AS level Physics
DC Electricity
Answers


1.
(a)
1 / Rparalllel = 1 / R2 + 1 / R3 =  4 / 6  (
Rparallel  = 6/4 = 1.5(
[2]


(b)
Rtotal = 1.5 + 3 = 4.5(
[1]


(c)
The supply voltage is divided in proportion to resistance.
9V is divided 2:1 between series resistor (3and parallel combination (1.5)


(i)  
V1 = 6V  (
[1]

(ii)  V2 = 3V  (
[1]

(iii) V3 = 3V  (
[1]

(b) The current in each resistor is given by Ohm’s Law, I = V/R


(i)
I1 = V1 / R1 = 6 / 3 = 2A  (
[1]

(ii)
I2  = V2 / R2 = 3 / 2 = 1.5A  (
[1]



(iii)
I3 = V3 / R3 = 3 / 6 = 0.5A  (
[1]

Total 9 marks

2.
(a)
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where R = resistance ((); A = cross section  of area (m2); L = length of conductor (m) (

[2]


(b)
Cross sectional area A = (d/2)2 = (1  10 –3 /2)2 = 7.86 ( 10 –7m2  (
R = L / = 1.6  10 –8  0.2 / 7.8610 –7  (= 4.07  10 –3 (
[3]


(c)
Volume is fixed so increasing length by a factor of 3 will decrease cross sectional area by a 

factor of 3 
R increases by a factor of 9  (
New R = 9  4.0710 –3 = 3.6610-2(
[2]

(c) Resistivity is very low  (
So wire would need to be very long and/or very thin  (
[2]

Total 9 marks
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3.
(a)
(i)


 Diagram(
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[3]




(ii)
Measure terminal voltage with no current ( being drawn (switch open) 
to give emf, E(




i.e. v = - Ir + E





Close switch and measure terminal voltage, V, with current being drawn





Calculate internal resistance r = R(E – V)/V (




[3]

  
(an alternative, and generally better, method is to measure current  and terminal pd 


for a range of variable resistor settings.  A graph of is plotted as shown below 


gradient = -r)


(b)
(i)
I = V/R = 6/24 = 0.25A (
[1]



(ii)
V = IR = 0.25  10 = 2.5V (
[1]

(iii)
V = emf – pd across internal resistance = E – Ir ( = 6 – 0.25  2 = 5.5V(
[2]

(iv)
P = I2R = 0.252  12  ( = 0.75W (
[2]

Total 12 marks

4.
(a)
(i)
The terminal voltage is generally less than the emf (


because voltage is lost as current flows through the internal resistance(

[2]


(ii)
terminal voltage = emf if no current is drawn from the cell (
[1]


(b)
(i)
I = V / R = 8.0 / 32 = 0.25A (
[1]

(ii)
r = (E – V) / I = (9-8) / 0.25  (= 4 (
[2]




(iii)
Total resistance is now: 32 + 4 + 4 = 40 (
Total emf is now:  9 + 9 = 18V (
I = V / R = 18 / 40 = 0.45A (
[3]

Total 9 marks


5.
(a)
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[2]


(b)
40resistor now has two thirds ( of supply voltage i.e. 8V (
or: V = 12  40 / 60(  = 8V (


[2]


(c)
Potential divider equation: V1 = Vsupply  R1 / (R1 + R2) (
A change in value of either of the resistors will affect the pd across the other(

[2]


(d)
Voltmeter reading will decrease ( Voltmeter in parallel with 20 reduces the resistance in



this arm of the potential divider (
[2]

Total 8 marks

6.
(a)
(i)
I = V / R = 240 / 600 = 0.4A (
[1]




(ii)
Q = It = 0.4  600 = 240C (
[1]




(iii)
P = IV = 0.4  240 = 96W (
Energy = P  time = 96  600 = 57600J (
[2]


(b)
(i)

                                                         (
[1]




(ii)
Rtotal = 600 / 3 = 200(
P = 2402 / 200 = 288W (




Pone bulb =  288/3 = 96 W (
[3]




Total 8 marks

7.
(a)
(i)
RL / A
 


0.05  10 -37.85 10-9m2 (
 


R =  1.710 -8  2 /   (= 4.3 (
[3]



(ii)
I = V / R = 6 / 4.3  = 1.4A (
[1]



(iii)
v = I / nAe  (= 1.4 / (1  1029  7.86  10-91.6  10-19) ( = 1.1  10-2ms-1(
[3]


(b)
Random path through the lattice(
General drift from negative to positive(
e.g.:







[2]

Total 9 marks


8.
(a)

 







Diagram (
Volume of conductor = AL  (
Number of free electrons in conductor = n  volume = nAL  (
Quantity of charge free to move = number of electrons ( charge on each = nALe (




Current, I = charge / time = nALe (




but  L /t = v (I = nAve(
 [6]


(b)
(i)
The electrons will have greatest velocity in C (



It has the smallest n and therefore the largest v, since I, A and e are constant(


i.e. . v = I/nAe      I 1/n

[2]



(ii)
A will have the least resistance (
It has the most charge carriers per unit volume (
[2]

Total 10 marks

9.
(a)
(i)
The potential difference between points A and B is the work done to move a unit charge 





from B to A. (




SI unit: Volt (
[2]



(ii) 
The emf of an energy source is the work done per unit charge in moving the charge from its low potential terminal to its high potential terminal(



SI unit: Volt (
[2]



(iii)
Current is the flow of charge per second.(



SI unit: Amp(
[2]



(iv)
Resistance is 
[image: image3.wmf]potential 

difference

 between t

wo points 

resulting 

current be

tween the 

two points

(



SI unit: Ohm (
[2]



(v)
Power is rate of electrical energy transfer = charge transferred through a potential difference per unit time. (



SI unit: Watt(
[2]


(b)
(i)
I ( V = 
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[1]



(ii)
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[1]



(iii)
I2R = I ( IR = I ( V = power (
[1]

Total 13 marks

10.(a)
(i)
Supply pd is divided across the components in proportion to their 
resistance ( 





VLDR = (600  10) / 750 = 8V (
[2]




(ii)
LDR now has a pd of (120  10) / 270 = 4.4V (
[1]


(b)
(i)
It is necessary to assume that the voltmeter has infinite resistance (
[1]




(ii)
If this is not true, the resistance of the voltmeter across the LDR will lower the total parallel resistance ( giving a smaller pd (
[2]


(c)
sensible use: e.g. light meter (
basic description, e.g. the voltmeter reading indicates light level (
[2]

Total 8 marks

11.(a)
(i)
Total resistance of parallel combination:
 
1 / Rtotal = 1 / 20 + 1 / 5 = 5 / 20 (
 
Rtotal = 20 / 5 = 4k(
Notice it is easier to do this calculation in k

 
Supply pd is divided in proportion to resistance:
 
V = 12  4 (20 + 4) = 2V (
[3]




(ii)
I = V / R = 2 / 5000  (=  4  10 –4A (
[2]


(b) (i)
Parallel combination: 1 / Rtotal = 1 / 20 + 1 / 50  (= 7 / 100
Rtotal = 100 / 7 = 14.3k(
V = 12  14.3 / (20 + 14.3) = 5.0V (
[3]




(ii)
I = 5 / 50 ( = 0.1mA (
[2]


(c)
The voltmeter with higher resistance has less effect on the voltage being measured / draws less current  (
Ideal voltmeter would have infinite resistance / resistance should be as large as possible (
[2]

Total 12 marks


12.(a) 
(i)
1 / RXY = 1 / 6 + 1 / (6 + 3 + 12) = (7 + 2) / 42 (





RXY = 42/9 = 4.7(
[3]




(ii)
1 / RXZ = 1 / (6 + 12) + 1 / (3 + 6) = (1 + 2) / 18 (
RXZ = 18 / 3 = 6 (
[3]

(b)
The arm of the network containing the  resistor has:
3 + 6 = 9 between X and Z (
 = V / R = 12 / 9 = 1.33A (
[2]

Total 8 marks

13.
(a)
(i)
 The resistance of the wire is R = V / I = 6 / 4 = 1.5(




 = RA / L = 1.5  3  10 –11 / 0.9 (
Notice cm2 converted to m2
 = 5  10 -11m (
[3]





(ii)
 = 1 /  = 1 / 5  10 -11 = 2  1010m-1 (
[2]

 
(b)
(i)
It has 2 diameter and therefore 4 the cross sectional area 
and it has ½ length (


Since R = L / A, the resistance will be 1/8 of the original.
R = 1.5 / 8 = 0.19(
[2]


(ii)
I = 6 / 0.19 = 32 A (


[2]


(c)
The wire in (b) will dissipate more power (
P = V2 / R, so power increases as resistance decreases with constant voltage(
[2]

Total 11 marks

14.
(a)
Parallel combination has 3/8 of supply voltage




Thus it has 3/8 of total circuit resistance (



i.e. 5/8 of total resistance = 1200




Total resistance = 1920(
Parallel combination resistance = 1920 – 1200 = 720 (

Meter resistance, RM is given by:
1 / RM = 1 / 720 – 1 / 800 = (9 – 8) / 7200 = 1 / 7200 (
RM = 7200 (
[5]

(b)
Parallel combination: 1/Rparallel = 1/1200 + 1/3600


Rparallel = 900(

So parallel combination has 900/(900 + 800) of supply voltage (

So reading is [900/(900 + 800)] ( 8V (= 4.24V (3 s.f.) (
[4]

Total 9 marks

15.(a) (i)
Internal resistance is the resistance of the cell ( 





due to the material, chemicals etc. of which it is formed (


[2]




(ii)
Terminal voltage is the potential difference measured across the terminals of the cell( 





when the cell is supplying current it is the emf minus the 'lost volts' (


[2]


(b)
1.0V is dropped across the 5resistor
By proportion: 0.1V dropped across the 0.5of the ammeter (
This leaves 0.4V dropped across the internal resistance (lost volts) (
By proportion, this gives the internal resistance, r, as:
r = 0.4  5 = 2(


[3]

Total 7 marks

16.(a)
The voltmeter readings are given by the potential divider equation:
V = 9  100 / (100 + RTH)
The values are shown in the table: 

	Temperature oC
	Voltmeter reading V

	0
	1.0 (

	20
	1.8

	60
	4.5 

	100
	7.5 (


 [2]


(b)
Correct axes ( correct points ( smooth line drawn (

[3]

 
(c)
(i)
From the graph: temperature = 40oC (


[1]




(ii)
Rearranging the equation in a) gives:





RTH = (9  100 / 3) – 100 ( = 200 (


[2]

Total 8 marks

17.
(a)
Correct axes ( correct points ( best fit line accurately drawn (

[3]


(b)
Yes (
The graph is a straight line through the origin indicating I ( V (
[2]


(c)
No (
The gradient is 1.8 / 6.0 = 0.3, giving R = 1 / 0.3 = 3.33 (
[2]


(d)
The resistance of the voltmeter is reducing the parallel combination (
1 / 3.3 = 1 / Rmeter + 1 / 5  (
1 / Rmeter = 0.3 – 0.2 = 0.1,   Rmeter = 10 (
[3]


(e)
Choose a value of RV from the table.
Total R = 3.33 + RV  (
Then find emf from V = I  R 
e.g. RV = 10, R = 13.33, V = 0.9  13.33 = 12V (
(Error in results gives a range of values 11.7 – 12.4V)

[2]

Total 12 marks

18. (a)
(i)










Correct graph ( axes labelled ( 

curve showing decreasing gradient (increasing resistance) (


[3]




(ii)
As temperature increases, the lattice vibrations increase (
Electrons suffer more collisions (
Therefore resistance increases (


[3]


(b)
(i)
As temperature increases, the resistance of an ntc thermistor decreases (
[1]




(ii)
Thermistors are made of semiconductor material ( 




Supplying energy by raising the temperature releases carriers, which are  

             otherwise used for bonding ( and so lowers the resistance (



[3]

Total 10 marks

19. (a)
Power = rate of doing work = (0.5  9.8  0.75) / 12 = 0.306W ( 
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EMF: V = P / I = 0.306 / 0.03 (
EMF  = 10.2V (


[3]


(b)
Actual power supplied = 0.306  100 / 88 = 0.348W (
Terminal voltage = pd across motor = P / I = 0.348 / 0.03 = 11.6V (
'Lost volts' = 12 – 11.6 = 0.4V (
Internal resistance r = 0.4 / 0.03 (
r = 13(


[5]
Total 8 marks
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