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Answers 
Q1 
(a)  

L = 48.2cm 

S = 3.8cm  

(b)  

(i)  

x = 16.0cm 

S1 = 4.4cm 

(ii) 

e = 4.4 – 3.8 = 0.6cm 

n = x = 16.0 = 0.33195 = 0.332 (3 sfg) 
       L     48.2 
(c) 

x/cm S1/cm e/cm e/m n 
10.0 5.3 1.5 0.015 0.207 
12.0 4.9 1.1 0.011 0.249 
14.0 4.6 0.8 0.008 0.290 
18.0 4.2 0.4 0.004 0.373 

 
(d) 
(i) 

 
P = 0.00550 m 
Q = -0.0109 m 
 
 

y = 0.0055x - 0.0109
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(ii) mass = 50.0 grams 
P = 0.00550 = Mg = 0.0500 x 9.81 
                               2k            2k 
k = 44.6 Nm-1 
 
(e)  

n = 0.5; 1/n = 2 

e = 0.0055 (2) - 0.0109 = 0.0001m = 0.01cm 

Value is theoretical as the extension would be too small to be able to be quantified 
using the normal metre rule. 
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Q2 
(a) 
(i) I = 14.3 µA 
(ii) 

t/s I1/µA I1/µA I/µA 
0 137.5 136.9 132.5 
5 69.0 75.0 76.0 

10 40.5 37.7 43.6 
15 21.0 21.6 25.0 
20 11.7 11.5 14.4 
25 6.3 6.3 8.2 

 
(iii) 
Reading decreases very quickly and it is difficult to exactly determine the current at 
10, 20,30, 40 and 50s interval 
 
(b) 
See excel datasheet Q2b 
(i) 

Answer     

     

Charge calculation     

t/s I/µA 
Mean 
I/µA δQ/C  

0 137.2 104.6 0.000523  
5 72.0 55.6 0.000278  

10 39.1 30.2 0.000151  
15 21.3 16.4 8.21E-05  
20 11.6 8.92 4.46E-05  
25 6.3 - -  

  Q1 0.001078 C 
 
(ii) summation of the area under the graph from 0 to 25s & area is estimated by 
summation of rectangular area by calculating the mean current over every 5second 
interval 
 

(iii)    

 1/τ 0.123  
time 
constant τ = RC 8.13 s 

 C 813 µF 
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t/s ln I 
0 -8.8941 
5 -9.539 

10 -10.149 
15 -10.758 
20 -11.368 
25 -11.98 

 

 
 
 
  

y = -0.123x - 8.9108
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(c) Circuit diagram 

 
Procedure 
• Measure the emf of the battery using the multimeter before connecting to the 

circuit. Record as E1. 
• Set up circuit as shown.  Record the maximum value of V when ammeter reading is 

0.0µA. Record Vmax. 
• Measure the emf of the battery using the multimeter after disconnecting to the 

circuit. Record as E2. 
• Calculate E = ½ (E1+ E2) 

[2] 
Voltage of 
Capacitor/V 

Energy stored in 
capacitor (½CV2) / J 

Charge stored in 
capacitor (Q) /C 

Work done by 
the cell / J 

Vmax ½CVmax
2 CVmax QE 

• Difference of energy = QE – ½ CVmax
2 = CVmax E – ½ CVmax

2   

[2] 

Accuracy improvement 
• Use a more accurate multimeter which can measure up to nA    
• Use a CRO (which has infinite resistance) instead of multimeter to track the voltage 

increase of the capacitor & record the Vmax  

[1] 

Safety precaution 
• Ensure capacitor is connected to the correct polarity and that its voltage rating does 

not exceed the voltage of the battery used to prevent it from exploding and releasing 
harmful chemicals 

[1] 
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Q3 
(a) 
(i) 
x = 15.0cm 
t1 = 33.75s 
t2 = 32.09s 
t3 = 34.22s 
https://www.youtube.com/watch?v=2ISIJE0o7GA 
tave = 33.35s 
 
(ii) 
∆t = ½ (tmax - tmin) = 1.065s 
Percentage uncertainty in t = 1.065 x 100 = 3.19 = 3% 
                                                                 33.35 
 
(iii) 
Second method better 
Minimise the percentage error of t since t is larger 
 
(b) 
(i) 
 Choose any 3 readings. 
x 
(cm) 

t1 
(s) 

t2 
(s) 

t3 
(s) 

tavg 
(s) 

  5.2   17.00   17.53   17.50   17.34  
  5.8   19.03   18.28   19.28   18.86  
 10.0   23.69   23.47   22.81   23.32  
 15.0   33.75   32.09   34.22   33.35  
 20.0   43.83   46.79   48.89   46.50  

 
(ii) 
As x increases, t increases 
 
(c) 
x = 5.2cm  
shorter the x, shorter the timing of oscillation. t is more distinctly to be measured 
as one can more clearly discern that the amplitude of the oscillation goes to zero 
since pendulum spends less proportion of its period swinging around the 
equilibrium position; or 
longer the x, less able to discern whether the amplitude of the oscillation goes to 
zero since there will be fairly high proportion of its period swinging around the 

https://www.youtube.com/watch?v=2ISIJE0o7GA
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equilibrium position rendering it difficult to decide when the pendulum stops 
swinging 
 
(d) 
(i) 
x = 5.2cm 
t1 = 48.12s 
t2 = 48.65s 
t3 = 48.63s 
tave = 48.47s 
 
(ii) 

 
1. measure the length of the spring, Lo 
2. measure the length of the spring after securing it to a retort stand and 
suspending 0.100kg of mass (M) on the spring vertically, L1 & calculate spring 
constant k.  

Mg = k (L1- Lo) 
3. repeat (2) & (3) with 0.200kg of M & determine the average value of k  
4. Set up experiment as above to stretch the spring and measure the length of the 
spring, Lx.  

Tension can be calculated T = k (Lx- Lo) 
5. The common string can be tightened to give a longer Lx each time to vary the 
tension applied to the string 
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(e) 
(i)  
x =  5.2  cm 
y =  4.0  cm 
t1 =  182.15  s 
t2 =   180.67  s 
t3 =   177.22  s 
tavg  180.01  s  
 
(ii) 
x =  5.2  cm 
y =  8.0  cm 
t1 =  150.22  s 
t2 =   155.55  s 
t3 =   132.22  s 
tavg  146.00  s  
 
(iii) 
y =  4.0  cm 
tavg  180.01  s k1 = 7.2 ms 
 
y =  8.0  cm 
tavg  146.00  s k2 = 12 ms 
 
(iv) 
2 sfg since the lowest sfg is the length of y which are measured in 2sfg 
 
(v) 
y =  4.0  cm    
∆y = 0.1 cm  Max ∆y/y = 2.5%  
      
y =  8.0  cm tavg  146.00  s 
∆t =  11.67  s  Max ∆t/tave  = 8%  
      
∆k = 2.2 ms  Max ∆k/k  = 31% > Max ∆y/y + Max ∆t/tave   
 
Relationship is not valid 
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(f) 
m1/g m2/g t/s (m2-m1) /g 

40 80 37.78 40 
40 100 31.07 60 
40 120 26.86 80 
40 140 22.33 100 
40 160 16.88 120 

 
Plot of (m2-m1) versus t/s 

 
x-intercept, when y = m2-m1 = 0 
-3.9328x + 186.12 → x = 47.325  
t = 47.33 s 

y = -3.9328x + 186.12
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