
Basic Electronics
Tutorial Problems 2 - Solutions

1. For any 2-terminal network of sources and resistances the Thévenin voltage is the voltage
which would be measured open-circuit across the terminals. We also need the short-circuit
current which would be measured between the terminals if they were connected together.
The Thévenin resistance is the open-circuit voltage divided by the short-circuit current.

(a) Open-Circuit
The cells are arranged in series per the figure on the left. Open-circuit, as-shown, no
current will flow, so there will be no voltage across any of the resistances, hence the
open-circuit voltage is the superposition of the individual EMF sources.

VTh = 9 V

Short-Circuit
If we imagine connecting a wire from A to B then the short-circuit current which will
flow would be given by a superposition of the individual cells

isc = 6×
1.5

6× 13
= 4.5 A

Thévenin Circuit
The Thévenin resistance is

RTh =
VTh
isc

= 2 Ω

The Thévenin equivalent is shown on the right1.

1Note that RTh can also be more simply determined as the equivalent resistance of the circuit.
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We can check that they are equivalent by connecting a test resistor of, say, 1 Ω across
the terminals AB and measure the current. For both circuits we find that the current is
3 A. It’s important to recognise that the two circuits are equivalent. From the outside
of the ’black-box’ we cannot tell whether the PP3 truly contains 6 cells in series, or a
single cell, or indeed any other combination.

Note that we only see 3 V across the external resistor, while 6 V is lost across the internal
resistance. Furthermore, while 9 W is dissipated in the 1 Ω resistor, 18 W is dissipated
inside the battery. Connecting a low-resistance across a battery can be dangerous. This
is why a short-circuit fault in the battery can cause a mobile-phone to catch fire.

(b) Connecting the capacitor C = 2200µF between terminals A and B form a series RC
circuit with time constant

τ = RThC = 4.4 ms

Kirchhoff’s Voltage Law gives the circuit equation as

VTh = RThi + vC = RThC
dvC
dt

+ vC

As shown in lectures, 1st order equation for the voltage across the capacitor has the
solution

vC(t) = VTh(1− e−t/τ )

4.5 = 9(1− e−t4.5/RThC)

gives
t4.5 = −4.4 ln(1/2) = 3.05 ms

(c)

U =
1

2
CV 2Th = 89.1 mJ

2. (a) For time 0 ≥ t ≥ 1

V = 1 = L
di

dt

di

dt
= 1 A/s

Assuming the current is initially zero

i = t A
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For time 1 ≥ t ≥ 2, V = 0 so
di

dt
= 0

i = 1 A

For time 2 ≥ t ≥ 3, V = −1
di

dt
= −1

i = 1− (t − 2) A

(b) At time t = 1.5 s, a constant current i = 1 A flows so the energy stored is

U =
1

2
Li2 = 0.5 J

Despite that the applied voltage is zero, current continues to flow:- the inductor acts to
oppose any change in current. In an ’ideal’ circuit, with no resistance, there is no voltage
across the terminals of the inductor, the current does not flow through a difference in
potential and hence there is no change in energy. Therefore, the current must stay
constant.

(c) The instantaneous power delivered to the inductor is

p(t) = v i(t)

We can see that this is positive for t < 1 (energy is being stored by the inductor) and
negative for t > 2 (energy is released by the inductor). We could integrate the power
over time:

E =

∫ 4

0

p(t)dt = 0

but it is clear from symmetry that the result will be zero. The circuit has no resistance
so no energy is dissipated. All energy delivered by the source during the ’energising’
period is returned to the source during ’de-energising’.
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Discussion Problems

3. For a parallel plate capacitor in air

C =
ε0A

d
=
q

V

where A is the area and d the separation. Doubling d halves the capacitance (C ∝ 1/d) and
since the charge on the plates of the capacitor q remains the same the voltage must double
(V ∝ d). Energy stored by the capacitor

U =
CV 2

2

so the energy stored doubles! This happens because, in moving the plates from separation d
to 2d , we have to do work to move the charges against the electric field.

4. Yes. In parallel, the RTh halves, so the time-constant halves, and therefore also the charging
time.

5. v(t) only approaches VTh exponentially, but after ten time-constants the capacitor will be
more than 99.99% charged. For fun, calculate how long it would take before the charge on
the capacitor differs from its t →∞ limit by only 1 electron-charge [surprisingly, it’s less than
a second].
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