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Electrical Fundamentals

Set 17: Parallel and Series Circuits

17.1 The appliances are connected in parallel with each other, since if one device blows the others
keep working (a property of parallel circuits). Also, if are independent of each other so that if
you turn one on or ofT, it does not affect other appliances. This would not happen il they were
connected in series.

17.2 Riwa = 12 x 30 2 =360 Q

17.3 | (a) Vi =V + V=12V 4+ 12V=240V

(b} Ry =R +R:+R; =200 +200+ 200 =600

=v—w=ﬂ=ﬂ.4ﬂﬁm4ﬂﬁmﬁ
R 60 G

1ol

(c) 1 1 1 1

R, R, R, Ry 200

gives R, = 6.67 0

id) A smaller resistance means that from the same power supply, the parallel arrangement will
draw a larger current than the series lights, so the situation in part ¢). will be more intense

(brighter).
17.4 The series resistor must account for 20V of the electricity supply and since it is to be
connected in series with the radio, 4 A will also flow through it
Its resistance, R = A = 20V =500
4A

17.5 1 @ L = L +L = i gives B, = 1.0 £ for the parallel section of the circuil
R, R, R, 20° 007" prrrEr

50 Rt = Rpanatiel + Rppsner = 1 2+ 3 82 =4.0 82

b
(b} I=“‘nﬂ",,,,‘.,,ﬂ=(23¢'§I"'l.-’]=4.51Igll
R 40
(ch The buzzer will be loudest when both switches are closed. If only one was closed, then the

v __ 18V 4
(R,+R,) (2Q+3Q)

circuit is effectively a series circuit and the new current, 1= 6 A

{almost 1 A less).

If both switches are open, the buzzer will not work at all since there will not be a closed
circuit.

(d) At its softest setting, the current = 3.6 A (see part ¢). above).
E=Vxlxt=18Vx36Ax3mnxals)=11.7kJ

17.6 | (a) R = 2.0 82

Ruin =300£2 ,50 I, = v = 12V =0.0397 A
R, +Ro..) (300Q+2.00)




v v
Ruwe = (300 Q + 150 Q). 50 [ . = = 12 =0.0265 A
(R +Rope)  (450Q+2.0Q)

Heath can achieve current values from 26.5 mA 1o 39.7 mA

(b) | | 1 | + | 3 ves R 1000
=—+4+—= = rives Ryin =
R R, R, 3000 1500 3000 £
so | v 12V =0.118Aorl18 mA

" TR AR, (100Q+2.00Q)

Roe = 150 ©Q, 50 Ly = V = (Ryus + Rupmeres) = 12V = (150€Q + 2.0 ©) = 0.0789 A (or 78.9
ma)

Jenni can achieve current values from 789 mA 1o 118 mA

C
© |R.20Q.50 1 = v v o
(R +Rope) (042.09)

v 12V

= = =0.0789 A or 78.9 mA
TR e PR ) (150Q+2.00) orieam

Row=1500, 50 1

Shani can achieve current values from 789 mA 1o 6.0 A

17.7 | (@)
150 ]

60 102 [ |

6V

b
(b} 1 =L+L= 1 N 1 __10 gives Ry = 6.0 0
R[m,l,=I R, R, 1080 150 608
A"
o = w OV 504
{RMJ,,,:,+Rﬁ} (60+650)

Voltmeter reading, V=[x Ry=05Ax00Q =30V

i(c) The voltage across the parallel arrangement = 3.0 'V also.

. v
Ammeter reading, 1= . 3V =02 A or 200 mA
R,. 15Q




17.8

@ | L., oo _ v vesR =250
R Ry Ry Ry ™R'T70 780 400 w00 0 7
(b) WVoltage across all resistors is the same, so V=L xRy =2 Ax4Q=8.0V
© 1321:&:]_0}\
R; BQ
d
@ Iw=i=ﬂ=ﬂlﬁurﬂl]mh
R, 408
17.9 | {a) parallel
(b) 1 1 + 1 1 + 1 5 vesR. = 576 O
—=—+—= = rives R, =
R, R, R, 14400 960Q 28800 ¢ '
c
© lmm,=l-£='ﬂl4ﬁr Aor 417 mA
R,. 35760
17100 (a) P, 600 W
I =l — =250 A
i W 240V
P, 450 W
1 =Ml — | 88 A
Y 240V
P, 1000 W
1 = hetlle =4.1TA
Ty T 240V
gives Ly = (250 A+ 1.88 A +4.17 A)=8.55 A
(b) P, 150 W
[ = = = =(.625A
gk Ty 240V
The total current would therefore increase to 9.18 Aif the coffee grinder was turned on,
1711 [ (a) | Ruw =R, +R:=100Q + 100 Q =200 Q
(b) 11 1—1+l—2'R5n§1
- = - - - JTIVEs I =
R, R, R, 100Q 100Q 100Q °
ic) Connect in parallel since this offers the least resistance and will therefore result in a greater
current so a shorter heating time.,
17.12 | {a) Two identical resistors in parallel provide hall the effective resistance of a single resistor,
Therefore, circuit A will have double the resistance of circuit B.
(b} Since the resistance has halved, the total current will double. Also, the current through the
alobes will be the same and their value will be hall of the total.
So, A =12.0A, A:=060A, A;=060A
(c) Each globe is receiving a current of 6 A, so they will all glow with the same intensity

ibrightness).




17.13 | (a) Since the internal resistance of the battery is effectively connected in series with the external
resistance, the current through each must be the same,

(b} When starting the motor, voltage drop across the battery, v=1xr=80 A x 005 Q2 =40V

ic) Since the starter motor current needs 1o be huge (between 80 A to 100 A), then this can only
be achieved from a battery with a very low internal resistance.

(d) Al start up, the voltage dropped across the car battery is 4.0 'V (see part (b), above).
Therefore, although the car battery is rated at 12.0 'V, only 8.0 V of this will be available to
the headlights. Assuming they normally operate at 12V, they will appear dim, at least until
the motor is running and the current from the battery drops to a much lower value.

| ............................................................. | .......... :
— 0050 || >
, | B0 A
12\
Car battery, EMF = 12.0 ¥ and r = 0.050 £
17.14 | (a) Poa=060W+60W+ 10W+ 10W =140 W
(b) 2 2
Pl40W
(c) 2 2
R = VN _2VY 00
P 60 W
(d) 2 2
m:“u"_: (2Vv) =1440
P 10w
© |1, =R1OW 174
Vo2V
17.15 | (a) The type A lamps are connected in series so if one burns out then there is no longer a

complete circuit and all the lamps will fail to light. However, the type B lamps are connected




in parallel so if one of them burns out then as they are all independent of each other, the other
14 lamps continue working normally, with no difference to their brightness,

(b)

For the series ( A) lamps, each lamp takes an equal share (%J of the power supply vollage o

A

which they are attached, so R, =? T

(c)

For the parallel (B) lamps, each lamp receives the full power supply voltage available,

V?_(40vy
P 4W

s0 Ry = =144k

(d)

If a B type globe was mistakenly swapped for one of the A type lamps in the series circuit,
then the effective resistance of the circuit would be huge, resulting in a much smaller current
flow. The fourteen remaining A type lamps would light very dimly, if at all and may give the
impression that they are not working. However, the B lamp, which uses a very small
operating current, would light, with perhaps a small loss in intensity.

If an A type lamp was mistakenly swapped for one of the B type lamps in the parallel circuit,
then the effective resistance of the circuit would fall dramatically, resulting in a much greater
current flow from the power supply. There would be no apparent change to the existing 14
type B lamps since they are all independent of each other and the new lamp. However, this A
type lamp would now be operating from the whole 240V supply (as opposed to its fifteenth
share of this supply), therefore receive a massive current flow which would probably light
extremely brightly and then almost instantly burn out. So, overall, no change to this circuit -
there will still be a dead lamp.

17.16

(a)

vgltbe = 25 V

I=035A

(b)

Onee the cells are connected to a load and a current is then drawn from them, their internal
resistances come into play and some voltage will be dropped within them. This means that
the external circuit, in this case the 2.5 V globe, will experience the combined EMF of the
cells minus the dropped voltage.




(c)

Epa=Txir,+R.)=(Ixr,)+{IxR.,)=(lxr,) +external voltage
so(LSV + LAV = (0L5A x 1) + 2.5V

voltagedrop _ 0.5V

current 050
cells and since they are connected in series and they are identical, then their individual
internal resistance = (.50 0

=1.040 - this is the internal resistance provided by both

gives , =

17.17

(a)

The difference is due to the internal resistance of the solar cell, causing a small voltage drop
within the cell itself onece a load is connected and a current is being drawn,

(b)

The EMF of the cell (as measured by the very high resistance voltmeter), E= 1.2V
Once the lower resistance voltmeter is connected (which effectively acts as a 1000 £2 load), a
current, [ flows and a voltage reading of 1.0V is measured. This current,

v v =0.001 A

R 10000
The voltage drop across the cell = E-V =12V - 1.0W =02V

voltagedrop _ 0.2V —200Q
current 0.001 2

So, the internal resistance of the solar cell, g, =




