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Lecture 5 - Summary

Learning Objectives

1. Use loop analysis method to compute loop
currents

2. Understand “Superloops”
3. Solve circuits with current sources

4. Derive voltage division formula and analyze
the limitations of voltage divider



Example 2 — Two loops

Obtain the unknown currents i; and i,
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Let’s designate these nodes as “ground” g since they are at the
same potential. We will not include in equations the potential
between these nodes, because = 0.



Example 2 — Two loops
Obtain the unknown currents i; and i,
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LOOP #1 Ohm’s Law:
KVL) Vap + Vg +Vga =0 2Ki,p + 1K —5=0

lab = U1 | | lbg = U1 — L2

3k i1 — 1Kk iz =5 ]| Eq. (1) 4




Example 2 — Two loops
Obtain the unknown currents i; and i,

2kQ ﬂo 3kQ ] \
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LOOP #2 Ohm’s Law:

KVL) Vpe+ Vg + Vg, =0 3Kipc —2+1Kkig, =0

lab = U1 | | lbg = U1 — L2




Example 2 — Two loops
Obtain the unknown currents i; and i,
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Loop 2

Solve system of equations

3ki1 — kiz —_ 5

—1k i, + 4K i, = 2
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Inverse of 2 X 2 matrix
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Example 2 — Two loops
The simple system of equations can be solved by substitution

11i, — 20/k = 2/K
11i, = 22/K

/i1=2mA

i, =3x2/k-5/k
i, = 6/k—5/k




Example 3 — Three loops

Obtain the unknown currents i, I, and i3

5 20 b 4Q c 20 d
 gVA'A e enVA'AY VVN—?
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4V g L2 '3 2A
+ 3Q 1Q ?
Loop 1 Loop 2 Loop 3
g g 8 g

By inspectionof Loop 3: |i3 =—2A

NOTE: Loop 3 has a current source. It is not possible to write a loop equation
for it because the voltage V;, depends on the rest of the circuit.



Example 3 — Three loops i3 =—-2A

Obtain the unknown currents iq, i, and i3

/ 5 20 b 4Q . 20 d
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iy i3 A
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\_ 8 g g g

LOOP #1 Ohm’s Law:
KVL) Vab+ng+Vga=O Ziab+3ibg_14‘=0

lab = U1 | | lbg = U1 — L2

5 i1 — 3 iz — 14‘ Eq. (1) 10
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Example 3 — Three loops i3 =—-2A

Obtain the unknown curre

nts i1, i and i3

4V Ly
+
- Loop 1
g 8

g

LOOP #2

'3 2A
@ C{>
g
Ohm’s Law:

KVL) Vbc + ch + ng =0

4ipe+ iy + 3 g, =

4' iz + 1(i2—i3) + 3(i2 — il) —_ O

ine = i — iy 3 i

1—8i2:2 Eq.(Z) 11




Example 3 — Three loops i3 =—-2A

Obtain the unknown currents iq, i, and i3

> > >
14
CE @ @ @Cl)
Solve system of equatlons [ ] 14.]
5 il —3 iz = 14

sh8h=2] [ 13 - bl



Example 3 — Three loops
The simple system of equations can be solved by substitution

5i1_3i2=14 3i1—8i2=2

i, — (40i; —112)/9 = 2/3

i, =5.6989 — 4.6
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Voltage across a current source

The following elementary examples show how the
voltage across a current source depends on the circuit
connected to it.

a a a
“ 1Q “ 1kQ “ 1MQ
b b b

Vab=2mV Vab=2V VabZZkV

14



Power absorbed by resistor

Pr=V,, Xi=RXi?

PR=4‘|,|,W PR=4-mW PR=4‘W
d i > d i > d i >
0 1Q 0 1kQ 0 1MQ
b b b

Vab=2mV Vab=2V VabZZkV
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Superloops

It is not possible to write an equation for a
loop with a current source in a branch. The
voltage across the current source is not as
easily determined as for a resistor or a voltage
source.

A way to get around this is to use a bigger loop
or “superloop” in which the KVL can still be
used.



Example — Obtain the unknown currents i; and i,

> >

Loop 2

10V 9 0 2mA S5kQ

2KkQ

The two loops have a current source in the
common branch and loop equations cannot be
formulated. .



Example — Obtain the unknown currents i; and i,

Define a “superloop”. Note that nodes a, a’, a” have
same potential. Also b and c have same potential.



Example — Obtain the unknown currents i; and i,

( i, G, )
a_).a_)a

Loop 1 Loop 2

>2mA 5kQ

b

Superloop equation KVL) Vo + Ve +Veg+Vaa=0

Ohm’s Law 5ki, + 2Kki; =10

Currents at node a’ 1—i, = 2mA Eq. (2)




Example — Obtain the unknown currents i; and i,

Solve the equations 2k i, +5ki, =10

il_ iz = 2 mA

Zk 5k[ ]=

Simplify to

Ea | R P

[ ] 2. 857
0. 857

Final result

mA



Example — Obtain the unknown currents i; and i,

Solve the equations
by substitution

il_ iz = 2 mA

—
i2=i1—2mA

2k iy + 5ki; —

7K i; = 20

: LA
2Kki; +5k(i; —2m) =10

5k2m =10

_ 20
1 = 7mA = 2.857 mA

2)mA = 0.857 mA




Alternative notation for Voltage

So far, we have used the notation below to represent
the voltage between two points A and B.
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Alternative notation for Voltage

Another very common representation indicates the
reference positive and negative potential location.

V:VAB:VA_VB
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Example — Find Voltages V{,V,, V3

2.2 kQ

+ Vy —
: _
12V | v,
_|_

+ V3 —

O /\/\/\

2.2 kQ

2.2 kQ
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Voltage Divider

V. @

— S A
i +
Ri< v,
e B E
_|_
R, v,

Vi=Vag & V; =Vpgc

i = Vin
Ry + R,

Vap = ipagpR1 = IR
V1 _ Vian
R,y + R,

Vec = IpcRz = IR;

VZ _ VinRZ
Ry + R,
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Example — Compute V,, for these two cases

(1)

IUVC

)

—>
l

3,!21 =10

—oJ|

R, = 10

out

1UV<

R, = 1KQ
Vﬂllt
R, = 1kKQ
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Example — compute Voltage V

(1)

(D

out

v VinR;
out R]_ _I_ RZ
10x1
Vour = 1+1 = 5V

i — Vin
R{ + R,
_ 10
i 5A

T1+1
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Example — Compute Voltage V ;¢

(2) VinRZ

—_—> V —
‘ Ut " R. +R,
R; = 1kQ

v - 10 X 1k -
wv@) ——o V., out = 91k + 1k
_ Vin
R, + R,
10
= | — =
TR TR

Question: Voltage results are identical. Which of the
two realizations do you prefer? 28

R, = 1kQ i




Example — Find V{ and V, for these two cases

Vi V,

1kQ 1kQ
10v@> oV, 10V@> — 8

1kQ 1kQ
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Mechanical analogy

5/m]|

A

5/m]|

>|€

\4
7, ©

h,

hy
5(m]
4, R
5(m]
h,
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Multiple resistors

REQZRI_I_RZ_I_“._I_RN

IK — I
Rl RZ RK RN
+ V- + V- + Vg - + Wy -
—_ —lp —lly _—
Il IZ IK ]N
< Vr = Vi >
K
Req
Equivalentto= | —/A\/\—
+ VT -
—
i a1




Multiple resistors |feq =R1+ Ry + -+ Ry

IK =1
Rl RZ RK RN
+ Vi - +V; - + Vx - + Wy -
— —_ — —

Across each resistor there is a voltage drop

v, = Bk oy

The larger the resistor the larger the drop. -



Have you ever noticed the polarity markings on
d.c. power supplies?

Ground reference V— < o— V+

is negative terminal

Ground reference + _
is positive terminal V < ® ; V



Example — Obtain the unknown currents i, i,, i3

1Q

~
2.6V 9 20

1Q
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Possible Loops & Superloops




10

~
2.6V 9 21}

10 Loop

O -2.6V+1Q(i; — i) +1Q(i; —i3) +1Qi; =0

36



®

1Q

2.6V 21}

—=-
10 Superloop

—2.6V+1Qi, +2Qi; +1Qi; = 0
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10

-~
2.6V 9 25}

10 Superloop

® 1Qi, +2Qis + 1003 — iy) + 1Q(iy — iy) = 0
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@O -2.6V+1Q(iy —iy) +1Q(iy —i3) + 1Qi; =0
@ -2.6V+1Qi,+2Qi;+1Qi; =0
G 1Qi,+2Qi3+1Q(i3 —iy) + 1Q(i; —i;) = 0

@ I, + 2A = {3 Add equation for current source

Divide equations @ @@ by (), all units become Amperes.
O —-2.6+(if—iy)+ (i1 —i3)+i; =0

@ -26+i,+2i3+i,=0

® i+2i3+(3—i)+({z—i)=0
@A i+2=i




After simplifications

® —2.6+3i;—i,—i3=0

@ -2.6+i,+2i3+i1=0

® 2i,+3i3—-2i;=0

®O i2+2=i3

We have three unknowns, only two of the first three equations are needed
O -2.6+3i;,—i,—i3=0

® 2i,+3i3—-2i;=0

G i, +2=i

40



Solve by substitution

> i, =2.5i, + 3

—4.6+3i,—2i
—4.6+7.5i,+9—2i, =0

4.4 +5.5i, =0

i,=—0.8A ||i;=1Ai;=1.2A

Verification: Substitute the results into loop and superloop
KVL equations. The left hand sides should give zero. 41




WS 2.1 Vin —_ 9V R1 — RZ — R3 — 31{9

+ V, — R., = 9kQ
AN
Ri V.
:i B i=—=1mA
Vin R, \£! Req
R3 * Ohm’s law
AVAY —n — _
¥V, — V,=1R,, =1m X 3k = 3V

Equal resistors, by simple symmetry

V.
> |V = —V3= —V,= %

= 3V




WS 2.2 Vin —_ 9V R1 — RZ — R3 — 31{9

V1 — —3V
VZ — —6V
V3 —_ —9V

Same circuit as in the
previous problem, with a
specified ground reference.




WS 2.3
A 2R 2R

|—~ 2R /R

Req B 3R /R

R., =2R+2R//2R+3R = (2+1+3)R = 6R




Express Viand V, in terms of

WS 2.4 :
voltage V/;,, and resistors R4, R,, R;
R
—AA oV,
Another variation of the
V. C+) same circuit. Voltages are
"\ R with respect to ground.
—V\ oV,
J=- R3 Apply voltage divider rules
v v R, + R4
1= "M R, 4+ R, + Ry
V,=V %3
27 "MR + R, + R;




WS 2.5 — solve with Loop Analysis Vin =7V

I =7mA
Ry = 1kQ
R, = 2KkQ
R; = 2KQ
R, = 1kQ
R: = 3kQ

There is a current source
between two loops. It is hard
to write separate loop
equations without introducing
new variables (e.g., voltage
across the current source)




Start with Loop 2 2Kk i, + 3k(i, —i3) + 1k(i, —i1) =0

eq O @

—i;+6i,—3i3=0

Cannot write separate
equations for Loop 1
and Loop 3.

Choose a “Superloop”!

47



Superloop equation 1K (i —iy) + 3k(i3 —i,) +1ki3—7 =0

Eq () @

2k Finally, an equation

including the current
source at the bottom

node
L
Eq@

1k i, = i + 7mA

since we had the
input | | = 7mA

48



1ki, —4ki, +4Kiz =7V Eq@

Divide by 1k() \-V simplifiesto: | i; — 41, +4i3 =7 mA

Solve the system

—

i1—i3=7mA Eq@

~i; +6i,—3i3=0| Eq(D)

. D,
i1—4i2+4i3:i1—i3 I > lzZZl:;
. S5 . . .9,
—11+6Zlg—313=0 I > 11=Elg
9_<_ ..
> i; —iz = 7mA i3 = 2mA i1 = 9mA
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