Q1

5 (@ (i
(ii)

b) (i)
(ii)

Q2.
7 {a)
{b)
{c)
Q3.
8 {(a)
{b)
{c)
Q4.

{i
{ii)

rESIStANCE = Vi ot s s (0]
= 6.0/(40 x 10°%)
= PB0EY o es s re  e a R A1
(no marks for use of gradient)
at 8.0V, resistance = 8.0/(50 x 10°) =160 Q....coovveeereeeceeceene. C1
ChaN@E = 10 Q) e e e eeeee eeeeee eeeeemneennns e sennn mmnnmn sne Al
straight line through Origin...... ... e e e e M1
passesthrough 7=40 mA, V=80V e Al
currentinboth mustbe 40 mA ... e e C1
emMf =80 +6.0= 140V e e e e A1

éc)‘z

current = 60/240 =0.25 A &
R (= Vi) = 240/0.25

N

=960 O &
R= p LIA (wrong formula, 0/3) o
0=(7.9%x 107 x LY(r x {6.0x 1053
L=0137m
{use of A = 2ar, then allow 1/3 marks sistivity formula)

e.q. the filament must be coil is o ralamp
fallow any sensible comment d gn candidate's answer for L)
Total

@ a or 0.5=Ix 3900 T

or 1.0 = 0.5R/3900
or R = 78000

I'=1.5/(7800 + 1250)
or V=iR=128V

sistance of R and voltmeter is 3900 O
0°Cis0.75V

Total

[4]

C1
Al
M1

AQ

C1
Al

C1
M1

C1

C1
Al

[31

[31

[1]
7

[21

[21

[21
[6]



6 (a) (i) lines normal to plate and equal spacing (at least 4 lines)
direction from (+) to earthed plate

(i) E = 160/0.08
=20x10°Vm”’

ib) {i} correct directions with line of action of arrows
passing through charges

(i) force =Eq
=2.0x10°x 1.2 x10™
=24 x10"N

{iiiycouple = force x perpendicular separation
=24 x 10"% x 2.5 x 10° x sin35°
=34(4)x 10"°*Nm

{iv) either rotates to align with the field
or oscillates (about a position)
with the positive charge nearer
to the earthed plate/clockwise

Q5.
7 {a) potential difference/current B1
by iy 13113 W
2150V B1
(i) power =V / R or pow @H’ﬂﬁ’ C1
R =1.50%1.13
=1990Q 0 A1
{iii) either E= Rzr or voltage divided between R and r
I=15/20(=0.75A) p.d. across R=p.d. Across r=1.5
°$ 3.0=15+0.75r
:f,::‘ =2.00 soR=r=1990Q
fc) er p.d. across R means smaller p.d. across r
smaller power dissipation at larger value of V
since power is VI and I is same for Rand r
Q6.

B1
B1

M1
AQ

B1

C1

A1

M1

A1l

M1

A1l

(|

M

21

C1
C1

A1
M1

A1
A1

21

Ml

Ml

2]

[2]

[2]

[31

[31



Q7.

Q8.

7

{a) lamp C
lamp is shorted

{b) shorted lamp A would cause damaqge to the supply/lamps
/blow fuse in supply

fc) 15Q

d i) V=IR
R=30Q

(i) P=VI or PR or VIR
P=12W

{e) filament is cold when measuring with chm-meter in (b)
resistance of filament rises as temperature rises

{a) force per unit positive charge (on a small test charge)

{b) field strength = (210/1.5 x 10%} =) 1.4 x10* N C"

{c) (1) acceleration = Eq/m
=(1.4x10*x 1.6 x 10/ (9.

=25x10"ms? (246 \
towards positive plate / upwards ( o plate)

(i) time=24x10%s

{d) either vertical displacement eration for 2.4 x 10°s
=% x2.46 x 10" x (2.4
=71x10%m
ill pass between plates
sed on a numerical value

or x2.46 x 108 x £
i way across’ plates = 2.47 x 10% s
@2 will pass between plates
"m‘zaﬁ based on a numerical value

M1
A1
B1
B1

C1
Al

C1
A1

B1
B1

B1

Al

C1
C1
Al
B1

Al

C1
A1
Al

(C1)
(A1)
(A1)

2]

M
M1

21

[2]

2]

M

M

[41

M

131



6 (a) () 1 total resistance=10.16 Q A1

2 emf. = either(14—EFE) or (E-14) A1 [21
(i) either14—E = 42x0.16 or (E-14) = -42 x0.16 C1
E =73V A1 121
(b} (i) charge = It C1
= 125x4 x60x60
= 18x10°C Al 121
{ii} either energy = EQ or enerqy = Eit C1
either eneray = 14 x 1.8 x 10° or eneray = 14 x 12.5 x 4 x 3600
= 252x10%J A1 121
(il energy = PRt or Vitand V=1IR C1
= 12.5% x 0.16 x 4 x 3600
= 36x10°J 1 121

(c) efficiency = (2.52 x 10% - 3.6 x 10%)/(2.52 x 10°)

c
86% ’\ A2

Q0.
6 (a) either P=VIiandV =IR or P= VIR C1
resistance = 384 Q Al [2]
{b) zero a B1
1.5 kW B1
3.0 KW B1
0.75 kw B1
2.25 kW Q B1 I[5]
Q10. < ? a




6 (a) () E=V/d ... C1
=350 /(2.5 x 10%)

14x10*NC" ... A1

{iiy force=Eq ... C1

=1.4x10°x 16 x 10" M1

=224 x 10" A0

(b} (i} F=ma C1
a=(2.24 x 105 /(9.1 x 10%")

=246x 10" ms? .. .(allow 2.5 x 10% A1

(il s=%af ... C1
25x10%2=%%x246x 10" x £

t=45x10%s A1

special case: force/acceleration due to electric field >> force/accelera
due to gravitational field, allow 1 mark

(c) either gravitational force is normal to electric force z
or electric force horizontal, gravitational force vertical ................ Eq

Q11.
b AT B () N SO h B1
() 05R oo B1
(iiy 2.5R ...(afflowe.c.f. from (if)) B1
(b} (i}
(i}
(i}
Q12.
7 (@ =..... A1
QQ A1
*Re A1
£ 4
[b] "] I1 + Is = Iz + I.{, ........................................................................... Al
() B = B = IaR oo A1
(i) B2 = IR + 2FaR oo A1
Q13.

121

[21

121

121

121

M
M
M

M
M
M

131

M

Ml
M



5 (a) reqion/area where a charge experiences aforce ..., B1
(b) (i) left-hand sphere (+), right-hand sphere (=) ... B1
fii) 1 correct region labelled C within 10 mm of central part of plate
otherwise within 5 mmofplate ... B1
2 correct region labelled D area of field not included for {(b)ii)1 ................. B1
fcy (i) arrows through Pand Nin correct directions ........coooiviiiiiiiiiiiiiiieeeens B1
{ii) torque = force x perpendicular distance (between forces) ......................... C1
=16x 107" x5.0x 10* x 2.8 x 107" x sin30
SALTRME NN o s o e e i s A1
Q14. EE!
8 [8) W P=VE comnrm s e s s T 8.9 ... C1
60=12x171
I =5.000A e P AT A1
(i) either V = IR or P=I?R orP=V?] Q .......................... C1
gither 12 =5xR or 60=52xR or80=1221R% oo,
=20 compmimsesss e
DY R=pA  ocmanemmmammnsmmnm
A=mx(04x10%? (=503 x 107)
L =(2.4x5.03 x 107)/(1.0 x 107)
e ] s
(c) resistance is halved M1
either current is doubl M1
power is doubl Al
Q15.

21

2]

I31

I31

M

M1

M1
M1

M

[2]



6

Q16.

Q17.

(@) GitherPoac VEOrP = V2R e C1
reduction = (2307 - 220%/230°
S T TP, Al
(D), Ml 2o s T T S s A1
() 0 30 A e e Al
{c} (i) correctplotstowithin £ 1mm ... B1
(i} reasonable line/curve through points giving current as 0.12A
AHOW R DDEAY oo e R e e S R B1
(I} VTR sovmemn e o o S T s C1
V=012x50
S 06001V oo @
{d) circuit acts as a potential divider/current divides/current in AC not th
currentiN BC ... .. 8 B1
resistance between A and C not equal to resistance between C & . ... B1
or cumrent in wire AC x R is not equal to current in wire BC x B1
any 2 statements O
{a) (i) movement/flow of charged particles __ @ B1
{ii} work done per unit charge (transfe@ B1
{b) straight line through origin B1
resistance = V/I, with values d I shown M1
=20Q AQ
{using the gradient | rk}
(c) (i) 0.5A Al
[ﬁ it each resistor is 200Q or total current = 0.8A C1
PO :g‘the sistance =10 Q or R=E/I=10Q Al
*
{dy (i) 10V Al
{ii) power =EI Cc1
=10x0.2=2.0W Al

121

M
M

M

M

121

121

M
M

21

M

121

M

2]



5

Q18.

5

Q19.

5

fa) (Y I=12/(6+12)
minimum current = 0.67 A

(il correct start and finish points
correct shape for curve with decreasing gradient

{b) maximum current=2.0 A
minimum current =0

fe) (i)Y smooth curve starting at (0,0) with decreasing gradient
end section not horizontal
{if) full range of current / p.d. possible

or currents / p.d. down to zero
or brightness ranging from off to full brightness

(a) (i) energy converted from chemical to electrical when charge flows'through cell
or round complete circuit

(i) (resistance of the cell) causing loss of voltage or eneray loss in cell

by iy E—Es=I(R+i+r1)
12-3=I(3.3+01+02)

I=25A
(i) Power =Ex]
=12x25 0
=30W
(iiiy P =FxR VIR or P=VI
=(25°x3 =02/36 =9x25
=225 Jsi

{c) power supplied from cell B is greater than enerqgy lost per second in circuit

S 4
0.’.
*Q

4

(a) (i) Startfrom (0.0} and smooth curve in correct direction
Curve correct for end section never horizontal

iy R =V/Ihence take co-ords of V and I from graph and calculate V/ I

(b) (i) eachlamp in parallel has a qreater p.d. / greater current
lamp hotter
resistance of lamps in parallel greater

(il P=VE/RorP=VIandV=IR
R =144/ 50 = 2.88 for each lamp
total R=1.44 0

C1
A1

M1
Al

A1

M1
A1

B1

B1

B1

C1
A1

C1
A1

C1
A1

B1

B1

B1

M1
M1
Al

C1
C1
Al

2]

I2]

2]

[2]

M

121

121

[21

121

M

121
Ml

31

131



Q20.

4 (a) (i) R=V2/P or P=IVand V=IR
= (22012 / 2500
= 19.4Q (allow 2 s.f)

(i R=pllA
I =M19.4%20x1071/1.1%x10°
=3.53m (alfow 2 s.f)
(b} (iy P =625 620o0r630W
{ii} R needs to be reduced
Either length %4 of original length

or area 4x greater
or diameter 2x qreater

Q21.

5 (a) (i} sumofe.m.f’s=sum of p.d.’s around a loop/circuit
(i} enerqy
(b (i) 20=Ix({4.0+25+0.5)
I=0286A (allow?2s.f)

(If total resistance is not 7 Q, 0/2 marks)

(il R=[090/1.01x4(=3.6)
V=IR=0.286x3.6 =1.03V

(If factor of 0.9 not used, then@aﬂcs}
(iii) E=1.03Vv

(iv) either no currentt| B
or p.d. a (o]

Q22.
4 (a) totalresi =20 (kQ)
climent = A) or potential divider formula
pdes12/ =7.2V

{b) parallel resistance = 3 (kQ)
total resistance 8 + 3 =11 (kQ))
current=12/11 x 10*=1.09 x 103 or 1.1 x 107%A

{c) (iy LDR resistance decreases
total resistance (of circuit) is less hence current increases

{if} resistance across XY is less
less proportion of 12V across XY hence p.d. is less

Q23.

Cc1
A1
C1

Al

Al

C1

Al

B1

B1

C1
Al

C1
A1

Al

B1

C1
C1
A1

C1
C1
A1

M1

M1
Al

121

131

M

121

M
Ml

121

21

M

M

131

131

[21

[2]



4 (a) electric field strength is the force per unit positive charge (acting on a stationary

charge) B1
(b) (i) E=Vid c1
= 1200/ 14 x 1073
=8§.57 x10*vm™ A1
iy W=QVorW=Fxdandtherefore W=Ex Qxd C1
=3.2x 107" x 1200
=3.84 x 107"} A1
(iliy AU=mgh C1
=6.6x10% x0.8 x 14 x 107®
=9.06 x 10728 A1

(iv) AK=3.84 x 107" - AU

=3.84 x 107'8) 61
vl K=1m? 1

v=1[(2x 3.8 x107'%)}/ 6.6 x 10727"?
=3.4x10°mg™ Al
&

Q24

5 (a) (i) sum of currents into a junction = sum of curre ;unction
(i) charge 2

(b} (i) TE=ZIR

20-12=20(06 + R) (not sistors 0/2)
R=340Q

(iiy P=EI
= 20 x 2 0

| power / output power
12 x 2720 x 2 or 60%

Q25.

10

M

121

21

121

M

121

B1
B1

C1
A1

C1
A1
C1
A1

C1
A1

M1
M

12

2]

2]

12



6 (a) (i) chemical to electrical

{ii) electrical to themal / heat or heat and light

(b) (i) (Ps=)EIor PR+ Ry)

(i) (Px=) PR

(e} R = plf A or clear from the following equation

\ 1/ nd?
ratio= PR, | PR,= /™
T (@) f2d)

= 8or8:1

or R, has 8x resistance of R,

(d P=V*/RorE’/R

(V or E the same) hence ratio is 1/8 or 1:8 = 0.125 (allow ecf from {c}) @Q

Q26. Py @
6 ({a) charge = current x time (
b) (i) P=V2IR :
= (240)?/ 18 = 3200W

(il I=V/R=240/18=13.3A : @

(iii) charge=It=13.3x26 x 10°
=347 x10"C

B x 107" (= 2.17 x 10%9)
=2.17 x 10%/2.6 x 10%=8.35 x 10"

{iv)] number of electrons = 3.474
number of electrons pe|

Q27.

6 (a) p.d.=wor {from electrical to other forms)

(i) minimum = (600 / 1000) x 20
=12V

{c} (i) useof 1.2kQ
1/1200 + 1/600 = /R, R=400Q

{ii) total parallel resistance (R; + LDR) is less than R,
{minimum) p.d. is reduced

Q28.

11

B1

B1

A1

Al

B1

C1

A1

C1
A1

B1
C1
Al
Al

C1
Al

C1

B1

A1

C1
Al

M1
Al

M1
A1

M
M

M
il

131

2]

M

[2]

M

2]

121

M

M

121
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121



6 (a) (i) arrow inupward direction, footnearP ...................ceeeece.. Bl

(ii)  curved path consistent with (i) between plates ....................... Bl
then straight (with no kink at change-over) ......cccvvviiievvvavennnns Bl [3]

(b) E=V/d . eeereeeeiteeerateeeannssieseassesssaaensesasnnnnee Cl
= 400/(0. 8 10‘2)
=50x10'Vm" ... (allow]sigfig) .coovevioreenere.. Al 2]

()i F=E . PSP 04
= 50x104x16x 10"9

=80x10°N ......... (allow 1 sig figand e.c.f) ............ Al

i@ a=F/m ... 1
= (8.0 x 10*'5)3(9 1x 10'3')
=88.x10°ms™? ... (allow 1 sig figand e.c.f) 4. Al [4]
(d) because Fy is normal to horizontal motion ... @, b ...... Ml

NOBHBEE. il saas sttt nn s s aasrens \ ........... Al [2]

Q29. 0
7 (a) (i) emf = energyicharge ........... & ..................... Cl
(]6x10)f(18x1 |

(i) current = AQ/Ar Cl
= (1.80 x 1 05)

=0.14A Al 4]

(b) (@® Cl

C1

Al
L)+ e ted in internal resistance (of battery) ................. Bl [4]

’,’ OR in extra resistance in circuit :
Q30.

12



5

Q31.

(b)

ic)

7 (a)

Q32.

(b)

(c)

{]]
(ii)

(i)

(in)

(i)
(i)
(iii)

arrow from B towanrds Ao i e e e B1

E = Vi
AR (O0 0 T 2 v creissss vt s e B S 2 0 C1
=50x 108N C" (accept 1 8iQ. fIQ) ceeeeeeeeeeeeeeeceeeee e e eees A1
ENErY = QV OF B0 e e e e e C1
S 1B X 10 X80 e e Al
S T2 X A0 e e e e e e e e AD
Ek = 1-m/?
210 T =1 X B X A0 XV e C1
V=126 % 100 M 8 i A1
line from origin, curved in correct direction but not ‘level out’ ....... B1
F Y
200 = 2A N e ccvesvosmsaeass s essmig Sas s b S bR
P L S,
V=iR
20 = B0 X R e e
[ £ 0
pd.=(50x40=)20V..........

P=(20x5.0=)100 W

power input = 12
efficiency = 1200,

Q’é

13

[31

41
!

[41

131

121



6 (a) (i) resistanceis ratio V/7 (at a point)

either gradient increases or [ increases more rapidly than V

{If states R = reciprocal of qradient, then 0/2 marks here)

fii} current = 2.00 mA
resistance =2 000 Q

{b) () straight line from origin

passing through (6.0 V, 4.0 mA) (allow ¥z square tolerance)

{(if) individual currents are 0.75 mA and 1/33 mA
current in battery = 2.1 mA

(allow arqument in terms of P = PR or IV)

{e) same currentin R and in C L

p.d. across C is larger than that across R a&

s0 since power = VI, greater in C

(alfow arqument in terms of P = FR or IV)

Q33. c @
6 (a) force must be upwards sitive charge)
soplate Y is posi'Q

(b} (i)

0% 9.8)/(8.4 x 10%

’:g‘ 10" ¢c
®
Q34.
7 (a) either V=ER1/(R1+R2) or I=E/(R1+R2)
- 1800 0 v= 1800 e
= 270V =270V

(b (i) for a wire, V=1x(pl/A)
I, p and A are constant
soVocl

14

B1

B1

C1
A1
M1

A1

M1
A1

C1

A1

C1
C1
Al

C1
M1

A0
M1

A1
A0

21

21

2]

2]

21

21

[31

21

21



iy 1270V

]
-
=]

2L=
100

A
3

L=60.0cm

(iiify thermistor resistance decreases as temperature rises
so QM is shorter

Q35.

7 (a) both measure (energy / work) / charge
for e.m.f., transfer of chemical enemqy to electrical enerqy

for p.d., transfer of electrical enerqy to thermal energy / other forms

by B L +hL=1
(il 1. Es=5LRx+ LR
2. E1 'E2=I1R1 '[2R2

S
N\
Q36. 0&
6 (a) power=V/

current =10.5 x 103 /230
=457 A

(b) (i) p.d. across cable=5.0V o
R =5.0/46
=011 Q

iy R=0/A
011 =

series, allow max 1/3 marks)
e} (i) e% r or power o« V2
Jatig = (2
g

(i) resistance e is greater
qreater er lossffire hazard/insulation may melt
wire may melt/cable gets hot

Q37.

4 (a) (i) eitherforce=ex(Vid) or E=V/d
=1.6x 107" % (250/7.6 x 107%)

=53x107"N

(i) either AEx =eV or AEx =Fd
=1.6 x 107"° x 250 =53x 107" x 76 x 1078
=40x107"7J

{allow full credit for correct working via calculation of a and v}

15

<

Al

C1

Al

M1
A1

B1
B1
B1

B1

C1
M1

AQ

C1
C1

Al

C1
C1

Al

C1
C1
Al

C1
M1
A0

C1
A1

M1

A1

M

21

21

131

M1
11
M

2]

131

131

[21

121

131

121



(b)

Q38.
7 (a)
(b) (i)
(ii)

Q39.
6 (a)
(b)

(i) either AEx =vamV®

40x107"7 =% %x9.1x107¥ x 2 C1
v=94x105ms™ A1l
or v* =2as and a=F/m
V=(2x53x107"%x7.6x107%/(9.11 x 1073) {C1)
v=84x10ms™’ (A1)
speed depends on (electric) potential difference M2
(If states AEx does not depend on uniformity of field, then
award 1 mark, treated as an M mark)
so speed always the same A1
either V=IP B1
currentin circuit=E/ (P + Q) B1
hence V=EP/(P+ Q) A0
or current is the same throughout the circuit {M1)
V/IP=E/(P+Q) (A1)
hence V=EP/ (P + @) (A0 ¢
(as temperature rises), resistance of (thermister) decreases M1
either resistance of parallel combination decreases
or p.d. across 5 kQ2 resistor / thermistor, decreases M1
p.d. across 2000 Q resistor / voltmeter reading increases A1
if R is the resistance of the paral nbination,
either 3.6=(2x6)/(2+ R) nt in 2 k2 resistor = 1.8 mA C1
R=133kQ urrent in 5 kQ resistor = 0.48 mA C1
1 1 1
— = — + — current in thermistor = 1.32 mA C1
133 5 T
T=1.82kQ T=24/132=1.82kQ Al
*®
t“.’s"\
enérqv fra ed from source / changed from some form to electrical ................... M1
per unit charge (to drive charge round a complete circuit)  ...ooeemmeemeee e, Al
and powerinR=I2X . M1
BTN covnmroonmsanssos so st omven s s e s oo e S S e S i S e S A S MR S M1
power in cell = Ef and algebra clear leading toratio = X/ (X +1) i A1

16

[2]

[31

2]

131

[41

121

r31



o T ] T OO A1l

040Q ... (alloW 050 i as s s e e Al [2]
(i} currentincircuit = V14104 = 187 A o 1
BT B A e 0 1 C1
L I [ I T Al [3]
(d) either less power lost/energy wasted / lost
or areater efficiency (of energy transfer) ... — B1 [11
[Total: 111

Q40.

B (a] total resistance In series = 2K
total resistance in parallel = 2R
ratiois 2R/ ¥R = 4 ... (alfow mark if clear numbers in the ratio) ..

{b) at 1.5V, currentis 0.10 A o

1.5
resistance = W= —
0.1 \
=150 g S Al [2]
{use of tangent or any other current scores no marks)

{c)
p.d. across
each lamp / V
series 15
parallel 3.0
column 1 LAl
columns 2 and 3: max 3 méfks with -1 mark for each error or omission .................. A3 4
{d) (i) ratiois3 allow e.c.f.) Al ]
as potential difference increases B1
ases current B1
o non-linearly so resistance increases B1 [3]
[Total: 111

Q41.

17



6 (a) (i) either P=V?/R oo P=VIand V=IR C1

R=400Q Al [2]
(i) sketch vertical axis labelled appropriately B1
(straight) line from origin then curved in correct direction B1
line passes through 12V, 3.0 A B1 [3]
(b) (i) 2.0kw A1 1]
(iiy 0.5 kw Al 1]
(iii} total resistance = 3R /2 C1
power = 0.67 kKW Al [2]
Q42 <
6 (a) (i) at22.5°C, Ry =1600Q or 1.6kQ q C1
total resistance = 800Q Py A1 [2]
(i} either use of potential divider formula or current=9/ mA) C1
V=(0.8/20)x9 V=(%
=36V =3.6 A1 [2]
(b) (i) total resistance = 4/5 x 1200 @ c1
=9600Q 0 Al [2]
(if) for parallel combination, 1/960 = 1/1 Rr
Rr = 240007 2.4kQ C1
temperature = 11°C 0 Al 121
{c) e.q.only small part of all sensitivity B1
non-linear B1 [2]
{any two sensible ns, 1 each, max 2)
Q43. *

""

®
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7 (a (i)

(b) (i)

(i)
(iii}

Q44.

8 (a (i

(i)

path: reasonable curve upwards between plates
straight and at a tangent to the curve beyond the plates

1.(F=YEq

2.(t=)L/v

total momentum of a system remains constant or total momentum of a
system before a collision equals total momentum after collision
provided no external force acts on the system

{do not accept ‘conserved’ but otherwise correct statement gets 1/2)

(Ap =) EqL /v allow ecf from {al{ii)

either charged particle is not an isolated system
so law does not apply
or system is particle and ‘plates’
equal and opposite Ap on plates / so law applies

gither P=V? IR or I=1200/230 org5.22
R =(230 x 230}/ 1200

R = 230711200 or R=230/5.22

=4410 =44.10)

R=pL/A L
={1.7 x 10°% x 9.2 x 2}/ (n x {0.45 x 100%}%)
=0.4920

{(b) current = 230/44.6 a

power = (230 /44.6)? x

=1170W

(alfow fulf credit.fo i sed on potential divider)

(c) e.q.less power dissipated in the heater / smaller p.d. across heater/

Q45.

yer loss in cable / current lower
mes heated / melts
ble suqqestions, 1 each, max 2)

19

B1
B1

B1

B1

M1
A1

B1

M1

121
Ml
M1

121

Ml

121

~(M1)

(A1)

C1

M1
AQ

C1
M1
AQ

B1
B1

[2]

[21

131

[2]



5 (a) ohm = volt/ampere B1

(b o=RA/lorunitisQm C1
units: VA" ' mm™  =NmCT'A ' m?m™ C1
= kq mZS—ZA—‘I 5—1 A—1 m2 m—1
= kgm3®s~3A~? A1
(c) (i) p =[3.4x1.3x1071/0.9 C1
=4.9x107 (Qm) A1
(i) max=2.(0)V Al
min = 2 x (3.4 /1503.4) = 4.5 x 1073V A1
(il P =V?/RorP=VIiand V=1IR C1
=(2Y/3.4
= 1.18 (allow 1.2) W 0&1
{d) (i) powerinQis zerowhen R=0 B1
L

(iiy powerin Q =0/ tends to zero as R = infinity

\ B1
" o

4 (a) electric field strength = force / positive charge B1
{b) (i) atleast three equally spaced parallel verti i :ines B1
direction down B1

(il E=1500/20x10"3=7 A1l

{iliy F=qE C1

C1
1/ 75000
Al
Al
B1
¢ B1
T3
Q47.
S (@ iy ILi+L=1
(liy Ey =L+ LR+ LR+ Iy
2 2
iy E,-E

=L+ L (Ri+n+Rx/2)

(b) p.d. across BJ of wire changes / resistance of BJ changes
there is a difference in p.d across wire and p.d. across cell E,

20

A1

A1

B1
B1

B1
B1

M

131

121

121

121

|
Ml

M

121

M

[41

121

M
M

121

121



Q48.

4 (a) p.d. = enerqgy transformed from electrical to other forms
unit charge

e.m.f. = enerqy transformed from other forms to electrical
unit charge

{b) (i} sum of e.m.f.s (in a closed circuit) = sum of potential differences

(i) 44-21=Ix(1.8+5.5+23)
I=024A

{ili) arrow (labelled) I shown anticlockwise
fivi 1. V=IxR=024x55=13(2)V
2. Va=44-(Ix23)=38(5)V

3. eitherVg=21+(Ix18)orVp=38-13
=25(3)V

N\
Q49. ‘Oﬁ

2 (a) resistance = potential difference / current

{b) (i) metal wire in series with power s mmeter
voltmeter in parallel with metal wi
rheostat in series with power
or variable power supply

{iiy 1. intercept on grap|
2. scattero ut the best fit line

{iii) correcti rror explained
use of ed I values from graph
resi 22.(2)Qle.q. 4.0/0.18]

or potential divider arrangement

12 4
o s
© A% 625
%R =%V + %I
= (0.1/6.8) x 100 + (0.01 7/ 0.64) = 100
=1.47% + 1.56%

AR = 0.0303 x 10.625 = 0.32Q
R =1061203Q

Q50.
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B1

B1

B1

M1
Al

Al

C1
Al

B1
B1
B1
B1
B1
B1
B1

C1
Al

C1

C1
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5 f(a) (i) I,=L+1

(il I=VIR orl,=12/10 (=1.2A)
R=116 + 1710 [total R=3.75Q] orI3=12/6 (=2.0A)
I,=12/3.75=3.2A orl;=12+20=32A

(il power =VIor PRorV?IR

power in wire IR, M, or V2R,

power in series resistors IJR, W V2/R,

x=12x12/12x20=0.6(0)allow 3/50r 3:5

(b) pd.BC:12-12x0.4=7.2(V)/p.d. AC =4.8(V)
p.d. BD:12-12x4/6 = 4.0 (V)/ p.d. AD =8.0(V)
pd. =3.2V

Q51. P

4 ({a) e.m.f. = chemical energy to electrical energy (\

p.d. = electrical energy to thermal energy
idea of per unit charge

(b E=I(R+ry orI=E/(R+r) (anysubject)

(c) (i) E=5.8V o

(i} evidence of gradient calculatio@culation with values from graph

eq.5.8=4+1.0xr
r=1.80 Q

dy (i P=VI

1.6 x 5.8 = 9.28 or efficiency = VI/ EI
.28) x 100 =50 % or (2.9/5.8) x 100 = 50%

O

<

M1

Al
B1
B1

C1
A1

C1
Al

C1
A1

6 (a) p.d. = work (done)/ charge OR enerqy transferred from (electrical to other forms)

{ (unit) charge

(b) (i R=pol/A
=18 x10"°
R=(18x10%x75)/25x10%=0.54Q

iy v=IR

R =138+ (2x0.54)
I=240/39.08=6.1(6.14) A

22

B1
C1

C1
A1

C1
C1

A1

C1

A1

B1

C1
C1
A1

C1
C1
A1
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(il P=I’RorP=VIandV=IR or P=\*RandV=IR
= (6.14)* x 2 x 0.54
=41 (40.7) W

{c) area of wire is less (1/5) hence resistance greater (x5)
OR Ris « 1/A therefore R is greater
p.d. across wires greater so power loss in cables increases

Q53.

6 (a) e.m.f. = total energy available (per unit charge)
some (of the available energy) is used/lost/wasted/aiven out in the internal
resistance of the battery (hence p.d. available less than e.m.f.}

(b) (i} V=IR
I=69/50=14(1.38)A

{iiy r=lostvolts / current
=({9-6.9)/1.38=1.5(2)Q

{c) (i P = EI(not P = VIif only this line given or 9 V not used in.gecand line)
=9x1.38=12(124)W

{if) efficiency = output power /total power
=VI/EI=6.9/9 or(9.52)/(12.4) =0.767 /,76.7%

Q54.

7 (a) (i) six vertical lines from plate to
[only allow if greatest to leas
two edges. There must
line(s) could be added.

arrow downwards c@
(iiy E=V/d

= 1200/ 40 =3 =3.0x10* Vvm™ (allow 1 s.f.)

equally spaced across plates

ix16x10"=48x10""N

lbl‘w

(i) coup x separation of charges
=48x10"%x15x10%=72x 107"

unit: N m or unit consistent with unit used for the separation

(iii} A attop/next to +ve plate B at bottom/next to —ve plate vertically aligned

[could be shown on the diagram]
forces are equal and opposite in same line / no resultant force and no
resultant torque

23

gis < 1.3, condone slight curving on the
between the plates where an additional

Cc1
C1
Al
M1

A1

B1
B1

Cc1
A1

C1
A1

C1
Al

C1
A1

B1

B1

C1
Al

C1
Al
C1
Al

M1

Al
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