
Basic Electronics
Tutorial Problems 1 - Solutions

1. (a) The 1 Ω and 4 Ω resistors are in series so the same current flows in each. Label this
I1. Call the current in the 2 Ω and 3 Ω resistors I2. There are two circuit loops for
these two currents. The ’inner’ circuit loop consists of the source (battery) and the 1
Ω and 4 Ω resistors. The ’outer’ loop comprises the source and the other two resistors.
Kirchoff’s voltage law for the ’inner’ circuit loop equates the source EMF to the sum of
the voltage drops.

10 = I1(1 + 4)

Similarly around the ’outside’ circuit loop

10 = I2(2 + 3)

Both currents are 2 A. Point b is ground, the zero of electric potential. These currents
result in an electric potential (’voltage’) at point c of 4I1 = 8 V and a voltage at point
d of 6 V. The potential difference between these two points is

Vcd = 2 V

(b) It’s tempting to think that Vcd is unchanged but we have now added a branch at point
c so the current in the 1 ohm resistor is no longer the same as the current in the 4
ohm resistor, which changes the voltage at point c. Label the current in the new 5 ohm
resistor I3, in the direction c to d, then the current in the 4 ohm resistor becomes I1− I3
and the current in the 3 ohm resistor becomes I2 + I3. Note that, summing these last
two together, we find the total current out at point b is I1+ I2, which it must be as this
is the same as the current in at point a (Kirchoff’s current law requires that current into
a junction must equal current out, due to conservation of change). Around the inner
loop, applying Kirchhoff’s voltage law gives

10 = I1 + 4(I1 − I3)

Around the outer loop
10 = 2I2 + 3(I2 + I3)
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We have three unknown currents so we need an additional loop. We can use the loop
formed by the 1, 2 and 5 ohm resistors. This contains no EMF source so the left-hand
side of the equation is zero

0 = I1 + 5I3 − 2I2

We need to take care that the sense of the potential difference measurement is preserved
as we move round the loop. We must negate the final term to take account of the current
arrow drawn in the sense opposite to the potential difference required. Solving for I3
gives

I3 = 0.29 A

Giving a voltage drop across this resistor

Vcd = 1.43 V

What we see is that the 5 Ω resistor has ’loaded’ the bridge output. The resistor draws
current which changes the voltage across points c to d. For a measurement application,
we would only connect a meter with a high resistance across the output points c to d,
in order to avoid this ’loading’ effect. We will look at this again later in the course.
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Discussion Problems

2. R = ρL/A so assuming uniform resistivity ρ then tripling the linear dimensions will reduce the
resistance to R/3.

3. Kirchhoff’s Current Law requires that the current is the same in both wires (charge is con-
served). Drift speed vd = I/nAe so will reduce by a factor of 9 in the thicker rod.

4. Force between two 1 C charges placed 1 m apart

F =
Q1Q2

4πε0r2
=

1

4πε0
= 9× 109N

This is a huge force. However, while the wire contains large numbers of conduction electrons
(number density of the order 1029m−3), this is balanced by an equal number of positively
charged ionic copper atoms and the wire is electrically neutral. For a current of 1 A, a charge
of 1 C passes any point in the wire every second, however the wire remains everywhere neutral.

5. Let’s assume the bulbs all have the same resistance. B and C only have half the EMF across
each. Let’s assume the bulb brightness is proportional to the electrical power dissipated in
the bulb which is given by P = V 2/R. B and C should both be one-quarter the brightness
of A. If we remove A then the same voltage remains across B and C so they are unchanged.
Removing C leaves a gap in the circuit so no current can flow through B and it goes out too.
If we ’short’ the gap with a wire then B has the same voltage across it as A and both are
equally bright.

6. A bulb is a thin coil of resistive wire (often Tungsten) which gets so hot that it glows brightly.
The filament typically fails by breaking (going ’open-circuit’). If the bulbs were in series then
if one fails, the other one goes out, which would be dangerous!
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