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Warm-up problems

1. What are the rules for combining the resistances of resistors connected in series and

parallel?

For resistors in series, to find the equivalent resistance Rr of the series combination, we
simply add the resistances up:

Rr=Ri+Ry+....

For resistors in parallel, the combined resistance Ry (which is less than the resistance of
the smallest resistor) is given by

. Draw a circuit diagram for the common configuration of resistors known as a potential
divider, and explain how it works.

A potential or voltage divider provides a
Ry Vi convenient way of getting a variable volt-
| age from a fixed voltage supply. The volt-
‘/supply 1 ® . .
ages appearing across the resistors R; and
R Vv Ry are in the ratio of their resistances, i.e.
2 2
Vi/Va = Ry/Ry.

3. Find out how a potential divider is used in a sensing circuit to measure temperature, and

draw a possible circuit diagram of such an arrangement.
The reading on the voltmeter can be cal-

ibrated to give an indication of the tem-
perature at the thermistor. Most thermis-

tors are negative temperature coefficient

Vaupply (NTC), in which the resistance decreases
with increasing temperature; therefore the
voltage across the bottom resistor will in-

1 crease with increasing T as it gets a greater

share of the supply voltage.
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Regular problems

4. Find the combined resistance of the following resistors, showing your step-by-step working
carefully.

120
62

60
—

40 62
50

|
L 1

First calculate the resistance of the parallel 122 and 6 €2 resistors in the top branch:

122 x 642
———— =40Q.
12Q04+60Q
The three branches are now all series combinations, which can be easily worked out by
addition:
6 49 100
— L |
4 6 o 109 o
— L |
50Q 5Q
| | | |

The final combined resistance R; can now be calculated from the resistances of the three
parallel branches:

LS S S 0
Ry  10Q  10Q 109
=040Q7" (2)
1
Ry= —— 3
T 0407 ()
=250, (4)

5. Use the rule for combinations of parallel resistors to

(a) prove that, for two resistors with resistances R; and R, connected in parallel, their

. . . RiRs
combined resistance is ————;
Ry + Ry
Starting with the rule for resistors in parallel,
Lol
Rr R Ry



in this case, there are only two resistors, so we can write

1_1+1
Rr R, Ry

Now rearranging:

1 1 1

= — + — 5
Rr Ry * Ry (5)
Ry Ry
=4 — 6
RiRs * R R, (6)
Ry + Ry
_rom 7
R R, (7)
R Ry

Ry = m (8)

(b) prove that, for NV resistors of equal resistance R in parallel, their combined resistance
is R/N.
Again, we start with the rule for resistors in parallel,

RLT:}+%+...+% (9)
N

:N<%> (10)

- (1)

Rr = (12)

6. (AQA) A thermistor is connected in series with a resistor, R, and battery of emf 6.0V
and negligible internal resistance.

-
12V

T R
When the temperature is 50 °C the resistance of the thermistor is 1.2k€2. The voltmeter
connected across R reads 1.6 V.

(a) Calculate the p.d. across the thermistor.

6.0V—-16V =44V.



(b) Calculate the current in the circuit.
For the thermistor

v
4.4V

= 14

1.2 x 10°Q (14)

=37x103A. (15)

(c) Calculate the resistance of R quoting your answer to an appropriate number of
significant figures.
The current in R is the same as in the thermistor, as the two are in series.

Vv
_ 1
R=" (16
1.6V
- ' 1
3.7x 1073 A (17)
= 440 Q. (18)

Alternatively, the ratio of the voltages across R and the thermistor are in the ratio
of their resistances

Vr R
= 19
‘Kcherm Rtherm ( )
‘/therm
Riperm = R 20
th X Vi (20)
1.6V
_ 3
=12x 10°Q % (21)
= 440 (22)

7. (AQA question, adapted) Two resistors, Ry and Ry are connected in series with a battery
of em.f. 12V and negligible internal resistance. If a voltmeter is connected across Ry,
the reading on the voltmeter is 8.0V, and the resistance of R, is 60 (2.

(a) Calculate the current in the circuit.

T
B Ry 8.0V
—
2v
R2 = 6OQ
For R2
v
= — 23
- (23)
4.0V
= — 24
=67 x 102 A. (25)



(b) Calculate the resistance of R;.
The ratio of the voltages across R and R, are in the ratio of their resistances

R, W
- _ 1 26
RV, (26)
i 80V
Ry = Ry X 7 60 Q x 10V (27)
—1209). (28)

(c) Calculate the charge passing through the battery in 2.0 minutes. Give an appropriate
unit for your answer.

Q=1It (29)
_3 . 60 s
=67 x 107° A X 2.0 minute X ——— (30)
1 minute
=8C. (31)

(d) Ry is now replaced with a thermistor. State and explain what will happen to the
reading on the voltmeter as the temperature of the thermistor increases.
The reading on the voltmeter will increase as the temperature increases. With
increasing temperature, the resistance of the thermistor decreases (most thermistors
are negative temperature coefficient, NTC). This means it will get a smaller share
of the voltage—the voltage across the thermistor will decrease—meaning that the
reading on the voltmeter (measuring the voltage across R;) will increase.

Extension problems

8. (based on a CEA Advanced extension award question) Four resistors of value 1.0 2, 2.0 €2,
3.002 and 4.0 are used to make this circuit.

A P B
S Q
D 7 C

The resistance is measured between pairs of terminals in turn, with the following results:

between terminals A and B 1.6}
between terminals B and C' 0.9()
between terminals C' and D 2.4
between terminals D and A 2.1Q)

Deduce the resistance of each of the resistors P, ), R and S. Show your reasoning clearly.

In this problem, Rap, Rpc, Rep, and Rpa are known, and Rp, Rg, Rg, and Rg are
unknown.



Using the rules for combining resistors, we can write

Rp x (RQ +RR+R5)

Rap = 32

A" "Rp+ Ry + Rr + Rs (32)
Rg x (Rr+ Rs + Rp)

Rpe = 33

B¢ "Rp+ Ro + Ry + Rs (33)
Rpr x (RS + Rp + RQ)

Rep = 34

“p RP+RQ+RR+R5 ( )

R — Rg x (Rp + RQ + RR) (35)

Rp+ Ro + Rg + Rs

We know that the values of {Rp, Rg, Rg, Rs} are {1.09, 2.0, 3.0Q, 4.0Q}. Computing
any of the sums above will allow us to identify one of the resistors. e.g.

1.0Q x (20924 3.0Q +4.00)

36
1.024+20Q+3.0Q0+4.00 (36)
102 x (9.0Q)

N 10.09 (37)
=0.9Q = Rpc. (38)

allows us to identify that Ry = 1.0Q (by comparing the sum with the expression [33)).
We can continue this by changing the sum, as follows:

200 x (1.0Q+3.0Q 4 4.0Q)

39
1.02+200Q4+3.002+4.0Q (39)
200 x (8.09)
= 40
10.092 (40)
—1.69 = Rap, (41)
implying by comparison with [32] that Rp = 2.0 (.
3.0Q % (1.0Q+2.00Q+4.00Q) w2)
1.02+20024+3.002+4.0Q
3.00 x (7.00)
pr— 4
10.0Q (43)
219 = Rpa, (44)

implying by comparison with that Rs = 3.02, and (by elimination of the other 3
possibilities), Rr = 4.0€. To check this, use [34] as follows:

_RRX(R5+RP+RQ)

fop = Rp + Ro + Rp + Rs (45)
L 409X (1.02+200+3.09) (46)
1.0Q+20Q+3.0Q+4.00Q
4.00Q x (6.09)
1000 (47)
— 9240 (48)

as required.
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