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Area of study −−−− Motion in one and two dimensions 
 

Q1a  asuv 2
22 += ,  

speed 22010.022
2 =××=+== asuv m s

-1 

 

Q1b Consider the wagon: 1.0100002000 ×=−T , 3000=T N 

 

Q1c  ( ) 0.3200001000020000 ×=+ v , 0.2=v  m s
-1 

 

Q1d  Total kE  before collision 900000.320000
2

1 2 =××= J 

Total kE  after collision 600000.230000
2

1 2 =××= J 

Total kE  before and after were different, .: the collision was 

inelastic. 

 

Q1e  0.220000200000.210000 ×=+× v
r

, 0.1=v
r

m s
-1

  right 

 

Q2a                                      T, tension in the string 

 

 

 

 

                                             FR 

 

 

 

                                   W, weight 

 

Q2b  100.260sin ×=°T , 1.23=T N 

 

Q3a  2
25.0

10050.0
=

×
==

x

F
k N m

-1
  

 

Q3b  Using conservation of energy, it can be shown that 

( )2
1020 xxv ∆−∆= , .: graph B 

 

Q4a  Stored energy = area under graph 1850.072
2

1
=××= J 

 

Q4b  180.4
2

1 2 =×× v , 0.3=v  m s-1  

 

Q4c  Impulse 0.80.20.4 =×=∆= p  kg ms
-1

 (or Ns) 

 

Q4d  2
0.20.4

2

1
distance0.2 ××=× , 0.4distance =  m 

 

Q5a  Time taken
( )

0.4
10

30sin2030sin20
=

−

°−°−
=

−
=

a

uv
s 

( ) 2104.10.430cos20 ×≈×°=d m 

 

Q5b  Using conservation of energy, it can be shown that KE  is a 

quadratic function of d and non-zero in flight, .: graph A 

 

 

Q6a  (1) Orbital period of 1 Earth day (2) Always directly above 

the equator of Earth 

 

Q6b  Emily is incorrect. The feeling of weightlessness occurs 

when a person is not pressing against other objects and there is no 

reaction force on the person. This is possible when the person 

moves under gravity only. The person is said to be in free fall. 

 

 

Area of study −−−− Electronics and photonics 
 

   
 

Total resistance of parallel components Ω=
+

= 2
1

4
1

4
1

 

Consider the circuit as a voltage divider:  

Voltmeter reading 412
24

2
=×

+
= V 

 

Q7b  Ammeter reading 1
4

V4
=

Ω
= A 

 

Q7c  0.5LED =V V, .: 0.5
2R =V V, ammeter reading 25.1

4

0.5
= A 

 

Q8a  Voltage across the parallel LEDs 933 =×= V 

Voltage across the 1.5 Ω  resistor 3912 =−= V 

Current through the 1.5 Ω  resistor 0.2
5.1

3
== A 

Total power dissipated in the LEDs 180.29 =×= W 

 

Q8b  The current is zero in the branch with the failed LED. 

Voltage across the conducting LEDs 933 =×= V 

Voltage across the 1.5 Ω  resistor 3912 =−= V 

 .: the same current of 2.0 A through the battery and the resistor 

The current through the LEDs is also 2.0 A in comparison with 

only 1.0 A in part a. 

 

Q9 

 
 
 

Q10a  1000 Ω  

 

Q10b  
V 4

V 2

 4000
=

Ω

ΩR
, 2000=R  

 

 Q7a 
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Q11a  Gain 40
10100

4
3

−=
×

−=
−

, max. output 4±= V 

 
 

Q11b  Clipping is a term used to describe the situation when a 

voltage amplifier is pushed to create a signal with a greater 

amplitude than it can produce. The amplifier simply cuts or clips 

the signal at its maximum capacity. As a result a sinusoidal wave 

becomes a distorted square-wave-type waveform.   

 

 

Area of study −−−− Electric power 

 

Q12 

 
 

Q13a  BILF = , 0.3200032.0 ××= B , 5
103.5

−×=B T 

 

Q13b  C   east 

 

Q14a  A 

 

Q14b  When the coil is horizontal as shown in Figure 18, or when 

it is turned °180 . At these orientations the force on each side 

facing the poles exerts maximum torque on the coil.  

 

Q14c  A, B 

 

Q15a  5100.30060.00050.0 −×=×== BAφ  Wb (weber) 

 

Q15b  From right to left 

When the external magnetic field decreases, the magnetic flux to 

the left through the coil decreases. A change in flux induces a 

current in the coil in the clockwise direction (viewed from the 

right), generating a magnetic field to the left (hence magnetic flux 

to the left) to compensate for the decrease according to Lenz’s law.  

 

Q16a  36
9

18
2

A ==P W 

 

Q16b  Consider the transmission lines and Globe B as a voltage 

divider. 

5.418
90.3

0.3
drop =×

+
=V V 

 

Q16c  5.135.418B =−=V V, 25.20
9

5.13
2

B ==P W 

 

Q16d   

 
 

Q16e  Step-up transformer: outoutoutin IVPP == , higher voltage 

and lower current delivering the same power at the output as the 

input  

Transmission lines: rIP 2
loss = , lower current .: lower power loss 

Step-down transformer: outoutout IVP = , lower voltage and higher 

current, supplying Globe B with the correct voltage and more 

power due to less power loss in the transmission lines 

 

Q17a  25
1040

1
3

=
×

=
−

f Hz 

 

Q17b  5.2
2

5.3
emf of RMS ≈= V 

 

Q17c  The magnitude of the emf is at a maximum when the plane 

of the coil is horizontal, i.e. when the magnetic flux is zero. The 

magnetic flux is sinusoidal, and the magnitude of its rate of change 

(emf) is at a maximum when the flux is zero. 

 

Q17d   

emf 

increase 

increase 

increase 

no effect 

 

 

Area of study −−−− Interactions of light and matter 

 

Q18a  X is the second dark band from the central bright band. 

750
2

3
=λ , 500=λ nm 

 

Q18b  P is a second bright band from the central bright band. 

.: path difference 100050022 =×== λ nm 
 

Q18c  Answer D, extend of spread
slit  ofwidth 

1
∝  

      

Q19a   
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Q19b   

Planck’s constant 15106.3 −×  eV s 

Threshold frequency 14
105.5 ×  Hz 

Work function of the metal 2.0  eV 

 

Q19c  For a particular frequency, the recorded voltage is the 

voltage required to stop all photoelectrons from reaching the 

collecting electrode. The fastest moving electrons (those with the 

highest kinetic energy) will be stopped last.  

.: the recorded voltage V gives the maximum kinetic energy of the 

emitted photoelectrons, qVE =max K, . 

 

Q19d  The second graph will be the same as the original graph. 

The two graphs support the particle model of light. 

By considering light as a beam of particles, one can explain the 

kmax E of the photoelectrons depends on the frequency of the light 

and the type of metal used. It does not depend on the intensity of 

the light.  

The graphs have the same equation, φ−= hfE maxK, , where hf is 

the energy of a particle (photon). There will be no emission of 

electrons if the photon energy is lowered than the work function φ  

of the metal, hence the existence of threshold frequency. 

 

Q20a  ( ) ( )
6

931

34

100.2
1036.0101.9

1063.6
×≈

×××

×
==

−−

−

λm

h
v  m s

-1
  

 

Q20b  36.0ray-X ≈λ nm, 

( )( ) 3

9

815

105.3
1036.0

100.31014.4
×≈

×

××
==

−

−

λ

hc
E  eV 

 

Q20c   

Electrons show wave behaviour, and the de Broglie wavelength of 

each electron is the same as the wavelength of X-rays. .: the 

diffraction patterns produced by electrons and X-rays are similar. 

 

Q21a  
( )( ) 7

815

108.4
6.2

100.31014.4 −
−

×≈
××

==
E

hc
λ m or 480 nm 

 

Q21b                                                                             

                                                                          3=n  

                                                                           
                                                                          2=n  

                                                                           

                                                                          1=n  

 

 

Q21c  0.7 eV, 2.6 eV, 12.8 eV, 1.9 eV, 12.1 eV, 10.2 eV   

 

 

 

 

 

 

 

 

 

 

Detailed study 1 −−−− Einstein’s special relativity 

 

1 2 3 4 5 6 7 8 9 10 11 

C C C B B C A D B B C 

 

Q6  

( )
130

98.01

26
   timeDilated

2
≈

−
=T ns       C 

 

Q7  83.0
4.2

0.2
length   Contracted ≈=L m        A 

 

Q9  
( )( )

8.1
100.31067.1

1020.1
11

2827

10

2
0

K ≈
××

×
+=+=

−

−

cm

E
γ       B 

 

Q10  Conservation of energy: collisionafter collision before EE =  

( ) nucleusK,
2

0
2

01 Ecmcm +=−γ , ( ) nucleusK,
2

0
2

013 Ecmcm +=−  

2
0nucleusK, 0.1 cmE =          B 

 

 

 

 

 

 

Detailed study 2 −−−− Materials and their use in structures 
 

1 2 3 4 5 6 7 8 9 10 11 

C D B D A A C A D C B 

 

Q4  11

360
025.0

106.3

50000

100.2
3

×===
−×

ε

σ
E  Pa        D 

 

Q5  Tension ( )( ) 448 108.4100.4102.1 ×=××= − N 

Compression ( )( ) 448 102.7100.4108.1 ×=××= − N      A 

 

Q7  ( )( ) 1250101010250
2

1 33 =×××= −E J       C 

 

Q10  Balance torque about B: 

11203702C ×+×=× ggF , 1650C =F         C 

 

Q11  Balance torque about C: 

15.020.030.0050.030sin30.0 ×+×=°× ggT , 0.3=T N       B 
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Detailed study 3 − Further electronics 

 

1 2 3 4 5 6 7 8 9 10 11 

B B C A D A D B B D C 

 

Q2  3600120
8

240
s

s

p
p =×== N

V

V
N         B 

 

Q5  6
3

1040
400

1015 −
−

×≈
×

≈=
R

C
τ

F       D 

 

Q7  0.5load =V V, 2.40.52.9
sR =−=V V 

21.0
20

2.4
sRload === II A or 210 mA       D 

 

Q8  0050.0
1000

0.5
load ==I  

loadzenerR s
III += , 0050.00

2.4

s

+≈
R

, Ω≈ 840sR       B 

 

Q10  2.0
25

0.5
load ==I A  

6.12.00.8supply =×=P W, 0.12.00.5load =×=P W 

6.00.16.1regulator =−=P W        D 

 

Q11  =supplyP +regulatorP 7.70.10.57.2load =×+=P W 

Maximum 7.7
0.1

7.7

supply

supply
supply ===

I

P
V V  

Minimum 2.6supply =V V (given)        C 

 

Detailed study 4 −−−− Synchrotron and its applications 
 

1 2 3 4 5 6 7 8 9 10 11 

A D A B C A D C B C B 
 

 

Q2 
( )( )

( )
3

19

27312

102.18
106.12

100.8101.9

2
×≈

×

××
==

−

−

q

mv
V V or 18.2 kV  D 

 

Q3  ==
qB

mv
r

( )( )
( )( ) 1.1

100.4106.1

100.8101.9
419

731

≈
××

××
−−

−

m      A 

 

Q4  ( )( )( ) 154719 101.5100.4100.8106.1 −−− ×≈×××== qvBF N      B 

 

Q8  Conservation of momentum: 
232223 104.4101.1106.6 −−− ×−=×−×=p

r
Ns      C 

 

Q10  
( ) 10

9

100.2
48sin2

1030.01

sin2

−
−

×≈
°

××
==

θ

λn
d m  or 0.2 nm 

( ) 10
9

104.3
26sin2

1030.01

sin2

−
−

×≈
°

××
==

θ

λn
d  or 0.34 nm 

( ) 10
9

100.4
22sin2

1030.01

sin2

−
−

×≈
°

××
==

θ

λn
d  or 0.40 nm     C 

 

 

Detailed study 5 −−−− Photonics 
 

1 2 3 4 5 6 7 8 9 10 11 

B C C D B A D D D A D 
 

 

Q3  
( )( ) 19

9

834

1062.3
10550

100.31063.6 −

−

−

×≈
×

××
==

λ

hc
E J      C 

 

Q4  9925.083sinsin c ≈°=θ , 9924.0
32.1

31.1

core

cladding
≈=

n

n
     D 

 

Q5  °×=∠ 15sin0.1sin48.1 r , °≈∠ 1.10r  

°=°−°= 9.791.1090cθ  

457.19.79sin48.1cladding ≈°=n         B 

 

 

 

Detailed study 6 − Sound 

 

1 2 3 4 5 6 7 8 9 10 11 

C B A B D C D A C B A 

 

Q2  70.0
500

350
===

f

v
λ m         B 

 

Q3  412
100.110 10

80
−−

×==I W m
-2

         A 

 

Q4  74680 =−=L dB         B 

 

Q7  Loud region at the centre.  

Loud regions are separated by 50.0
2

=
λ

m 

Between two adjacent loud regions is a quiet region. 

Distance of the second quiet region from the centre 

75.025.050.0 =+= m 

Distance of the second quiet region from B 

25.475.000.5 =−= m         D 

 

Q8  Length of closed pipe 081.0
4

325.0

4
≈==

λ
m      A 

 

Q9  Assuming 256 Hz is the first resonance frequency of the 

closed pipe the next higher resonance frequency is 3 times the first, 

i.e. 768 Hz.  

    C 

 

 

 

 

 

Please inform mathline@itute.com re conceptual  

              and/or mathematical errors 

 


