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QUESTION ONE: CHARGING A CAPACITOR

Eleanor sets up a circuit to investigate how capacitors operate. The circuit is shown below.
The circuit includes a 2.20 x10°° F capacitor and a double pole switch.

500V
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220 10°F
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8

(a) Calculate the maximum charge stored by the capacitor in this circuit.

Q=CvV- @
= 220x0 ™ x 5+ | [x10 5¢ “\—/ '

The capacitor is initially uncharged, and the switch is in the position shown. Eleanor moves the switch
to S, and the capacitor charges up. A graph of the capacitor voltage against time is shown below.
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(b)  Use the graph to calculate the resistance of the resistor. @
Draw lines on the graph to help explain your working.

5x0.63:=315v ot 3.15v ,+= |

R=¢ . | = 40—

Physics 91526, 2016

ASSESSOR'S
USE ONLY



Sticky Note
Correct calculation

Sticky Note
Has identified time constant from graph and calculated resistance


(c)

(d)

Give a comprehensive explanation for the shape of the capacitor voltage graph.

Include the reasons for the starting voltage and the final voltage.

Whon the Switch is open the cirit {s Incomplete ond

the volwtoaﬁ-e does not Supply o ertrrenk fo Hhe copacir. and
thorefoe whan €20, v=0. When He switch movel fo S0, &
%(%\) He ciruul supplied o the gource ®

3 owcy bulds up in the capacbr as move voltage

i Supphied ialo_the He ciamb (8= CV), when the capacibr
become$ mm%ed ourvent falls Yo 2er0 and the voltage is
WwE W A Mum \[o\,(,ul (Fu’\aﬁ vol#aqe)é(/—————\

C

Eleanor connects another 2.20 x10-° F capacitor in series with the original capacitor, and
repeats the experiment.

Describe and explain how this affects:
. the final voltage dcross the original capacitor

the time constant of the circuit.
Tre voltage now s ngvg_bﬂ'e_d_ due to double Hee
capdutane V= _&,5 vz This means Haat He )

buie enslaut 15 Clloubd (£=RO ay ik now Haked
more fne do dnacge £3%e of thae capacier(,
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Sticky Note
Has explained the initial charging and therefore increase in voltage of the capacitor. No explanation for the decrease in the rate of charging or why the charging stops

Sticky Note
Incorrect reason for decrease in voltage and effect on time constant


QUESTION TWO: THE TRANSFORMER

Transformers can be used to increase or decrease the size of an AC voltage. Wei has a transformer
that is designed to convert 240 V into 12.0 V. \ 0= 140

The secondary coil has 40 turns. Ng= 40 Vs=12

(a) Calculate the number of turns on the primary coil.

Np=Vp  Ns = 240, 40 = §00 furns =
Vs 12

(b) Explain how an alternating voltage across the primary coil creates an alternating current in a
light bulb connected to the secondary coil. '

Ain al&moxﬁmﬁ ‘\/oi-hxﬁe will creake  an al#ew\ah‘/\cj
mment in tHe Iigm bulb fom  He §-ew1«d0\r3 ceil o
b gy law Leny law s when He  wirrent
induced  opposes T’M magnehic feilel  which changed <t
The M@[/ fild  drenged dut o He a]fﬁma%/\ﬂ
VOH;C’\QZ (Ga(aclagg [aw) will ekt o uent in {/(,«g@
op(msﬂe direchon to which fre ollernahng m({wje creaked (F
ond  Hawy (’{V'B&Fc’\ﬁ aHeww\‘,\ﬂ (,wWC//

Each coil of a transformer acts as an inductor.

A primary coil is attached to a battery and switch as-shown in the diagram below. The switch is

closed and then some time later the switch is-opened.

.
I
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Sticky Note
Correct calculation

Sticky Note
Has mentioned changing magnetic field but no evidence of understanding of how or why it changed. No mention of induced voltage in secondary coil
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(c)  Sketch a graph showing how the current in the coil changes when the switch is closed and
then some time later is opened.

Give a comprehensive explanation for the shape of your graph.

If you

Amex - need to
redraw your
current . response, use
. the graph on
[
Tow 31T S ¢ page 8

time 5‘\‘-(*
As the carremt increases a Hu oil, He nduchr

Shores Wl g ity Magietic feild and creakes an

[

backwords eruf duw fo He rode oF curre i incvean (/ﬁ

Ax ,
£=-L 7. lhe wurrent Hhan recichg o Stable §Rake

afler 5§ pimt Lonstants  before iFis laker d:&(&wgiﬂﬂ@

e 5 hne wnshads  or mome. The GH Paz
tonstant  wull be 37% of Tmax ond <o on unkl
e wment 5 2er0 in He indufor p———

Qg

(d) Calculate the energy stored in the primary coil’s magnetic field when the switch has been
closed for several seconds.

battery voltage =6.0V \/
resistance of primary coil =35Q R

inductance of primary coil =0.10H L

_v._ 6
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Sticky Note
Graph drawn correctly, however explanation is incorrect

Sticky Note
Correct current and energy
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QUESTION THREE: MEASURING IRON IN SAND

Vivienne wants to measure the amount of iron in iron-sand mixtures collected from different
beaches. The diagram below shows the circuit that she uses. The circuit includes a 500-turn coil
with a resistance of 15.0 Q, and an AC supply. N

The coil behaves like a resistor and an inductor in series.

AV

6.00 V rms

®
15.0 Q | I

The coil has a hollow core that is initially empty. Vivienne adjusts the power supply voltage to
6.00 V rms.

(a) Calculate the instantaneous maximum (peak) voltage across the power supply.

\IW\(AY:\E:VIM\S @
“{x6 = §.49v

During testing, Vivienne puts a mixture of iron and sand inside the core of the coil.

(b) State what effect this has on the size of the coil’s reactance.

With reference to impédance, explain what happens to the size of the current in the circuit as
she adds the mixture of iron and sand. -

lron hal$ a high magnebc” permiabili which allows (v to incre anse
9 4 P

H we . P laceasein flux pould incgease dhe vnrrent dog to

foraday’s Low and  Haus wmd@ the ¢ize oF the
‘uvv@w\ay\& V2.
o
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Sticky Note
Correct calculation

Sticky Note
No mention of reactance, explanation incorrect


(c)

S

(d)
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f

When Vivienne sets the frequency of the current to 1.00 x 103 Hz, the inductance of the coil is
3.18 x 103 H.

Using a phasor diagram or otherwise, calculate the size of the rms current in the circuit.

wz=2mf = 2axIx10® = 6283 .19 rads™'
XL_: wi 34{q(]8

e S

e

Vivenne adds a capacitor in series with the coil, and finds that the current increases.

Explain why the current increases.
Puu\r\ﬁj a capacidr in gevies puith an induchvy  rould
docvewre impedont 2, diut fo Hre wrmit beingin

reponante. This would Harefme nceowe the cument
0 V=2 and Z=RE 4 (k-X0*
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Sticky Note
Correct calculation of inductor reactance only, no impedance, current or phasor diagram

Sticky Note
No reason why impedance decreases




