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Section 9: Resistors in Series and Parallel

Series Circuit
Recall also, Ohm’'s Law, V = IR

R1
N
Vi=W+V,+V,
Substituting V = IR

N\

Recall, In series, And since | is the same throughout it
can be factored and cancelled.

It=1,=1,=15 and

IR, = I(R, + R, + R;)
R, =R +R,+R,

V=V, + Vo +V,

In other words, if resistors are connected in series the total resistance
is equal to the sum of the individual resistors.

If all resistors have the same value (i.e. R; =R, =R3=...R,), then
the total resistance may be found using R, _nR.
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Parallel Circuit
N
i R12R2 R3% I, =1 +1,+ I

Recall also, Ohm’s Law: V=IR orl=V/R

Since | = V/R it can be substituted

AN
142
RT Rl RZ R3

Recall, In Parallel, Since V is the same everywhere, it can

=1, +l,+ |, and be factored and cancelled.
V
vy F=V(%+%+%)
V =\ = \, =\, T 1 2 3
L I 1 1 1
=—+—+

13 ] I
I\ I\ I, Iy
i 2

When resistors are connected in parallel, their equivalent resistance
is ALWAYS less than the value of the lowest resistance.

If all resistors have the same value (i,e. R; = R, = R3=...R,), then

R

the equivalent resistance may be found using R, = —-
1n

1. n
R R
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Examples

1 In order for a certain series circuit to work properly a resistor
of 1.2 kQ is required. In your junk drawer you find two resistors
with values of 350 Q and 450 Q respectively. What is the size
of a third resistor that would provide the required 1.2 kQ?

?r T ﬂ“" R;""R}
12068 = 350 - + 4505+

4po o =R,

2 a) Calculate the total resistance of three 120 Q resistors
connected in series.

“Re=nR
23 (o
:3603_

b) Calculate the total resistance of three 120 Q resistors
connected in parallel.

l-n rph_._ Rg&-
rR‘f Qi—— = 4o S
Re 12N

c) Calculate the total resistance of three 120 Q resistors
connected in parallel which are then connected to three
120 Q resistors that are connected in series.

T

Crom B R, = 4O r& . Y L + 20
~

A Rs= 260 R Yoo S
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3 A string of eight lights connected in geries has a total resistance

of 120 Q. If the lights are identical, what is the resistance of each
light bulb?

Rye 120-5% Ry = n:'{g

R
R~
ne 9 (150 -R|

4 The above string of lights is connected in parallel. What is the
resistance of each light bulb if the total resistance is still 120 Q?

n=% A . 0
’ﬁ,{- o R, R

1. .5
\205\u

=60

5

Find the total resistance of three resistors having values
5.0Q, 10 Q, and 30 Q when they are connected in series
and when they are connected in parallel.

ries : = R,#Re1 Ry ST +/[0. n +305
Series: (R Rae L
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What resistance would have to be added in parallel with a
40 Q hair dryer to reduce the equivalent resistance to 8 Q?

/&3'40-“' J . L+ L

qr‘g‘n . fRf “l ’RI

fR 7 -.l—l.-'- "'-I-
(R . gn Ho= R

R T Y
-4’ A& Gor o TR
0.1 = A Hon® R
6w - R, CRae 0

7 A toaster draw a current of 6.0 A from a 120 V source. What
resistance would have to be added in series with the same toaster
to reduce its current to 4.0 A?
Y =L R

?hos-lw = V. |20V, npnn  Constand L
I 64

+;’“ in:rco\sc’?\

os

Wrova = L. 120V 240 W oo Fesicles
T Ya

S yo“ need a 10 Su re sistor AJ(‘(JI"’\ Serjes
(’Rt.‘zo_a_-zc-&", ‘b’\'\

8  How many 160 Q resistors must be connected in parallel to
draw a current of 6.0 A from a 120 V source?

rR"'g \"'tz. u‘nlz 2050
IZT. LA
4. n
R R
£ .0
lbo 20350

N=% resisYors
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9  Each resistor in the picture to the right has a resistance of 15 Q.
What is the total resistance between A and B.

@33"?"53?51'-36—73- I ¥
s Ly Loy L At

Ru TRy QRys  f&7

[ Y —-‘— -L J—
rﬁ': 30,{' So-n.* b

Ru = 10N

Kre 1S5SCf0+ 155 <~ YOS
Rr IS(:) (R )

T
10 A technician requires a 3Q resistor for an electronic project.
However, all that is available in the supply room is a box of

]2794%1&01’& Are these any good to him? Explain.
I

l.n Yes, he can connect
’}_ r Y- 12 L cesisdors in
EPNE VG e

nN=49

11 Three resistors of 12 ohms each are connected in series, and
three resistors of 108 ohms each are connected in parallel. If
these arrangements are connected across identical 1.5 V cells,
which cell will be drained first?

’B s 3*'25‘"‘36"“'

A8 Sinee botk have Ho same
..I'_ =2 resi "7"’"“4 71'6 e[l drain
'Y\..‘ |08 S- % A‘#‘"é d" '”* Same

R .3  ate
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12 Find the total resistance between points A and B in the drawing
to the right. Each resistor has a value of 10 Q.

A U_Rlsz o3
Ry 2 Re Rq

B e—any l

Rg Rg
q /R\. -
3 I Rs Qs’
@' 31 Re AN
A AYAYA Y

I —

“ANMANA—
R
rﬁ.ws'- 3% )0SL =305

e S

- ——

(Rl‘(sg < 1SS

“Ranyst = 105+ 7). S = 1.5

_L-: J—-—- -+ A——
(Ru nss. 103

Ry= b4
"Rr= affos 4 bt =24
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For Resistors in Series: Consider 3 resistors in series

 If one of the resistors is shut off so that there is a break in the
circuit, there will be no current passing through the remaining
resistors. Hence, for light bulbs, if one of the lights go out, they

all go out.

T

y V= .E: R

e [f a fourth resistor is added in series, the total resistance of the
circuit increases (Ry = R; + R, + Ry + R,) which means that the
total current in the circuit will decrease. (From Ohm’s Law, current
1s inversely proportional to the resistance when the voltage remains
constant.) As a result, the voltage drop across each resistor will also
be less. This means that the lights will become dimmer as more and
more lights are added in series. (NOTE: it it the voltage drop across
the bulb that determines the brightness; the greater the voltage drop

across the ];)lal}];’) :I;f“lfright the bulb.) R« 105
bov= Rapom OOV = [RSCES
?\3= 0S5
e « 05
Brez00 Rrs Yo
Lr= Y. 6oV _9A
CHETY S Tr= V. OV . .5
G & oo

VIR-080os
Saz\‘ V,:T.R\\:.Q-S RX\O“\B

Cack Bilbhas & = sy

Cack "R b\ \h\
Veop 6 0V Drog O\Q \g;“ Ve
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For Resistors in Parallel: Consider 3 resistors in parallel

 If one of the resistors is shut off so that there is a break in the
circuit, the remaining branches will not be affected. For lights
bulbs, this means that if one of the lights go out, the others will

be unaffected. The brightness of the remaining bulbs does not
change because the voltage across each bulb stays the same, even
though one of the bulbs burnt out.

e If a fourth resistor (or bulb) is added in parallel, the resistors
(or bulbs) will still have the same voltage drop across it. For light
bulbs this means that the bulbs maintain a constant brightness no
matter how many resistors (or bulbs) are added. However, adding
too many resistors (or bulbs) in parallel can be dangerous.

* As more and more resistors are added in parallel, the total

resistance of the circuit decreases, which means the total current
increases. (I = V/R; Current is inversely proportional to the resistance
when the voltage remains constant.) This is called overloading a circuit.
If the current becomes too great, it will trip a breaker or blow a fuse
and the circuit will cease to operate. However, if there is no fuse or
circuit breaker to protect the circuit, the increase current would
damage the appliances or resistors. (Too much current can cause
overheating and may result in a fire.)

Each bulbhos o resjstance of l6-S.

wg?%%oﬁ?%%?

;kr IOS- ’Rr |OJ\
rkr'. 3.3 50 f')“_ 2.5

-\ oV
= Vy GOV . kA = A
%‘ 228 RSN

Vl=vt= gz Vy=bov Vs “"'-'\'3"\11 - oV

Do questions 1-4, p.609,
3-6and 29 - 34, p. 620
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