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Lecture 11 — Summary

Learning Objectives
1. Introduction to “dependent” sources

2. Solution strategies with “loop” and “node”
analysis



Independent Sources

These are sources whose behavior does not depend
on the circuit they are connected to.
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I-V Curves of ideal voltage sources




|-V Curve of a short circuit
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-V Curves of ideal current sources

I [y
O o [mA]
+ I
V 1
. -
—I.1



I-V Curve of an open circuit
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Dependent Sources

These are sources which are “controlled” by a current
or a voltage in another part of the circuit.

O O
V, = KV, I, = KV,
or or
V, =KI, I, =KI,
| O - O
Dependent Voltage Dependent Current
source source

Common representations of dependent sources.
Other symbols may be used by practitioners.




Possible Configurations

We have the following types of dependent sources

1. Voltage Controlled Voltage Source (VCVS)
2. Current Controlled Voltage Source (CCVS)
3. Voltage Controlled Current Source (VCCS)
4. Current Controlled Current Source (CCCS)



Control Source

Voltage (VS)

Current (CS)
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Where do we find dependent sources?

Example: bipolar junction transistor (BJT)

Collector
+6 to +12V
C4 =t | Speaker
c1 220u ﬁ:_’_ or 'phone
Base 140 OV/777 (>65R)
FH— Q2
B 2N3706
RV1
100k§' l R2
In C 47k
1u0 AAA
C3 it QR3
E 10001 J9R
¥ s I‘, s
Emitter ov

n-p-n BJT transistor symbol Basic low-power transistor audio amplifier circuit
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Where do we find dependent sources?

Example: Simple DC equivalent circuit model of a bipolar transistor

Collector

Is Je
Base B O—— —O (C
+ +
+
B VpE <—> B1 B<¢>
— CE

n-p-n BJT transistor symbol equivalent DC electrical circuit
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Homework 4 PL — Problem 4

% I O Vout
+
1002 Vi ?I{Uu
Vin I_ 50
Vout
O
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Homework 4 PL — Problem 4

Open circuit,
no current —

flows
(capacitive v,
structure)

—O Vout

50

All at the same ground

1002

reference potential

Vout
O
+
50
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Homework 4 PL — Problem 4

O Vout
+
1002 Vix ?H\F:
Vi, = 50

Vout

O
1002 Vx ¢ KVx
Uin

sn  Additional resistor
50 increases coupling
between right and left
¢ sides of circuit

I +
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Example 1 Find the Voltage V4

2kQ Vi
_|_
4V Ci) V, %Zkﬂ 2 x 1073V,
L

4Kk
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Example 1 Find the Voltage V;

Vi
@
i
V, < 2KkQ
L

4Kk
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Example 1 Find the Voltage V;




Example 1 Find the Voltage V;

= -2V
®
2KkQ

Vi
i
. |V,
|-
L

Find currents for completeness 4KkQ

V-4 -2-4

"E Tk T2k 0™

. Vi -2 . .
lzzﬁzﬁz—lmA I3 =—1l1— I, =4mA



Example 1 Find the Voltage V;

-2V

V1:
®
+
V, 2k
|-
+
V, =0

2
Q

<€ V2
4mA
—3mA
—1mA Across the 4KQ resistor
V; —V; = 4kQ X 4mA = 16V
4 mA Across the current source

V, —V; =16 — (=2) = 18V =



Example 2

3V

2KkQ

Find the currents i, and i,

'®
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Example 2 Find the currents i, and i,

3V 2kQ @

Superloop

Outer Loop KVL _l_

. 10°
-3 4':2]{.Lx —-'—EZ—'Lx =0 - P mA
1.5i, = 3m e — 210




Example 2 Find the currents i, and i,

3V 2kQ @

Ly
Superloop
Outer Loop KVL _l_
. 10°
_3+2klx_Tlx:O - > mA
L, — 1IN
1.5i, = 3m 2

Node (1) KcL _
—iy+i,+3mA=0 ly =—1maA




Example 3

1Q

Find Vy

20
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Example 3 Find V,

V, 10 vV, 20
® ©
_|_
VvV, >2Q 3V, i 8V




Example 3 Find V,

v, 10 v, 20
_I_
vV, >20 3V, i 8V
L
Ve—0 V,—V,
Nod i =0
de(D) =5 1
V, -V, v, -8




Example 3 Find V,
V, 10 v, 2Q
_|_
V, >20 3V, i 8V
After solving system
—1— of equations
V,—0 V,-V 16
Node @ X x Y — 0 V, = 17 —V
vV, -V, V,—8 oty
Node @ 1 + 3V, + 2 =0 y 17




Example 3

Verification

vV, 10

Ola»

+ g

vV, >20

L

i=& 1 .16 _8 i_Vy—Vx_24_16_£
17 92 727177 17 17 10 ~17 17 17
. 8-V, 12_56A ___+3V_8+316_56A
L R VAR Rl B A U A U A




Example 4

Vi

®

49

2V,

+ |

Find V, ,V,

20

"I_()—\/\/\/_O \<<

2V
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Example 4

Find Vy ,V,

Supernode

20
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Example 4

Find V, , V,

p— — — — — — — — —

Supernode

4. 1Q 2V
4
L Ve=—gV
Node (x) V, =V, +2V, >|V,=-V,
V,—2 V \{} V 4-V
Supernode KCL yZ +Ty+Z:O —> Y 5




Example 5

1,1

2V

+

1Q

Find I, 1,,

'®

%Tlx

1V
| +
+ |

21,

3Q
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Example 5 Find I, I

21,

toop (1) —2V+1Q1,—-201, =0

loop (2) —1V+3Q(I, +1,) — 21, +2QI, = 0
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Example 5

Find I, 1,,

.
:@ % 2Q)

Loop @ =21, +1, =2

Loop @ Ix+Iy= 1/3

1V
| +
©)
+ |

21,

| ae+1y)
31

34



Example 5 Find I, 1,,

Loop @ =21, + 1, =2

[, 10
31 2 ! > . ’
*TTET3T T3 8
—> |1, = —
'::>1:_E ’ 9
" 9 5




Example 5

Verification
1V
o1+
11, | @+1y)
2() @ 31 5
I, = ——
* 9
+1 _8
—\_L 21, IJ’ o 9

~2+1,-21,=0

2+8 2
9

—24+2=0

(

5

9

)-o
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Example 5 Verification
1V
o1 +
11, | aetny)
2Q) @ 31 5
=5
+ | _8
L 21, Iy = 9

loop (2) —1+3(I, +1,) — 21, + 21, =0

99
—14+1=0

5 8
~1+3(-54

5) =0
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Example 5

Verification

Superloop —2+1,—1+ 3(Ix + Iy) —21,=0

5+8 5
29 9

2+8 1+ 3
9

1V

11 o+
& %“>

21x

-3+27/9=-3+3=0

y)

I

|

y

5
9
8
9

)-o
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