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Superposition

In a circuit having more than one independent source, we can consider

the effects of the sources one at a time.
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A math problem:

S —120;, =136 V
—2v,+ 60, =2V

8v, —2v, =0
—2v, 4+ 60, =2V

8v) —2v,) =36V
—20" +6v, =

Solving gives: va =5V, v, =2V

Solving gives: v, = 0.09091V and v, = 0.36364V

Solving gives: v, = 4.90909V and v, = 1.63636V

Pt =5 0N =— 3

v, + v, = 2.0V =y,

Mathematically, we can solve the simultaneous equations a piece at a
time. If these equations are from a circuit, this math implies that we
might be able to solve the circuit a piece at time.

EE 201
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The superposition method

In a circuit having more than one independent source, we can consider
the effects of the sources one at a time.

If a circuit has n independent sources, then we will have to solve n
separate circuits. It this easier?! Perhaps. The resulting “partial” circuits
will have one source and some resistors. We might be able to solve the
partial circuits using the short-cut methods we saw earlier — each partial
circuit may be very easy.

As we consider the effect of each source by itself, we must “turn
off” (deactivate) all of the other sources. Deactivation means setting the

values to zero.

Q Q

V(*') . s.horF ; (A) - open
N/ same as circuit S circuit

Same as

Q Q o) T

Replace voltage sources with shorts. Replace current sources with opens.
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Example of the superposition method

R
1
Consider the familiar two- _1’6/\{)\'
source, two-resistor circuit i R 2 3
. ; V < VR I/
one more time. Let’s try S<—> 5-E3< ()1 li;
superposition to find vg2. 10V

1. Deactivate (turn off) one of the sources — the order doesn’t matter.
Let’s deactivate the current source first — set the value of Is to zero,
which has the same effect as replacing Is with an open circuit. The
result is a simple voltage divider, and we can easily calculate the
partial result due to the voltage source.

R, : R, v
A 2 Re iy e
V5<i> RZ VR2 50
& 1 (10V) = 3.33V
: 50+ 100
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2. Go back to the original circuit and turn off the other source — set Vs to
zero, which is the same as replacing it with a short circuit.

R]
ERmEAVAVAY,
s tiad R, vt A Shorting Vs causes R; to be in
0 50 o () i parallel with R>.
= 1A

vy =I5 (R R;)

=(1A) (5Q[|10Q) =333V

3. The complete answer is the sum (superposition) of the two partial
answers.

Veo = Vpr +Vp, =3.33V +3.33V =6.66V

Of course, this is identical to the values obtained by all of the other
methods that were used to analyze this same circuit.
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Summary of the superposition method

1. Identify all of the independent sources in the circuit.

2. Choose one source that will remain active. Deactivate all of the
others. (Remove current sources, leaving open circuits. Replace
voltage sources with short circuits.)

3. Using whatever techniques are appropriate, solve for the desired
quantity (current or voltage) in the circuit. This will be a “partial”
result, due only to the one active source in the circuit.

4. Return to the original circuit. Choose a different source to remain
active and deactivate all of the others.

5. Solve again for the desired quantity, which will be a second partial
result.

6. Continue in this manner, working sequentially through each of the
sources in the circuit, finding a partial result for each.

7. Add together all of the partial results to obtain the total result
corresponding to all of the sources working simultaneously in the
Circuit.
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Cautions in using superposition

1. Superposition only works with linear circuits. (Linear circuits contain
only sources, resistors, capacitors, inductors, linear amplifiers, etc.)
Most electronic devices (diodes and transistors) are non-linear, so
superposition will not be applicable.

2. Because the method relies on linearity, you cannot add powers
directly using the superposition method. (Power goes as v2 or i2 — it is
not linear.) Use superposition to find the total current or voltage and
then calculate power from that result.

3. When finding the partial solutions, be sure to maintain the same
voltage polarity and current direction in each case. For example, one
source may induce the current in a particular resistor to flow in one
direction while another source causes to a current flowing in the
opposite direction. You must keep the proper signs when adding to
the partial results to obtain the correct total result.
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Example 2

For the circuit shown, use gyt
superposition to find the value Ve, Ci) R, (tD V.,
of Vr;. e 9 kO i

1. Deactivate Vs,. The result is a voltage divider between R; and the
parallel combination of R, and R;.

R R
i 2 | R, :
+ v = Vr1. T S1
v (+ "R1 R i R +RIR,
I : o)
o ki (14V)=8V

" 6kQ + (9KQ[9IKQ)
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2. Now deactivate Vs;. Again, the result is a simple voltage divider, but
now R; is in parallel with R;. More importantly, note the polarity of

144

vg; — it will be negative for this partial solution.

RZ ? kQ R NEE . R1||R3 V
. S RIR+R
78 ri TQ9KO) C_D Vs, (6kQ[9KQ)
6 kQ) r FALEs = — NF=H2V
(6kQII9kQ) + 9k

3. The complete solution is the sum of the two partial answers.
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R R
Example 3 ANATE
Shaas 10 Q 35 Q

For the circuit shown, use T ® 5 Hh T

superposition to find the Vi (—) - <—> Ver

power being dissipated in R;. 2V VY 4,9/5/3\, 65 £2 100V
R4 R5

1.In using superposition, we cannot find “partial powers” — we need to

find either total voltage or total current and then calculate power. For
this problem, we will choose to find vgs. Start by deactivating Vs,. We
note that the series combination of R, and Rs is in parallel with R3.

R R R
] 2 .
—AMA——MA— . Ras=Rsll (R +Rs)
: o /
V., (i) R,2 vp, YV (t) R,35 Vi3 = (20€2) | (35 2+ 65 Q>
ik O —_
= 16.67Q
R, R, KR,
R 16.67 €2
i 235 v (50V) =125V
Riistpitiin 16.67Q + 10Q +40Q
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2. Go back to the original circuit and deactivate Vs;. Note that with Vs;
shorted, the series combination of R; and Ry is in parallel with R;.

R] RZ RZ
—AW ANAN—
0o #5850 +

7\

M\

) 4 !/

R;Z ks C) VR3 (i) 1'43:
: 20 Q27 - 100 V -

— AN AAMN—

R34 = R5|| (R1 -+ R4)

= (20Q) || (10Q +40Q) = 14.29Q

Rw 14.29 O
Rauu+R,+Rs 2 1429Q+35Q+65Q

Vi, = (100V) = 12.5V

3. The complete solution is the sum of the two partial answers.

Vp3 = V;B +V;é3 =1 5N 125 V=73V

2
2 5y
And finally, P = "R3—( ) =3125W
R, 20Q
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I
Example 4 g

s

1B BB ; . R R.,1 k€2
In the circuit, find iz3. With aSak B han ldnsa b e |
three sources, there will be 1 k&2 ]

: . R3 i
three partial solutions. VSCtD R, R, <>152
10V L = iRn

1. Start with Vs. Deactivate the two R,

current sources. Find the partial

current, using whatever short-cut <+> R
: S\ —

methods you like. One approach:

use a source transformation and

then a current divider.

]:g:&:m_vzlomA I&C‘) R, R, 'R3 R,
R,  1kQ
1 Fl
fpp=——— 0 p=—— @ (1gmA)=2mA
R3+R4+R_1+R_2 3@ 1 3k
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2. Go back to the original circuit and de- \SBEE7.
activate Vs and Isy, keeping Is;. Note that R R,k
shorting Vs places R; is in parallel with Ro. —1\{(\5/2\/ ' i]’g;\ﬁ@_.

e n i RemLEEr : R R
Examining the partial circuit, we see that it : kQZ kO
is essentially a current divider. The source
current splits between two paths — one
with R3 and another that is a combination Is;
of R1, Rz, and R4. Q
R3
Rip=R,||R, + R, = 1kQ[3kQ +2kQ =275k | A !
s V;g3 RJ
L R, I W R
%;4_§iz —e RE — \\N\—
I _/\/\/\/_ I
Sl 2 2 o 0 i g J
= :_kg 1 (15 mA) = 11 mA R

1 kQ 2.75kQ
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3. To obtain the final partial circuit, go R, R;1kQ
back to the original circuit and de- ke
activate Vs and Is;, keeping Is2. As R R <A> bi

. - o 3kQ 2 kQ e
m.the prior case, R; is in parallel 75 A
with R>.

Again, we can find the current with !
a current divider. The source current
splits between two paths — the

|
|
|
|
branch with R; and another that is a Rm: R4§ (A)I
: S2
:
|
|
|
|

combination of R;, R2, and R;. Also,

note carefully the direction — iz’ will

be negative!

1 1

: 1.75 k€
e Iy =—— i (7.5mA) = —4mA
R 1.75kQ  2kQ

4. To complete the calculation, add the three partial results to get the total.

Ipa = Ilpx Floxr+imm=2MA + 11 mA —4mA = 9mA
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R, R, 30 Q R, 75Q

Example 5 CENAA e A ANA—
50 2
: + R A R +
Find vr.. Vi <—> SEEie i IS<> 50 O C— s
100 V e IS B S L 8 R4 90 Q LA v
AN

This looks nasty — there are 6 nodes with a super node or 4 meshes with
a super mesh. Either NV or MC will be tough. We might be able to do a
bunch of source transformations, but since there are only three sources,

let’s try superposition. R /\1;3\3/\/ R
Start with Vs;. Deactivate Is and + 15
] . V = V;QZ R R
Vs2. Shorting Vs, puts Rs in o= 2 5 |
p.ar.allel with Rs. Use a voltage T i /\5\4/\, =

divider between R; and all the _lf/{\/\/\/_

rest. Need the equivalent I+ -
? 1 : A1 /
resistance of Ry in parallel with V51<_> VR2 § 26

all the other stuff. =

Rys = R|l (Rs + R, + R||Rs) = (75Q) | [309 +90Q+ (50Q) || (75 Q)] =500

, 2 50 Q
Yro & Vo = (100V) =50V
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RSO0 RO R
Now Vs>, Go back to the B BRI VVV VVV
original circuit and deactivate | ¢ ¥ R - R i3
L S Vro <y Vrs <[5 C_ Ve,
Is and Vs1. Shorting V's; puts 0 TS _950Q ics
R; in parallel with Ro. AAA,
e R,o0e

Use voltage dividers twice: first to find the voltage across Rs, then again
to find voltage across R>. Need the equivalent resistance of R5 and all of

the stuff in parallel with it, seen looking back from V.
R
6
Ris = Rs|| (Ry + Ry + R, ||R,) .
= (509Q) || [30@+900+ (509Q) | (15Q)| =37.5Q VisIRss C_r) V.,
” R;s 37.5Q B
fs Vr = (F3 V) =23V
Ris+ Rs 37.5Q+ 750
Finally, ; esgmeac:
1/ 3 1/
V= Ry |IR; v R, vey ZR, Vrs =25V
Ri|[R, + Rs + Ry — R
30 Q2 Ve

= Ja+300+00a PV TV Rk = (509)1(759) =300
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Finally, Is. Deactivate Vs; and R, KoLl L R, 75Q
Vs in the original circuit. The 50 0 +/\3/(\)/;,3 ! ek
source current divides to the left R.S CA) R i
. : 2R RIEE 5
and right according to the 0 RIS 50 O 0
. . . 06AT R,90Q
equivalent resistances on either S AAN,
side. First find the equivalent
resistances left and right:
R; = Ry + Ry[|R, Rr = Ry + Rs|[Rq
=30Q+ (50Q) || (75Q) = 60Q =90Q+ (50Q) || (75Q) = 120

Use a current divider to determine the amount flowing to the left:
1 1

=R Io= 160_91 (0.6A) =04 A

R, + Re 00 T 00

vty = iy (RiIIR,) = (0.4A)(30Q) = 18V

To finish, add the three partial results to get the total.

Upo = Vo 0+ vy — 00NV VR ISV — /3 Y
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