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Enhanced Guided Notes: Set 6

Parallel Circuits

Topics:

Parallel Resistors and Circuits

Power Distribution in a Parallel Circuit
Voltage Sources in Parallel

Open and Short Circuits

Kirchhoff’'s Current Law

Current Divider Rule

Loading Effects of Instruments
Series-Parallel Circuits

TOMMODOWP

A. Parallel Resistors and Circuits

node
— S T L P o
Rt 1 2 N
Rl
Ry Ry Rs
Conductance =
R,
node .
(Ry+Ry)|IRs c.Gr =
¥ Examples:
Calculate Req(RT)
i K
120V —/— R, ¢ Rg 2 % Are the resistors in parallel?

400 < 30Q< 20Q2

- Which parallel element has the
least conductance?



. Calculate Req (RT)
Rr — 1%1 4Ré Are the resistors in parallel?
» Y Ry
52
C

Now, what happens if one additional resistor is added to nodes a
and b?

L
RT =
R4 E
1
1062 R S
Ry 162 4(22 Conclusion:
L ];. RS

If all four resistors (R1, R2, R3, R4) have the same resistance
value (i.e. R):

RT

SPECIAL CASE: If two resistors are in parallel, then

RT =
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a ¢ The voltage is always the same
across parallel elements.
+
ROV —— Rl: R2: Vab = 50V
— 10€2 10€2
Ve = Why?
4 &
e b d
“Vap =V =V = 50V
n S.R2=10Q
50V Ry = Rp=
_ 10€2 10€2
How do we find Is?
e
—_ b
Why?

How do we find I; and I,?

We need to use law.

We know that Vab = VR1 = VRz = 50V

Il= —_

I, = =

From Is, I; and I, we can conclude that

Is = =
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* Example:
Find the current in the R, branch of the circuit below. Let’s
assume Rt = 10Q

]Iz How do we find I?

~L I; d
+
E— R
IDDET T Ry= 2
2002
% Example:
What is the voltage across the 10 Q resistor in the circuit
below?
E 1= 1€2 + :irﬂ —
|
R2=2Q Y
+
50V —— Rs= R¢=
_ 102 100
R4: SQ

R;=3Q

What is the first step to solve this problem?
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Redraw the circuit

B. Power Distribution in a Parallel Circuit

Power applied by the voltage source will equal that dissipated by
the resistive element.

= TR P T
=

Vs — R, R R;

Ps = Pr1 + Pr2 + Pr3

VsIg = + +
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C. Voltage Sources in Parallel

* . >
r? ¢ D > P I+,
N 1 N 2 g :)) +
ity V2 v > VT
- - >
>

The primary reason for placing two or more batteries or supplies

in parallel is to

What about the total power?

What will happen if two batteries of different voltages are placed

in parallel?
Ri.'l:'l.t L
1
| I 1
I= Vi~V
+ + Rint;™ Rinty
Vi— 12Q V,—6V

Conclusions:
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D. Open and Short Circuits

What is an open circuit?

R
i
|—|»I a I=
+
V —/— W Open
M ah p Vap =
_h
&
R
I_.,I +a I=
: losed
v — v ¢
_ ab short Vab =
_h
.
Rl a
NNy N
100
+
100V —/— K2 >100
*s
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E. Kirchhoff’'s Current Law (KCL)

“The algebraic sum of the currents entering and leaving a
junction of a network is zero.”

LEAE, =00 D ST = X1,
I Is Z:[i - ZIG
Y
Iz—) a —> 14 b;'
I,” »

3% Example:

Let’s say
I I I Ir; = 2 mA

T Vi (e e Ino = 5 MA
o Ins = 10 mA
Vs — R: SRa Rj
- 5kQ Find:

RT —)
a. Is
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F. Current Divider Rule
(From Previous Example)

'_1; VI [VIre VIR Applying KCL

10V — R, Ro R; Is=Ii+1+ 15
_ 5O IO 1O 17mA = 2mA + 5mA + 10mA

Iz=2.511
Ib=Ri/Ry*14

Similarly, I3 = 5I;

I3=—Il
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Now, what do we know about the connection between Is and I3,

Iz, and 13?

Since V1 = V> = Vs = V

<
Il

IlRl = Isz I3R3

Now, if we substitute V with I;R; or IR, or I5R;

Is = = =

11 =

Iz =

Special Case: 2-Parallel Resistors

I How do we find I; and I,
—,I‘l
L) (A

?

R Rr =
T% Rl ]i2 T

| 11=RT/R1*I=
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Conclusions:

% Example:
Find the currents I; and I for the following circuit:

—2 I How do we solve this
30V 200 problem?
——— I
i

o —

5Q
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G. Loading Effects of Instruments

Ammeter

2
\Riny

| =+
(|
g

Voltmeter

Rint is in with the
branch in which we are measuring
the current.

ideal R, is

Why?

Rint is in with the
branch in which we are measuring
the voltage.

ideal R, is

Why?

Set 6, Page 12



H. Series-Parallel Circuits

It is formed by a combination of series and parallel

elements
% Examples:
6L 2Q Find:
EK; b Ej Vi V3 Ve and I
Q) 30
B Rl a R -
ViV 18V —_ W,
+
+
Redraw the circuit
g 1 J1s
+ L ‘Ul vﬂ-
V 12vT - a be ~
R, Ry
Vi =
V3 =
Vab -
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Applying Ohm'’s Law

11=

I3

Applying KCL ~>1 =

3% Example:

I I Find:
I_I. ¢ ! ¢ ’ a. Rt
K3 <100
+

N b.I, I, and I,
Ry 20 A

Cc. Va
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