{a) C=Q/V with symbois explained or charge per unit potential
difference/voltage 1

(b) (i) (Electrons/negative) charge are/is moved from one plate of C to other
plate (by the action of the battery) or battery sets up instantaneous

current in circuit 1

(i) Q=CV=500x12 =6000 (uC) 1
{e) (i) initial current =6 mA; R =W/ =2x 103 (Q) orfindingRC =1.0s: 2

value of R

(i} RC = 1.0 (s) ecf

{iiy 1=6x(103) et ecf 1

(iv) Area under curve {is the integral of current against time/sum of / x Al

at all {); charge = current x time / a mathematical link
{v) initial current = 12 mA,; curve with time constant=05s
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E=W/d=2000/4x10°=5x 105 NC'"V m" 2
Q=CV:=200x 10" x 2000; = 4 x 107 = 0.40 (uC)
taking p as 10° -1 mark/ correct conversion of any answer to uC gets
final mark
W=%CV* ecfpossible =2 QV,

= 0.5x 200 x 1072 x4 x 10 ;= 400 (pJ)
4000 (V)
100 (pF) ecf from (b)(i}
BOO (u)) ecf from (b)(i).(ii} also accept twice (a)(iii)
the mechanism pulling the plates apart/force working against attraction
between charged plates/opposite charges/work done in separating
plates/AW
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[Total
at least 3 parallel lines perpendicular to plates; arrows down

V=Ed=3x10°x 1.5 x 10° = 450 M/4.5 x 10° (V)

battery acts as the (thermal) source of energy/models wind/AW:
resistor required to model slow rate of charging of cloud (to 25 s)/AW;
capacitor is the plates/cloud which become(s) charged;

| = Q/t; = 20/25 = 0.8 (A)

R=V/;=45x10%4.0= 110M1.1x10°Q  ecf from c(i)
C=Q/NV,; =20/4.5x 10°= 4.4 x 10°/44 n(F)
T=RC;=1.1x4.4=40950r5.0(s) ecf from c(ii) & (iii)
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C,=2C+C=3C

1C, = 1/2C + 1/C ; = 3/12C giving C, = 2C/3

vV

Q=CV . = 3CV ecf from a(i)

E=%CMN ; = ',CV*  ecf from alii) -
discharge circuit made through voltmeter/plates connected through
voltmeter/AW

voltmeter behaves as a (large) resistor so plates will discharge:
rate of discharge depends on size of voltmeter's resistance/AVW/
similar suitable comment max 2
capacitors in series/Fig.4.2 as capacitance is smaller;

rate of discharge depends on value of RCitime constant

Total

C = Q/V with symbols explained or charge per unit potential
difference/voltage

Q=CV;=47x10"x11= 52x10%°(C) or 5.2 (uC)

E =% QVor%CV?; = 28(4)x 10° (J) or 28.4 u(J) possible ecf from b(i)
V=IR;l=11/2200 = 5 (mA) or 0.005‘5:5«}
T=RC;=2200x4.7x107=1.0x 10" {s)

attempt constant ratio for equal time intervals or other suitable methaod;
achieved successfully

AQ = | x At ; estimates area under graph betweent=1ms and t = 2 ms;
AQ=120+0.1x10%(C) accept analytical answer using exp. function
Total

C = Q/V or gradient of graph / = 24 uC/3V ; = 8.0 (uF)

E=%CV?/ = ",x8x3 ; =36(w) ecraf)

or 2QV f=%x24x3 ;=36 ()

T =RC = (0.04) ; R=0.04/8.0p = 5.0 x 10° () ecf a(i)

idea of exponential/constant ratio in equal times; which is independent of
initial value/AW or argued mathematically in terms of Q/Q, =&’

give 1 mark for statement that time depends only on time constant/RC

C,=C+C=6pF; 1/C;=1/2C + 1/C; = 3/2C giving C; = 2C/3 = (2 pF)
2 sets of (3 in series) in parallel/ 3 sets of (2 in parallel) in series

Total
5.0 (V)
10.0 (V)

Q=CV:=1.0x10"(C)

The total capacitance of each circuit is the same (namely 100 pF) :
because capacitors in series add as reciprocals/ in parallel add/ supply
voltage is the same and Q = VC. ete. max 2 marks
A1l will give the same reading as A2: because the two ammeters are
connected in series /AW

answer only in terms of exponential decrease for a maximum of 1 mark
A4 will show the same reading as A2 at all times:

A3 will show half the reading of A2 mnitially: and at all subsequent times

Total

- B b b

[ o S I

(=%

N KN N

MMNRN=S

= [ %]



Qo=CV = 12x10" x50x10° : =6.0x 10% C 3 3
RC=12x10"x12x 10" or =1.44x10%(s) 1
I =V/R=500012x10" or =416 x 10" (A) 1
i t=Qul;=6x10°/4.16 x 10™ = 1.44 x 10* (s) 2
iv Q=Q.e'":  Q=037Q, s0Q lost=063Q, 2 6
i capacitors in parallel come to same voltage 1
s0 Q stored a C of capacitor 1
capacitors in ratio 10° so only 107 Q, left on football 1
V=QIC=60x10%/12x10%0r6.0x 10" /1.2 x 107" oronly 10
Q left so 107V left; =5.0 (V) 2 5
Total 14
Q=VC;: W=%VCYV (=%CV?) 2
parabolic shape passing through origin 1
plotted accurately as W = 1.1 W2 1 4
T=RC; =68x10°x22=15x10*s=416h 2
AW =1%C(VZ V) =1.1(25-16) ;=90 ()) 2
4=5exp(-t15x 10" givingt=15x10°x In 125=33x 10°(s) 2
P = AW/At=9.9/3.3x 10° = 3.0 mW ecf b{ii) and (i) 1 7
allow P = Va3, /IR = 4.5%6.8 x 10° = 2.98 mW
Total 11
The charge flows one way/onto capacitor deflecting ammeter one 1
way; 1
at discharge charge flows other way/off capacitor deflecting
ammeter other way; or equal deflections at equal times from start 2

of process; but in opposite directions or time constants same;
currents opposite /AW

lp =6.0x 10 :V=I,Rqives 12=60x 10*xRand R =2 x 10* 2 2
0

current falls to 1/e (0.37) of initially chosen value in time constant;
indication on graph, eg. 1 =22 x 10™* A at 5.0 s for initial current 1
lp

RC=505;50C=(5020)x 10" (=25 x 10*F)
Q=CV:=12x250x 10° =30x10°C
lpt=60x10%x50=30x10"C

iii calculate the area under the graph (as Q = It)

—
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Total 12

9w 1
correct method, e.g same Q so V = Q/C so larger C has half V' of smaller
onefratio of V's inverse to C values

v

Q=CV:=150x9= 1350 (uC)

Q=CV=150x6=2900 (pC) ecf (a)(ii)

E = 1/2CV?

in Fig. 5.1 % x 450 x 9°

inFig. 5.2 % x100x9° ;soratiof=45
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No charge on capacitor so held at 0V

0V across R means no current in Ay

12V across 4.0 kQ) ; gives Azreading 3.0 mA
Ay =20mA

Az - 'D

potential divider argument or current in circuit is 2.0 mA so V' across
2.0 kQ is 4.0 V; capacitor in parallel or charged so draws no

current/AW

Q=CV;=1x10°C

A1 = AQ =20 mA

RC=05s

suitable scale and attempt at decay curve;
decay curve going through (0, 2); ecf

using RC = 0.5 5, e.g. passing through (0.5,0.735), (1.0,0.27),

(1.50.1)
Total
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(a)

Q=CV =12x10"x50x10° : =6.0x10% C

(b)

(i)

RC=12x10"x12x10" or =1.44x10%(s)

(ii)

| =V/R=5000/1.2x10" or =417 x 102 (A)

(iii)

t=Q/:=6x10%/4.17 x 107 =144 x 10% (s)

(iv)

Q=Qe" ; @=0.37Q, so Q lost =0.63Q,

(c)

(i)

capacitors in parallel come to same voltage
s0 Q stored a C of capacitor
capacitors in ratio 10° so only 10° Q, left on plates

A aalpnnala|u

(i)

V=Q/IC=6.0x107/1.2x10% or6.0x 107/1.2x 10 oronly 107 Q
left so 107 V left: = 5.0 (V)

N
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