A-LEVEL PHYSICS « EXERCISE SHEET

10.2 Kirchhoff’s laws
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Objective

Build the skills to answer exam questions on Kirchhoff’s laws and analysing combined
circuits.

You must be able to:

o state both Kirchhoff’s laws and the conservation law each follows from

« combine resistors in series and parallel

« analyse a combined circuit: total resistance, total current, then each branch current
and p.d.

1 Worked examples

Study these first. Each one shows the method for a question type used later — follow
the steps and you can do the Practice and Exam-style questions yourself.

B Kirchhoff’s laws

First law (junction): current in = current out — from conservation of charge:

I
I
_— I=11+1s
Iz

Second law (loop): around any closed loop, the total e.m.f. = total p.d.
from conservation of energy.
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B Combining resistors
« Series (same current): R =Ry + Ry + ...

1 1 1
« Parallel (same p.d.): R R + & +...
‘Worked le. 3.0 Q and 6.0 Q i 1lel ! 1+1 ! R=200Q
r xample. 3. nd 6.0 Q in parallel: — = —+ — = — =209Q.
orked example a parallel: 7 = ==+ = o, 50

B Analysing a combined circuit

Real exam circuits mix series and parallel. Work in steps: collapse the parallel part,
find the total current, then split it.
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Worked example. ¢ = 12 V (negligible internal resistance), Ry = 4.0 €2 in series
with Ry = 6.0  and Ry = 3.0 Q in parallel.

1 1 1 1
1. Parallel pair: R—p =50 + 30= 20 so R, =2.0 .
12
2. Total: R= R, + R, =4.0+2.0=06.0 Q; current I = % =60" 2.0 A.
3. P.d. across the parallel part: V, = IR, =2.0x20=4.0V. .
|8 4.0 v, 4.0
4. Branch currents: [, = —12 =60 = 0.67 A, I3 = R—: =30 1.33 A (check:

0.67+133=20A V).

2 Practice
Now apply the methods above.

2.1 State Kirchhoff’s first law and which conservation law it follows from. 2]
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2.2 State Kirchhoff’s second law and which conservation law it follows from. 2] 3.3 A battery of e.m.f. 6.0 V and negligible internal resistance is connected to R; = 2.0
in series with two resistors Ry = 4.0 Q and Rz = 4.0 Q in parallel (as in the worked

example).
(a) Calculate the total resistance and the current from the battery. 3]
2.3 Find the combined resistance of 4.0 © and 6.0 2 in series. 1]
2.4 Find the combined resistance of two 4.0 € resistors in parallel. 2
(b) Calculate the current in each of Ry and Rj. 3]
3 Exam-style questions
3.1 Three 6.0 2 resistors in parallel have a combined resistance of:
A]B] A 200 3.4 At a junction, 5.0 A enters and one branch carries 2.0 A away. Find the current in
) Bgoo the other branch. (1]
C18Q
D 0.50 Q

3.2 A 12 V battery drives current through a 3.0 {2 and a 6.0 2 resistor in series. Calculate
the current and the p.d. across each resistor. [4]
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