIC,NUCLEAR & PARTICLE

PHYSICS
16 - (PHYSI/22_SL_Summer_2022_Q5) - Atomic,nuclear & Particle Physics
a background count rate is subtracted «from each reading» v OWTTE 1
o=
b thickness is 0.25 wnm v MP1 and MP2 can be sfiown on the grapgh ' )
=1,
380 acount min”'n Adfows & range of 0.23 0 0.27 mm for MP1 P
Allow ECF from MP1. 2
Accept a final answer in the range 350 —
420
c lead better absorber than copper v
nat alpha v
as it does not go through the foil / it is asily stopped / it is stopped by paper v
there is gamma v
as it goes through lead v
ALTERNATIVE 1 4 max
can be beta v
as itis attenuated by «thin» metal / can go through athin» metal ¥
ALTERNATIVE 2
not beta v
it is stopped by «thinn metal v’
d NCs - LBa+ 'y Accept B or e in MP1
v Do not penalize i proton / nuctecn 2
' numbers or electron subscnpt in
L antinéulrine are missing
17 = (PHYSI/20_SL_Winter_2022_Q6) - Atomic,nuclear & Particle Physics
a according to AE - Amc” / identifies mass energy equivalence ¥ Accept protens and neutrons
energy is released when nucleons come together f a nucleus is farmed «s0 nucleus has
less mass than individual nucleons» 2
OoR
enargy is required to xcompletelys separate the nucleons / break apart a nucleus «so
individual nucleons have more mass than nucleuss v
b i |{m....-m.,-m)c OR (20983676 20592645 -4.00157) Allow ECF from MP1
OR ! Award {2] for a BCA
mass difference = 5.8x10* « Award [1] for 8.6x 107 2
conversion to Mel using 831.5 1o give 5.4 dMevs v
2017 -2022 Powered By : 272
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b ji ALTERMNATIVE T
energy ratic expressed in terms of momentum, e.g. £ & v
P dem,,
E m,
_ hence = fedd
P. - Praa E_, m.
"’m_ - @ -515 5 £ -515&,, «sohas a much greater KE»
CR 3
Mieaz €MUCh» greater than Mape, «80 ¢ has a rmuch greater KE»
ALTERMNATIVE 2
alpha particle and lead particle have equal and cpposite momenta
50 their velocities are inversely proportional to mass
but KE « ¥ «50 @ has a much greater KE» v
b ili | alpha particle v 2

is electrically charged hence more likely to interact with electrons «in the surrounding materials «
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1 - (PHYSI/21_SL_Summer_2017_Q3) - Energy Production

CHS8 - ENERGY PRODUCTION

power = % «908 x1.3x7.5" «= 0.249MW» v

number of turbines «= 16 =6.4n=7 v
0.249

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 v
b power received = 24025000 = «6.0 M\W» v
- 1.6
efficiency «= 0" 027/127% v
¢ |i |area = nx172«=908m’» v

«efficiency is less than 100 % as»

not all KE of air can be converted to KE of blades
OR

air needs to retain KE to escape v

thermal energy is lost due to friction in turbine/dynamo/generator ¥

Powered By :
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2 = (PHYSI/22_SL_Summer_2017_Q2) - Energy Production

CHS8 - ENERGY PRODUCTION

9
\.)

a PE of water is converted to KE of moving water/turbine to electrical energy
«in generator/turbine/dynamo» v
idea of pumped storage, /e: pump water back during night/'when energy
cheap to buy/when energy not in demand/when there is a surplus of
energy v’
b total energy = «2.7 x10° x1.5x10" =» 4.05 < 10" «J» ¢
13
time = «Lmszmm h or 40<10*s v
4x2.5x10
c friction/resistive losses in walls of pipe/air resistance/turbulence/turbine
and generator bearings v/
thermal energy losses, in electrical resistance of components v/
water requires kinetic energy to leave system so not all can be
transferred v
d 9
area required = A0 25107 me» v
0.22x180
length of one side = area =5.0k«m» v’

3 = (PHYSI/20_SL_Winter_2017_Q5) - Circular Motion & Gravitation, Energy Production

2
mv GMm v
r re

4x’r?

leading to T2 v
GM

T S53204«s» ¥

Alternative 2

1 24
av JG"'E» JGET 10780107 5 7800 «ms™'s ¥

v 6600 10°

distance 2mr 2n 6600 10° am»or 4.15 107 am»

T
«T ¢ 415 10 » 5300 «s»

v 7800

Accepl use of m nstead of v

Powered By :
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CHS8 - ENERGY PRODUCTION

280 10°

290 10°
« %
10.1-10°8

“Jmﬂl

T v

287 «K» or 144« Cn ¥

Award [O] for any use of wavelength from
Sun

Do nof aceept 287 C

wavelength of radiation from the Sun is shorter than that emitted from Earth
«and is not absorbed by the atmospheran v

infrared radiation ermitted from Earth is absorbed by greenhouse gases in the
atmosphere v

this radiation is re-emitted in all directicns «including back to Earthy ¥

peet review v
international collaboration ¥’

full details of experiments published so that experiments can repeated v

9
\.)

= (PHYSI/21_SL_Summer_2018_Q6) = Atomic,nuclear & Particle Physics, Energy Production

10 i Y,
B BepV,

conservalion of mass number AND charge 'i8, 'SBe v

Correct identification of bath missing
vafues required for [1] 1

correct shape ie increasing from O to about 0.80N, v

crasses given line at 0.50N, v

number of nucte
1

i
N, 4, . number of remaming
¢ . bervitium-10 Auclei
075N, 4

{ —
050N, ©
!
D25N, |

i

0

time

ALTERNATIVE 7

1

fraction of Be 8 12.5%, or 0125V

therefere 3 half lives have elapsed

43 10°

3 1.43 10°«=1.4 10%n«yn

r1
2

ALTERNATIVE 2

fraction of Be ; . 125%, 6r0.125 v

1

e {43 10°) leadingto » 4.836 10 ay» ' v

in2

g

1.43 . 10°%y» v

Must see at least one extra sig fig in
final answer.

ifi

1.9x10"

2017 -2022
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c | emission of {infrared) electromagneticiinfrared energy/waves/radiation. v/
c 1 the {peak) wavelength of emitted em waves depends on temperature of
emitter/referance to Wein's Law
=
50 frequencyicolor depends on temperature 1- .
c iii 290.10° Affow £CF from MP1 {incorrect &=
T 283 v temperature).
1.1 10 %ame ¥
c ¥ | gorrect units for Intensity {alflow W, ANms ' OR Js'' in numerator) Alfow ECF for MP2 if final answer is in
X . fundamental units,
rearrangement into proper S units = kgs™
5 - (PHYSI/22_SL_Summer_2018_Q5) - Energy Production
a i Average height = 127 «my v
Uniit is essenfial
Bpecific energy « mgh gh 9.81 127» 12 107y kg Ty
m Alfow g 10 gives 1.3 - 10° Jkg’
Affow ECF from 110m
(1.1 10" Jkg 'Jor1ddm
(1210 dkg ")
a 1 12 10°
mass per second leaving dam is % 10° «2.0 10°kgs '» ¥
rate of decrease of GPEis 2.0 10° 9.81 127 v Do not award ECF for the use of 110m
or {44m
2.49 10%aWn i 2.49«GWn ¥ Alfow 2.4 GW If rounded value used
from (&)()) or ZEGWif g 10 is used
a |m efficiency is xE 2 072/72% v
25
b water is pumped back up at times when the demand for/price of electricity is low ¥
6 = (PHYSI/21_SL_Summer_2019_Q6) - Circular Motion & Gravitation, Energy Production
a i 1380 % Mus!t see 1360 (frorm data bookiet) used
—_ N for MP1.
LTy
380 «Kn Must see af least 2 s.f.
a n energy/Power/Intensity lower at B
connection made between energy/power/intensity and temperature of
blackbody
Iy (28%) of sun's energy is scatteredireflected by earth's atmosphere OR ohly 72% | Must be clear that the energy is being
of incident energy gets absarbed by blackbody scattered by the atmosphere.
Award [OF for simpie definition of
“aibedo”.
c T gravitational attraction/forceffield «of the planet/Moons Do not accept "gravity”.
c [&] the forcesfield and the velocity/displacement are at 90° to each other OR there is | Award [0} for any mention of no net
no change in GPE of the moon force on the sateliite.
Do not accept acceleration is
petpendicuiar to velooity.
2017 -2022 Powered By : 277
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CH8 - ENERGY PRODUCTION

7 = (PHYSI/22_SL_Summer_2019_Q7) - Energy Production

56710 °x289*
OR
=396«Wm*» ¢
«x 400Wm “»

«most of the radiation emitted by the oceans is in the» infrared v

atmosphere v
«the gases» reradiate/re-emit v

partly back towards oceans/in all directions/awareness that radiation in other
directions is also present v

«this radiation is» absorbed by greenhouse gasesinamed greenhouse gas in the

3 max

8 = (PHYSI/20_SL_Winter_2019_Q6) - Energy Production

Pf%.\,A.-rz-.-a-' or P—%.A.1.32r4“..'

£ «in incoming beam» — 1.4 10% « W»
OR
P «in outgoing beam» - 1.8x10" «Wn

subtracts bolh P to obtain 1.2x10° «Wa

Condone use of a wrong area or use of
circunderence in MP1.

Allow ECF from MP2.

Award FI1 max for any altermnplt to yse the
formuia 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 systemltransfers to
the surroundings ¢

Accepl power or energy indistinetly

9 - (PHYSI/20_SL_Winter_2020_Q6) - Atomic,nuclear & Particle Physics, Energy Production

energy required to «completelys separate the nucieons
OR
enerQy released when a nucleus is formed from its constituent nucleons «

Allow protons AND
rieutrons.

the values «in Sl units» would be very small ¥

140 .829+24 859 235 . 759 OR 184 «MeVn v

$88 «energy »180.10° .1.60 .10 ~ AND «mass =» 235.1.66. 10 ¥
410" alkg 'n ¥

1.2.10° . 24 . 3600
0.36

energy produced in one day - -2.9.10" «dn ¥

2.9 10"

mass - —————
7T4.10"

-39 «kgy v

39v

Do rat atlow X unless the
proton number is indicated

o

75 usn ¥

ALTERNATIVE 1
Wmin B, o

mass remaining 1.0 % 39 10 wuxge v

ALTERNATIVE 2

decay constant u% 92410 w5 »

mass remaining=10. &3 239 103 «kgn v

2017 -2022
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CHS8 - ENERGY PRODUCTION

10 - (PHYSI/21_SL_Summer_2021_Q4) - Energy Production

a j rP
_ is the power received by the planevat a distance d «from stam v
v —
A 2 veo
— is the projected arealcross sectional area of the planet v
4 &=
a i P A
use of sOAT OR ——  — - |1-¢,} ¥
4o 4 ( "} 2
with correct manipulation to show the result v
® Ji38. 107 087
T ITYE
4.567-10 2
T=26875 «Kn = 270 aKn v
11 - (PHYSI/22_SL_Summer_2021_Q6) - Electricity & Magnetism, Energy Production
a there is a potential difference across the internal resistance Aflow full credit for answer based on
OR V=c-Ir
there is energy/power dissipated in the intemal resistance v 2
when there is current «in the cell»/as charge flows «through the cell» v
b ALTERNATIVE 1 Afternative solutions are possible
pd dropped across cell = 5.5 «Vn ¢
internal resistance = &5 « Award [3] marks for a bald correct
9 answer
T2ale ¥
alln 3
ALTERNATIVE 2
c=KR.r)ser=V-fv
210=145+09xrv
T2y «
[ power arriving at cell = 680 x 035 x 0. 45 = «107 Wn Award [3] marks for a baid correct
powes in external circuit = 14.5x 0.5 = «13.1 We v answer 3
efficiency = 0012 QR 12 % v Allow ECF for MP3
d wenergy from Sun/photovoliaic cells» is renewable OWTTE
.(1); renewable are running out v Do nat altow economic aspects
’ g fe.g. free energy)
non-pollutingfclean « 2 max
ne greenhouse gases
CR
does not contribute to global warming/climate change v
2017 -2022 Powered By : 279
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CHS8 - ENERGY PRODUCTION

12 - (PHYSI/20_SL_Winter_2021_Q6) - Energy Production

a i 1360 Allew the use of 140Q for the solar
incident |n1&nsi1yﬁ OR 157 < 18«Wm »v constant
a il |exposed surface is ' of the lotal surface ¥ Allow; 3 08 from rounding and 3. 12
ey use 16'Wm?
absarbed intensity = (1-0 22} * incident intensity «
078 0.26 % 157 OR 307 aWmds ¥
a i | AT o307
OoR
T B6akn v
b i cerrect equating af gravitalronal ferce ! acceleration to centripetal farce / M 2aR
acceleration Allow use of J=— 2 for MPT
VR T
cerrect rearrangement to reach the expression given «
b i T=159x24 x 3800 «ss « Award [2] marks for & bald correct
answer.
ar 2-107) _ 54107 ckgn ¥ Aliow ECF from MP1
8.67.10  -{159.24.3600)
2017 -2022
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CH12 - QUANTUM & NUCLEAR

PHYSICS (AHL)

1 - (PHYSI/20_SL_Winter_2018_Q5) - Atomic,nuclear & Particle Physics, Quantum & Nuclear Physics (ahl)

9

)

a identifies 7. =435nm
X %3
£ «hc »6.63 10 3_ 190 ¢
7 435 10°
48 10 "«ln v
b -0.605 OR -0.870 OR —1.36 to —3.44 AND arrow pointing downwards « Arrovy MUST maich calculation in
{aid 1
Affow ECF from (a)fi)
c Difference in energy levels is equal to the energy of the photon Ajfow ECF from (a)ti)
. . z
Downward arrow as energy is lost by hydrogenienergy is given out in the photonithe
electron falls from a higher energy level to a lower one « 3
2017 -2022
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