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This question must be marked holistically in the context of the candidate’s 
answer, and marks awarded wherever they appear. 
 

Question 
Number 

Answer  Mark 5(a) (a) Correct circuit diagram  

Cell, ammeter, voltmeter and a resistive component                      

variable resistor in working circuit [correct circuit symbol only ]  

(b) State the quantities to be measured 

 potential difference, current                                                          

(c) for two of these quantities explain your choice of measuring 
instrument,  

1st instrument                                                                                 
reason                                                                                             
2nd instrument                                                                               
reason                                                                                             

Examples of answer  

P.d.: voltmeter or multimeter on voltage scale (stated or implied) 

0.1 V interval or better because 1.5 V cell  

Or measures up to 2V because 1.5 V cell 

 Current: ammeter or multimeter on current scale (stated or implied)         
  0.1 A interval or better because 1.5 V cell  

  Or measures up to 2A because 1.5 V cell 

(d) Explain how the data will be used  

graph drawn of p.d. against current 

 intercept is emf  

gradient is (-) r  

(e) identify the main sources of uncertainty and/or systematic error:  

 Max 2 

 Systematic/zero error on meter  

parallax errors if analogue meter 

accuracy of meters 

fluctuating reading on digital meter 
        (f) appropriate comment on safety   

        Examples of answer 

        Avoid touching hot wires 

        Low voltage so no risk of electrocution  

        Ensure cell is not short-circuited otherwise cell will get hot 
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2 Analysis, conclusions and evaluation (15 marks) 

 

 Mark Expected Answer Additional Guidance 

7 (
a) 

A1 

gradient = 
2

Edπ

ρ4

 

y-intercept = 

E

r

  

 

(b) T1 

I

1

 / A–1

 Allow 

I

1

 (A–1

) or 










A

11

I

. 

 T2 

4.2 or 4.17 

5.0 or 5.00 

5.9 or 5.88 

6.7 or 6.67 

7.7 or 7.69 

8.3 or 8.33 

Allow a mixture of significant figures. 

Must be table values. 

 

 U1 ± 0.2 to ± 0.6 or ± 0.7 or ± 0.8  Allow more than one significant figure. 

(c) (i) G1 Six points plotted correctly Must be within half a small square. 

Do not allow “blobs”. 

ECF allowed from table. 

 U2 Error bars in 1 / I plotted 
correctly 

All error bars to be plotted.  Must be accurate to 

less than half a small square.  Length of bar 

must be accurate to less than half a small 

square.  Do not allow less than 0.05. 

 (ii) G2 Line of best fit If points are plotted correctly then lower end of 

line should pass between (41, 4.5) and (44, 4.5) 

and upper end of line should pass between 

(83, 8.0) and (88, 8.0). 

Line should not go from bottom to top points. 

 G3 Worst acceptable straight line.

Steepest or shallowest 

possible line that passes 

through all the error bars. 

Line should be clearly labelled or dashed. 

Examiner judgement on worst acceptable line. 

Lines must cross.  Mark scored only if error bars 

are plotted. 

 (iii) C1 Gradient of line of best fit The triangle used should be at least half the 

length of the drawn line.  Check the read-offs. 

Work to half a small square.  Do not penalise 

POT.  (Should be about 8.) 

 U3 Absolute uncertainty in 

gradient 

Method of determining absolute uncertainty: 

difference in worst gradient and gradient. 

 (iv) C2 y-intercept Check substitution into y = mx + c. 

Allow ECF from (c)(iii). 

(Should be about 0.7–1.5.) 
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 U4 Absolute uncertainty in y-

intercept 

Uses worst gradient and point on WAL. 

Do not check calculation. 

(d) (i) C3 ρ = 2.415 × 10
–7

 × gradient 

 

Must be in the range  

1.80 × 10
–6

 to 2.10 × 10
–6

 and 

given to 2 or 3 s.f.
 

Must use gradient. 

ρ = 

4

2

Edπ

 × gradient 

[2 × 10
–6

 Ω m = 2 × 10–4 Ω cm = 2 × 10–3 Ω mm] 

 C4 r  = E × y-intercept 

 = 3.2 × y-intercept 

and Ω m and Ω given 
Must include units for ρ and r. 

Allow V A–1

 or kg m2 A–2 s–3 for Ω. 

 (ii) U5 Percentage uncertainty in ρ Must be greater than 9.6%. 

 

     

 Uncertainties in Question 2 

 

 (c) (iii) Gradient [U3] 

 

   uncertainty = gradient of line of best fit – gradient of worst acceptable line 

 

   uncertainty = ½ (steepest worst line gradient – shallowest worst line gradient) 

 

  (iv) [U4] 

 

   uncertainty = y-intercept of line of best fit – y-intercept of worst acceptable line 

 

   uncertainty = ½ (steepest worst line y-intercept – shallowest worst line y-intercept) 

 

 

 (d) (ii) [U5] 

 

   percentage uncertainty  = 









×++

∆

0.31

0.01

2

3.2

0.1

m

m

 × 100 

     = 









×

∆
100

m

m

 + 3.125 + 2 × 3.226 

 

   max. p = 

( )

4

100.323.3

2
3−

×××π

 × max. gradient 

 

   min. p = 

( )

4

100.303.1

2
3−

×××π

 × min. gradient 
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