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0 1 

 

 Explain why longitudinal waves cannot be polarised. 
[2 marks]  

   

   

   

   

   
   
0 2 

 

 A filament lamp operates at a power of 21 W when there is a potential difference of  
12 V across it. 
 
Calculate the charge that flows through the filament lamp in 10 minutes. 

[3 marks]  
   

   

   

   
   

   

   

  
 

  charge = 
 
 C 

 

   
   

 
  

 
2 

 

 
3 

 

In a longitudinal wave the oscillations (vibrations) are parallel to the

direction of energy transfer.

Polarisation restricts the oscillations to one plane, so only transverse

waves can be polarised.

P = IV,  so  I = P / V = 21 / 12 = 1.75 A

t = 10 minutes = 10 × 60 = 600 s

Q = It = 1.75 × 600

Q = 1050 C ≈ 1100 C

1100
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. 1 
 

State one application of superconductors. 
[1 mark] 

   
 

   
   
0 3 

 

. 2 
 

Explain why superconductors are necessary in the application given in question 03.1. 
[1 mark] 

   
 

   
 

   
 

   
 

 
 
 
 
 

Turn over for the next question 
 
 
 
  

 
2 

 

MRI scanners.

They produce the very strong magnetic fields needed, with zero

resistance so there is no heating effect in the coils.
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 Figure 1 shows an experimental arrangement used to investigate stationary waves on 
a stretched string.  

   
Figure 1 

 

 
   
  The string was made to vibrate.  The vibrating length l of the string was kept constant 

at 1.25 m.  
 
The frequency f of the first harmonic of the vibrating string was obtained as the 
tension T in the string was increased.   
 
Figure 2 shows the variation of f 2 with T. 

   
Figure 2 

 

 
   

 
  

40 N

1800 Hz2
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Show that the mass per unit length, μ, of the string is equal to 2

1
4 gradientl

  

[2 marks] 

0 4 
 

. 1 
 

   

   

   
   

   
   
0 4 

 

. 2 
 

Determine the mass of 1.25 m of the string. 
[4 marks] 

   

   

   

   
   

   

   

   

  mass = 
 

kg 
 

   
   
0 5 

 

 Describe how ultraviolet radiation is produced inside a fluorescent tube. 
[3 marks]  

   
 

   

   

   

   
 

   

   

   

 
6 

 

 
3 

 

Electrons passing through the tube collide with mercury atoms (in the

vapour).

The collisions excite the mercury atoms: electrons in the atoms are

raised to higher energy levels (some atoms are ionised).

The excited atoms then de-excite (relax), with their electrons returning

to lower energy levels, and emit ultraviolet photons.

first harmonic:  λ = 2l   and   c = fλ = √(T / μ)

f = (1 / 2l) √(T / μ)   so   f2 = T / (4l2μ)

gradient of f2 against T = f2 / T = 1 / (4l2μ)

rearranging:  μ = 1 / (4l2 × gradient)

gradient = (2400 − 600) / (50 − 10) = 1800 / 40 = 45 Hz2 N-1

μ = 1 / (4 × 1.252 × 45) = 3.56 × 10-3 kg m-1

μ = m / L,  so  m = μL = 3.56 × 10-3 × 1.25

m = 4.4 × 10-3 kg

4.4 × 10-3

stemup.co.uk

https://stemup.co.uk


6 
 

*06* 
IB/M/Jan19/PH02 

 

Do not write 
outside the 

box 

 
0 6 

 

 Figure 3 shows the variation of resistance with temperature for a negative 
temperature coefficient (ntc) thermistor. 

   
Figure 3 

 

 
   
   

  Figure 4 shows the ntc thermistor connected in series with a 10 kΩ resistor and a 
battery of emf 18 V.  The temperature of the thermistor is 50 °C.  The battery has 
negligible internal resistance.  

   
Figure 4 

   

 
 

 
 

3.2 kΩ
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. 1 
 

Determine the current in the circuit. 
 
State an appropriate unit for your answer. 

[4 marks] 
   

   

   

  

 
 
 
 
 
 
 
 
 
 
 

  current = 
 

 

  unit = 
 

 

 
 

0 6 
 

. 2 
 

Calculate the rate of energy transfer by the 10 kΩ resistor.  
[2 marks] 

   
   

   

   

   

  rate of energy transfer = 
 
 W 

 

   
   

 
  

 
6 

 

from Figure 3, at 50 °C:  Rthermistor = 3.2 kΩ

total resistance = 3.2 × 103 + 10 × 103 = 13.2 × 103 Ω

I = V / R = 18 / 13.2 × 103

I = 1.36 × 10-3 A = 1.36 mA

1.36 × 10-3

A

P = I2R = (1.36 × 10-3)2 × 10 × 103

P = 0.0186 W

0.019

stemup.co.uk

https://stemup.co.uk


8 
 

*08* 
IB/M/Jan19/PH02 

 

Do not write 
outside the 

box 

 
0 7 

 

. 1 
 

Define the electron volt. 
[1 mark] 

   
 

   
 

   
   
0 7 

 

. 2 
 

An electron, in a vacuum, is accelerated from rest through a potential difference V. 
 
Show that the final speed v of the electron is given by 
 
                                             v = 5.9 × 105 V   

   
Assume the mass of the electron is constant. 

[2 marks] 
   

   

   

   

   

   
   
   
0 7 

 

. 3 
 

An electron is accelerated from rest through a potential difference V = 5.0 kV. 
 
Calculate the minimum de Broglie wavelength for the electron. 

[2 marks] 
   

 
 

   

   

  minimum wavelength = 
 
 m 

 

  

The work done on (energy gained by) an electron when it is accelerated

through a potential difference of 1 V.

work done on electron = gain in kinetic energy:  eV = ½mv2

v = √(2eV / m) = √(2 × 1.60 × 10-19 / 9.11 × 10-31) × √V

v = √(3.51 × 1011) × √V

v = 5.93 × 105 √V  ≈ 5.9 × 105 √V

v = 5.93 × 105 × √5000 = 4.19 × 107 m s-1

λ = h / mv = 6.63 × 10-34 / (9.11 × 10-31 × 4.19 × 107)

λ = 1.74 × 10-11 m

1.74 × 10-11
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. 4 
 

Accelerated electrons can be used to produce diffraction patterns.  Electron diffraction 
was first observed in 1927.   
 
Discuss why this observation led to a development in the scientific ideas about the 
nature of the electron. 

[2 marks] 
   

 
   

 
   

 
   

 
   

 
   

 
   
   
0 7 

 

. 5 
 

Figure 5 shows the pattern of rings produced in an electron diffraction tube by 
electrons that have been accelerated by a potential difference. 

   
Figure 5 

 

 
   
  Explain why the diameter of these rings increases when the potential difference is 

decreased. 
[2 marks] 

   
 

   
 

   
 

   
 

   
 

 
  

 
9 

 

Before 1927 electrons were considered to be particles, and particles were

not expected to diffract: only waves had been observed to diffract.

Diffraction is a wave property, so the observation showed that electrons

can behave like waves (wave-particle duality).

A lower pd gives the electrons less kinetic energy, so a smaller speed

and momentum.

Their de Broglie wavelength (λ = h / mv) is larger, so they are

diffracted through a larger angle and the rings are wider.
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 A teacher shines a laser beam onto the surface of water in a glass container. 
Figure 6 shows a ray entering the water.  The angle between the ray and the water 
surface is 60°.  The refractive index of the glass is 1.55  

   
Figure 6 

 
 
 

0 8 
 

. 1 
 

Show that the refractive index of the water is approximately 1.3 
[2 marks] 

   

   
   
   

0 8 
 

. 2 
 

The ray refracts at the vertical water–glass boundary at Q on Figure 6. 
 
Explain why the ray cannot undergo total internal reflection at Q. 

[1 mark] 
   

 
   

   
 

   

TIR can only happen when light travels into a medium of lower

refractive index, but the refractive index of water (1.335) is less than

that of glass (1.55).

angle of incidence = 90° − 60° = 30°:   n = sin 30° / sin 22°

n = 0.500 / 0.375 = 1.335  ≈ 1.3
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0 8 

 

. 3 
 

Determine the angle of refraction of the ray at Q. 
[3 marks] 

   

   
   

   

   

   

  angle of refraction =  
degrees 

 

   
   

0 8 
 

. 4 
 

The ray passes from Q to the glass–air boundary. 
 
Deduce what happens to the ray immediately after striking the glass–air boundary. 

[3 marks] 
   

   

   

   

   
   

 
   

   

   
   

0 8 
 

. 5 
 

A class of students observe the demonstration. 
 
Suggest one safety precaution the teacher should take when using the laser. 

[1 mark] 
   

 
   

   
 

   
 
10 
 

The angle of incidence (53.0°) is greater than the critical angle (40.2°),

so the ray is totally internally reflected back into the glass.

Aim the laser beam away from the students, and check that no

reflections from the water or glass surfaces can enter anyone's eyes.

angle of incidence at Q = 90° − 22° = 68°

n1 sin θ1 = n2 sin θ2:   1.335 × sin 68° = 1.55 × sin θ

sin θ = 1.335 × 0.927 / 1.55 = 0.799

θ = 53.0°

53.0

critical angle (glass to air):  sin C = 1.00 / 1.55,   C = 40.2°

the boundaries are parallel, so angle of incidence at the glass–air

boundary = angle of refraction at Q = 53.0°
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 Figure 7 shows three simple pendulums suspended from a ceiling.  
 
Table 1 shows the properties of each pendulum. 

   
Figure 7 

 

 
 

Table 1 
 

Pendulum Length of pendulum / cm Mass of pendulum bob / g 

X 150 100 

Y 150 200 

Z 300 200 
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. 1 
 

The three pendulum bobs are all pulled forward by the same small horizontal distance 
and then released from rest at the same time.   
Ignore air resistance in this part of the question. 
 
Compare the oscillations of the three pendulums. 

[3 marks] 
   

 
   

 
   

 
   

 
   

 
   

 
   
   

 
 
 

 
Question 9 continues on the next page 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

All three oscillate with the same amplitude.

X and Y have the same length so they have the same time period and

stay in phase: T = 2π√(1.50/9.81) = 2.46 s.

Z is twice as long so it has a longer period (lower frequency): TZ = √2

TX = 3.47 s.
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. 2 
 

A piece of stiff card, of negligible mass, is attached to pendulum Z as shown in  
Figure 8.  The card damps the motion of the pendulum. 

   
Figure 8 

 

                                
   

 
  The pendulum bob is pulled forward by the same small horizontal distance as in  

question 09.1 and released from rest. 
 
Explain the effect of damping on the oscillations of pendulum Z. 

[2 marks] 
   

 
   

 
   

 
   

 
   
   

 
  

The amplitude (and energy) of Z decreases more rapidly, so it makes

fewer oscillations before it stops.

The frequency (time period) of the oscillations stays the same as

without damping.
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  Gravitational field strength g varies between different locations on the Earth’s surface. 

Table 2 shows the value of g for two locations. 
   

Table 2 
 

Location g / N kg 1 

Iceland 9.85493 

Kenya 9.77385 
 

   
   

0 9 
 

. 3 
 

A simple pendulum of length 0.450 m is set into oscillation in Iceland. 
 
Calculate the frequency of oscillation of the pendulum. 

[2 marks] 
   

   

   

   

  frequency = 
 
 Hz 

 

   
   
0 9 

 

. 4 
 

Explain how a simple pendulum in Kenya could be made to oscillate at the same 
frequency as the simple pendulum in Iceland. 
 
You may wish to support your answer with a calculation. 

[2 marks] 

   

   

   
   

 
   

 
   

 
   

 
   

 
   

 

 
9 

 

Decrease the length of the pendulum in Kenya, because g is smaller

there and f = (1/2π)√(g/l).

It must be shortened by 0.004 m, to a length of 0.446 m.

T = 2π √(l / g) = 2π √(0.450 / 9.85493) = 1.343 s

f = 1 / T = 1 / 1.343 = 0.745 Hz

0.745

for the same f, l / g must be the same:  l = 0.450 × 9.77385 / 9.85493

l = 0.446 m
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1 0 

 

 A battery has an emf of ɛ and an internal resistance of r. 
Figure 9 shows a circuit used to investigate the relationship between the  
terminal pd V of the battery and the current I in the external circuit.  

   
Figure 9 

 

 
 

1 0 
 

. 1 
 

Suggest why the lamp L was included in the circuit. 
[1 mark] 

   
 

   

   

   
   

1 0 
 

. 2 
 

Table 3 shows results from this experiment.  The uncertainty in V was ± 0.02 V.   
The uncertainty in I was negligible. 

   
Table 3 

 

I / A 1.0 1.5 2.0 2.5 3.0 3.5 

V / V 7.06 6.96 6.89 6.79 6.72 6.62 
 

   
   
  Some of these data points are plotted on Figure 10. 

 
Plot the remaining two points and add error bars to all the points. 

[2 marks] 
   

 

To limit the current in the circuit and protect the battery, preventing a

short circuit when the variable resistor is set to zero.
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Figure 10 

 

 
 

1 0 
 

. 3 
 

Draw a line of best fit on Figure 10. 
[1 mark] 

 
 

1 0 
 

. 4 
 

Determine the gradient of your line of best fit. 
[2 marks] 

   

   

   

  gradient =   V A−1 
 

 
Question 10 continues on the next page  

ΔV = −0.69 V

ΔI = 4.0 A

from the line:  (0, 7.23)  and  (4.0, 6.54)

gradient = ΔV / ΔI = (6.54 − 7.23) / (4.0 − 0)

gradient = −0.69 / 4.0 = −0.17 V A-1

−0.17
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. 5 
 

The equation that relates V and I is  
   

V = ɛ – I r 
   
  Determine the values of ɛ and r. 

[2 marks] 

   

   

   

  ɛ = 
 

V 
 

  r = 
 

Ω 
 

 
  

 
 

 

 
8 

 

ε = y-intercept (V when I = 0) = 7.23 V

r = −gradient = 0.17 Ω

7.23

0.17
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 Figure 11 shows how an ultrasound scanner can be used to determine the depth of 
internal organs below the skin.  A transducer emits an ultrasound pulse and then 
detects reflections of the pulse from internal organs.  The reflected pulses are 
displayed on an oscilloscope screen.  

   
Figure 11 

 

 
 
 

  Figure 12 shows the oscilloscope display for an ultrasound pulse A.  The time-base of 
the oscilloscope is set to 2 µs per division. 

   
Figure 12

 
 

 
  

reflection
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. 1 
 

Determine the frequency of the ultrasound waves in pulse A. 
[3 marks] 

   
   

   

   

   

  frequency = 
 
 Hz 

 

   
   
1 1 

 

. 2 
 

One reflection of pulse A is detected 12.6 µs after it was transmitted.   
 
Sketch on Figure 12 the appearance of the reflection of pulse A. 

[2 marks] 
   
   

 
 
 
 
 

Question 11 continues on the next page 
  

two complete cycles take 2 small squares = 0.8 µs

T = 0.4 µs = 0.4 × 10-6 s

f = 1 / T = 1 / 0.4 × 10-6 = 2.5 × 106 Hz

2.5 × 106
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. 3 
 

The scanner emits ultrasound pulses at regular time intervals.   
 
Figure 13 shows an oscilloscope display of two successive pulses, B and C, emitted 
from the scanner.  The time-base of the oscilloscope is now set to 20 µs per division. 

   
Figure 13 

 

 
   
  The reflections of pulse B must be detected before pulse C is emitted, so there is a 

maximum depth that can be measured for an internal organ. 
 
Calculate this maximum depth. 

   
speed of ultrasound in body tissue  = 1540 m s−1 

[3 marks] 
   

   

   

   

  maximum depth = 
 
 m 

 

   

 
8 

 

time between pulses B and C = 8 divisions × 20 µs = 160 µs

the pulse travels to the organ and back:  2d = vt

d = vt / 2 = 1540 × 160 × 10-6 / 2 = 0.246 / 2

d = 0.123 m

0.12
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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 2 
 

 The table shows the values of V and corresponding values of I for components A, B, C 
and D. 

   
 A B C D 

V / V I / A I / A I / A I / A 

0 0.0 0.0 0.0 0.0 

2 0.4 0.9 0.2 0.0 

4 0.8 1.5 0.4 0.1 

6 1.2 1.9 0.6 0.7 

8 1.6 2.1 0.8 1.4 

10 2.0 2.2 1.0 2.1 
 

   
   

Which component is an ohmic conductor with the lowest resistance? 
[1 mark] 

   

  A   

 

  B   

 

  C   

 

  D   
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1 3 

 

 A metal wire has resistance R.  The wire is cut in half and the two cut pieces are joined in 
parallel to form one component. 
 
What is the resistance of the component? 

[1 mark] 
   

  A 4R 
 

 

  B 2R 
 

 

  C 
2
R   

 

 

  D 
4
R   

 

 

   
   
1 4 

 

 Which network of resistors has the largest total resistance? 
[1 mark] 

   
A B 
  

 
 

 
 

  
  

C D 
  

   

   
   

  A  
 

 

  B  
 

 

  C  
 

 

  D  
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 A solid copper cylinder has volume 1.3 × 10−4 m3 and length 15 cm.  Copper has a 
resistivity of 1.7 × 10−8 Ω m. 
 
What is the resistance between the two ends of the copper cylinder? 

[1 mark] 
 

  A 2.9 × 10−6 Ω 
 

 

  B 2.0 × 10−5 Ω 
 

 

  C 2.0 × 10−3 Ω 
 

 

  D 2.9 × 10−2 Ω 
 

 

   
   
1 6 

 

 What is a unit for potential difference? 
[1 mark] 

 

  A A Ω−1 
 

 

  B C J−1 
 

 

  C J A−1 s−1 
 

 

  D W A 
 

 

   
   

 
 
 
 

 
Turn over for the next question 
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 The components in circuits X and Y are identical.  The cells have negligible internal 
resistance. 

   

circuit X 

 
 

circuit Y 

 
 

   
  What is the ratio power dissipated in circuit X

power dissipated in circuit Y ? 
[1 mark] 

 

  A 0.25 
 

 

  B 0.50 
 

 

  C 2.00 
 

 

  D 4.00 
 

 

   
   
1 8 

 

 A mass oscillates on a spring P with a time period of 2.00 s.  Spring P has stiffness k. 
The same mass now oscillates on spring Q of stiffness 3k. 
 
What is the time period of the oscillation of the mass on spring Q? 

[1 mark] 
 

  A 0.67 s 
 

 

  B 1.15 s 
 

 

  C 1.73 s 
 

 

  D 3.46 s 
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 A string oscillates at the third harmonic within a cavity of length L. 
The speed of the wave is c. 

   

 
 

  Point X is at an antinode. 
 
What is the shortest time before X returns to the same position? 

[1 mark] 
 

  A 
2
3
L
c

  
 

 

 

  B 
3
2
L
c

 
 

 

 

  C 
2
3

c
L

 
 

 

 

  D 
3
2

c
L

 
 

 

   
   

 
 
 
 

Turn over for the next question 
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 The diagram shows a demonstration of Young’s double slit experiment. 
   

 
 

  Which change would increase the fringe separation observed on the screen? 
[1 mark] 

 

  A Moving the lamp to the right 
 

 

  B Moving the single slit to the left 
 

 

  C Moving the double slit to the right 
 

 

  D Moving the screen to the right 
 

 

   
2 1 

 

 Monochromatic light passes through a diffraction grating that has a line spacing of  
2 × 10−6 m.  The angle between the two n = 2 maxima is 64°. 
 
What is the wavelength of this light? 

[1 mark] 

  A 5.3 × 10−7 m 
 

 

  B 9.0 × 10−7 m 
 

 

  C 1.1 × 10−6 m 
 

 

  D 1.8 × 10−6 m 
 

 

   
2 2 

 

 What change in the design of an optical fibre would reduce modal dispersion? 
[1 mark] 

  A Decreasing the refractive index of the cladding 
 

 

  B Increasing the refractive index of the core 
 

 

  C Making the core narrower 
 

 

  D Making the core wider 
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2 3 

 

 A ray of light passes from air into a transparent material. 
   

 
 

  What is the speed of light in the transparent material? 
[1 mark] 

 

  A 8.8 × 106 m s−1  
 

 

  B 1.7 × 108 m s−1  
 

 

  C 1.8 × 108 m s−1  
 

 

  D 3.0 × 108 m s−1  
 

 

   
   
2 4 

 

 The diagram shows an atomic line spectrum. 
   

 
   
  What is the minimum number of energy levels in an atom that could produce this 

spectrum? 
[1 mark] 

 

  A 4 
 

 

  B 5 
 

 

  C 9 
 

 

  D 10 
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 Photoelectrons may be emitted from a metal surface when electromagnetic radiation is 
incident on the metal surface. 
 
The graph shows the variation of the maximum kinetic energy Ek(max) of the emitted 
photoelectrons with the frequency of the incident radiation. 

   

 
   
  Which expression is equivalent to the Planck constant? 

[1 mark] 
 

  A 
0

gradient
f

  
 

 

 

  B 
1

gradient
  

 

 

  C 0φ    

 

 

  D 
0φ

   

 

   
   

 
END  OF  QUESTIONS 
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