Exercise walk-through

Energy stored in a capacitor = 19.2

eXercise



Exercise walk-through

You must be able to

m find energy from the area under the potential-charge graph
@

muse W=1QV=3iCV = 5C
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Method — Energy stored

The energy is the area under the V-Q graph — a triangle:

2

W=1Qv=1c/ = e

The factor + appears because the average p.d. during charging is V/2 (it grows from
2

0 to V).
Worked example. 100 pF at 12 V: W= 1CV2 = 1(100 x 1079)(12)2 = 7.2 x 1073 J.



Method — Energy stored

energy = %QV

» charge Q



Method — Energy stored
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Energy stored is the area under the Q-V graph
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Practice 2.1 = 1 mark

Write the three forms of the capacitor energy formula.
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Solution 2.1

Worked steps

1 1 QQ
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Practice 2.2 = 2 marks

Find the energy stored in a 100 uF capacitor charged to 12 V.
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Solution 2.2

I Method: Energy stored

Worked steps

W=1CV2=1(100x107%)(12)2 =7.2x 1073 J (M1/AL.
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Practice 2.3 = 1 mark

State what the area under a potential-charge graph represents.
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Solution 2.3

| Method: Energy stored

Worked steps

The energy stored in the capacitor (B1).
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Exam-style 3.1 = 1 mark

The energy stored in a capacitor is:
A QV

B %QV

C Cv

D Q*C
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Solution 3.1

Method: Energy stored

QV
LQv
cv
Q*C

O 0 Wl >

Worked steps
_ %QV.
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Exam-style 3.2 = 3 marks

A 220 pF capacitor stores 4.0 mJ of energy. Calculate the voltage across it.
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Solution 3.2

I Method: Energy stored

Worked steps

2W (4.0 x 10
W= 1 _
C\/Z:V \/ \/220><106 M1 M1) =6.0V (A1)
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Exam-style 3.3 = 2 marks

Explain why the energy stored is %QV and not QV.
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Solution 3.3

| Method: Energy stored

Worked steps

As the capacitor charges, the p.d. rises from 0 to V (B1); the average p.d. is V/2,
so the work done is Q x (V/2) = %QV, not QV (B1).
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Exam-style 3.5 = 2 marks

A defibrillator stores energy in a 32 uF capacitor charged to 2.5 kV, and delivers it to a
patient in a pulse lasting 8.0 ms.

(a) Determine the energy stored by the capacitor when fully charged.

(b) Determine the charge stored.

(c) In the pulse, 75% of the stored energy is delivered to the patient. Determine the
average power delivered.

(d) The capacitor is charged instead to 1.8 kV. Determine the percentage by which
the stored energy falls, and explain why it is not the same percentage as the fall in p.d.
(e) On the same axes, sketch how the energy stored varies with the p.d. across the
capacitor, and how the charge stored varies with it. Label each line.
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Solution 3.5

Method: Energy stored

Worked steps

(a) E= $CV2 = 1(32 x 107%)(2500)? (M1) =100 J (A1
(b) Q= CV 32><106><2500 Mi) = 8.0 x 1072 C (Al

E
(c) Energy delivered = 0.75 x 100 =75 J (M1); P= i ﬁ M1
=94 x 10> W (a1). (About nine kilowatts, for eight milliseconds.)
100 — 51.
(d) New energy = (32 x 1076)(1800)2 = 51.8 J (ML), a fall of 100518 _ 48%

100
A1) — while the p.d. fell by only 28%, because E oc V2, so the fractional change in

energy is roughly twice the fractional change in p.d. (B1).
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Solution 3.5

(e) Charge: a straight line through the origin, since Q = CV (B1). Energy: a curve
through the origin getting steeper, since E o V2 (B1). Both labelled, with axes
labelled (B1).



