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1 Newton’s laws 
 

QUESTION 1  

   
   

 1.1.1 When a resultant/net force acts on an object, the object will accelerate in the 

direction of the force at an acceleration directly proportional to the force ✓ and 

inversely proportional to the mass of the object. ✓ 

(2) 

 1.1.2 

 

(3) 

   

 1.1.3 

 

(3) 
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 1.1.4  (6) 

    

1.2   
 1.2.1 Each body in the universe attracts every other body with a force that is directly 

proportional to the product of their masses ✓and inversely proportional to the 

square of the distance between their centres. ✓ 

(2) 

 1.2.2  (4) 

   [20] 
 

 

 

QUESTION 2 
 
2.1 The force that opposes the motion ✓ of an object and which act parallel to the 

surface✓ 

(2) 
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2.2 

 

 
(3) 

2.3   
 2.3.1   

(3) 

 2.3.2  (6) 

  [14] 
 

 

QUESTION 3 
3.1 When object A exert a force on body B, object B 

SIMULTENEOUSLY exert an oppositely directed force of equal 

magnitude on object A. ✓✓ 

(3) 

3.2 For crate B 

Fnet = ma ✓ 

FA on B -fk = ma 

FA on B -25.3 = (30) (2.3)✓ 

FA on B - 25.3 = 69 

FA on B = 94.3 N to the right✓ 

 
Newton’s third law 

FB on A = -FA on B✓ 

FB on A = -94.3 N 

FB on A = 94.3 N to the left✓✓ 

(6) 
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3.3   
3.3.1 When a net force acts on object, the object will accelerate in the 

direction of the force and acceleration is directly proportional to the 

force and inversely proportional to the mass of the object. ✓✓ 

(2) 

3.3.2  

Option 1 Option 2 

For trolley N 

Fnet = ma✓ 

F-T-fk = ma 

180 - T - 8.58✓ = (130) (1.09) ✓ 

T = 27.72N✓ 

For trolley M 

Fnet = ma✓ 

T + Fx - fk = ma 

T + 60cos28 - 6.4✓ = (70) (1.09) ✓ 

T= 27.72N✓ 
 

(4) 

3.4  Decreases✓ (1) 

   
3.5 • There will be vertical component of the applied force, this vertical 

component will tend Lift the trolley from the floor. ✓ 

• The normal force will decrease. ✓ 

• Hence frictional force decreases. ✓ 

(3) 

   [19] 
 

2 Projectile motion 
 

QUESTION 1 
1.1 Projectile in an object upon which the only force acting is the force of gravity. ✓ 

✓ 

(2) 

   

1.2  9.8 m.s-2 ✓  downwards ✓  (2) 

   

1.3 
 

∆𝑦 =  𝑣𝑖∆𝑡 + 
1

2
𝑎∆𝑡2✓  

∆𝑦 = (9.8)(1.02)  +  
1

2
(−9.8)(1.022) ✓  

∆𝑦 = 41.88 𝑚 𝑑𝑜𝑤𝑛𝑤𝑎𝑟𝑑𝑠 ✓  

 

 
 
(3) 

   
1.4 OPTION 1 

∆𝑦 =  𝑣𝑖∆𝑡 + 
1

2
𝑎∆𝑡2 ✓  

∆𝑦 = (9.8)(4.08) ✓ 

+ 
1

2
(−9.8)(4.082) ✓  

∆𝑦 =  −41.58 𝑚 

∆𝑦 = 41.88 𝑚 𝑑𝑜𝑤𝑛𝑤𝑎𝑟𝑑𝑠 ✓ ✓ 

 

OPTION 2 

∆𝑦 =  𝑣𝑖∆𝑡 + 
1

2
𝑎∆𝑡2 ✓  

∆𝑦 = (9.8)(2.04)✓  + 
1

2
(−9.8)(2.042) ✓  

∆𝑦 =  −41.58 𝑚 

∆𝑦 = 41.88 𝑚 𝑑𝑜𝑤𝑛𝑤𝑎𝑟𝑑𝑠 ✓ ✓ 

 

 
 
 
(4) 
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1.5   
 
 
 
 
 
 
 
 
 
 
(4) 

  

CRITERIA MARKS 

Graph starting from zero (0 m)  ✓ 

Correct shape  ✓ 

Position for maximum height (4,998 m) at 1.02 s  ✓ 

Final position (41.58 m) at 4.08 s  ✓  
 

 

 

QUESTION 2 

2.1 An object which has been given an initial velocity and then it moves under the 

influence of the gravitational force only✓✓ 

(2) 

   

2.2  3,43 m.s-1. ✓ penalise if there is no unit (1) 

   
2.3 

 

 
 
(2) 

  

4. 998 

- 41. 58 

P
o

si
ti

o
n

 /
Δ

y 

(m
) Δt (s) 4.08 1.02 2.04 

0 
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2.4.1 

 

 
 
 
 
 
(3) 
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2.4.2 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(4) 
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2.5 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(4) 

   
 
 
QUESTION 3 
3.1 An object which has been given an initial velocity and then it moves under the 

influence of the gravitational force only/ is in free fall. ✓✓ 

 
(2) 

    
 3.2.1 OPTION 1 

UPWARDS AS POSITIVE 

𝒗𝒇 =  𝒗𝒊 + 𝒂∆𝒕 ✓ 

𝟎 = (𝟏𝟓) + (−𝟗. 𝟖)(∆𝒕)  ✓ 

∆𝒕 = 𝟏. 𝟓𝟑 𝒔✓ 

OPTION 2 
UPWARDS AS POSITIVE 

𝒗𝒇 =  𝒗𝒊 + 𝒂∆𝒕 ✓ 

𝟎 = (−𝟏𝟓) + (𝟗. 𝟖)(∆𝐭)  ✓ 

∆𝒕 = 𝟏. 𝟓𝟑 𝒔✓ 

 
 
 
 
 
(3) 
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DOWNWARDS AS POSITIVE 

𝒗𝒇 =  𝒗𝒊 + 𝒂∆𝒕 ✓ 

𝟎 = (−𝟏𝟓) + (𝟗. 𝟖)(∆𝐭)  ✓ 

∆𝒕 = 𝟏. 𝟓𝟑 𝒔✓ 

 
DOWNWARDS AS POSITIVE 

𝒗𝒇 =  𝒗𝒊 + 𝒂∆𝒕 ✓ 

𝟎 = (𝟏𝟓) + (−𝟗. 𝟖)(∆𝐭)  ✓ 

∆𝒕 = 𝟏. 𝟓𝟑 𝒔✓ 

 

 

  OPTION 3 
UPWARDS AS POSITIVE 

𝒗𝒇 =  𝒗𝒊 + 𝒂∆𝒕 ✓ 

(−𝟏𝟓) = (𝟏𝟓) + (−𝟗. 𝟖)(∆𝐭)  ✓ 

∆𝒕 = 𝟑. 𝟎𝟔 𝒔 

∆𝒕𝒖𝒑 = 𝟏. 𝟓𝟑 𝒔 ✓ 

 
DOWNWARDS AS POSITIVE 

𝒗𝒇 =  𝒗𝒊 + 𝒂∆𝒕 ✓ 

(𝟏𝟓) = (−𝟏𝟓) + (𝟗. 𝟖)(∆𝐭)  ✓ 

∆𝒕 = 𝟑. 𝟎𝟔 𝒔 

∆𝒕𝒖𝒑 = 𝟏. 𝟓𝟑 𝒔 ✓ 

OPTION 3 
UPWARDS AS POSITIVE 

∆𝒚 =  𝒗𝒊∆𝒕 +  
𝟏

𝟐
𝒂∆𝒕 ✓  

𝟎 = (𝟏𝟓)(∆𝒕)  + 
𝟏

𝟐
(−𝟗. 𝟖)(∆𝒕) ✓  

∆𝒕 =  𝟑. 𝟎𝟔 𝒔 

∆𝒕𝒖𝒑 = 𝟏. 𝟓𝟑 𝒔 ✓ 

 
UPWARDS AS POSITIVE 

∆𝒚 =  𝒗𝒊∆𝒕 +  
𝟏

𝟐
𝒂∆𝒕 ✓  

𝟎 = (−𝟏𝟓)(∆𝒕)  + 
𝟏

𝟐
(𝟗. 𝟖)(∆𝒕) ✓  

∆𝒕 =  𝟑. 𝟎𝟔 𝒔 

∆𝒕𝒖𝒑 = 𝟏. 𝟓𝟑 𝒔 ✓  

 

 3.2.2 OPTION 1 
UPWARDS AS POSITIVE 

∆𝒚 =  𝒗𝒊∆𝒕 +  
𝟏

𝟐
𝒂∆𝒕𝟐✓  

     = (𝟏𝟓)(𝟏. 𝟓𝟑) 

 + 
𝟏

𝟐
(−𝟗. 𝟖)(𝟏. 𝟓𝟑) 𝟐✓  

∆𝒚 =  𝟏𝟏. 𝟓𝟖 𝒎 

 

𝑯𝒆𝒊𝒈𝒉𝒕   =  𝟏𝟏. 𝟓𝟖 + 𝟑𝟎✓ 

                    = 𝟒𝟏. 𝟒𝟖 ✓ 

 
DOWNWARDS AS POSITIVE 

∆𝒚 =  𝒗𝒊∆𝒕 +  
𝟏

𝟐
𝒂∆𝒕𝟐 ✓  

     = (−𝟏𝟓)(𝟏. 𝟓𝟑) 

 + 
𝟏

𝟐
(𝟗. 𝟖)(𝟏. 𝟓𝟑) ✓  

∆𝒚 = − 𝟏𝟏. 𝟓𝟖 𝒎 

 

𝑯𝒆𝒊𝒈𝒉𝒕   =  𝟏𝟏. 𝟓𝟖 + 𝟑𝟎✓ 

                    = 𝟒𝟏. 𝟒𝟖 ✓ 

 

OPTION 2 
UPWARDS AS POSITIVE 

𝒗𝒇
𝟐 =  𝒗𝒊

𝟐 + 𝒂∆𝒚 ✓ 

𝟎 = (𝟏𝟓) + (−𝟗. 𝟖)∆𝐲  ✓ 

∆𝒚 = 𝟏𝟏. 𝟓𝟖 𝒎 
 

𝑯𝒆𝒊𝒈𝒉𝒕   =  𝟏𝟏. 𝟓𝟖 + 𝟑𝟎✓ 

                    = 𝟒𝟏. 𝟒𝟖 ✓ 

 
DOWNWARDS AS POSITIVE 

𝒗𝒇
𝟐 =  𝒗𝒊

𝟐 + 𝒂∆𝒚 ✓ 

𝟎 = (−𝟏𝟓) + (𝟗. 𝟖)∆𝐲  ✓ 

∆𝒚 = −𝟏𝟏. 𝟓𝟖 𝒎 

 

𝑯𝒆𝒊𝒈𝒉𝒕   =  𝟏𝟏. 𝟓𝟖 + 𝟑𝟎✓ 

                    = 𝟒𝟏. 𝟒𝟖 ✓ 

 

 
 
 
 
 
 
 
 
 
(4) 

   

  
3.3 

 
Take yC as height of disc above ground at meeting point 

            ∆𝒚 =  𝒗𝒊∆𝒕 +  
𝟏

𝟐
𝒂∆𝒕𝟐 ✓  

 𝒚𝑪 − 𝟑𝟎 =    (𝟏𝟓)∆𝒕 + 
𝟏

𝟐
(−𝟗. 𝟖)∆𝒕𝟐✓ 

            𝒚𝑪 = 𝟏𝟓∆𝒕 − 𝟒. 𝟗∆𝒕𝟐 + 𝟑𝟎 … . (𝟏) 

 
Take yB as height of ball above ground at meeting point 
 

∆𝒚 =  𝒗𝒊∆𝒕 +  
𝟏

𝟐
𝒂∆𝒕𝟐 ✓  

 𝒚𝑩 − 𝟎 =    (𝟒𝟎)(∆𝒕 − 𝟎. 𝟓) +  
𝟏

𝟐
(−𝟗. 𝟖)(∆𝒕 − 𝟎. 𝟓)𝟐✓ 

 
 
 
 
 
(6) 
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            𝒚𝑩 = 𝟒𝟒. 𝟗∆𝒕 − 𝟒. 𝟗∆𝒕𝟐 −  𝟐𝟏. 𝟐𝟐𝟓. … . (𝟐) 

 
At meeting point 
yC = yB 

𝟏𝟓∆𝒕 − 𝟒. 𝟗∆𝒕𝟐 + 𝟑𝟎 = 𝟒𝟒. 𝟗∆𝒕 − 𝟒. 𝟗∆𝒕𝟐 −  𝟐𝟏. 𝟐𝟐𝟓✓ 

∆𝒕 = 𝟏. 𝟏𝟕 𝒔 ✓ 

 
     
3.4 UPWARDS AS POSITIVE DOWNWARDS AS POSITIVE  

 
 
 
 
 
 
 
(5) 

 • Initial velocities 40 and 15 and 

straight lines ✓ 

• B starting at 0,5 s ✓ 

• Parallel lines with negative 

gradient ✓ 

• Time at which disc reaches 
maximum height (answer from 

3.2.1) 1,53 s ✓  

• Time at which B hits C (answer 

from 4.3) 1,71 s ✓ 

• Initial velocities - 40 and - 15 and 

straight lines ✓ 

• B starting at 0,5 s ✓ 

• Parallel lines with negative gradient 

✓ 

• Time at which disc reaches 
maximum height (answer from 3.2.1) 

1,53 s ✓ 

• Time at which B hits C (answer from 

4.3) 1,71 s ✓ 

 

 

3 Momentum and impulse 
 
Question 1 
 
1.1 The total linear momentum of an isolated system is conserved.          √√      (2)                      

                                 
1.2                  ∑pi = ∑pf     √ 

 (15) (V )+ 0√  = (15 +13,5)( 4,4) √ 
                     V = 8,36 𝑚. 𝑠−1      √                                                                   (4)                                  
 

1.3 𝑉𝑓= 𝑉𝑖+ a∆t √ 

 0 = 4,4 + (a) (3) 
 a = - 1,47 m·s-2√         (4) 
 Ff = Fnet = ma  
Ff = (15 + 13,5) (-1,47) √ 

15 

40 

0. 1.5

3 

1.71 

C disc 

B (ball) 

V
 (

m
.s

-1
) 

Δt (s) 

0 

 -40 

- 

15 

0. 1.5

3 

1.71 

C disc 

B (ball) 

V
 (

m
.s

-1
) 

Δt (s) 

0 
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 Ff = 41,9 N   √                                                                                                               (4)                    
 
Question 2 
 
 
2.1   A system on which the resultant/net external force is zero.           √√                   (2)          
 
2.2   According to Newton 3rd Law, the rocket exerts a force on the toy cart to the 
         left/opposite to direction of motion. √√                                                                        (2) 
 
2.3                                  ∑pi = ∑pf     √ 
                          (𝑚1 + 𝑚2) vi = 𝑚1𝑣(1)𝑓 + 𝑚2𝑣(2)𝑓 

                        (20 + 𝑚2)2,5√ = 20(0,6) √ + (30𝑚2) √ 
                                            𝑚2 = 1,38 kg   √                                                                           (5) 
 
Question 3  
 
3.1      The product of the resultant/net force acting on an object and the time the net  
             force acts on the object.    √√        (2) 

3.2                                   pi = pf √ 
                       𝑚1𝑣(1)𝑖 + 𝑚2𝑣(2)𝑖  = 𝑚1𝑣(1)𝑓 + 𝑚2𝑣(2)𝑓 

                         m (10) + 1,7m (-15) √ = m (-5) + 1,7m𝑣𝑓  √ 

                                                𝑣𝑓 = - 6,18 𝑚. 𝑠−1 

                                                    = 6,18 𝑚. 𝑠−1 √ west √  (5) 
3.3 
3.3.1      Inelastic      √  (1) 
3.3.2 

             
 

3.3.3         𝑭𝒏𝒆𝒕 = 
𝑴𝑽𝒇𝒊𝒏𝒂𝒍− 𝑴𝑽𝒊𝒏𝒊𝒕𝒊𝒂𝒍

∆𝒕
  √      

          (4) 
 
 [17] 
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4 Work, Energy, Power 
 

QUESTION 1. 
 

1.1.  The total mechanical energy in an isolated system remains constant / the 

same. 

1.2.                                              

 

             
1.3.  

 

 

 
1.4.                  



Page 14 of 42 

 

 
                                                                                                                                    [1 

QUESTION 2 

2.1. The rate at which work is done/energy is expended. 
2.2.    
                                                                                                                                                  (3) 

   



Page 15 of 42 

 

                                                
  2.3.1.A conservative force is a force for which the work done (in moving an object between two points) is 

independent of the path taken. 

 
  2.3.2.Non-conservative 

  2.3.3.(Gravitational) potential to kinetic (energy) 

 2.3.4.                                                                                   

 

        
     
                                                                                                                                               [14] 
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QUESTION 3 

 

3.1.The work done on an object by a net force ✓ is equal to the change in the object’s kinetic energy. 

 
3.2.                                                                                      

 
 
3.3.                                                                                                                                     

 
 
 
 
 
3.4.                                                                                                                     

 
3.5.Second region B 

5.6.  Second region B has the smallest gradient ✓The net force (gradient) will be smallest ✓ 

∴ force of friction is the largest                                                                                                                               [14] 
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5 Doppler effect 
 

QUESTION 1 

1.1 Doppler effect: as the change in frequency (or pitch) of the sound 
detected by a listener, because the sound source and the listener have 
different velocities relative to the medium of sound propagation. √√ 

(2) 

1.2 Towards. √ (1) 
1.3 

𝑓L =
V ± VL

V ± VS
𝑓S√ 

3148 √=
340

340 − VS
√FS 

 
3148(340−VS)

340
𝑓S = 

2073(340+VS)

340
𝑓S 

                            𝑉S  = 70  𝑚. 𝑠−1  √ 

𝑓L =
V ± VL

V ± VS
𝑓S 

 

2073 √=
340

340 + VS
√ 𝑓S 

 

(6) 

1.4 ∆𝑡 =  
∆𝑥

𝑉
 √ 

    = 
350

70
  

    = 5 s √ 

(2) 

  [11] 
 

QUESTION 2 
 
2.1 Doppler effect: as the change in frequency (or pitch) of the sound 

detected by a listener, because the sound source and the listener 
have different velocities relative to the medium of sound propagation. 
√√ 

(2) 

2.2 V = fλ √ 
340 = (880) λ  
 λ = 0,39 m (0,386) √  

(3) 

2.3 𝑓L =
V±VL

V± VS
𝑓S  √ 

 

𝑓L =
340+10

340
√   (880)  √ 

 
𝑓𝐿 =  905,88 Hz √ 

(4) 

   
2.4  

 
 
 
√√ 
 

(2) 

  [11] 
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QUESTION 3 
 
 3.1.1 V = fλ √ 

   

 𝜆 =
340

520
  

  
     = 0,65 m √ 

(2) 

 3.1.2 𝑓L =
V±VL

V± VS
𝑓S  √ 

 

𝑓L =
340

340−15
√(520)   √ 

 
𝑓𝐿 = 544 𝐻𝑧  √ 
 
 
V = fλ  √ 
 

 𝜆 =
340

544
  

    
    = 0.63 m √  

 
 
(6) 

3.2 he wavelength in QUESTION 3.1.2 is shorter because the waves are 
compressed as they approach the observer. √√ 

 
(2) 

3.3 The red shift occurs when the spectrum of a distant star moving away 
from the earth is shifted toward the red end of the spectrum. √√ 

(2) 

  [12] 
 

 

 

 

6 Electrostatics 
 

QUESTION 1 
1.1 The electric field at a point is the electrostatic force experienced per unit 

positive charge placed at that point. ✓✓ 

 
(2) 
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1.2 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(3) 

1.3 

 

 
 
 
 
 
 
 
 
 
 
(5) 

   
1.4.1  (2) 

   
1.4.2 B is positively charged ✓and C negative. Attractive pattern. ✓ The electric 

field pattern has changed. It is now originating from B and ending at C. ✓ 

This is because B is now positively charged whilst C remains negatively 
charged. 

 
 
(3) 

  [15] 
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QUESTION 2 
2.1 The magnitude of the electrostatic force exerted by one point charge on 

another point charge is directly proportional to the product of the (magnitudes 

of the) charges ✓ and inversely proportional to the square of the distance 

between them. ✓ 

 
(2) 

   
2.2 𝐹 =

𝐾𝑄1𝑄2

𝑟2 ✓ 

𝐹 =
(9 𝑥 109 )(6 𝑥 10−6)(8 𝑥 10−6)

(0.2)2✓
✓ 

𝐹 =  10.8 𝑁✓ 

 
(4) 

   
2.3 

 

 
 
 
 
 
 
 
(3) 

   
2.4                      𝐹𝑛𝑒𝑡

2 =  𝐹𝑋𝑌
2 +  𝐹𝑍𝑌

2 ✓ 

                15.202 =  10.82 +  𝐹𝑍𝑌
2  

                      𝐹𝑍𝑌  = 10.969 𝑁 
 

       𝐹𝑍𝑌 =
𝐾𝑄𝑌𝑄𝑍

𝑟2  

10.969✓ =
(9 𝑥 109 )(8 𝑥 10−6)𝑄𝑧

(0.3)2 ✓ 

           𝐹 =  1.34 𝑥 10−5 𝑁✓ 

 
 
 
 
 
 
 
(4) 

  [13] 
 
 
 
 
 
QUESTION 3 
3.1   

 
 
 
 
 
 
 
 
 
 
(2) 

3.2 An electric field is a region of space in which an electric charge experiences a 

force. ✓ The direction of the electric field at a point is the direction that a 

positive test charge would move if placed at that point. ✓ 

 
 
(2) 
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3.2 Q = nqe ✓ 

Q = (3,125 ×1010) (1,6 ×10-19) ✓ 

Q = +5×10-9 C ✓ 

 
 
(3) 

3.4           𝐸 =
𝐾𝑄

𝑟2  ✓ 

𝐸 =
(9 𝑥 109)(5 𝑥 10−9)

(0.8)2 ✓ 

𝐸 = 70.31 𝑁. 𝐶−1✓ 

 

 
 
 
 
(3) 

3.5 GREATER THAN/GROTER AS✓ 

The electric field at a point due to a point charge is inversely proportional to 

the square of the distance between the point and the charge/(𝐸 𝛼 
1

𝑟2) ✓ 

 
 
(2) 

   
3.6   

 −𝐹𝑋 𝑜𝑛 𝑄 +  𝐹𝑌 𝑜𝑛 𝑄 = 0 ✓ 

 
𝐾𝑄𝑥𝑄

(𝑑 + 𝑥)2
=  

𝐾𝑄𝑌𝑄

(𝑥)2
 

 

√
(5 𝑥 10−9)

(0.4 + 𝑥)2
✓ =  √

4 𝑥 10−9

 𝑥2
 ✓ 

 

𝑥 = 3.39 𝑚 ✓ 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
(4) 

  [16] 

 

7 Electrodynamics 
 

 

 

QUESTION 1 

1.1 Q/split ring commutator/commutator√ (1) 

1.2 Replace Q/split ring commutator with slip rings. √ (1) 

1.3   
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 1.3.1 

 

(3) 

 1.3.2 

 

(3) 

   [8] 

 

QUESTION 2 
2.1 A: coil / armature ✓ 

B: brushes ✓ 

C: commutator / split-ring (commutator) ✓ 

(3) 

2.2 ANY ONE ✓ 
Maintains contact with the commutator. 
Takes current into the coil. 

(1) 

2.3 DC motor✓ (1) 

2.4 Due to the motor effect✓ (1) 

2.5 𝑉𝑟𝑚𝑠 =  
𝑉𝑚𝑎𝑥

√2
 ✓ 

          =  
1

√2
 ✓ 

          = 0.707 𝑉✓ 

 

 
 
 
 
 
(3) 

2.6 0.04 s  ✓ (v doubles ∴ emf doubles ∴ f doubles ∴ period halves) (2) 
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2.7   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(4) 

   [16] 
 

QUESTION 3 

3.1   
 3.1.1 R: armature/coil(s) ✓ 

T: Carbon brushes ✓ 

X: Slip rings ✓ 

(3) 

 3.1.2 Faraday's Law ✓ (1) 

3.2   
 3.2.1 115 V ✓ (1) 

 3.2.2 

 

(4) 

   [9] 
 

 

 

 

 

 

 

 

 

 

1.5 



Page 24 of 42 

 

8 Photoelectric Effect 
 

 

QUESTION 1 
1.1 Threshold Frequency ✓ (1) 

1.2 The minimum energy that an electron in a metal needs to be emitted 

from the metal surface. ✓ ✓ 

(2) 

1.3   
 
 
 
 
 
 
(3) 

1.4 

 

 
 
 
 
 
 
 
 
 
 
 
 
(4) 

1.5 INCREASE ✓ (1) 

  [11] 
 

 
QUESTION 2 
2.1 Is a process whereby electrons are ejected from a metal 

surface when light of suitable frequency is incident on that 

surface. ✓✓ 

 
(2) 
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2.2 

 

 
 
(2) 

   
2.3.1 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(4) 
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2.5 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(4) 

  [13
] 

 
 
QUESTION 3 

3.1 The minimum frequency of light needed to emit electrons from a 

certain metal surface ✓ ✓ 

 
(2) 
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3.2.1 

 

 
 
 
 
(3) 

   
3.2.2 

 

 
 
 
 
 
(4) 

   
3.2.3 

 

 
 
(4) 

   
3.3 An atom (electron) in higher (excited) energy state/level returns to a lower 

energy state/level. ✓ 

 Energy is released as light (photons/frequencies of light are released). ✓ 

 
 
 
 
 
(2) 

  [15] 
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1 Nomenclature  
 

QUESTION 1  
Consider the organic compounds A to F below.  
 
1.1   
 1.1.1 E ✓ (1) 

 1.1.2 C ✓ (1) 

 1.1.3 D ✓ (1) 

1.2   
 1.2.1 Pent-2 ✓-yne ✓ (2) 

 1.2.2  (2) 

 1.2.3 2-methylbut-1-ene 
          OR 
3-methylbut-1-ene 
 
Marking criteria 

• Correct stem i.e. but-1-ene. ✓ 

• Only one type of substituent, methyl, correctly identified. ✓ 

• Entire name correct. ✓ 

 
 
(3) 

1.3   
   
 1.3.1 Esters ✓ (1) 

 1.3.2 Sulphuric acid/H2SO4 ✓ (1) 

 1.3.3 Methyl✓ propanoate ✓ (2) 

   [14] 
 

QUESTION 2  
2.1 A bond / an atom / a group of atoms ✓ that determine(s) the (physical and 

chemical) properties of a group of organic compounds. ✓ 

(2) 

2.2   
 2.2.1  (1) 

 2.2.2 Carboxyl (group) ✓ (1) 

2.3   
 2.3.1 Ketones ✓ (1) 
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 2.3.2  (3) 

2.4   
 2.4.1 5-bromo-4-ethyl-2,2-dimethylhexane 

 
Marking criteria 

• Correct stem i.e.  hexane. ✓ 

• All substituent (bromo, ethyl and dimethyl) correctly identified. ✓ 

• IUPAC name completely correct including numbering, sequence, 

hyphens and commas. ✓ 

(3) 

 2.4.2              ✓ 

4-methylpent-2-yne ✓ 

(2) 

   [13] 
 

QUESTION 3 
  
 
3.1   
 3.1.1 F ✓ (1) 

 3.1.2 B & F ✓ (1) 

 3.1.3 C ✓ (1) 

3.2   
 3.2.1 Haloalkane / alkyl halide ✓ (1) 

 3.2.2 3,5-dibromooctane  

 
Marking criteria 

• Correct stem i.e.  Octane. ✓ 

• dibromo. ✓ 

• Substituents (dibromo) correctly numbered, hyphens, commas 

correctly used. ✓ 

(3) 

3.3   
 3.3.1 Pentan-3-one ✓✓ (2) 

 3.3.2 3-methyl✓butan-2-one✓ 

              OR 

3-methyl✓butanone✓ 

              OR 

methyl✓butanone✓ 

              OR 

3-methyl✓- 2-butanone✓ 

(2) 

3.4   
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 3.4.1 Hexy✓l methanoate ✓ (2) 

 3.4.2  (1) 

3.5   
 3.5.1 Cracking/Elimination ✓ (1) 

 3.5.2 C7H16 ✓✓ (2) 

 3.5.3  (2) 

    
 

2 Physical Properties  
 

QUESTION 1  
1.1 The pressure exerted by a vapour at equilibrium with its liquid in a closed 

system. ✓✓ 

(2) 

1.2 Functional group/Type of intermolecular forces/Homologous series✓ (1) 

1.3 B✓ (1) 

1.4 • Compound A/butan-1-ol has hydrogen bonding (dipole-dipole and 
London forces) between molecules.  

• Compound B/butan-2-one has dipole-dipole forces (and London 
forces) between molecules.  

• Intermolecular forces in compound A/butan-1-ol are stronger than 
intermolecular forces in compound B/butan-2-one.  
                               OR  

• Intermolecular forces in compound B/butan-2-one are weaker than 
intermolecular forces in compound A/butan-1-ol.  

• More energy is needed to overcome intermolecular forces in 
compound A/butan-ol than in compound B/butan-2-one. 

 
(4) 

1.5   
 1.5.1 Boiling point (of compound A/butan-1-ol) ✓ (1) 

 1.5.2 Gas✓ (1) 
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 1.5.3  (2) 

   [12] 
 

QUESTION 3 

3.1 As the number of C atoms increases:  

• The surface area/chain length/molecular mass of the alcohols increases ✓  

• The strength of London forces/induced dipole forces/dispersion forces 

increase. ✓ 

(2) 

3.2 • Alcohols have both (London forces) and hydrogen bonds ✓  

• Ketones have both (London forces) and dipole-dipole forces ✓  

• Hydrogen bonds in the alcohols are stronger than the dipole-dipole forces in 

ketones ✓ 

(3) 

3.3 To have one independent variable✓ OR To have a fair test (1) 

3.4 Ketone ✓ Lower boiling point ✓ (2) 

3.5   

 3.5.1 Increases✓ (1) 

 3.5.2 Q ✓ 

It is the temperature where the graph intercepts the dotted line. ✓ 

(2) 

 3.5.3 S✓ 

• At a given temperature, S has the lowest vapour pressure/highest 

boiling point. ✓ 

• Strongest intermolecular forces/London forces/dispersion 

forces/induced dipole forces. ✓ 

• Highest energy needed to overcome/break the intermolecular forces. 

✓ 

(4) 

3.6   
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 3.6.1 

 

(3) 

 3.6.2 Higher than✓ (1) 

  [19] 
 

3 Organic Reactions 
 

 

QUESTION 1 
1.1 Secondary✓ 

The C atom bonded to the –OH group is bonded to TWO other C atoms. ✓ 

(2) 

1.2   
 1.2.1 Dehydration ✓ (1) 

 1.2.2 Hydration ✓ (1) 

 1.2.3 Dehydrohalogenation/dehydrobromination✓  (1) 

1.3   
 1.3.1 Substitution/Hydrolysis ✓ (1) 

 1.3.2 • Dilute base/sodium hydroxide/NaOH ✓ 

• Moderate temperature/(mild) heat ✓ 

(2) 

 1.3.3 2-✓bromobutane ✓ (2) 

1.4 NaOH/KOH ✓ (1) 

1.5 

 

(3) 

1.6 Butane✓ (1) 

  [15] 

 

QUESTION 2 
1.1  Tertiary✓ 

The halogen/bromine/functional group (-X) is bonded to a C atom that 

is bonded to three other C atoms/ a tertiary C atom. ✓ 

 
 
(2) 
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1.2    
 1.2.1 Concentrated strong base ✓ 

OR  
Concentrated NaOH/KOH/LiOH/sodium hydroxide/ potassium 
hydroxide/ lithium hydroxide 
OR  
Strong base/NaOH/KOH/LiOH/sodium hydroxide/ potassium 
hydroxide/lithium hydroxide in ethanol. 

 
 
 
 
 
 
(1) 

 1.2.2 Elimination/dehydrohalogenation/dehydrobromination✓  (1) 

 1.2.3 

 

 
 
 
 
 
 
 
 
 
 
 
 
(5) 

1.3    
 1.3.1   

 
 
 
 
 
 
 
 
 
 
(2) 

 1.3.2 Water/H2O✓  (1) 

 1.3.3 Hydration✓ (1) 

1.4    
 1.4.1 Substitution/Hydrolysis✓ (1) 

 1.4.2 Dilute strong base✓   

OR:  
Dilute NaOH/KOH/LiOH/sodium hydroxide/potassium hydroxide/lithium 
hydroxide  
OR:  
NaOH(aq)/KOH(aq)/LiOH(aq) OR: (Add) water/H2O 

 
 
 
 
(1) 

   [15] 

 
 

QUESTION 3  
 3.1.1 Heat/sunlight/ultraviolet light/radiation/light ✓ (1) 

 3.1.2 HBr/hydrogen bromide ✓ (1) 
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 3.1.3 Hydrolysis✓ (1) 

 3.1.4 H2O/water✓ 

     OR 
NaOH/KOH/LiOH/sodium hydroxide/potassium hydroxide/lithium hydroxide 

(1) 

 3.1.5 2-bromo✓propane ✓ (2) 

3.2 

 

(8) 

   [14] 

 

 

4 Rates of Reactions 
 

QUESTION 1  

1.1 Rate of the reaction/ volume of gas (formed) per unit time ✓ (1) 
 

1.2 
Average rate = 

t

V




✓ 

                      =
030

060

−

−
 ✓ 

                       = 2,0 cm3∙s-1 
✓

 

 
 
 
 
(3) 
 

1.3 Less than ✓ 
Smaller gradient at 50 s/ change in volume per unit time is less/ rate of 
change in volume is less. ✓ 

 
(2) 
 

1.4 Increase ✓ (1) 
 

1.5 Increase in surface area causes more number of collisions. The number of 
effective collisions per second will increase, resulting in an increase in the 
rate of reaction.  

(3) 

   
1.6 OPTION 1 

n(Mg) = 
M

m
  

           =
24

20
 ✓ 

           = 0,833 mol/ mol  
n (H2SO4) = c x V  
                 = 1 x 0,1 ✓ 
                 = 0,1 mol  
 Mole ratio →  Mg : H2SO4 → 1 : 1  (equation) 
                                                                      0,1 :  0,1 ✓ 
n(Mg) left  = 0,833 - 0,1 = 0,733 ✓ 
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QUESTION 3  
3.1.1 Temperature  (2) 
3.1.2 At higher temperature a bigger fraction of the molecules/more 

molecules move faster/have more kinetic energy, leading to 
more effective collisions.   
 (4) 

3.2.1 He added a catalyst.  (2) 
3.2.2  P: ΔH, heat of reaction/ change in enthalpy/ΔH, 

 
Q: activation energy  (2) 

  [9] 

 

 

n(Mg) = 
M

m
 

0,733 = 
24

m
 

m(Mg) = 17,59 g ✓ 
 

QUESTION 2  
   
2.1 The change in concentration/number of moles/mass✓ of reactants or 

products per unit time. ✓ 
(2) 

    
2.2 100 (s) ✓  (1) 
2.3 Higher than ✓ (1) 
 Initially the concentration of the acid is high. /Initially there are more 

particles per unit volume. ✓ 
More effective collisions per unit time. ✓ 

 
(2) 

2.4 𝑐 =  
𝑛

𝑉
✓ 

0.1 =  
𝑛

0.15
✓ 

𝑛 =  0.15 𝑚𝑜𝑙 ✓ 
 
𝑛(𝐶𝑂2) =  𝑛( 𝐻2𝑆𝑂4) = 0.15 𝑚𝑜𝑙 
 

𝑛 =  
𝑉

𝑉𝑚
 

0.15 =  
𝑉

22,4
✓ 

𝑉 =  0.34 𝑑𝑚3
✓ 

 

 
 
 
 
 
 
 
 
 
 
 
 
(5) 

2.5 Lower temperature✓ 
Na2CO3 chunks✓ 

 
(2) 

  [13] 
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5 Chemical Equilibrium  
 

QUESTION 1  

1.1. Low. ✓ Kc is smaller than 1✓ (2) 

1.2    

  

 

  

(8) 

   

1.3.1 Remains the same✓ (1) 

1.3.2 Remains the same✓ (1) 

1.4 Endothermic ✓ 

Kc increases, therefore forward reaction was favoured. ✓ 

Temperature increase will favour endothermic reaction. ✓ 

Therefore, forward reaction is endothermic (3) 

  [15] 
 

QUESTION 2  
2.1. Reaction in which products can be converted back to reactants✓✓ (2) 
2.2 FORWARD REACTION ✓ (1) 
2.3 No. ✓The rate of forward reaction is equal to the rate of reverse 

reaction✓ (2) 
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2.4.1 Increases✓ (1) 
2.4.2 Remains the same✓ (1) 
2.4.3 Increases✓ (1) 
2.4 The amount of HI remains constant. ✓ The volume decreases. The 

concentration 

increases according to 𝑐 =
𝑛

𝑉
✓ (2) 

2.5.1 High yield. ✓ Kc >1✓✓ (3) 
2.5.2 EXOTHERMIC. ✓ 

The value Kc decreases with an increase in temperature. ✓ 

As temperature increases, the concentration of products decreases ✓ 

Reverse reaction is favoured by an increase in temperature✓ (4) 
2.6 

 (4) 
  [22] 

 

QUESTION 3  
3.1. A reaction where products can be changed back to reactants. ✓✓ (2) 

3.2 

 (7) 
3.3.1 O2(g) + 2SO2(g) → 2SO3(g)  (1) 
3.3.2 Decrease in concentration (of SO3).  (1) 
3.3.3 Temperature increases.  

• At t = 4 minutes, the rate of both the forward and reverse reaction 
increases.  

• The rate of the forward endothermic reaction increases more. 
/The forward endothermic reaction is favoured.  

• Increase in temperature favours an endothermic reaction.  (1) 
3.3.4 Greater than (1) 

✓ 
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3.3.5 • At t = 4 minutes, the temperature was increased, and the forward 
reaction was favoured. /Increase in temperature favours the 
forward endothermic reaction.  

• Concentration of products increases and concentration of 
reactants decreases.  (2) 

  [18] 
 

 

6 Acids and Bases  
 

QUESTION 1 
1.1 Titration/Volumetric analysis  (1) 
1.2 To measure the (exact) volume of acid needed to reach endpoint/to neutralise 

the base.  
(1) 

1.3 Acids produce hydrogen ions (H+ )/hydronium ions (H3O+ ) in solution/when 
dissolved in water.  

(2) 

1.4 H2SO4 ionises completely  (1) 
1.5 Blue to yellow  (1) 
    
1.6 

 

 
(4) 



Page 39 of 42 

 

1.7 

 

 
(7) 

   [17] 
 

 

QUESTION 2  
2.1 Standard solution  (1) 
2.2   
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 2.2.1 

 

(4) 

 2.2.2 

 

(4) 
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2.3 

 

(8) 

   [17] 
 

QUESTION 3  
 3.1.1 It is a proton donator (2) 
 3.1.2 An acid that donates ONLY one proton per molecule. (2) 
 3.1.3 Strong acid  

It completely ionises in water 
 
(2) 

3.2   
 3.2.1  (3) 

 3.2.2  (3) 

3.3   
 3.3.1 

 

(3) 

 3.3.2 HCO3
-  
 (1) 
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3.4 

 

(6) 

   [17] 
 


