The only correct answer is D (The inverse of the gradient of the line) 1

A is not correct because this is energy
B is not correct because this is energy
C is not correct because this is the inverse of capacitance

‘ D is the correct answer, as each capacitor stores a charge O ‘ 1 ‘

D is the only correct answer because 7 = _—i) 1
A 1s not correct because it 1s not ﬁ
In|—

¥
B 1s not correct because 1t 1s not _—i
In (G)

-t

.
in(75)

A is the correct answer, as the electric field between parallel plates is uniform 1

C 1s not correct because 1t is not

8.99 x 107 x (8.0 x 10"*)2) 1

The only correct answer is B (
0.0202

A is not correct because distance 1s not squared. and charge is not squared
C 1s not correct because distance is not squared
[ is not correct because charge 15 not squared

[
D is the correct answer because = (J,e ke and RC= 55 ‘ 1 ‘

- . L& =107 I
I'he only correct answer is A —
" 4n = BRI = 10 "7 =0.77

B 1s not correct because the charge 15 squared
C is not correct because quantity is not rooted
D is not correct because the quantity is not rooted. and the charge is squared

The only correct answer is B (The area under the graph from (0.5 m to infinity.) 1

A 1S not correct because area under the graph is incorrect
C is not correct because the gradient does not give electric potential
D 1s not correct because E at 0.5m divided by 0.5m does not give electric potential

17(a)

At least 4 radial straight lines, from surface of sphere (1)
Equal spacing (1)

Arrows outward (1) 3

17(b)(i)

Q ()

meELT

Use of V =

O=11x10"%(C) (1) 2

Example of calculation

5000 V = 8.99 x 10° Nm2C™? x —2
0.02 m

0=1.1x10"*C




17(b)(ii) | UseofE = V/d (1)
Use of F = EQ (1)
F=52= 10N (e.c.ffrom (b)1)) (1)
Example of calculation
E=35000V+0.105 m=47600 Vm™
F=47600Vm!'=x11=x108C
F=524=107"N

17(b)(iii) | Use of W = mg (1)
Use of suitable trigonometry, such as tan 8 = F/IW (1)
#=1.1{*) (e.c.f from (b){1) and (b)u})) (1)
Example of calculation
W =0.0027 kg x 9.81 N k! =0.0265 N
tan 8 =524 x 107" NA.0265 N =0.0198
g=1.13°

17(c) Use of F = 2% (1)

me,re
e - (1)
with@y=(h=12 x 107%C
1

r=0.051m (1)
Example of calculation
50 x 107* N
~ 899x 109Nm*C™ x 1.2 x 107°C x 1.2 x 107°C
= 2
r=0.051m

20(a) Use of C = 4mgyr (1)
Useof § =LV (1)
Useof E =~ 1

SE0 =7 (1)

Useof F = EQ (1)
F=16x10"N (1)

Example of calculation

C=4nmx885x 10 2Fm!x35x102m=389x%x10"12F
0=389x102Fx 4500 V=175 x 1078 C

4500V

= =90 x10*Vm™
5.0x102%m =

F=90x10*NC'x1.75x10°8C=158x10"*N




20(b)

When the sphere touches the plate it is charged with the same polarity
The force on the sphere due to the electric field is away from that
plate so it moves towards the opposite plate

Or the sphere is repelled from the plate with the charge of the same
sign

Or the sphere is attracted towards the plate with opposite charge
When the sphere touches the charged plate opposite the first it
becomes oppositely charged and is repelled from that charged plate
(and so on)

Or When the sphere touches the oppositely charged plate it becomes
oppositely charged and is attracted to the first plate (and so on)

(1)

(1)

(1)

20(c)

(The bell connected to the lightning conductor becomes positively
charged so) electrons are attracted to the right-hand side of the sphere

The sphere is attracted to the positively charged bell
[MP2 dependent on award of MP1]

(1)
(1)

18(a)(i)

Corresponding pair of values read from graph line
Substitution into V =V, (1 - e_nc)

..with 15=6.0V

C=22x10"*F (220 uF)

(Allow answers in the range 2.1 X 107* t0 2.3 x 10™* F)

MP4 dependent on MP3

OR

Read time for V, (1 - é) or 63 % x Iy from graph,

Use of time constant = RC

owith 1o=6.0 V

C =2.2x 107*F (220 uF) MP4 dependent on MP3
(Allow answers in the range 2.1 X 10™*t0 2.3 x 10™* F)

MP4 dependent on MP3

Example of calculation

t
V= V0(1—e‘ﬁ)

705
51V = 6.0V(1 e 168x103ﬂxc)
51V 70s

—1—p 168%x10°0Qx%C

60V
70s

e 168x103axC =1 — (.85
70 s

=1.90
168 x 102 Q x C

70 s

C = =219x107*F
168 x 1030 x1.90

(1)
(1)

(1)

(1)

(1)

(1)

(1)

(1)




18(a)(i)) | Use of I = % )
1=36 107 A and marked on current axis at time =0 M
Exponential decreasing curve )
Example of calculation

1=—2%Y __ _357x105a
168 x103Q

18(b) Resistance in circuit would decrease (1)
So current in circuit would increase
Or so time constant will decrease
Or so T=RC will decrease (1)
(Hence) capacitor would charge more quickly (1
MP2 dependent on MP1, MP3 dependent on MP2

17(a)(i) Central straight line equidistant from spacecraft and satellite
and at least one of the diverging lines between spacecraft and the central line
and at least one of the diverging lines between the central line and satellite (1)
At least one line looping spacecraft and one line looping satellite (1)
Line spacing between spacecraft and satellite smaller than line spacing to the
left of spacecraft and to the right of satellite (1)
Example of diagram

17(a)(ii) | Straight line equidistant from spacecraft and satellite and labelled 0 V. (1)

Example of diagram




17(b)(i)

Use of V'=Q/ 4neor

OrUseof V=kQ/r (1
Use of W= QV (1)
Minimum energy = 1.7 x 107 (J) (1)
Example of calculation
Vipaceeratt (= Vsaellie) = 1.5 x 100 C /4 x 1t x 8.85 x I02Fm™" x25m
=5400V
W=2x5400Vx1.6x1019]=17x1071]
17(b)(ii) | Use of F = Q10> / 4neor”
OrUseof F=kQ1 0>/ 1 (1)
Use of F = ma Or Use of Fs = Y2 mv* (1)
Use of suitable suvar equation(s), e.g. s = ut + 2 af® (1)
Correct value for s (270 km) or 7 (62.5 days), comparison and consistent
conclusion (1)
Example of calculation
F=15x10°Cx15%x10°C/4xnx885x 1072 Fm™ x (20 m)y
=51x10"°N
a=51x10°N/2500kg=20x10*ms™
300000m="% x20x10*ms?2x £
1=54x10°s
1=5.4x1065/(24 x 60 x 60's)
t=62.5 days 1s approximately 60 days. so the estimate is correct
17(c) A reasonable suggestion, such as
e Some of the electrons / beam misses (1)
e Some of the electrons are deflected (1)
¢ The spacecraft 1s already charged from use on a previous satellite (1
o The spacecraft emits further electrons in another direction as a fine
control on the electrostatic force g;

e UV (from Sun) leads to photoelectric emission




