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Resistors in parallel

Resistors that are connected to the same two points
are said to be 1n parallel.




Parallel circuits

A parallel circuit 1s 1dentified by the fact that it has
more than one current path (branch) connected to a

common voltage SOUrce.
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Parallel circuit rule for voltage

Because all components are connected across the same
voltage source, the voltage across each is the same.

For example, the source voltage is 5.0 V. What will a volt-
meter read if it is placed across each of the resistors?
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Parallel circuit rule for resistance

= 3$3%6
The total resistance of resistors in parallel is
the reciprocal of the sum of the reciprocals of
the individual resistors.
For example, the resistors in a parallel circuit are 680 Q,
1.5 kQ, and 2.2 kQ2. What is the total resistance? 386

R1 R2 R3
— 68002 1.5k 22k




Special case for resistance R R
. 1
of two parallel resistors

The resistance of two parallel resistors can be found by

either: RT’ = (l o& QT: lQ\ RL
< r Q\ -6"2..1_

guestion:

What is the total resistance iIf R, = 27 kQ and
R,=56kQ? Ry= 27(s) _ \g.2 R
27+ 56
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Tabulating current, resistance, voltage and power Is a
useful way to summarize parameters in a parallel circuit.
Continuing with the previous example, complete the
parameters listed in the Table.

.= 7. 4 mA

R,= 0.68 kQ

V,= 5.0V

P,= 36.8 mW

l,= 3% wmK

R,= 1.50 kQ

V,= 5.0V

P,= 16.7 mW

R.= 2.20 kO

V,= 5.0V

P.= 11.4 mW

1= 1%2.0 wmA

R,= 386 O

Ve=5.0V

P=64.8 mW




Kirchhoff’s current law

Kirchhoff’s current law (KCL) 1s generally stated as:

The sum of the currents entering a node is equal to the
sum of the currents leaving the node.

Notice in the previous example that the current from
the source Is equal to the sum of the branch currents.

|,=

7.4 mA

R,= 0.68 kQ

V,= 50V

P,= 36.8 mW

3.3 mA

R,= 1.50 kQ

V,= 5.0V

P,= 16.7 mW

2.3 MA

R.= 2.20 kO

V,= 50V

P.= 11.4 mW

13.0 mA

R;=386 Q

Ve=5.0V

P=64.8 mW
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Current divider

When current enters a node (junction) it divides into
currents with values that are inversely proportional to the
resistance values.

= Vr= T R =T (RR N _ (R B
R‘ = R,+Rv @\-I-Q-?.
\
R,

Notice the subscripts. The resistor in the numerator Is
not the same as the one for which current is found.
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EX mmj rI Assume that R;Is a 2.2 kQ resistor that is In

A, —J parallel with R,, which is 4.7 kQ. If the total
current into the resistors 1s 8.0 mA, what Is
the current in each resistor?

SJ“JIMI on —( jl _(4'7 kQjs.o mA = 5.45 mA

Current divider

+R, 6.9 kQ
|, = R, |T:(2'2 ijg_o mA = 2.55 mA
R +R, 6.9 kQ

Notice that the larger resistor has the smaller current.
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Power In parallel circuits

Power in each resistor can be calculated with any of the

standard power formulas. Most of the time, the voltage is
: VAR :
known, so the equation P = = IS most convenient.

As in the series case, the total power is the sum
of the powers dissipated in each resistor.

Question:

What is the total power if 10 V is applied to the parallel
combination of R, =270 Q and R, = 150 Q? 1.04 W
R

.= W= loyw
\D\\é& o ' R 2
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Questiof: -
W
Assume there are 8 resistive wires that form a rear window defroster

for an automobile.

(a) If the defroster dissipates 90 W when connected to a 12.6 V source,
what power is dissipated by each resistive wire? P_,_ = =Py

e

(b) What is the total resistance of the defroster? P = _V: S Bs< V

2

; - - 5 ﬂPs’
wer. (a) Each of the 8 wires will dissipate 1/8 of the total
AIIS % poweror 90 W 1195 W
8wires —
. . VZ o (126V)
(b) The total resistanceis R=—=
P Q0 W

=1.76 Q

Fﬂ"ow un: What is the resistance of each wire? 1.76 Qx8=14.1Q



Parallel

Branch

Kirchhoff’s
current law

Node

Current divider

Key Terms

The relationship in electric circuits in which
two or more current paths are connected
between two separate points (nodes).

One current path in a parallel circuit.

A law stating the total current into a node
equals the total current out of the node.

A point or junction in a circuit at which two
Or more components are connected.

A parallel circuit in which the currents divide
Inversely proportional to the parallel branch
resistances.



Quiz

1. The total resistance of parallel resistors is equal to
a. the sum of the resistances
he sum of the reciprocals of the resistances
c. the sum of the conductances

d. none of the above



Quiz

2. The number of nodes in a parallel circuit is

O ®

c. three
\
d. any number ©



Quiz

3. The total resistance of the parallel resistors is

@.52 k(2

b. 3.35 kQ 7 T
c. 5.1 kO §56|<Q 210 ko §§?1|<Q
d. 25.1 kO o— .
Re = | 2 > @
sk

\O Lo
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4. If three equal resistors are in parallel, the total
resistance Is

] = (\_l__
R, = 3

@one third the value of one resistor.
b. the same as one resistor.
c. three times the value of one resistor.

d. the product of the three resistors



Quiz

5. In any circuit the total current entering a node Is
a. less than the total current leaving the node.
qual to the total current leaving the node.
C. greater than the total current leaving the node.

d. can be any of the above, depending on the circuit.



Quiz

6. The current divider formula to find 1, for the special
case of two resistors Is




Quiz

7. The total current leaving the source is

a. 1.0 mA -
b. 1.2 mA Vs 4 R, R,
c 6.0 MA 12V = 10 k2 2 2.0 k2
d. 7.2 mA / VA Clon\‘
I-r = E—; ﬁ_z (W) (2
R\ rRe



1. = ?\o( 5-20 2"°
R+ 3o

= \Z, 31 mA



Quiz

9. The voltage across R, Is

a.0V
+
b.0.67 V R § R
| =
(FS3v 20 mA (¥) 1000 2 2000
d. 4.0V

— (6&:@) (333mV =
1333 V



Quiz

10. The total power dissipated in a parallel circuit is
equal to the

a. power in the largest resistor.

b. power in the smallest resistor.

c. average of the power in all resistors.
um of the power in all resistors.



Quiz

Answers:

1. d 6. C
2. b 7. d
3. a 8. b
4, a 9. C
5. b 10. d



Handouts



Quiz

3. The total resistance of the parallel resistors is

a. 2.52 kQ
b. 3.35 kQ o/ T
Rl 4% ’&
c. 5.1 kQ S0k 310k 351K

d. 25.1 kQ © ¢ ¢



7. The total current leaving the source is

a. 1.0 mA
b. 1.2 mA
c. 6.0 mA
d. 7.2 mA

Quiz

1
10 kO

2.0 kO



8. The currentin R, IS

a. 6.7 mA

b. 13.3 MA R, R,
1=20mA (¥ 100Q £ 2000

c. 20 mA

d. 26.7 mA



Cleo: Problem 1 Find the current i through the 7kQ

resistor using current division. L
T x
— ‘:—@wk>(7-\‘- > —)ﬁm
R, ¥k
= @)(3*’—’>4:S‘8\410mA 2 k)
(o\\—r\b
Zz
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