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Section A box

Answer all questions in this section.

State the unit for tensile stress in S| fundamental (base) units.
[1 mark]

Pa=Nwm?=kgms?xm?

unit = kg m! 72 1

An LED lamp has a total power input of 7.0 W and an efficiency of 75%.
A filament lamp has a total power input of 65 W.
The useful power transferred by the filament lamp is double the useful power
transferred by the LED.

Calculate the efficiency of the filament lamp.
[2 marks]

useful power of LED = 0.7§ x 7.0 = 525 W
useful power of filament lamp = 2 x $25 = 10.5 W
efficiency = useful power out / total power in

efficiency = 10.5 / 6S = 0.16

efficiency = 0.6 (16%) 2
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n Figure 1 shows the variation of stress with strain for material X. Point P is the
breaking point of material X.

Material Y is brittle. Y has a greater Young modulus than X and the same
breaking stress as X.

Sketch, on Figure 1, the variation of stress with strain for Y.
[2 marks]

Figure 1

Y| same breaking stress as X

/ P—

/

stress

|
/
V

strain

Turn over for the next question
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Figure 2 shows an object of mass 2.70 kg suspended by two identical light elastic
strings. When the system is in equilibrium, the angle between the strings is 60°.

Figure 2

string

%%

__object

|I| Calculate the tension in one string.

[2 marks]

vertically: 2T cos 30° = mg
2T cos 30° = 2.70 x 9.8] = 26.5 N

T=265/Q2 xcos 30° =153 N

tension = 15.3 N

@ The strain in each string is 1.5 x 1072,

The cross-sectional area of each string is 0.75 mm?.

Calculate the Young modulus of the material used to make the strings.
[2 marks]

stressco=F/A=153/00.75x10¢) = 2.049 x 10’ Pa
E=0/c=204x10/15 x 1072

E =136 x10° Pa

Young modulus = 1.4 x 10° Pa

Do not write
outside the
box
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An apple falls from a tree through a vertical height of 3 m.

Estimate the momentum of the apple just before it hits the ground.
Give your answer to an appropriate number of significant figures.

estimate: mass of an apple = 0.2 kg
V= +20s=0+2x93 x3
v=:s2x98x3)=77ms"

p=mv=02x727=1Skyms’

momentum = 1.5

[3 marks]

kgms!

Cars P and Q are identical.

P has an initial speed of 13 m s~
P travels a distance x before coming to rest.

1

Q has an initial speed of 15 ms™'

over the same distance x.
Q does not come to rest but continues at a new constant speed v.

Calculate v.

work done by F on each car = Fx (same for P and Q)
for P: Fx = Yom x 132

for @ Yom x 1S% = Vom x 13 = Yomv?

v2 =182 =132 = 225 - 169 = S6

V=1456=748ms"

. P brakes with a constant braking force F.

. The same constant braking force F'is applied to Q

[3 marks]

Do not write
outside the
box
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n Figure 3 shows apparatus that is used to investigate projectile motion. The apparatus
is placed on a table at height H above the horizontal floor.

Figure 3

elastic
strings ball

S

table

tu not to scale

[
U

floor

A ball of mass m and two elastic strings are inside an open tube.

A handle is pulled back to stretch the elastic strings. When the handle is released, the
ball is launched horizontally from the tube.

The ball leaves the tube with kinetic energy E.

|I| The ball travels a horizontal distance D between leaving the tube and hitting the floor.

Show that

HE
D=2—

mg
[3 marks]

vertical motion (u = 0): H = Yhgt? so t = (2H /g)

kinetic energy: E = Yamv?  so horizontal velocity v = (2E [/ m)
horizontal velocity is constant, so D = vt

D = VQ2E / m) x (2H / g) = (4HE | mg)

D = 2/(HE / mg)

06
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@ State one assumption you made in your answer to Question 07.1. box

[1 mark]

There is no air resistance acting on the ball.

Question 7 continues on the next page

Turn over »
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E;Ztg?dteM;Zf
@ When the handle is pulled back, the extension in each string is AL. box

When the handle is released, 50% of the stored elastic energy is transferred into
kinetic energy of the ball.

The relationship between D and AL is

2Hk
mg

D=AL

where £ is the spring constant of each string.

Figure 4 shows the variation of D with AL.

Figure 4
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Determine k. box

m=30g
H=0.80 m
[3 marks]

gradient = AD / AL = (2.10 — 0.70) / (0.1 - 0.0S) = 14
gradient = J(2Hk | mg) so 14% = 2Hk | mg

k = 14% x mg | 2H

k =196 x 0.030 x 9.3 / (2 x 0.30)

k = 36 N m”

Turn over for the next question

Turn over »
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|I| Describe the simple model of the aluminium-27 (%_,Z Al) atom.
[2 marks]

A small, central, dense, positively charged nucleus containing 13 protons

and 14 neutrons.

13 electrons orbiting (surrounding) the nucleus in shells.

Figure 5 shows apparatus used in a Rutherford scattering experiment.

When a beam of alpha particles was fired at a thin aluminium foil, alpha particles were
deflected out of the beam. The experimenters measured the number N of alpha
particles per unit time at various deflection angles 6.

Figure 5
beamm of aIl_Jminium
alpha foil
particles

[ B

>
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@ Sketch, on Figure 6, a graph of the variation of N with 6. box
Label your #-axis with a suitable scale.
No values are required on the N-axis.
[2 marks]
Figure 6
N
t t t t t t 4
=490 =60 =30 0 30 60 q0 0
e/°

Turn over for the next question
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A radiation detector is used to measure a background count of 23 counts per minute.

When a gamma source is placed 10.0 cm from the detector, the measured
uncorrected count rate is 410 counts per minute.

Calculate the uncorrected count rate expected when the detector is placed 30.0 cm
from the gamma source.
[3 marks]

corrected count rate at 10.0 cm = 410 — 23 = 387 counts per minute
inverse-square law: C « 1/r?; distance x 3 so € + 9
corrected at 30.0 em = 387 x 10.0%> / 30.0° = 43 counts per minute

uncorrected = 43 + 23 = 66 counts per minute

uncorrected count rate = 66 counts per minute

A student plans an experiment to verify the inverse-square law for gamma radiation in
a school laboratory.

The student writes the following plan. The plan is unsafe and incomplete.
The teacher must correct it before the student is allowed to do the experiment.

Plan

1. 1 will hold a gamma source with gloves. My partner will hold a radiation detector.

2. My partner will vary the distance between the detector and the gamma source.
The range of distances we will use is 10 cm to 1.0 m, with a measurement taken
every 10 cm. He will measure the distances using a metre ruler.

3. We will take readings of the count for one minute at each distance.

4. We will plot a graph of count rate against distance. If this is a straight line, the

inverse-square law is verified.

12
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@ Suggest and explain one correction to the plan on page 12 to improve the safety of

the experiment.
[2 marks]

Do not hold the source: place it in a fixed holder (clamp) and move it

only with long tongs instead of gloves.

This maximises the distance between the hand and the source, so the

dose of gamma irradiation received is minimised (gloves do not absorb

gamma).

E The student’s planned experiment would not verify the inverse-square law.

Suggest and explain further improvements to the plan.

In your answer, discuss:
¢ any other measurements that are required
¢ how the accuracy can be improved
¢ how the data should be processed.
[6 marks]

Other measurements: before the source is brought out, measure the

background count over a long time (e.g. 10 minutes) and find the

background count rate. Subtract it from every reading to get the

corrected count rate, because the background does not vary with distance

and must be eliminated for the inverse-square law to hold.

Accuracy: count for longer (e.q. S minutes) at each distance and repeat

each reading at least three times and find the mean. Decay is random,

so larger counts reduce the percentage uncertainty in the corrected

count rate. Clamp the source and detector so the distance is measured

precisely.

Processing: plot a graph of corrected count rate C against 1/d?. If the

law holds this is a straight line through the origin (count rate against

Answer lines continue on the next page

13
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distance would be a curve, not a straight line). Or plot log C against log

d: a straight line of gradient —2 verifies the law.

1 4
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A simple rocket is made from a plastic bottle. The rocket is propelled using water and
compressed air.

Figure 7a shows the rocket being prepared for launch on a launch tube. Additional
air is pumped into the bottle through the launch tube.

When the pressure in the bottle is large enough, the bottle is forced off the launch
tube. The compressed air pushes the water out of the bottle as shown in Figure 7b.
The rocket moves vertically upwards.

Figure 7a Figure 7b

bottle

compressed air—— \_/

water leaving bottle j X

-

pump launch tube pump launch tube

|I| Explain why the water leaving the bottom of the bottle causes the rocket to accelerate
upwards.
Refer to a relevant physical law in your explanation.
[2 marks]

The compressed air exerts a downward force on the water, so the water

leaving the bottle gains downward momentum.

By Newton's third law the water exerts an equal and opposite upward

force on the rocket, so the rocket gains equal and opposite upward

momentum. This force is greater than the weight, so the rocket

accelerates upwards.

Question 10 continues on the next page

Turn over »
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Figure 8 shows the variation of vertical velocity v of the rocket with time ¢ for the box
first 5.0 s of its flight.

Figure 8
30
\
i \
20 / \
A\
/ \
v/ms1 1017 “\
| \
\
0 \
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ngenti NS
Seee sanssn
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@ Explain how Figure 8 shows that there is no water left in the bottle at 7= 1.3 s.
[2 marks]

At t = 1.3 s the gradient stops being positive: the velocity is a

maximum and then decreases, so there is no longer an upward force

from the water.

E At t = 2.8 s, the rocket has reached its maximum height.

Determine the maximum height reached by the rocket.

[3 marks]
height = area under the v—t graph fromt = 0 tot = 2.8 s
area % 15.3 squares; | square = 0.5 s x Sm s' =285 m
height = 153 x 2.5 = 38 m
height = 3% m

16
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E Determine the maximum deceleration of the rocket. box
[2 marks]
gradient of tangent at the steepest part (t = 1.3 s):
a=(00-25) /.06 -130)=-33ms?
maximum deceleration = 33 ms?
E Explain why the maximum deceleration of the rocket is greater than 9.81 m s 2.
[2 marks]
When the rocket moves upwards, both the weight and the air resistance
act downwards (in the same direction).
So the resultant force is greater than the weight alone. By F = ma, a
= (mg + R) | m, where R is the air resistance and m the mass, so the
deceleration is greater than g = 9.8 m s,
@ The rocket reaches a terminal velocity during its descent, as shown in Figure 8.
Explain how you would use Figure 8 to estimate the total time of flight.
[2 marks]
Extend the graph as a horizontal line at the terminal velocity (about —3
m s') beyond t = 5.0 s.
Continue until the area below the time axis equals the area above the
axis (displacement back to zero), then read off this time: it is the total
time of flight. 13
END OF SECTION A
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Section B box

Answer all questions in this section.

IIIIHI' State the principle of moments.

[2 marks]

For an object in equilibrium, the sum of the clockwise moments about

any point is equal to the sum of the anticlockwise moments about that

point,

Figure 9 shows a traditional mass balance called a Bismar scale.
Figure 9

rod

sliding handle

hook

counterweight

A Bismar scale consists of a rod and counterweight of total mass 150 g. The
counterweight is fixed to one end of the rod at point C. A hook of negligible mass is
fixed to the other end of the rod.

When a load is placed on the hook, a sliding handle is moved freely along the rod to
balance the Bismar scale in a horizontal position.

The centre of mass of the Bismar scale is at point C. The length of the rod from the
hook to point C is 50 cm.

1 8
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IIIIHE' The Bismar scale is used to determine the mass of a bag of rice.

The scale is balanced when the sliding handle is 40 cm away from C, as shown in

Figure 10.
Figure 10

handle
counterweight

Cc

40 cm i

|
|
[
|
|
|
|
|
|
i
) 50 cm !

Calculate the mass of the bag of rice.

moments about the handle: 150 g x 40 cm = m x 10 cm

m =150 x 40 /10 = 600 ¢

mass = 600

[2 marks]

Question 11 continues on the next page

19
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m@ Figure 11 shows a simple balance alongside the Bismar scale.
The simple balance has a fixed handle and a sliding counterweight.
After a bag is placed on the hook, the counterweight is moved to achieve balance.

Figure 11
fixed counterweight
sliding handle
fixed handle | ol
- P \ _hook \_ hook
10cm o0 :
sliding bag bag
counterweight LA
simple balance Bismar scale

The simple balance is a uniform rod of length 50 cm and mass 75 g, and a sliding
counterweight of mass 75 g.

In the simple balance, the handle is fixed at 10 cm from the hook.
In the Bismar scale, the minimum distance between the sliding handle and the hook
is 2 cm.

The simple balance has evenly spaced markings.
The Bismar scale has markings that are closer together as they get closer to the hook.

Compare the advantages and disadvantages of this simple balance and this

Bismar scale.

[3 marks]
Bismar maximum: handle 2 cm from hook, 48 cm from C:
mx2=150x48 so wm = 3600g

simple maximum: counterweight at the end, 40 cm from handle; rod's

centre of mass 1S ecm from handle: m x 10 = 75 x 1§ + 75 x 40, m = 410 g
simple minimum (counterweight at handle): m x 10 = 75 x 1S, m = 110 ¢

Bismar minimum = 0 g (handle at C)

2 0
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Bismar: greater maximum (3600 g vs 410 g) as the handle can get 2
cm from the hook, and minimum 0 (simple 110 g).
Simple: even markings keep good resolution; Bismar markings crowd near
the hook, so large masses are hard to read.
The simple balance's counterweight can be changed to extend its range. 7

Turn over for the next question
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E@m A student collects data to determine the density of a steel ball. He finds the mass of
the steel ball using a digital balance.

E@@ The student uses a vernier caliper to obtain six measurements for the diameter of the

Figure 12 shows the steel ball on the digital balance.

The balance was correctly zeroed before the ball was placed on it.

Figure 12

steel ball

Calculate the percentage uncertainty in the reading of the mass.
[1 mark]

resolution = 0.1 g, so uncertainty = +0.0S g

% uncertainty = 0.0S / 16.] x 100 = 0.31%

percentage uncertainty = 0.3%

steel ball. The readings are:
15.7 mm 15.5 mm 16.3 mm 15.6 mm 15.7 mm 15.5 mm

Show that the percentage uncertainty in the mean value of the diameter is

about 0.6%.
[3 marks]

16.3 mm is anomalous, so it is not used
mean = (157 + 1585 + 156 + 157 +155) | S = 1S.6 mm
uncertainty = Y% x range = Y5 x (1S.7 = 1S.5) = #0.] mm

% uncertainty = 0.1 / 15.6 x 100 = 0.64% =~ 0.6%

2 2
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E@. Calculate the density of the steel ball.

[2 marks]

r=728x102m V=246/3n1=4/3xmx(78x103)>*=199 x 10 m?

p=m/V=161x103/199 x 10 = 8090 kg m™>

density = 090 kgm™

E@E Calculate the percentage uncertainty in the density of the steel ball.
[1 mark]

% uncertainty = 3 x 0.64 + 0.3] = 2.2%

percentage uncertainty = 2.2%

E@El When the steel ball is placed into a measuring cylinder containing water, the water
level rises as shown in Figure 13.

Figure 13

Explain one reason why the student did not use this method to find the volume
of the steel ball.
[2 marks]

The volume of water displaced is too small compared with the scale

divisions of the cylinder to be measured accurately, so the uncertainty in

the volume (and density) would be much greater.

Do not write
outside the
box

END OF SECTION B

Turn over »

2 3

stemup.co.uk IB/M/Jan24/PHO1


https://stemup.co.uk

24

Do not write
outside the

Section C box
Each of the questions in this section is followed by four responses, A, B, C and D.

For each question select the best response.

@y one answer per question is allowed. \

For each question, completely fill in the circle alongside the appropriate answer.

CORRECT METHOD E| WRONG METHODS ‘ X H @ H@H Gé ‘

If you want to change your answer you must cross out your original answer as shown. JE

If you wish to return to an answer previously crossed out, ring the answer you now wish to
select as shown.

You may do your working in the blank space around each question but this will not be marked.
wot use additional pages for this working. /

A uniform beam is attached by a hinge to a vertical wall and supported by a string.
The string makes an angle of 35° to the wall.

/wall

35°
string

beam

The tension in the string is 25 N.

What is the weight of the beam?
[1 mark]

A 41N
B 29N

C 20N

o] [o] [o] o]

D 14N

IB/M/Jan24/PH01
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A car drives at a constant speed from P to Q around a semi-circular track of radius 20 m box
in a time of 4.0 s.

Which row shows the magnitude of the average velocity of the car between P and Q, and
the magnitude of the change in velocity from P to Q7?

[1 mark]
Magnitude of the Magnitude of the
average velocity / ms™! | change in velocity / m s™!
A 10 31 (@]
B 10 0 [=]
c 16 31 [=]
D 16 0 [=]

Turn over »
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E@ The diagram shows equipment that is used in an experiment to determine the Young box
modulus of copper.

wire clamped between
wooden blocks

tape marker
copper wire
= — pulley
|:;-%33 L
bench ruler
weights

The wire is clamped too loosely.

Which row shows the error that occurs due to the loose clamp and the consequence of this

error?
[1 mark]
Error Consequence
A extension is overestimated Young modulus is underestimated E|
B extension is overestimated Young modulus is overestimated El
C extension is underestimated Young modulus is underestimated El
D extension is underestimated Young modulus is overestimated El

2 6
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A small steel ball is held below the surface of oil in a tube and released. box
ball

tube —
——oil

Which statement is correct for the ball until it reaches terminal speed?

[1 mark]
A The ball’s acceleration increases. El
B The ball’s velocity decreases. El
C The resultant force on the ball increases. E|
D The drag on the ball increases. E|
n A child is ice skating with a skating aid toy.
The child has a mass of 20 kg. The toy has a mass of 15 kg.
They are initially moving together with a velocity of 1.5 m s™".
The child pushes the toy forwards in the same direction that she is moving.
The velocity of the toy changes to 2.0 m s™".
What is the speed of the child after she pushes the toy?
[1 mark]
A08ms!' [=]
B 1.0ms™ [=]
C l.lms"' E|
D 1.3ms™! (=]

Turn over »
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A ball is hit with a tennis racquet. The graph shows the variation of force on the ball box
with time.
200 T
| / | \\
force /N FEP A
Lo \
/ \
|/ \
/.’
0
0 2 4 6 8
time / ms
What is the total impulse exerted on the ball?
[1 mark]
A 1.6Ns [=]
B 12Ns (@]
C 0.80N's [=]
D 020Ns [=]
T
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A suitcase of mass 12 kg slides from rest 3.5 m down a ramp through a vertical height box
of 2.0 m.

The final speed of the suitcase is 1.5 m s™".

20m

What is the average frictional force between the ramp and the suitcase?

[1 mark]
A 220N [=]
B 67N [=]
C 63N (@]
D 14N [=]
A ‘21He nucleus has a specific charge of k.
s 24 200 o
What are the specific charges of a {5 Mg nucleus and a “gyHg nucleus?
[1 mark]
Specific charge of a Specific charge of a
%‘21 Mg nucleus 238 Hg nucleus
A k 0.4k [=]
B k 0.8k (@]
c 6k 0.4k (=]
D 6k 0.8k [=]

Turn over »
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Elil The diagram shows a grid of neutron number against proton number.

Nuclide X decays by alpha emission.

Which line represents the change in neutron number and the change in proton number

for X due to the decay?

N+1
N

N-1
neutron

number N_2

N-3

o] [o] [o] o]

X
= RN
A_~B X
- /c
-/
/
7-47-372-272-1 Z Z+1Z+2

proton number

[1 mark]
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IZ@ A photon produces a pair of particles. box
The rest energy of a neutron is approximately 930 MeV.

Which row identifies a pair of particles that could be produced, and the corresponding
minimum energy of the photon?

[1 mark]
Pair of particles Mi':)i::) ::1“7";[29\3,’ of
A neutron and antineutron 930 E
B neutron and neutron 930 E
Cc neutron and neutron 1860 El
D neutron and antineutron 1860 El

Turn over for the next question
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31

stemup.co.uk IB/M/Jan24/PHO1


https://stemup.co.uk

32

Bismuth-210 decays to emit a beta particle and an antineutrino.

The graph shows the energy distribution of beta particles emitted from the decay of
bismuth-210 nuclei.

number
0 ] ]
0 02 1.2
kinetic energy / MeV
Which graph shows the most likely energy distribution of the antineutrinos emitted?
[1 mark]
A B
number number
0 . 0 .
0 02 0 1.0
kinetic energy / MeV kinetic energy / MeV
C D
number number
O T T O T T
0 02 1.2 0 1.0 1.2
kinetic energy / MeV kinetic energy / MeV

o] [o] [o] o]

IB/M/Jan24/PH01
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Which beta-decay equation is correct? box
[1 mark]

A 200 » WF+p +y,

B 200 » F+p + 7,

o] ) o]

02(8)0_>2(9)F+B++Ve
p 200 » BF+p+v [=]

E@ When time ¢ = 6 days, the activity of a radioactive source is 320 MBgq.
When ¢ = 18 days, the activity is 20 MBq.

What is the activity when 1 =07?
[1 mark]

A 5100MBq [ <]
B 1900MBq | < |
C 1300MBq |® ]

D 640MBq | < |

A nucleus of barium-137 in an excited state decays to its ground state.

What is the decay process for this nucleus?
[1 mark]

A alpha emission El

B beta emission E

C gamma emission E|

D neutron emission E 14

END OF QUESTIONS
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There are no questions printed on this page
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Do not write

outside the
Question Additional page, if required. box
number Write the question numbers in the left-hand margin.
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Do not write

outside the
Question Additional page, if required. box
number Write the question numbers in the left-hand margin.
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