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QUESTION 1 MULTIPLE CHOICE 
 

Q. No. Answer Reason 

1.1 
B 

Only force acting on stone while moving in the air is the 

gravitational force, causing constant acceleration of 9,8 2m s−  

1.2 
C 

Max: 8 + 3 = 11 N        min: 8 – 3 = 5 N 
Forces between these are possible 

1.3 D Theory  

1.4 
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Ek = 21

2
mv  if velocity is v and x = vt for distance covered 

Ek
/ = 

1

2
 m( 2  v)2 if velocity is 2  v and x/ = 2  vt 

 = 2 21
( )
2

mv  = 2  (x) 

 = 2 Ek 

1.6 
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t
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 p=   
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r
 


2

1
E

r
 

Which is a straight-line graph. 

1.8 

A 

In top branch: equal resistors thus 9 V over each – point A at 9 V 
In bottom branch resistors are in ratio 1:2 thus 6 V : 12 V 
At point B volts is 6 V 
VAB = 9 – 6 = 3 V or VAB = 12 – 9 = 3 V 

1.9 D Theory  

1.10 
C 

Shortest   means f is highest (c = f  and c is constant) 

E = hf, highest f means biggest E 
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QUESTION 2 KINEMATICS 
 
2.1  
 
 
 
 
 
 
 

    
 
2.2  
 
 
 
     
     
 
 

2.3 Acceleration is the rate of change of velocity  
 

2.4 =  =14,8sin30 7,4y  m (OR Pythagoras OR 14,8 OR sin rule) 

 AWARD THE MARK FOR 14,8sin30 or 14,8cos60   or Pythagoras, NOT 

the answer of 7.4. 

    = + 21

2
iy v t at   

 7,4  = + 21
0 (4)

2
a   

        = 8a  

     = 0,925a (0,93) 2m s−   

 

2.5 = +f iv v at                                   OR  𝑣𝑓
2 =  𝑣𝑖

2 + 2𝑎∆𝑥                          

     = +0 (0,925)(4)  e.c.o. 2.4                     = 0 +2(0,93)(7,4) 

     = 3,7  1m s−                                           = 3,7 m.s-1 

 

2.6 =RF ma  

      = (15)(0,925)  e.c.o. 2.4 

      = 13,88  N  

 

2.7 When a net force, Fnet, is applied to an object of mass, m, it accelerates in 
the direction of the net force. The acceleration, a, is directly proportional to 
the net force and inversely proportional to the mass. OR i.t.o. momentum : 
Net force equal rate of change of momentum 

  

2.8 = +R A fF F F  

 13,88  (e.c.o. 2.6) = (15)(9,8) 𝑠𝑖𝑛 6 0° + 𝐹𝑓  

 𝐹𝑓 = 13,88 − 127,3 

  = −113,3 N 

     = 113,3 N up the slope  

= / / (15)(9,8)sin30F  

     = 73,5  N  

Constant v implies =/ / AF F  

                                   = 73,5  N 

 =cos30
14,8

x
     (or sin 60°) OR sin rule 

         = 12,82x  m  

−12,82 1,2  (method)= 11,62  m 
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QUESTION 3 KINEMATICS 
 
3.1 3.1.1 positive  
 
 3.1.2 2 s  
 

 3.1.3 9,8 2m s−   

 
 3.1.4  gradient =  acceleration                  OR   vf  =  vi  +  at  

              
−

=
−

30 0

2
a

t
                                    30 = 0 + 9,8(t-2)  

  − =9,8( 2) 30t  (subs) (e.c.o. 3.1.3)            t = 5 s 

               = +3,06 2t  

                 = 5,06  s  5  s  

 
 3.1.5 2 times (twice)  
 

 3.1.6 Area = distance                                  OR  𝑣𝑓
2 =  𝑣𝑖

2 + 2𝑎∆𝑥                        

          h = 
1

2
 (5 – 2)(30)  e.c.o 3.1.4             302 = 0 + 2(9,8)Δx = 45m 

   = 45 m                                        OR Δx = vit + ½ at2 

                                                                                                                                            = 0 + ½(9,8)(5 – 2)2 = 45 m 
                                                                                                   
3.2 Say x meter in 1st second, then x + 1,1 meter in first 2 seconds: 
 

           x + 1,1 = 
1

2
 a(2)2    and    x + 3,3 = 

1

2
 a(3)2  in first 3 seconds 

                     x = 2 a – 1,1                        x = 4,5 a – 3,3 
 thus 2 a – 1,1 = 4,5 a – 3,3   
               2,5 a = 2,2 

                     a = 0,88 2m s−   

 
 x = 2(0,88) – 1,1  
    = 1,76 – 1,1 
    = 0,66 m  
  



INTERNATIONAL SECONDARY CERTIFICATE: PHYSICAL SCIENCES: PAPER I – MARKING GUIDELINES – Page 5 of 10 
MAY 

IEB Copyright © 2023 PLEASE TURN OVER 

QUESTION 4 NEWTON 
 
4.1 4.1.1 The two boxes are made of different material.  
 
 4.1.2 100 N  
 
 4.1.3 When object A exerts a force on object B, object B simultaneously 

exerts an oppositely directed force of equal magnitude on object A  
 
 4.1.4 FQ on P – Ff = ma  
         FP on Q = 12(0,2) + 40 (FQ on P = FP on Q) 
    = 42,4 N to the right  
 
4.2 4.2.1 mass  
  on same surface / same friction OR 
  Same distance, same person taking time to calculate. 
 
 4.2.2 So that only the independent variable will influence the change in the 

dependent variable. 
 
 4.2.3 Applied force 
 
 4.2.4 The graph uses the applied force, but acceleration is calculated with 

the resultant force  
  All the values of FA must be smaller due to the magnitude of Ff that 

must be subtracted  
  This will shift the line back through the origin OR  
  This causes line to pass through bigger value, thus crossing x-axis. 
 
 4.2.5 y = mx + c 
 
 
           a       F  
 
  F = ma 

  a = 
1

m
 F  

 

  gradient = 
1

m
  

 
4.3 No, it is not correct  

• The force of the truck on the car = the force of the car on the truck 

according to Newton's third law of motion  

• More damage to the car is due to the crumple zone of the car or softer 
metal.  

• Mass of the truck does not independently influence the force the car will 
experience (only increase momentum which is not a force)  
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QUESTION 5 MOMENTUM, WORK, ENERGY & POWER 
 
5.1 5.1.1 
 
 
 
 
 
 
    
 
 5.1.2 The work done by a net force on an object is equal to the change in 

the kinetic energy of the object  
 

 5.1.3  f fW F x=    

   k Nµ F x=    

   [(15)(9,8) sin200,3) ]( AF− =  (4)cos180  

   1,2[147 (0,342)]AF= − −   

   176,4 0,41 AF= − +  
 

  ( N y GF F F+ =  

          (15)(9,8) sin20 )N AF F= −   

 

 5.1.4           f XW W W= +   

                 ( 176,4 0,041 )AF= − +  ( cos20 4cos0 )AF+     

              0 176,4 0,041 3,76A AF F= − + +  

  3,80 176,4AF− = −  

            46,4AF =  N 

 
5.2 5.2.1 The total linear momentum of an isolated system remains constant 
 

 5.2.2          before afterp p=    

  (1,5)(3) 0+  (1,5)(2) (0,55)( )v= +  

      4,5 3,0 0,55 v− =  

                  2,73v =  1m s−  

 
 5.2.3       F t p =   

  (0,02) 1,5(2 3)F = −   

           75,0F N= −   (ball on truck) 

           75,0F N=      right (truck on ball) 

 

 5.2.4                      mech before mech afterE E=  

  ( )( )
21

0,55 2,73 0
2

+  ( )( )0,55 9,8 0h= +  

                              2,05 5,39h=  

                                   0,38h =  m 

  

FN = normal force      Ff =friction 

Fy = y-component of applied force  OR 

FAPPLIED at an angle 

Fx = x-component of applied force  

FG = gravitational force/weight  

Relative arrow lengths FN and FG  
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QUESTION 6 FIELDS 
 

6.1 
2

kQ
E

r
=   

  
9 3

2

(9 10 )(6 10 )

(0,025)

− 
=  

  108,64 10=   1N C−   

 
6.2 6.2.1 ● The negatively charged ball's electrons will repel the electrons in 

the neutral ball  

• This e– will move to the other side of the neutral ball, far away from 
the neg ball  

• The pos side will be closest to the neg ball and thus attraction 
occurs  

 
 6.2.2 The moment they touch, electrons move over from negative ball to 

positive side of the other ball until the two balls have the same charge. 
 
 6.2.3 1 e– has a charge of –1,6 × 10–19 C 
  ? e– has a charge of –2 × 10–6 C  
 
  2 × 10–6 ÷ 1,6 × 10–19= 1,25 × 1013 electrons  
 

6.3 6.3.1   
1 2

2P on

kQ Q
F Q

r
=   

   
9 9 9

2

(9 10 )(3 10 )(2 10 )

(0,2)

− −  
=  

   61,35 10−=   N, right  

 

    
9 9 9

2

(9 10 )(4 10 )(2 10 )

(0,3)
R onF Q

− −  
=  

   78,00 10−=   N, right 6(0,8 10−  N) 

 

          6 6 60,8 10 1,35 10 2,15 10RF − − −=  +  =  , right 

 
 6.3.2 Left  
  

 



INTERNATIONAL SECONDARY CERTIFICATE: PHYSICAL SCIENCES: PAPER I – MARKING GUIDELINES – Page 8 of 10 
MAY 

IEB Copyright © 2023 PLEASE TURN OVER 

QUESTION 7 ELECTRIC CIRCUITS 
 
7.1 Current through a conductor is directly proportional to the potential difference 

across the conductor at constant temperature  
 

7.2 7.2.1  
1 1 1

6 3R
= +   

  2pR =   

  2 1TR r= + +   

 

  TEmf IR=  OR   ( Re)iEmf I r= +   

      12 3 TR=         12 = 3(𝑟𝑖 + 3)  

     4TR =             1ir =    

  3 4ir+ =  

       1ir =    

 

 7.2.2 1 iV Emf V= −                     OR    Rext = V/I  

      12=   (3)(1)−                     (2+1) = V /3 

      9=  V                                       V = 9V 
 

 7.2.3 
2 pV IR=  OR V IR=             OR 2 extV V V= −   

      (3)(2)=       (3)(2)=        = −9 3  = 6  V OR 

      6=  V       = 6 V  2 (12 3) 3V = − − 6=  V 

 

7.2.4 

2V t
W

R
=  OR 

     
2(6) (120)

(3)
=  

     1440=  J 

    E = W (both correct) 
 
7.3 7.3.1 current is the rate of flow of charge  
 
 7.3.2 20 joules of energy can be transferred by every coulomb charge that 

flows 
 
 7.3.3     P = VI  
  150 = 20 I  
       I = 7,5 A  
 

 7.3.4 Voltmeter  
  To keep same current in X + Y, it must have very high resistance  
 

 7.3.5 Current will decrease as the resistance will increase  
  Internal voltage will decrease  
  Internal resistance r will not change as it is the same battery   

W  2I Rt=  

 2(2) (3)(120)=  

 1440=  J 
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QUESTION 8 ELECTRODYNAMICS 
 

8.1 8.1.1 The induced current flows in a direction so as to set up a magnetic 
field to oppose the change in magnetic flux. 

 

 8.1.2 The emf induced is directly proportional to the rate of change of 
magnetic flux (flux linkage). 

  As the magnet moves in or moves out of the coil, there is a change in 
the magnetic flux linkage with the coil, causing an emf.  

 

 8.1.3 south  
 

 8.1.4 ● As the magnet falls to the ground, it will accelerate due to gravity 

• The change in magnetic flux is slower at the top and faster at the 
bottom  

• Emf is directly proportional to the rate of change of the magnetic 
flux  

 
8.2 
 
 
 
 
 
 
 
 
 [Sketch from Ken-en Verstaan textbook]  
 
8.3 8.3.1 Electrical energy to kinetic energy.  
 

 8.3.2 Split ring (commutator)  
 

 8.3.3 ● Half a ring will connect side one of the coil with the positive/ 
negative side of the battery causing it to experience a force 
downwards/upwards  

• The force gradually decreases as the coil moves from the 
horizontal to vertical position as the linkage deceases  

• Momentum carries it past the lowest/highest point when the coil 
then connects to the other half circle which is connected to the 
negative/positive side of the battery 

• This causes the current to flow in the opposite direction of side one 
of the coil so that it experiences a force in the opposite direction to 
move a full circle  

 

 8.3.4 current (arbitrary units) 
 
 
 

    Time 
 
     

   

Arrow directions  
 

Increase in density between the 
two  
 

Decrease in density on outside  
 

Force between them bigger than 
on outside, pushing them apart  
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QUESTION 9 PHOTONS AND ELECTRONS 
 

9.1 
hc

E


=  

     
34 8

8

(6,6 10 )(3 10 )

(3,4 10 )

−

−

 
=


 

     185,82 10−=   J  

 
9.2 9.2.1 Threshold frequency (fo) is the minimum frequency of incident radiation 

at which electrons will be emitted from a particular metal  
 

 9.2.2             0 0E hf=  

  ( )19 34

03,5 10 6,6 10 f− − =    

                14

0 5,30 10f =   Hz 

 
9.3 9.3.1 ● Every element's atoms have specific energy differences between 

the levels that can only be found in that element  

• When electrons drop from one level to another and the energy is 
released, light of specific energy, and therefore frequency, is 
released  

• A colour line is connected to the specific frequency of light released 
 

 9.3.2 19 193,4 1,6 10 5,44 10eV − −=   =   J 

 

9.4 kE E W= −  

                  hf W= −  

 
 
 

   y m x c= +   

 

 Gradient 
19

14 1

(3,4 1,4) 10 J

(12 9) 10 s

−

−

− 
=

− 
 

 

   330,66 10h −=   

      346,6 10−=  J s  

 
Total: 200 marks 

(use any coordinates exactly on line – far apart) 
 

(11,2 ; 3) (10,6 ; 2,5) (9,6 ; 1,8) (7,8 ; 0,6) 
(7,1 ; 0,2) 


