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(a) By varying the resistance of the variable resistor R from its maximum
resistance to zero
(b)) @ False. To test Ohm's law, the same resistance value must be used throughout the
experiment. Here, the variable resistor is set to different values at each measurement, so
we cannot conclude it doesn't obey Ohm's law from this data.

(ii)  False. The battery does not supply electrons - the electrons are already in the conductor.
Instead, the battery acts as an electrical "pump' that provides e.m.f./electric field to make
these existing free electrons drift through the circuit, producing current.

) (@) The graphis aplotof V =F — Ir
Hence, the V-interceptis E = 3.00 V.
(i)  Gradient = —r = 32220 = 2% _ 0700
0.0-40  —4.0
So,r = 0.70 O
@ @ Power output is maximum when R = r = 0.70 Q.
Using potential divider rule, V = 1.5V
(i) _ V2 _ 1.52
max TR T 0.70
=32W
(iii) PIW
3.2
» VIV
0 1.50 E
e () v 150 .
"=ETE=300 0%
(ii) Maximum efficiency is achieved when value of R is maximum, i.e., 10 (.
_IZR_IR_< E )(R)_ R 1
=T T ET\++r)E TrHR T
(iii) Maximum power transfer is more desirable because the goal is to produce the loudest

sound, which requires maximum power delivered to the loudspeaker.

High efficiency (R >> r) minimises energy waste but reduces the actual power delivered
to the speaker, whilst maximum power transfer (R =r) provides the loudest sound despite
being less efficient.
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® R —(1+1+1)_1—04R
f “\R "R "2R) 7
04R =24
R=6.00Q
() @ Total resistance = 2.4 + 0.6 = 3.0 Q
Currentin 4, =2 =22=0504
R~ 3.0
(ii) Terminal potential difference between X and Y
2.4
—Xx15=12V
3.0
Current through resistor R; = % = % =0.204
Thus, current in A, = 0.50 — 0.20 = 0.30 4
(iii)  potential difference across R, = % x1.2=10.60V
Potential at Z = 0 — 0.60 = —0.60 V
(iv)  Asreading is zero, the potential difference across Sis 0.6 V.
The potential difference across S = S+z—60 X1.5=060V
Hence S = 0.4 Q
3
@ @O Riotar = Ry + 1
~ (s + o) +30=5300
~\600 ' 3000 B
VLDR = ‘g.tirminal =e—Ir
=12 - (—) 30) =113V
530 (30)
ILDR — LDR
RLDR
S a7 38ma
~3000 >/ TO™
(i) Pipr = IfDRRLDR
= (3.8 x 1072)2(3000)
=0.043 W
(i) Pipr = IEDRRLDR
= (3.8 x 1072)2(3000)
=0.043 W
(b)  Resistance of LDR decreases in bright light, thus resistance of the combination of parallel resistors
decreases. By potential divider rule, potential difference (p.d.) across parallel resistors decreases.
Since terminal p.d. is the same as p.d. across parallel resistor, terminal p.d. decreases.
4
@ @ Capacitance is defined as the ratio of charge stored to the potential difference across the
capacitor
(ii) DC block, timing delay and smoothing of electrical signals
(b)  capacitors in series have combined capacitance = 8 uF

Capacitance = 8 + 24 = 32 uF
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(i) 48x1076=150x60XC
C=530pF

Since capacitors are connected in series, the total capacitance is halved. fand V are constants, so
current is proportional to capacitance.

Current = 2.4 uA

-1

(i) R B ( 1 + 1 )
¢ 7 \6.0 x 103 ' 8.0 x 103
= 3.4286 kQ

I—E
Al_RT

y 9.0
"~ (3.4286 + 4.0) x 103

=121%x10734

a o Rey
T 7 Rosr + R,
3.4286
==X
3.4286 + 4.0
= 41539V
— VLDR

X E

9.0

(i) Resistance of the LDR increases when light intensity is lowered. The effective resistance
of Q and the LDR increases. Since the potential difference across P and Q is the same at
9.0V, by the potential divider principle, the potential difference across Q is a larger
proportion of the 9.0 V. Hence the potential difference across Q increases.

(ii)  Since the potential difference across Q increases, the current through Q increases for the
same resistance of Q. Total current in the circuit is the sum of the current through Q and
the LDR. Since the total current from the battery decreases due to overall increase in
resistance, and the current in Q increases, this means the current through the LDR
decreases. Hence the current reading on ammeter A2 decreases.
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(a) 4 0.56
Raioae = 7= o5 7073 = 930

()  E =Vaioge + Vi3

1.2 = 0.56 + (6.0 X 1073)R,
Ry =1100

© ,__F
1.2

50 + 200
=48x10734

(d)  Iorar =6.0x1073 +48x103=1.1x10"24
P = LpE = (1.1 X 1072)(1.2)
=13x102W

(@ @@ Q=Cv
Qo =24 x 470 x107°
=0.011C

@ 2t
° 7 5600
=43x1034

(iii) 7=RC
= 5600 x 470 x 107°
=26s

(iv)
Iy

0 B
0 t

() (@) The current flowing through resistor P generates magnetic fields around it. As current
decreases, there is a decrease in flux and the rate of change of magnetic flux causes an
induced emf across wire Q by Faraday’s Law.

(i) A
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(a)  The p.d. across the resistor is the same as the p.d. across the capacitor. The charge on the capacitor
is proportional to the p.d. across the capacitor thus p.d. decreases. The rate of change of p.d.
decreases as p.d. decreases
(b) Q, = 0.90 mC and at t = one time constant, Q = Q,e”?!
Q = 0.33 mC at one time constant
t = 5.5 s from graph
© O Q
C ==
%4
0.90 x 1073
=——g = 1.2x107* =120 X 107% = 120 uF
i) p_I
_ 55
T 1.2x107*
=46 kQ
10
(a) Ifthe p.d. across each light bulb is 12 V, the current through each bulbis 12/3.0 = 4.0 A
Current through resistor R = 4.0 + 4.0 = 8.04
p.d.across R = 14.0 — 12.0 = 2.0V
resistance of R = 2.0 /8.0 = 0.25 2
(b)  Since the potential difference across R; remains at 12 V, same amount of current will flow
through R; and no current will flow through R,. Hence, the current through the 14 V generator
and resistor R will reduce to 4.0 A. Since the p.d. across R remains the same at 2.0 V, the value
of R should be adjusted to a lower value of % =050
(¢)  There will be emf across the lamps even if either the generator or the battery is defective.

The light bulbs will light up longer since energy is delivered from both generator and battery.



