
Electronics
Assessed Problems 1 - Solutions

APS1.1 By definition of current

I =
dQ

dt

in 60 s we have a charge of 0.06 C carried by

0.06

1.6× 10−19
= 3.75× 1017 electrons

(c) is correct [1 mark]

APS1.2 Electron drift velocity is covered in the course notes but the derivation is summarised here.
A wire of cross-sectional area A and length L contains nAL charge carrying electrons if the
carrier electron number density is n. If the electrons have a drift velocity vd = L/t then t is
the time for all the electrons to leave the volume and hence the current i = nALe/t and

vd =
i

nAe

Using the value n = 8.45× 1028 m−3 for copper

vd = 10−4 mm s−1

(a) is correct [1 mark]

APS1.3 Using resistivity ρ = 1.72× 10−8 Ω m and

R =
ρL

A

V = iR

Gives a voltage V = 2.3µV

(c) is correct [1 mark]

APS1.4 On the right hand side, the three resistors in parallel have an equivalent resistance R/3. On
the left side, the equivalent resistance is[

1

2R
+

1

R

]−1

=
2R

3

so the total resistance is R
(b) is correct [1 mark]

APS1.5 (i) and (ii) must be the same as it doesn’t matter which direction current flows through
the bulb. For (iii) the voltage across the bulb is the same as (i) and (ii) so it is the same
brightness, but the batteries will last longer as each has to supply only half the current. Circuit
(iv) has double the voltage across the bulb which will dissipate 4 times the power and hence
be brightest.
(c) is correct [1 mark]
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APS1.6 Conventional current flows positive to negative so conventional current is anti-clockwise while
electrons will flow clockwise. Electrical potential energy gained as charge moves through the
battery must be lost (converted to heat) as charge moves through the resistor.
(c) is correct [2 marks]

APS1.7 Q = It gives the total charge delivered during the battery lifetime to be 1.8× 3600 C which
will be raised through an electrical potential difference of 1.5 V. Hence the total energy which
the battery can deliver is 9720 J
(a) is correct [1 mark]

APS1.8 The voltmeter is ideal so its resistance →∞. The ammeter is ideal so its resistance is zero.
The total resistance around the circuit loop is therefore 6 Ω and since the EMF of the battery
is 12 V the current (measured by the ammeter) is 12/6 = 2 A. The voltmeter measures the
voltage across the battery’s terminals which is the same as the 4 Ω resistor (remember the
ammeter is ideal). Hence the voltmeter reads 2×4 = 8 V. As a check we note that the voltage
across the terminals of the battery will be the internal EMF minus the voltage dropped across
the internal resistance = 12−2×2 = 8 V. Power will be dissipated in the resistances according
to P = V I = I2R so we have P4Ω = 16 W external to the battery and P2Ω = 8 W internal to
the battery making a total of 24 W total power, by conversion of stored chemical energy into
heat in the resistances.
(d) is best answer [1 mark]

APS1.9 First find the equivalent resistance of the circuit. For the four resistors on the right hand
side, we can combine these as follows: The 6 and 12 Ω resistances combine to make a 4
Ω equivalent resistance. This combines in series with the other 6 Ω resistor to make 10 Ω. All
of this is in parallel with another 10 Ω making an overall equivalent resistance of 5 Ω . The
total circuit resistance is therefore 15 Ω and the current

I =
7.5

15
=

1

2
A

Kirchhoff’s current law gives
I = I1 + I2

Since the three right-most resistors combine to make10 Ω , it is easy to see that

I1 = I2 =
1

4
A

Treating the ’loop’ formed by the 6 and 12 Ω resistors by Kirchoff’s voltage law gives

6I4 − 12I3 = 0

Which is equivalent to saying they have the same voltage across them as they’re connected
in parallel. Further

I1 = I3 + I4

gives I3 = 1
12 A resulting in a 1 V potential difference across the 12 Ω resistor. The same

current I flows in both 5 Ω resistors resulting in a potential difference of 2.5 V across each.
The ground symbol establishes that the absolute value of electrical potential is zero at that
point, so the potential at point A is 2.5 + 1 = 3.5 V.
(c) is correct [1 mark]
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APS1.10 For the Thevenin circuit we need VAB, the open-circuit voltage across AB, when A and B are
unconnected (as shown overleaf). We also need iAB, the short circuit current through AB
(when A and B are connected together).

When AB is open circuit then no current flows through the 1 kΩ resistor next to A hence,
the voltage across it is zero, and we can find VAB by the potential divider formed from the 2
kΩ and 1 kΩ +1 kΩ resistors, i.e.

VAB = 15×
2

4
= 7.5 V

When A is shorted to B then the two 1 kΩ resistors are in parallel with the third 1 kΩ resistor
forming an equivalent resistance of (1/1 + 1/2)−1 = 2/3 kΩ which adds to the 2 kΩ resistor
forming a total circuit resistance of 8/3 kΩ and a total circuit current of

i =
15× 3

8000

The current into the AB branch iAB is given by the current divider formula

iAB = i
2

3
=

90× 10−3

24
A

Finally, the Thevenin resistance RT is given by

RT =
VAB
iAB

=
7.5× 24

90× 10−3
= 2000 Ω

The Thévenin equivalent circuit is shown below.
(c) is correct [1 mark]

3

Mark Gill
MPH



CC
2-Jan-18

4

Mark Gill
MPH


