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QUESTION ONE: CAPACITORS

Kate is learning about capacitors. She investigates a capacitor found in a camera. The capacitor is
labelled 185 nF (1.85 < 107 F).

(a)

(b)

The camera also contains a 1.50 V (“*AA™) battery.

Show that the energy stored by the capacitor, when it is fully charged by connecting it to the
battery, is 2.08 = 107 J.

C=1.35x 0”7 y;],5 f Ez%CVZ
Q=C\N , E=4 QN = 2.08x|07y

The diagram below shows the circuit used to charge the capacitor. The battery has an internal
resistance of 0.270 Q. Assume the rest of the circuit has no resistance.

185nF ____
|

________

Sketch a curve by plotting at least four points on the grid opposite to show how the charge on the
capacitor plates varies with time, once the switch is closed.

Your answer should indicate:
. the time constant for charging the capacitor
. the maximum charge that will be stored on the capacitor plates.

Show all calculations clearly.
T-R(
=022(1%5x[97)
= 5.00XI0)°
Q=CV, =1 313Sxk”
=R =2.78x10(

~213xI1C% C
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(¢c) Although the capacitor plates are rolled up, they act like two metal rectangles measuring
3-2 10 m x 1.83 m,with dielectric material in between.

€r
If the dielectric material in the capacitor has a relative permittivity of 2.10, calculate the distance
between the metal rectangles.

¢=E58

€ofcA
A==¢

A= 5 .88 xlO'6 mM
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(d) The charged capacitor can be discharged through a lamp by pressing a switch. In the camera, the
lamp flashes when a picture is taken.

185nF ‘ @

Kate fully charges the capacitor with the 1.5 V battery, but when the bulb is connected, it barely
glows. Inside the camera she finds wiring that allows the capacitor to be charged to 200 V.

Explain how this arrangement allows for a much more powerful flash.
In your answer you should show:
. how the energy stored in a fully-charged capacitor at 200 V compares with 1.5 V

. how the higher voltage increases the initial current from the capacitor when it is connected
to the bulb

*  how the brightness of the flash will be affected by the higher voltage.
A cqpotc'r\or c\_’lqcﬁgé, shoes Chenr o in an  elctic
falh  Thos  Lilhen o capactor  can hol more
chege i the  geatcls (s closel the
Mages  off e plede il be  vepeled ke
incveasmg, coffewy-  thos e br htress of
the ﬁ/fs o \kg\‘roge mecieg  pdediod) débererte
sowhan  af 200v {he chawge ol be
ipvsl«u’d off A\, ﬂ’ﬂh’ wedeln 645[@(
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QUESTION TWO : TRANSFORMERS AND INDUCTORS

Kate’s school has a demonstration transformer, pictured alongside.
She connects the J 2 000-turn,primary coil (red in the picture) to the

mains supply (240 V rms).

(a) She connects an AC voltmeter to the blue coil.

Calculate the rms voltage she would measure from the 600-turn

secon coil.
- P

Ne ~ :
{'2 0 Source: www.findel-international.com/
= 2 O product/science/physics/electricity-
and-electromagnetism/dissectible-
V I = Z ) transformer/e8h26564
uo

\\

“‘5_@ =12V g

(b)  The two coils are held by a ring of laminated soft iron, which runs through the core of each coil.

Explain why:
. an AC voltage in the red coil produces an AC voltage in the blue (secondary) coil

. the coils are wrapped around an iron ring.

When thee is 0w AC Voltage in {he red coll , there
5 oa curtent  whidh  hes 08 pagunetic feld
phichh  -eberge ncreeges change in Clux  over
time  wicw  prodaces on  back nd o stop
‘H’\\s cl/iefrye a S E""Z)% 63 pulrtg on lronp
(ing Thtoogn,  Paewr , wue sfrengiuen  the includene. -
(/N “‘e lfon &X@\s |n+-o < dft}ﬂow&cgnd‘ 5\){*
fnce  the blue and  (ed molado(r afe e\bosmﬁ
the ﬁng has a  potental Aference .
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L
(¢) Kate connects the 12000-turn primary coil in a circuit with a 12 V battery (DC) and a 12 V car
headlamp bulb. (The cores of the coils are still linked with iron.)

Explain why the headlamp bulb only comes on after a slight delay.
Lohen the S primo\r% co\\ s conecteck  with
the boday which s BC the To highted cheage coi\
be ol Ae b@gir{\v\g ol because cofre-ty, hags o

nngrﬁhc Gk thete  will be = by charge (A Lox

F‘P\h’/\lfj e bloe cail Skgp *hﬁmf

O(tend £gonn (loeoing,
barwse of the Iock emf as E:'%t,.&/e\' fime the
hange V\—%W* C’&I"OQS Yhee (dUC\V\ﬂ {he bock ey
allbwing  {he  cwrent to o thus  tumng the

bo\‘u*om Lrec some time,

(d) The power station that supplies Kate’s area generates 0 kWiof power. The transmission line near
Kate’s house carrieg 50 kW, of power to an industrial user. The voltage across the transmission
line is&20 kV, The resistance of the transmission line is 4.00 Qjor every kilometre.

Calculate the power lost as heat energy across a distance of 300 km,

Comment whether this amount calculated is significant compared to a situation where the voltage
is not stepped up to 220 kV, but is transmitted at 25 k'V.

-l - V2
P,l\_z{{g’v/ﬁ .J ‘
= 5 /.- = !
Loy =154x10°W

L\)h@n 'hf\ﬁ Vo\‘b@é S sft’peo\ up ,a\o’r MOre

powe( | S los b

’ £
s D2 -
ot el
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QUESTION THREE: ALTERNATING CURRENT (AC)

J:,
Kate builds a circuit with a signal generator set at 200 Hz, an AC ammeter, @
a lamp (15.0 Q), and a capacitor (1.20 pF) in series. ;
\tonic® | |

(a) Show that the capacitive reactance (X)) is 663 €2, and hence | | ®

determine the impedance of the circuit. 1.20 pF, 15¢2

Zez i, wkns ) Xe= 66352 @O

..
e =n(C ‘ :

L}

(b) Kate increases the frequency of the signal generator from 200 Hz to 20 kHz, and then to
- 200 kHz.,

Give an in-depth explanation of what Kate will observe in the circuit at each frequency contpared
to her observation in part (a).

In your answer consider the effect of changihg the frequency on:
. the impedance of the circuit
. the rms current

« the brightness of the lamp. :

As ke ;freq'xﬂc'j S incfease ,barewse Ic-'ﬁ_(.[ Xe will
slecease os  twis heppens the 1 pedovice v

SAso decteese as 7 =U@t , Becnuse  Phmpedewce S
Alcaseh  eutvent S ‘Mc(eajczk apeh Do bﬁ‘&kﬁnc&s
1s LA (easech-
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Kate adds a 5;.200 H inductor in series with the capacitor.

(¢) While the signal generator is set at 5000 I—lz,l the lamp is off, but as she slowly decreases its
frequency, the lamp suddenly glows brightly, but then goes off at lower frequencies.

ﬁlcmate the frequency at which the bulb glows tlrightest.
T =S S0="7mIC
w | V=@t = 324.RT 367 N2
} :(21@1&0 =325 Wz (325()
T =)’

(d) Explain how the inductor affects the impedance of the circuit, and why there is one frequency
at which the impedance equals the resistance of the circuit (15.0 Q), causing the lamp to glow
brightly.
lhen oddingg an indeactor its X opposes
the copacitors X Gumel  bemose XL=2x6L
onle X :‘2‘}@ ,when f(equeuq\j & nc@sech T
tnevaases tolnile XC CACCF@SE§, A ¢ fesonawnc g {rec(\yucﬂ
%=X, fhue i pedance o\lfgl«ns todne ’yﬁ\e
(osiskor  andk  corrent S maxivaedd  fhos
e lanp  glowed the Mok brgldix
ok Aed  powntelohen X D> Ae or XX
t'}/'/%Peohy(e IVKqeases thos Correndt 18 not
NAIAK (M U Ql«’l(dmofe lo-uey e fhé é(fgbuﬁ/less

o Hae \qmpk
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SPARE DIAGRAM

1]
If you need to redraw your response to Question One (b), use the grid below. Make sure it is clear

which answer you want marked.

s o 15 W
time (< 10% s)
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Extra space if required.
Write the question number(s) if applicable.
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Total score 15
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Grade score

Marker commentary

M5

a) Correct ‘show that’ answer.

b) There is a correct curve of charge versus time but no
calculations to show values of charge at different time
constants.

d) The candidate has not indicated that energy or power
would increase and has incorrectly stated that ‘the current will
increase because the charges move faster’.

M5

b) The candidate has not explained that the changing current
causes a changing flux but has stated that the iron ring
increases the inductance.

c) There is correct explanation about the back emf opposing
the changing current (and NO mention of an induced current).

M5

a) The candidate has shown that Xc = 623Q but has not
calculated the impedance.

b) There is a discussion explaining how the impedance,
current and brightness of the lamp changes as the frequency
increases but the candidate has omitted to make a
comparison between the frequencies.

d) The candidate has stated that at resonance the current is
maximum but has not explained that Xc and X, cancel out and
that the impedance is minimum.






