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QUESTION ONE: DC CIRCUITS

Mereana has a caravan, which has a simple battery-powered circuit )

for the lighting with a total resistance of 6.00 Q. The battery has an 0.100Q

EMF of 12.6 V, and an internal resistance of 0.100 €. Lights
(a) When the switch is closed, the current from the battery is el 6.00 Q

2.07 A.

Show that the terminal voltage of the battery is 12.4 V.
V=IF

V-1.07:6

\/ S e \/

(b)  As the battery is used over time, its internal resistance will increase.

Explain the effect that this will have on the terminal voltage of the battery.

’ﬁad %é/mma( UOH'aﬁf of 4/1 éwL-c/fj Is Not cf(‘ec-f-@c
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Mereana is investigating using a capacitor to power her caravan.
The capacitor has a capacitance of 90.0 F, and is fully charged by 1

connecting it to a 4.20 V battery. Mereana discharges the capacitor
for 2500 s through a 6.00 Q resistor to model the caravan circuit.

90.0 F —— 6.00 Q

~

(i)  Sketch a graph of current against time for 2500 s after the
switch is closed.

Your graph should include the initial current and the final

current after one time constant. o
If you need to redraw your response,
Show all calculations clearly. use the diagram on page 10.
1.0 . Space for calculations
Vv S il?
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(i)  Explain, using physics principles, why the graph has the shape you have drawn.

7/74 ﬁrof/) )705 f/f{ 5/70095 d/awn becausc QU{/j
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Mereana fully charges six 90.0 F capacitors individually with the 4.20 V battery. She connects
three of them in series with an ammeter and a 6.00 Q resistor (Circuit A), and three of them in
parallel to an ammeter and a 6.00 Q resistor (Circuit B), as shown below. Each circuit has its
switch closed and the capacitors are discharged.

6.00 Q

I
||
1
1]

Circuit A Circuit B

For each circuit, explain how the current varies over time compared to the single capacitor in
series with a 6.00 Q resistor, as in part (¢).

You may use calculations to support your answer.

with circuit A becouse the copacitors cre in
Seres */’/”75 Tota | cgfac.‘#mce el Lc redc h
/owa ’//%m {/»_e CO«facf"/Ofs N fa/a//ef- 77755
picors Pt sciies A il have o much
smoller time constant as ‘T =RE end proalles
v méons Sﬁ”a//éf 75 N*‘/fé ‘ﬁ{ same [ /IAe e
have - his pecans f/yq-} Circcard A w,'// also
holdd — [¢ss c/)a/?e and p/,?sc/;a/ﬁ( il eceh
fuster Hon _ circiet B
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QUESTION TWO: INDUCTORS

Mereana finds an old coil and connects it to her caravan battery.
The corresponding circuit diagram is shown. The coil can be modelled
as an inductor with an inductance of 0.600 H, and a resistor with a

resistance of 2.40 Q.

(a)

(b)

(c)

State the size of the induced EMF across the inductor when the
switch is first closed.

when ‘%e Sw;‘;cl‘v S [r'/co} (,[Osec( there s no
induced emf as time = O

Calculate the size of the induced EMF across the inductor 0.240 s after the switch is closed.

7‘:0.2((5 L"OGH =2 Ll U:|26\/

ge
e L V- L
€= -0bx 32y i -1
£ 18 125\ T~5425A

gr 18119V in bhe opfos#c sirection to norrmal
Hoer 68 cornent

When the switch is opened, a small spark is observed where the switch breaks the circuit.

Explain why the small spark is produced.

/rhé small Sf)a/k > p/oo/uceo{ bCCQMQZ cwhen
%( 6w§lclw s ojocneoﬂ ‘%cff s 3 Ves /a( e
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(d) Mereana knows that the maximum amount of energy is stored in an inductor when a steady

current is flowing through it. She knows that if she replaces the inductor with the right capacitor,

she can store an equal amount of energy.

Calculate the capacitance required to store this energy when the capacitor is fully charged by the

12.6 V battery.

L1 - ZCv
L1
(06)(5us) = ¢ Cl2.¢6)"
).5205 = ¢« (l59.7¢)
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QUESTION THREE: AC INDUCTORS AND CAPACITORS

68.0 Q
fsevy
Mereana takes the coil back to school, and connects it to a variable
frequency AC supply. The 0.600 H coil (modelled as an ideal inductor 9.00V,, 3
and a resistor) is now connected in series with a 68.0 Q resistor to the 25.0 Hz & i0'600 e
supply, set to 25.0 Hz and 9.00 V , . as shown. [1i2.40

(a) Show that the reactance of the inductor is 94.2 Q.

Y.t (A)-—/Zﬂnc
Y cacll ) (25)(06)= AL 72 5]

"

[

(b) Mereana notices that she can insert an iron nail inside the coil.

Explain what effect this would have on the RMS voltage across the 68.0 Q resistor.
“This Loul A cause ’[A4 EMS \/G"/aac o Lo the
ojpfoe:-l'e difcc*‘foﬂ a/ou/?oc ‘H’K’ COr , :

Physics 91526, 2025

03721



()

8

The nail is then removed from the coil and a 1.20 x 10*F
capacitor is added to the circuit in series with the coil and the
68.0 Q resistor. Mereana reduces the frequency and notices
that the voltage across the 68.0 Q resistor increases and
reaches a maximum value at a particular frequency.

Explain why the voltage across the 68.0 Q resistor reaches a
maximum value at one particular frequency.

No calculations are required.

“The vo/v‘aﬁc acroes e 65
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(d) The supply frequency of the circuit in part (c) is then further reduced.

Calculate the RMS current in the circuit when the frequency of the supply is 16.0 Hz.

A phasor diagram may assist your answer.

If you need to redraw
your response, use the
box on page 10.

X
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Achievement

Q

Grade
score

Marker commentary

One

Correct use of current and external resistance to calculate
terminal voltage.

A graph had been drawn using the correct initial current and
time constant, but the current has been calculated incorrectly
after one time constant.

The candidate has correctly compared the total capacitance,
time constants and how current varies for the two circuits, but
has omitted to compare the size of the original current in each
circuit.

Two

The candidate has stated that a large back emf will be
produced, but has not explained why.

Correct method using energy equations to calculate the
capacitance, but the candidate has used an incorrect current.

Three

Correct formula and substitution for ‘Show that’ question.

The candidate has identified that the circuit is at resonance
and that X = Xc, but has not stated that they are 180° out of
phase and cancel out.

Xc and X have been correctly calculated, but the candidate
has used an incorrect formula to calculate the impedance.




