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Do ngt write
Section A v
Answer all questions in this section.
Determine the fundamental (base) unit of power.
[2 marks]
fundamental (base) unit of power = 2
|I| State what is meant by a vector quantity.
[1 mark]
@ State one example of a vector quantity and one example of a scalar quantity.
[1 mark]
vector quantity:
scalar quantity: 2
n Complete the equation for the decay of a free neutron.
[2 marks]
(l)n — U = e+ 2
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Figure 1 shows two protons travelling towards each other just before they collide. box
The speeds of the protons are 1.0 x 10°m s ! and 2.0 x 10° m s .

Figure 1

proton proton

1.0x 106 m s~1 2.0x%x10ms!

»

Deduce whether the kinetic energy of this collision can produce an
electron—positron pair.

rest energy of an electron = 0.511 MeV
[3 marks]

Turn over for the next question

Turn over »
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Outline the Rutherford scattering experiment.

In your answer you should:

e draw a labelled diagram of the apparatus used

o describe the observations made

¢ explain what Rutherford deduced about the structure of the atom from
these observations.

[6 marks]

0 4
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Turn over for the next question
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Turn over »
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A ball is thrown vertically upwards from an initial height of 1.5 m above horizontal
ground. Assume that air resistance is negligible.

[0]6].[1] The ballis thrown at time 7 =0

It reaches the top of its path when # =¢,. It hits the ground at 7 = ¢, and bounces.

Sketch on Figure 2 an acceleration—time graph for the ball.
You should provide the initial value of the acceleration on the acceleration axis.
[3 marks]

Figure 2

acceleration
_2 O T T
/ms 0 1 1 t

El The ball is now thrown from the same initial height with a velocity of 18 m s™! at an
angle of 49° to the horizontal. Figure 3 shows the path of the ball.

Figure 3

1.5 mI

Calculate the maximum height of the ball above the ground.

horizontal ground

[3 marks]

maximum height = m

06
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At one point in its motion, the ball has a minimum speed Vmin. o
El State and explain the position of the ball when its speed is Vmin.
[2 marks]
E Determine vmin.
[1 mark]
Viin = ms! 9

Turn over for the next question

Turn over »
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n A target is suspended by a string. The string does not stretch, and the target can box
swing freely. The centre of mass C of the target is in the middle of the target.

An arrow is fired at the target.

The arrow strikes the target horizontally with a velocity u. The arrow sticks into the
centre of the target. The maximum change in height of C is 15 cm, as shown

in Figure 4.

Figure 4

suspension point

—

final position of
arrow and target

initial position of target

arrow

A
L

centre of mass C

|I| Calculate wu.

mass of arrow =95 g
mass of target = 1.2 kg
[3 marks]

<
I
=

0 8
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El On another occasion the arrow strikes the centre of the target at the same velocity w. box
This time the arrow does not stick into the target but bounces backwards.

Deduce how the maximum change in height of C compares with the value of 15 cm
shown in Figure 4.
Calculations are not required.

[3 marks]

Question 7 continues on the next page

Turn over »
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E The target is now placed on a fixed stand. box

The arrow strikes the centre of the target horizontally at a speed of 44 m s7".
The arrow comes to rest with 12 mm of its length inside the target, as shown in
Figure 5.

The target does not move.

Figure 5

target

arrow

Calculate the average force that the target applies to the arrow.
[3 marks]

average force = N 9

170
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A teacher provides a student with a radioactive source and asks the student to
identify the type of radiation that it emits.

|I| Describe an experiment that the student could do to identify which type of radiation is

emitted.

You may wish to include a diagram in your answer.

[3 marks]

Question 8 continues on the next page

11

Turn over »
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El State two ways to reduce the hazards of exposure to ionising radiation when using
the radioactive source.

[1 mark]

A radioactive source used in a school contains caesium-137.
Caesium-137 decays by B emission to form barium-137m.

E Barium-137m is a metastable isotope with a half-life of 153 s.

Explain what is meant by this statement.
[3 marks]

12
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E Figure 6 shows the variation of the mass of caesium-137 in the source with time.

Figure 6

0.8

0.71-X

0.6

/,

0.5

/'

mass of
caesium-137 04

/g

/
/

0.3

/V

}V

0.2

——

0 10 20 30 40 50 60 70 80 90 100 110 120 130
time / years

Determine, using Figure 6, a value for the half-life of caesium-137 in years.

[1 mark]

half-life = years

Turn over for the next question

Do not write
outside the
box

Turn over »

13
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Figure 7 shows a system used to stop cars from entering a car park. box
A uniform horizontal bar of length 2.4 m is attached by a pivot to a vertical post at
point X.
A cable is attached to the left-hand end of the bar and passes over a pulley. The
cable makes an angle of 35° with the bar. The tension in the cable is 230 N.

Figure 7

pulley

vertical post—7

24 m

|I| Calculate the mass of the bar.

[3 marks]

mass = kg

1 4
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@ The cable has a diameter of 11 mm and an unstretched length of 5.2 m.

The Young modulus of the material used to make the cable is 205 GPa.

Determine the extension of the cable in Figure 7.

extension =

[2 marks]

Question 9 continues on the next page

15

Turn over »
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A new cable is tested as a possible replacement for the cable in Figure 7. box
Figure 8 shows how the extension x varies with the force F applied to the new cable
as it is loaded to a maximum of 1000 N.

Figure 8

1000 =

800

\\

600 f

FIN /

400

T~

—~

200

————

——

x/ mm

E Determine the force applied to the cable at the limit of proportionality.
[1 mark]

force = N

16
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E The cable is loaded to 1000 N and is then unloaded. The cable is found to have box
undergone plastic deformation.
When the cable is unloaded, some of the work done in stretching the cable cannot
be recovered. The amount of work that cannot be recovered is .
Deduce W using Figure 8.
[3 marks]
W= J 9

END OF SECTION A

Turn over »

17
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Section B

Answer all questions in this section.

Figure 9 shows a system consisting of a pair of identical springs and a rod of
negligible mass.

The upper end of each spring is fixed. The rod is attached to the bottom of the
springs so that the springs are parallel to each another.

The length L, of each unstretched spring is measured using a ruler with millimetre
divisions.

Figure 9

identical springs

rod

Figure 10 shows a mass hanger and slotted masses suspended from the rod at the
mid-point between the springs.

Figure 10

identical springs

mass hanger — |

-/slotted masses

1B/G/Jan26/PH01
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Known masses are added to gradually increase the force F applied to the springs. box
For each value of F, the length L is measured and the extension AL is calculated.

III Explain why the minimum uncertainty in AL is 2 mm.

[2 marks]

Question 10 continues on the next page

Turn over »
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Figure 11 shows data points with error bars plotted on a graph of F against AL. box

Figure 11

7.0

6.0

5.0

4.0

F/N

3.0

2.0

1.0

0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
AL/ cm

@ Draw, on Figure 11, the two best-fit lines that show the maximum and minimum
gradients for the graph.
[1 mark]

2 0
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Do not write
k. is the total spring constant of the system. "“’ii‘éi e
El Use Figure 11 to determine a value, in N cm™, for &,
[3 marks]
kt = N Cl’l’l_1
E Determine, in N cm™, the uncertainty in k.
[1 mark]
uncertainty = Ncm™!
El The experiment is repeated using a different pair of identical springs. Each new
spring has a larger spring constant than each original spring.
State and explain the effect of this change on the value for the uncertainty in ..
[2 marks]
9

Turn over »
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[1]4]

[1]4]

[1]4]

A bike rider accelerates from rest along a straight horizontal road.

Figure 12 shows the variation of the rider’s speed with time.

Figure 12
10.0
9.0 X
X
8.0
7.0 X
6.0

speed /ms1 5.0

4.0

3.0

2.0

1.0

time /s

|I| Draw, on Figure 12, a line of best fit.

@ The total mass of the bike and rider is 95 kg.

Determine, using Figure 12, the maximum resultant force on the bike and rider.

maximum resultant force =

0
0 10 20 30 40 50 60 70 80 90 100

[1 mark]

[3 marks]

2 2
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EEE The force exerted by the rider on the bike is constant.

Explain the shape of the graph in Figure 12.
No calculations are required.

[3 marks]

Do not write
outside the
box

END OF SECTION B

2 3

Turn over »
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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.

Only 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 Qﬁ ‘

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

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.
Do not use additional pages for this working.

charge 2

E@ Which particle has the greatest magnitude of
mass

[1 mark]

A alpha particle EI
B electron EI
C neutron E
D proton El

n A radioactive nucleus X decays into nucleus Y by emitting two 3~ particles and an
o particle.

Which statement is correct?
[1 mark]

A Xand are isotopes.
B X and Y have the same nucleon number.

C Y has a larger proton number than X.

o] [o] [o] o]

D Y has a larger nucleon number than X.

2 4 IB/G/Jan26/PHO1
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An average force of 42 kN acts on the air that is passing through a jet engine. This force

causes the speed of the air to increase by 540 ms™".

What mass of air passes through the engine in one minute?
[1 mark]

A 7.7%102kg
B 4.7 kg

C 78kg

o] [o] [o] o]

D 4.7 x 10° kg

protonrest mass "

IIE What is the order of magnitude of the ratio /
electronrest mass

[1 mark]

B 1
C3

D 1800

o] [o] [o] o]

Turn over for the next question

Turn over »
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The graph shows the distribution of kinetic energies of beta minus particles from the

decay of carbon-14.

number of
beta particles

kinetic energy

What can be deduced from this graph?

A A gamma photon is also released to conserve energy.

B A neutron turns into a proton.

C Each emitted beta particle shares the released energy with another particle.

D The emitted beta particles all have the same speed.

Which row is true for an inelastic collision?

Momentum Kinetic energy
A conserved not conserved E
B conserved conserved El
C not conserved conserved El
D not conserved not conserved E

Emax

[1 mark]

o] [o] [o] o]

[1 mark]

2 6
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A force is applied to a ball. The graph shows the variation of force with time. box
207---7
|
|
force /N |
|
|
|
|
|
0 !
0 2 10

time / ms

What is the change in momentum of the ball between 0 and 16 ms?
[1 mark]

A 240x10°Ns |[=]

B 320x10°Ns [<=]

C 240Ns [=]
D 320Ns (=]

A metal wire has initial length L and diameter d. An extension e is produced in the wire
when a force is applied.

L d
A second wire of the same material has initial length By and diameter 7

What is the extension of the second wire when the same force is applied?
[1 mark]

Al [=]

ol b Y]

Turn over »
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A motorbike has an engine that is 27% efficient.
The motorbike does 14.6 MJ of useful work in a time of one hour.

What is the average input power?

A 54 MW [=]
B09OMW [=]
C 15kW [=]
D 4.1kW [=]

Elil A block of mass m is stationary on a slope.

Which row shows the magnitude and direction of the frictional force acting on the block?

Magnitude Direction
A mg cos 6 +y
B mg cos 6 -y
Cc mg sin 6 +y
D mg sin 0 -y

o] [of o] [o

[1 mark]

[1 mark]

2 8
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Iz@ A suitcase is pulled across a horizontal surface using a rope at an angle of 35° to the box
horizontal. The tension in the rope is 85 N. The suitcase is moved a distance of 100 m
in a time of 1.5 minutes.

L

What is the average rate at which work is done?

NN N NN

[1 mark]

A 54W
B 77TW
C 6010 W

D 6900 W

o] [o] [o] o]

Turn over for the next question

Turn over »

2 9
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Izlzl Tool X can be used to loosen a bolt by applying a minimum force of 200 N. box

0.80 m

o

200 N

Tool Y can be used to loosen the same bolt by applying two forces a perpendicular
distance [ apart. The minimum value of each force is 500 N.

500 N
4 [

7~
©

500N

What is [?
[1 mark]

A 0.16 m
B 0.32m
C 048m

D 0.64 m

o] [o] [o] o]

30
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The intensity of gamma radiation at a point 45 cm away from a source is 62 W m™2. box
What is the intensity at a point an additional 75 cm further away from the source?
[1 mark]
A87Wm? |[<=]
B2Wm? [<=]
C23Wm?2 [=]
D37Wm?2 [=]
E@ The graph shows the variation of extension with force for four wires P, Q, R and S, up to
the points at which they break.
~R
force
———————————————————————————— - S
extension
Which is not correct?
[1 mark]
A Sis less brittle than Q. [=]
B Pis brittle. [=]
C S has the largest spring constant. E
D R behaves plastically. [=] 14
END OF QUESTIONS

31

IB/G/Jan26/PH01



32

There are no questions printed on this page

DO NOT WRITE/ON THIS PAGE
ANSWER IN THE/SPACES PROVIDED
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Question Additional page, if required. box
number Write the question numbers in the left-hand margin.
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Question Additional page, if required. box
number Write the question numbers in the left-hand margin.
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Question Additional page, if required. box
number Write the question numbers in the left-hand margin.
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