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Answer all questions in this section. 

 
0 1 

 

 An object is travelling at constant speed. 
 
Explain how it can also be accelerating. 

[3 marks] 
   

 
   

 
   

 
   

 
   

 
   

 
   

 
   

 
   
   
0 2 

 

 Determine the unit of work done expressed in fundamental (base) units. 
[2 marks] 

   

  
base units of work done = 

 
 

   
 
  

Do not write 
outside the 

box 

 
3 

 

 
2 

 

Acceleration is the rate of change of velocity (a = Δv / t).

Velocity is a vector quantity: it is speed in a given direction.

If the object's direction of motion is changing, for example moving in a

circle at constant speed, its velocity is changing even though its speed

is constant, so it is accelerating.

work done = force × distance  (1 J = 1 N m)

force = mass × acceleration, so 1 N = 1 kg m s-2

1 J = 1 kg m s-2 × 1 m = 1 kg m2 s-2

kg m2 s-2
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0 3 
 

 Complete Table 1 with the charge of each particle and the name of its corresponding 
antiparticle. 

[2 marks] 
   

Table 1 
 

Particle Charge / C Antiparticle 

Positron   

Neutron   

   
   

0 4 
 

 A proton and an antiproton are travelling in opposite directions with the same speed. 
They collide and annihilate. 
 
State and explain the characteristics of the radiation produced in the annihilation. 

[4 marks] 
   

 
   

 
   

 
   

 
   

 
   

 
   

 
   

 
   

   

 
 
 
 
 
  

 
4 

 

 
2 

 

Two photons of gamma radiation are produced.

The two gamma photons travel in opposite directions: the total

momentum of the proton and antiproton before the collision is zero, so

the photons must have equal and opposite momenta to conserve

momentum.

The photons have equal energies. The total gamma energy equals the

energy released by annihilating the mass of the proton and antiproton

(E = mc2) plus their kinetic energy, so each photon has energy of at

least 938 MeV (very high frequency, short wavelength).

+1.6 × 10-19 electron

0 antineutron
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0 5 
 

 A river flows from west to east.  The velocity of the current in the river varies from  
0.20 m s−1 near the banks to a maximum of 0.65 m s−1 in the middle of the river, as 
shown in Figure 1.  The current is always parallel to the bank.  

   
Figure 1 

 
 

 
  A girl swims from A and aims due north.  Her speed relative to the water is a constant 

1.1 m s−1. 
 
 

  

0 5 
 

. 1 
 

Show that the magnitude of the girl’s maximum resultant velocity is approximately  
1.3 m s−1 as she swims across the river. 

[2 marks] 
   

0 5 
 

. 2 
 

On different occasions, the girl swims in the river with a speed of 0.90 m s−1 relative to 
the water and with a variety of directions. 
 
State the magnitude and direction of the minimum possible resultant velocity that the 
girl can have. 

[1 mark] 

  magnitude = 
 
 m s−1 

 

  direction = 
 
  

 

 

 
3 

 

maximum resultant velocity in the middle, where current = 0.65 m s-1

her velocity (1.1 m s-1 north) is perpendicular to the current, so

v2 = 1.12 + 0.652 = 1.21 + 0.4225 = 1.6325

v = √1.6325 = 1.28 m s-1  (≈ 1.3 m s-1)

0.25

(towards the) west
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 Figure 2 shows a gymnast standing in equilibrium on a uniform beam, 3.0 m from one 
end. 

   
Figure 2 

 
 
 

   
  The beam is 5.0 m long and the supports R and S are 0.50 m from each end.  The 

weight of the beam is 700 N.  The gymnast has a weight of 470 N. 
 
Fs is the force exerted by S on the beam. 
 
By taking moments about X, calculate the magnitude of Fs. 

[3 marks] 
   
   

  magnitude of Fs =   N 
 

   
   

 
 
 
 
  

 
3 

 

X is 0.50 m from the end; beam's centre of mass is 2.5 m from the end

moments about X: clockwise moments = anticlockwise moments

(700 × 2.0) + (470 × 2.5) = Fs × 4.0

1400 + 1175 = 4.0 Fs

Fs = 2575 / 4.0 = 644 N

640
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0 7 
 

 A nucleus of an isotope of radium decays to produce a β− particle, a nucleus of 
actinium and a particle X. 

   
0 7 

 

. 1 
 

Identify X. 
[1 mark] 

   
 

   
   

0 7 
 

. 2 
 

State two characteristics of X that make it more difficult to detect than the β− particle. 
[2 marks] 

  
1 

 

   

  
2 

 

   

   
   
0 7 

 

. 3 
 

Explain why the specific charge on the actinium nucleus is greater than the specific 
charge on the radium nucleus. 

[2 marks] 
   

 
   

 
   

   
 

   
 

   
 

   
   

 
  

(electron) antineutrino, νē

It has no charge (so it is very weakly ionising).

It has a very small (almost zero) mass, so it only interacts weakly

with matter.

Specific charge = charge / mass. In β− decay a neutron changes into a

proton, so actinium has one more proton (Z is 1 higher), so its charge

is greater.

Actinium has one fewer neutron, so the nucleon number A is the same:

the masses are (almost) the same, so the specific charge of actinium is

greater.

stemup.co.uk

https://stemup.co.uk


7 
 

*07* 

Turn over ► 
 

IB/M/Jun19/PH01 

 

Do not write 
outside the 

box 
 

0 7 
 

. 4 
 

The nucleus of a different isotope of radium has a specific charge of  
3.784 × 107 C kg−1. 
Assume that the mass of a nucleon in the nucleus is 1.661 × 10−27 kg. 
 
Determine the number of neutrons in the radium nucleus. 
 
 proton number of radium = 88 

[3 marks] 
   

  
number of neutrons = 

 
 

   
   

 
 
 
 

Turn over for the next question 
  

 
8 

 

charge of nucleus Q = 88 × 1.6 × 10-19 = 1.408 × 10-17 C

specific charge = Q / m,  so  m = Q / specific charge

m = 1.408 × 10-17 / 3.784 × 107 = 3.721 × 10-25 kg

number of nucleons A = m / 1.661 × 10-27

A = 3.721 × 10-25 / 1.661 × 10-27 = 224

number of neutrons = 224 − 88 = 136

136
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 An archer fires an arrow at an angle of 1.00° above the horizontal towards a target.  
The target is 25.0 m away from the point of the arrow when it is fired, as shown in 
Figure 3. 
 
The arrow hits the target 0.260 s after it is fired. 
Lift force and drag force are negligible during the flight of the arrow. 

   
Figure 3 

 
 

 
0 8 

 

. 1 
 

Show that the initial vertical component of the velocity of the arrow is approximately 
1.7 m s−1. 

[2 marks] 
   

   
   
   
0 8 

 

. 2 
 

The centre C of the target is at the same height as the point from which the arrow is 
fired.  The arrow hits the target at a point P. 
 
Determine the vertical displacement of P relative to C. 

[3 marks] 
   

   
  

displacement of P relative to C = 
 

m  
 

 
5 

 

horizontal component vh = 25.0 / 0.260 = 96.15 m s-1

tan 1.00° = vv / vh

vv = 96.15 × tan 1.00° = 1.678 m s-1  (≈ 1.7 m s-1)

taking upwards as positive: u = 1.678 m s-1, a = −9.81 m s-2

s = ut + ½at2

s = (1.678 × 0.260) + ½ × (−9.81) × 0.2602

s = 0.4363 − 0.3316 = +0.105 m

0.105 above C
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 In training, an athlete runs from a starting line to a wall and back towards the starting 
line as shown in Figure 4.  He starts to run at time t = 0 

   
Figure 4 

 
 
 

   
Figure 5 shows how the athlete’s velocity v varies with time for the first 30 s of the 
run. 

Figure 5 
 

 

(12.0, 4.70)

(24.4, 0)
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. 1 
 

Determine the acceleration of the athlete at t = 16 s. 
[3 marks] 

   

   

   

   

   

  acceleration = 
  m s−2 

 

   
 

0 9 
 

. 2 
 

The athlete’s displacement from the starting line is d. 
 
Calculate the magnitude of d at t = 20 s. 

[3 marks] 
   

   

   

   

   

   

   

   

  d = 
  m 

 

   
 
 
 
 
 

Question 9 continues on the next page 
 
 
 
 
 
 
 
 
 

acceleration = gradient of tangent drawn at t = 16 s

= Δv / Δt = (0 − 4.70) / (24.4 − 12.0)

= −4.70 / 12.4 = −0.38 m s-2  (deceleration)

−0.38

d = area under the v-t graph from 0 to 20 s

0 to 5 s: ½ × 5 × 4 = 10 m;  5 to 12.5 s: 7.5 × 4 = 30 m

12.5 to 20 s: about 4.2 large squares, 1 large square = 5 m

so area ≈ 4.2 × 5 = 21 m

d = 10 + 30 + 21 = 61 m

61
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. 3 
 

Sketch, on Figure 6, a graph to show the variation of d with t between t = 21 s and              
t = 30 s. 

[3 marks] 
   

Figure 6 
 
 

 

  

 
9 

 

46

50

58

62

61 m

57 m

47 m

21 to 25 s: velocity increasingly negative, so a curve with increasing

negative gradient: moves back ½ × 4 × 2 = 4 m, d = 61 − 4 = 57 m

25 to 30 s: constant velocity −2 m s-1, so a straight line with negative

gradient: moves back 2 × 5 = 10 m, final d = 61 − 14 = 47 m
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 A student places a wooden block on a ramp inclined at 30° to the horizontal as shown 
in Figure 7.  The block is pulled up the ramp by a light inextensible string connected, 
over a frictionless pulley, to an object of mass 0.40 kg. 

   
Figure 7 

 
 

 
   

The object is initially held at rest 0.45 m above the bench. 
The wooden block has a mass of 0.25 kg and is initially at rest. 

   
1 0 

 

. 1 
 

The object is released and accelerates vertically downwards at 2.23 m s−2. 
 
Explain two ways in which the momentum of the object is different from the 
momentum of the wooden block during this acceleration. 

[2 marks] 
  

1 
 

   

  
2 

 

   

   
   
1 0 

 

. 2 
 

Calculate the tension in the string as the object accelerates. 
[2 marks] 

   

  tension = 
 
 N 

 

   

The momentum of the block is smaller than that of the object: same

speed but smaller mass (p = mv).

The two momenta are in different directions: the object moves

vertically down, the block moves up the ramp.

for the object: resultant force = ma

mg − T = ma

T = m(g − a) = 0.40 × (9.81 − 2.23)

T = 0.40 × 7.58 = 3.03 N

3.0
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. 3 
 

Show that the object is travelling at approximately 1.4 m s−1 just before it hits the 
bench. 

[2 marks] 
   

   
   

1 0 
 

. 4 
 

Calculate the component of the weight of the wooden block that is parallel to the 
ramp. 

[2 marks] 
   

  component = 
 
 N 

 

   
   

1 0 
 

. 5 
 

When the object hits the bench, the string becomes slack and the wooden block 
decelerates and stops. 
There is a constant frictional force of 1.25 N between the wooden block and the ramp. 
 
Calculate the distance the wooden block travels parallel to the ramp as it slows down. 

[3 marks] 
   

  distance = 
 
 m 

 

   
END  OF  SECTION A 

 
11 
 

v2 = u2 + 2as,  u = 0, a = 2.23 m s-2, s = 0.45 m

v2 = 0 + 2 × 2.23 × 0.45 = 2.007

v = √2.007 = 1.42 m s-1  (≈ 1.4 m s-1)

component = mg sin 30°

= 0.25 × 9.81 × sin 30°

= 1.23 N

1.23

total force opposing motion = 1.25 + 1.23 = 2.48 N

kinetic energy of block = ½mv2 = ½ × 0.25 × 1.422 = 0.252 J

work done against forces = KE:  2.48 × d = 0.252

d = 0.252 / 2.48 = 0.102 m

0.10

stemup.co.uk

https://stemup.co.uk


16 
 

*16* 
IB/M/Jun19/PH01 

 

Do not write 
outside the 

box Section B 
 

Answer all questions in this section. 

 
1 1 

 

 An engineer tests a spring for a car suspension system.  The engineer measures the 
original length of the spring and then places a pan and weight W on top of the spring 
as shown in Figure 8. 

   
Figure 8 

 
 

 
  The engineer measures the new length of the spring each time a weight is added.   

For each value of W the compression ΔL of the spring is calculated. 
   

 
1 1 

 

. 1 
 

Table 2 shows the results of the experiment. 
   

Table 2 
 

W / N 50 100 150 200 250 300 

ΔL / mm 5.0 7.5 9.8 12.9 15.2 17.7 
 

   
 

  Some of these data points are plotted on the grid in Figure 9. 
 
Plot the remaining two points and draw a line of best fit. 

[2 marks] 
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Figure 9 
 

 
 

1 1 
 

. 2 
 

Theory predicts that W = kΔL. 
 
Identify the feature of the graph that shows that it does not support the theory. 

[1 mark] 
   

 
   

 
   
   

1 1 
 

. 3 
 

The graph does not support the theory because of a systematic error in the 
experiment. 
 
State a possible systematic error that can account for this. 

[1 mark] 
   

 
   

 
   

 
Question 11 continues on the next page 

The line of best fit does not go through the origin (0, 0), so W is not

proportional to ΔL.

The weight of the pan (tray) has been ignored: it compresses the

spring before W is added. (Or a zero error on the ruler.)

ΔL = 15.0 mm

ΔW = 293 N

(3.0, 12)

(18.0, 305)

stemup.co.uk

https://stemup.co.uk


18 
 

*18* 
IB/M/Jun19/PH01 

 

Do not write 
outside the 

box 
 

1 1 
 

. 4 
 

Determine the gradient of the graph. 
State the unit for your answer. 

[2 marks] 
   
   

  gradient =  
 

  unit =  
 

   
   

1 1 
 

. 5 
 

Explain whether or not Figure 9 can be used to find an accurate value for k in the 
equation W = kΔL. 

[2 marks] 
   

 
   

 
   

   

   

   
   

 
  

 
8 

 

Yes. k is the gradient of the graph (W = kΔL, like y = mx + c).

The systematic error only shifts the line (changes the intercept), it

does not affect the gradient, so an accurate value of k can still be

found.

using a large triangle on the line of best fit:

gradient = ΔW / ΔL = (305 − 12) / (18.0 − 3.0)

= 293 / 15.0 = 19.5 N mm-1

19.5

N mm-1
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1 2 
 

 Medical equipment can be sterilised using ionising radiation.  Any bacteria that absorb 
the ionising radiation will be killed. 
Cardboard boxes of equipment to be sterilised are put on a moving belt and passed 
through a beam of ionising radiation from a point source as shown in Figure 10. 

   
Figure 10 

 
 

 
   

The boxes are 0.080 m high and the top of each box is 0.16 m below the source. 
   
   

1 2 
 

. 1 
 

Suggest one advantage of using gamma radiation as the point source in this process. 
[1 mark] 

   
 

   
 

   
   

1 2 
 

. 2 
 

High-energy electrons that behave like β− particles can also be used as the point 
source in this process. 
 
Suggest one advantage of using high-energy electrons in this process. 

[1 mark] 
   

 
   

 
   
   

 
  

Gamma is more penetrating, so it passes through the whole box and

reaches all the bacteria.

Electrons are more ionising, so they are more likely to be absorbed by

and kill the bacteria.
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1 2 
 

. 3 
 

One manufacturer uses gamma from a cobalt−60 source.  P and Q are points 
vertically below the point source.  For a new source, the gamma radiation intensity at 
Q is 4.0 × 10−2 W m−2 when there is no box under the source. 
 
Calculate the gamma radiation intensity at P. 

[2 marks] 
   
   

  gamma radiation intensity =   W m−2 
 

   
   

 
 

Question 12 continues on the next page  

inverse square law: I1r12 = I2r22

rQ = 0.16 + 0.080 = 0.24 m,  rP = 0.16 m

IP = 4.0 × 10-2 × (0.24 / 0.16)2 = 4.0 × 10-2 × 2.25

IP = 9.0 × 10-2 W m-2

9.0 × 10-2
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1 2 

 

. 4 
 

Cobalt−60 has a half-life of 5.3 years.  The sterilization process is ineffective if the 
gamma ray intensity is less than 8.0 × 10−3 W m−2. 
 
During which range of times will the intensity of the gamma radiation from the source 
fall to 8.0 × 10−3 W m−2? 
Tick one box. 
 
Explain the reason for your answer. 

[3 marks] 
   
  

0–5.3 years   
 

   
  

5.3–10.6 years   
 

   
  

10.6–15.9 years   
 

   
  

15.9–21.2 years   
 

   
  

explanation  
   

 
   

 
   

 
   

 
   

 
   
   

1 2 
 

. 5 
 

A different manufacturer uses high-energy electrons to sterilise the boxes of 
equipment.  When the boxes have passed under the source, they are turned upside 
down and then passed under the source again. 
 
Suggest why they are turned upside down and passed under the source again. 

[1 mark] 
   

 
   

 
   

 
 

 
 

END  OF  SECTION B 

 
8 

 

Q, at the bottom of the box, gets the lowest intensity: 4.0 ×

10-2 W m-2 from a new source.

After 10.6 years (2 half-lives): I = 4.0 × 10-2 / 4 = 1.0 × 10-2 W m-2.

After 15.9 years (3 half-lives): I = 4.0 × 10-2 / 8 = 5.0 × 10-3 W m-2,

so it falls to 8.0 × 10-3 between 10.6 and 15.9 years.

The electrons have insufficient penetrating power to reach the bottom

of the box: they are absorbed by the box and its contents, so turning

it over lets them reach the bacteria at the bottom.
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Only one answer per question is allowed.  
For each question completely fill in the circle alongside the appropriate answer.  

CORRECT METHOD                              WRONG METHODS  

       

If you want to change your answer you must cross out your original answer as shown.   
 
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 sheets for this working. 

 
 

1 3 
 

 Which is a unit of power? 
 [1 mark] 

   

  A kg m2 s−3 
 

 

  B kg m2 s−2 
 

 

  C N m s−2 
 

 

  D N m−1 s−1 
 

 

   
   

 
 
 

Turn over for the next question 
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 Which row shows a vector quantity and a scalar quantity? 
 [1 mark] 

   

 Vector quantity Scalar quantity  

A distance kinetic energy 
 

 

B force displacement 
 

 

C temperature charge 
 

 

D momentum gravitational potential energy 
 

 

 

   
   
1 5 

 

 The diagram shows a hinged uniform bar of length 50 cm and weight 3.7 N. 
   

 

   

  

 
The bar is held in a horizontal position by a force F that acts at 40° to the bar. 
 
What is F? 

[1 mark] 
   

  A 2.4 N 
 

 

  B 2.9 N 
 

 

  C 4.9 N 
 

 

  D 5.8 N 
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 The diagram shows an aircraft that is descending at a steady speed and decelerating 
horizontally. 

   
 

   

  Which row shows the relationships between lift and weight and between thrust and drag? 
[1 mark] 

   

 Relationship between  
lift and weight 

Relationship between  
thrust and drag  

A lift < weight thrust < drag 
 

 

B lift < weight thrust = drag 
 

 

C lift = weight thrust < drag 
 

 

D lift = weight thrust = drag 
 

 

 

   
   

 
 
 

 
Turn over for the next question 

  

stemup.co.uk

https://stemup.co.uk


26 
 

*26* 
IB/M/Jun19/PH01 

 

Do not write 
outside the 

box 
 

1 7 
 

 A rocket of mass 2.0 × 106 kg has an initial vertical thrust of 3.0 × 107 N at the  
Earth’s surface. 
 
What is the initial vertical acceleration of the rocket? 

 [1 mark] 
   

  A 5.2 m s−2 
 

 

  B 14 m s−2 
 

 

  C 15 m s−2 
 

 

  D 25 m s−2 
 

 

   
   
1 8 

 

 Trolleys P and Q are on a frictionless horizontal runway. 
P has an initial velocity of 2 m s−1 towards Q. 
Q is initially stationary. 
P has a mass of m and Q has a mass of 2m.  

   
 

   

  
P collides with Q.  Immediately after the collision Q has a velocity of + 4

3
 m s−1. 

What is the velocity of P immediately after the collision? 
[1 mark] 

   

  A + 2
3

 m s−1 
 

 

 

  B + 1
3

 m s−1 
 

 

 

  C −
1
3

 m s−1 
 

 

 

  D −
2
3

 m s−1 
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 A car is in collision with a truck.  The car experiences an impulse ∆p. 
 
When is the impulse experienced by the truck equal to −∆p? 

 [1 mark] 
   

  A Only when the collision is elastic. 
 

 

  B Only when the collision is inelastic. 
 

 

  C Only when the truck and the car have the same initial momentum. 
 

 

  D Whenever no external forces act during the collision. 
 

 

   
   
2 0 

 

 An electric motor is used to lift a 120 g mass at a steady speed through a height of 0.15 m.  
The efficiency of the motor is 72%. 
 
How much energy is transferred to the motor? 

[1 mark] 
   

  A 0.05 J 
 

 

  B 0.13 J 
 

 

  C 0.25 J 
 

 

  D 0.63 J 
 

 

   
   
2 1 

 

 A ball travels at speed u before colliding with a wall. 
During the collision it loses 20% of its kinetic energy. 
 
What is the speed of the ball immediately after the collision? 

[1 mark] 
   

  A 0.89u 
 

 

  B 0.80u 
 

 

  C 0.64u 
 

 

  D 0.36u 
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2 2 

 

 A wire W has mass m, radius r and is made from a material of density ρ. 
The masses, radii and densities for four other wires are shown in the table. 
 
Which has the same length as W?  

[1 mark] 
   

 Mass Radius Density  

A 2m 2r 2ρ 
 

 

B 4m 2r 2ρ 
 

 

C 4m 2r 4ρ 
 

 

D 8m 2r 2ρ 
 

 

 

   
   
2 3 

 

 The graph shows the variation of extension with force for four wires. 
   

 

   

  Which two wires store the same elastic strain energy at their maximum extension? 
[1 mark] 

   

  A  P and R 
 

 

  B  P and S 
 

 

  C  Q and R 
 

 

  D  Q and S 
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2 4 
 

 The half-life of a radioactive isotope is 2.0 hours. 
The count rate measured from a freshly prepared sample of the isotope is 140 counts per 
minute. 
The background count rate is 20 counts per minute. 
 
What will be the measured count rate after 4.0 hours? 

[1 mark] 
   

  A 30 counts per minute 
 

 

  B 35 counts per minute 
 

 

  C 50 counts per minute 
 

 

  D 55 counts per minute 
 

 

   
   
2 5 

 

 A detector is placed 20 cm from a source of gamma rays. 
The measured count rate is C. 
The background count rate is B. 
 
What measured count rate is detected 60 cm from the source? 

[1 mark] 
   

  
A   

 

 
 

   

  
B   

 

 
 

   

  
C   

 

 
 

   

  
D   

 

 
 

   
   

 
 
 

Turn over for the next question 
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2 6 

 

 The forces F1 and F2 are in a vertical plane and are maintained at 90° to the uniform bar 
shown in the diagram. 
The bar has a weight of 5.0 N. 

   
 

   
  The bar will rotate anticlockwise.   

 
After rotating by less than 90° the bar will also accelerate 

[1 mark] 
   

  A downwards and to the left. 
 

 

  B downwards and to the right. 
 

 

  C upwards and to the left. 
 

 

  D upwards and to the right. 
 

 

   
   

 
 
 
 

END  OF  QUESTIONS 
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