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Analysis of Resistive circuit
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From Maxwell’s Equations
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KVL, KCLOIA 2 IS

S8 +H (lumped constants system).
(2) Aol X &3BH(net charge)= &iLH.
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KCL continued
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KVL continued
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Definition of Branch/ Node/ Loop

= Branch

o Ml 7H ofate| &XpJt L= A ALO[ 2| & 2 (b-a-d-e, b-e, b-c-f-¢)
= Node

o 2AHelement)2f &XL7} BHib= A (a,b,c,d,e,f)
= Loop

o 2H/UE H S 2 (a-b-e-d, b-c-f-e)
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Kirchhoff’s Current Law

“T

Kirchhoff’s current law (KCL):
The algebraic sum of the currents into a node at any instant is zero.

a =
4
I N + vy -
- - +
V1 I2l 21V i3l 31Vv3
+ + - ig
6
b + Vg —
(c)
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<Node a>
—L 4L+ -1 =0
L 11 |t

<Node b>
I1 = I2 T I3 + I6




Kirchhoff’s Voltage Law

Kirchhoff’s voltage law (KVL):

The algebraic sum of the voltages around any loop in a circuit is
iIdentically zero for all time.

iy
a = C <Loop 3,4,5,6>
4
I N — V. v iy
= = + s
l*iT INRE I2l 2 |vo l3l 3|v3 ;51 5| vs <L00p 1,4,5,6>
¥ l + l - i v V=V, =V, +V, =0
b <Loop 1,2>
b + Vg — d
(c) -V, +V, = 0
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Example 3.2-2 Kirchhoff’s Laws

Consider the circuit shown in Figure 3.2-4a. Determine the power supplied
by element C and the power received by element D.

- v+ + 4\ -

elm 611
40
| (b)
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Figure 3.2-4 (p. 58)
(2) The circuit considered in Example 3.3.2 and (b)
the circuit redrawn to emphasize the nodes.




Solution

a

6v|al|lsa ev|B|t-an -av

}i oE/ Fltioa m

(b)
Apply KVL to the loop consisting of elements C,D and B

V—(=4)=6=0 = v=-2V

Apply KCL at node b

7+(-10)+1=0 = i1i=3A
Py =(-4di=(-4)(3)=-12W D receives 12W.
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Example 3.2-3 Ohm’s and Kirchhoff’s Laws

Consider the circuit shown in Figure 3.2-5. Notice that the passive
convention was used to assign reference directions to the resistor voltages
and currents. This anticipates using Ohm’s law. Find each current and each
voltage when R;=8Q, v,=-10V, 1,=2A, and R;=1Q. Also, determine the

resistance R,.

o0
R2§V2 (* 12V
2 Unknowns 17
i1,i2 21| s Ry
a"T’VV\/TO
irf V3

Figure 3.2-5 (p. 59) +
Circuit with two constant-voltage sources.
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Solution

I. AtNodea
I, —1,—1,=0 3
2. Using Ohm’s law for R, k2 = rzv
v, =Rii; =1(2) =2V i1 i R,
3. KVL for the bottom loop incorporating v;,v5, and the 10V source aQ— NN—
~10+V,+v, =0 it
v, =10-v, =8V R1§V1 (I 10V
4. Ohm’s law for the resistor R, *
I, =Vv,/R =8/8=1A S 0

i —i,=1-2=—1A € i=1A,i,2A
5. Resistance R,

R, =V, /i, =—-10/-1=100
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Example 3.2-4 Ohm’s and Kirchhoff’s Laws

= Determine the value of the current, in amps, measured by the ammeter in
Figure 3.2-6a.

4 Q 2Q D:D:I
M AMA—<——-0 Ammeter_¢

iy 'm

4 Q 280

12V Ci) . 3i, l"m

(b)

Figure 3.2-6 (p. 59)
() A circuit with dependent source and an ammeter. (b) The equivalent circuit after replacing the ammeter by a
short circuit.
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‘ Solution

4Q 20 da 40Q 2Q Im
MN——VW\—0 a o—ANN AWN—0 C
| — B, & f By =
12v () <>3ia [im 12 v 1) 3i, im
Iy e
— O dcl — O
e

1. Apply KCL at node b
—i,-3i,—1_=0
2. Apply KVL to closed path a-b-c-e-d-a

0=—4i_+2i_ —12=—4(—%imj+2im ~12=3i, -12

Solving this equation i =4A

m
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Example 3.2-5 Ohm’s and Kirchhoff’s Laws

Determine the value of the voltage, in volts, measured by the voltmeter in
Figure 3.2-8a.

M AA—+—}-0 Voltmeter g

12V t) 3i, Vim

12V (i) 3i, Vi

b
Figure 3.2-8 (p. 60) (b)
() A circuit with dependent source and a voltmeter. (b) The equivalent circuit after replacing the voltmeter by
an open circuit.
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Solution

4Q 50Q s 4Q 5Q 0A
M\ ANN—o0 a —MN\—oc
i - 4i, + R oY= *
5 . .
12 VC—) ; 3, Ym |::> 12V l m 8L, Ym
a, ~ AR
O d — g =

Apply KVL to the closed path a-b-e-d-a

—4i, +3i,-12=0
i =—12A

Finally v =3i, =3(-12)=-36V
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Series Resistors and Voltage Division

= 183319 £ R X 5| 20iM KCLE KVLI 52| HEAS M Zof 2H,

KCL at each node (a, b, c, d)

a:l =i,
b:i, =1,
c:l, =1,
d:i, =i,
=1, =1, =1,

KVL around the loop

Figure 3.3-1 (p. 63)
Vi+V, +V, =V, = 0 Single-loop circuit with a voltage source V..

Ohm’s Law

RL+RL+RL-v,=0 = RI+R,I+R) =V
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Series Resistors and Voltage Division

12 3.3-2a9| £t R 3|20l A i, 2 AL 20— b
—AANN—0
V V1 Izl +
I = > vo [+ v
' R +R,+R, 16 2§R2
bis _ V3 -
do—A\\—=cC
nH®W XMeRoll d2l= dev,2 Ry I3
: V.R Figure 3.3-2a (p. 64
V. =1 R = s _n g (p )

hatA M et2 2 E 2 A d &=l 2H2ke| X &l Li5of ZICt,
o|2{st 5| 2 & voltage divider2txl St}

R

n

Vn VS
RO R e R
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Series Resistors and Voltage Division

HEZ AZE N el Meho| Z4HZE R, R, ... Ry2l A &gt= 7Hm,
= StLte| Mehgte A= Mg dE R E LIEHH,

o O

Bo o RGHERL L B

I} A4k (in Fig.3.3-2a)

p=i’R +i R, +i R,

= 32(R1 + Rz + R3) = is2R

Figure 3.3-2a (p. 64)

1-::.:_‘,}#: Department of Electrical and Computer Engineering, SNU
Wd?  prof. SungJune Kim



Example 3.3-1 Voltage Division

Consider the two similar voltage divider circuits shown in Figure 3.3-3. Use
voltage division to determine the values of the voltage v, in Figure 3.3-3a
and the voltage v, in Figure 3.3-3b.

AYAAY
+ 100 Q _
+
v, 12V (2T 400 Q vy,
— / +
«— 300 Q
(b)

Figure 3.3-3 (p. 65)
Two similar voltage divider circuits.
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Solution

1. In (a), the current in the loop is given by m
_ 12
‘=100 +400+300 0154 =15mA 12v (%) 400 © §
2. Using voltage division, I 3000
= 400 12) = 6V S VVYV
Y2 = 700 + 400 + 300 2 =
a
3. As acheck, @
6 = vy = 400(i) = 400(0.015)
4. In (b), the current in the loop is given by, again, AAAY
{ 12 0.0154 = 15m4 1o
~ 100 + 400 +300 04T 12\,69 4OOQ§
5. The voltage v, is same as v, except for polarity. i 3000
= = sl (12) = 6V - AW—
V2=V V2T 7001400 +300 0
6. As acheck, (b)

—6 = v, = —400(i) = —400(0.015)
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Example 3.3-2 Series Resistors

For the circuit of Figure 3.3-4a, find the current measured by the ammeter.
Then show that the power absorbed by the two resistors 1s equal to that

supplied by the source.
15V 15V
@ o__—+© Ammeter @ @
§5 Q §5 Q im
10 Q 10Q
NW—oill —NMN\—
(a) (b)

Figure 3.3-4 (p. 66)

(2) A circuit containing series resistors. (b) The circuit after the ideal ammeter has been replaced by the
equivalent short circuit and a label has been added to indicate the current measured by the ammeter i_.

2% Department of Electrical and Computer Engineering, SNU
Well?  prof, SungJune Kim




Solution 5 EEEE Y

() )

) o} © Ammeter @Q &,
§5Q §5.Q ‘l,"m

10 Q 10 Q

NN—olll M

(a) (b)

= Applying KVL gives
15451, +10i =0

The current measured by the ammeter is

oo A
5510

The total power absorbed by the two resistors is ~ p, = 5i2 +10i2 =15(1%) = 15(W)

The power supplied by the source is p, =—Vi =-15(-1)=15(W)

Thus, the power supplied by the source is equal to that absorbed by the series connection of
resistors.

2% Department of Electrical and Computer Engineering, SNU
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Parallel Resistors and Current Division

The Resisters in Figure 3.4-2 are connected in parallel.
Apply KCL at node a

=1 =1, = 0 a
. - i
or I, =1, +1, +lf1 lé
l v
From Ohm’s law ’ (19 ks Kz
. vV . vV
I, =— and i,=— b
R, R, 2
. V v Figure 3.4-2 (p. 68)
Then Iy = El + R_2 Parallel circuit with a current source.

Recall that we defined conductance G as the inverse of resistance R. We may
rewrite,

I, =GVv+G,v=(G,+G,)v

2% Department of Electrical and Computer Engineering, SNU
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Parallel Resistors and Current Division

The equivalent circuit for this parallel circuit is a conductance G, as shown In

Figure 3.4-3,where
G, =G, +G,

The equivalent resistance for the two-resistor circuit
is found from

G = i + L N
P R1 R2 ls C?) V § G[J
Since G,=1/R, we have 1 N 1 Figure 3.4-3 (p. 69)
Rp R, R, Equivalent circuit for a

parallel circuit.

. Rl R2
E R
Note that the total conductance, G, increases as additional parallel elements
are added and that the total resistance, R, declines as each resistor is added.

or R

2% Department of Electrical and Computer Engineering, SNU
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Parallel Resistors and Current Division

The circuit shown in Figure 3.4-2 is called a current divider circuit since it
divides the source current. Note that

a
Also, since i;=(G;+G,)v, we solve for v, obtaining & CD V< Ry R
— iS -
G, +G, b
- Figure 3.4-2 (p. 66)
Therefore, i = i Parallel circuit with a
G, +G, current source.
Similarly, _ Gy, +

L = G, +G, iy CD v g G,

It terms of two resistances, R; and R,,

; Figure 3.4-3 (p. 67)
_ Ryl Equivalent circuit for a
2 R, +R, parallel circuit.

2% Department of Electrical and Computer Engineering, SNU
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Parallel Resistors and Current Division

Let us consider the more general case of current division with a set of N
parallel conductors as shown in Figure 3.4-4. The KCL gives 2 Gy

i =0 +i,+i++iy

for which

in - GnV 13"(;3
for n=1,...,N. We may write
. Is G
i, =(G,+G,+G, +---+G )V -
Therefore \ _
is = VZGn .:1..,\(/’\1/\,_.
n=I
Since i,=G,n,, we may obtain v from Eqg. 3.4-10 ©
and substitute it in Eq. 3.4-8, obtaining - G, Figure 3.4-4 (p. 70)
n— N Set of N parallel
Z Gn conductance with a
n=1 current source .

2% Department of Electrical and Computer Engineering, SNU
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Parallel Resistors and Current Division

Recall that the equivalent circuit, Figure 3.4-3, has an equivalent conductance

Gp such that
N
G,=)>G
P nzz; " Eqg. 3.4-12
Therefore _
i — GHIS
"G

which is the basic equation for the current divider with N conductances. Of
course, Eqg. 3.4-12 can be rewritten as

1 N
-2

n=1 n

:U‘H

2% Department of Electrical and Computer Engineering, SNU
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Example 3.4-1 Parallel Resistors

For the circuit of Figure 3.4-5 find (a) the current in each branch, (b) the
equivalent circuit, and (¢) the voltage v, The resistors are

R =10, R=-0 R=10
2 4 8
*—
| i | i2 ;. lu

N
(00]
=
—_—
U/
=
-
N
=

Figure 3.4-5 (p. 70)
Parallel circuit for Example 3.4-1.
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28 A D v § Gy

<Equivalent circuit>

Solution

The current divider follows the equation

N
equivalent conductance G, G, = ZGn =G, +G,+G; =2+4+8=14S
n=1

Recall that the units for conductance are siemens (S). Then
N C N )
| =—=—(28)=4(A
| 4( ) =4(A)

=
Gp
. G, 4
Similarly, =—25 - (28)=8(A
Y 14( ) =8(A)
. Gl
I =——==16(A
and ! G, (A)
Since i.= G, v, we have V=I—1=£=2(V)
G 2

B Department of Electrical and Computer Engineering, SNU
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Example 3.4-2 Parallel Resistors

= For the circuit of Figure 3.4-7a, find the voltage measured by the voltmeter. Then
show that the power absorbed by the two resistors is equal to that supplied by the
source.

[(TTT]

@ © Voltmeter @

G 250 mA %409 10 Q

(a)

i t
Q 250 mA %409 u%mg Q 250 mA 1',\1%89

(b) (c)

Figure 3.4-7 (p. 71)
() A circuit containing parallel resistors. (b) The circuit after the ideal voltmeter has been replaced by the

equivalent open circuit and a label has been added to indicate the voltage measured by the voltmeter v_.. (C) The
circuit after the parallel resistors have been replaced by an equivalent resistance.

*# Department of Electrical and Computer Engineering, SNU
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Solution <Equivalent circuit>

Q 250 A <40 Q \‘mgmg Q 250 mA m-§89

(b) (c)

40-10
40+10

The resistance of this equivalent resistor

8(€2)
voltage v, V, = 8(—0.25)=-2(V)

VA Vi S
The power absorbed by the resistor Pr = 4n£) + 18 = 40 + 10 =0.1+0.4=0.5(W)

The power supplied by the current source Py = 2(0.25) = 0.5(W)

The power absorbed by the two resistors is equal to that supplied by the source.

Department of Electrical and Computer Engineering, SNU
Prof. SungJune Kim




Series Voltage Sources and Parallel Current Source

Table 3.5-1 Parallel and Series Voltage and Current Source

CIRCUIT EQUIVALENT CIRCUIT CIRCUIT EQUIVALENT CIRCUIT
Va Vp Vat Vp o]
Vg Vp Va— Vp T ia 5 5
o—@—o <> '
ia ib (o]
o—@—o—@—o Not allowed T °
OO OXS
! }

Ct) Va (i) Vb Not allowed
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Circuit Analysis

Consider the circuit shown in Figure 3.6-1.

R R; R- AN
—— VVV—VVV—VVVv—¢ T +
V. Cj) R, R Vo © Rg . C) s By
Figure 3.6-1 (p. 77) Figure 3.6-2 (p. 77)
Circuit with a set of series resistors and a set of parallel resistors. Equivalent circuit for the

circuit of Figure 3.6-1.

The equivalent series resistance Is R =R +R, + R,
The equivalent parallel resistance is R = GL

p

where G, =G, +G;+G

Then, using the voltage divider principle, we have v =—2"y




Example 3.6-1 Series and Parallel Resistors

» Determine the value of the current I for the circuit shown in Figure 3.6-4.

—A\W

200 Q 150 Q

40V Cj) 500 Q 600 O

Figure 3.6-4 (p. 78)
The Circuit considered in Example 3.6-1

2% Department of Electrical and Computer Engineering, SNU
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(\9]

6.

sov (@) 500 Q § 600 © § sov (@) 500 Q § 750 Q g sw0v () B0 § v,

Solution

aAAY, — VW AA"AY o AN
200 Q 150 Q 200 Q 200 Q g

[ | —

Figure 3.6-4 Figure 3.6-5(a) Figure 3.6-5(b)

The equivalent resistance of the 150- and 600 ‘Q resistors in Figure 3.6-4 Rs = 150 + 600 = 750102

: : : - 500(750
The equivalent resistance of the 500- and 750 ‘Q resistors in Figure 3.6-5(a) Rp = ﬁ = 30010
300
The voltage across the 300 Q resistor in Figure 3.6-5(b) v2 = 200 + 300 (40) = 24V
_ 40
The current in the resistors in Figure 3.6-5(b) h = 200 + 300 0.084 = 80mA
. . L 500
The current 1 1s related to the current 1, by current division L= 500 + 750 iy = (0.4)(80) = 32mA
. . , . V2 _ 24 _
As a check, we can also calculate the current 1 using Ohm’s law b=y =750 = 32mA

] # Department of Electrical and Computer Engineering, SNU
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Example 3.6-2 Equivalent Resistance

The circuit in Figure 3.6-6a contains an ohmmeter. An ohmmeter is an instrument
that measures resistance in ohms. The ohmmeter will measure the equivalent
resistance of the resistor circuit connected to its terminals. Determine the
resistance measured by the ohmmeter in Figure 3.6-6a

200 LITT] 209 LLTT]
— A\NN—e o<} © Ohmmeter @ ANNN—2 o1 © Ohmmeter @
%BOQ %BOQ %109 %209 %109
. o<} — o
(a) (b)
o} © Ohmmeter @ o} © Ohmmeter @
%409 %109 %852
ol ol

(c) (d)

5% Department of Electrical and Computer Engineering, SNU
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‘ Solution

<Equivalent circuit>

- = N —
// \N 200 I:l:l:l:‘ /’ 200 I:l:l:l:‘
/ +—NAN—+ o<} © Ohmmeter @ / v Lo Ohmmeter @
\
| %609 %309 %109 | S200 100
\ / \
\ — o<} \ —+——oa
N -
Sl (a) (b)
AT~ LTI [TTT]
/’ o<} © Ohmmeter @ o} © Ohmmeter @
I \
\ %409 %mp %89
\ /
N —7 S > |
~
- (c) (d)

a.  Equivalent resistance of 3002 and 60€2
60-30

60+ 30
b.  Series equivalent resistor of 20Q2 and 20Q2

=20(Q)

20+ 20 = 40(Q)

c.  parallel equivalent resistor of 40€Q2 and 10Q2

40-10

=8(Q2
40+10 )

5% Department of Electrical and Computer Engineering, SNU
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Example 3.6-3 Circuit Analysis Using Equivalent Resistances

Determine the values of i3, V,, Is, and Vg in circuit shown in Figure 3.6-7

ac

+ U1 —
— MA——
12 Q

68 18 Q

—\N—AM—

y b

- Uy +

(i 18V

20 Q

C(

§8£2 ‘s

50

5 d

2% Department of Electrical and Computer Engineering, SNU
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Solution - stepl

L - + U1 = + vy - - -<

Rt AA%AY (3 AN\ sl
4 IZQ \\ s
, 120 R B

- o Rl _d-
\ » + -y AN\ TV el aa=-"
N 6Q 18Q o—AA—o b 18V

8 [
(a) (b) {c) . l
- vy, +
c ANV od
R3
3RS MEhS oLl SOotHe 222 BHet

- example of resistor R,

(a) three resistors at the top of the circuit
(b) series resistor (6Q ,18Q) - 24Q
(c) parallel resistor(12Q2, 24Q)) = 8Q

Similarly, R = 12H(6 +18) =8Q
R, =12+(20[5) =16Q
R, =8|(2+6) =40

*# Department of Electrical and Computer Engineering, SNU
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Solution - step?2,3

Step 2:
- Apply KVL
18 18 _0.5(A)

Ri+Ri+Ri+81-18=0 = i= =
R+R,+R;+8 8+16+4+8

- Ohm’s law

v, =Ri=8(0.5)=4(V) and v,=R;i=4(0.5)=2(V)

Step 3:

- using voltage division, current division, Ohm’s law

. 8 . 1

I,= ml = 5(0.5) =0.25(A)
18 3

TR A

> (%)UlS)z—OJ(A)

vV, =

S 20+5
Vs = (20]5)i =4(0.5) =2(V)

I




Analyzing Resistive Circuit Using MATLAB

= The computer program MATLAB is a tool for making mathematical
calculations.
= Example

o Consider the circuit shown in Figure 3.7-1
Plot the current I versus the input voltage Vs

40 Q 48 Q 40Q ‘2 480 ls
NV MV NV VW
+ Up — + - Us + =
12V ’_f) 0.5 A 80 Q §329 12V (f) 0.5A 0, S 800 U6§329
- li“ * Tle
Figure 3.7-1 (p. 82) Figure 3.7-2 (p. 83)
The circuit considered in Example 3.7-1. After labeling the resistor voltages and currents.

Department of Electrical and Computer Engineering, SNU
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Analyzing Resistive Circuit Using MATLAB

= Solution
400 i B
AWM
KCL at the Node A: i +is = 0.5 + iy 12V® S s S
KCL at the Node B:  is = i T ’ b

KVL atthe Loop 1: 12 = v, + w4
KVL at the Loop2: Vva+vs +vs =0
Ohm’s Law at resistors: V2 =401, v4 = 8014, vs = 4815, ve = 3215

12 =401 + 8014

80iy +48i5+32ic =0

80i4+48is+32i5=0 = 80i4+80i5=0 = iy=—is
b—is=053+iu = bp=05720

= 12420

):80i2—20 = = 20

=04A

12 =401, +80(

% Department of Electrical and Computer Engineering, SNU
Well?  prof, SungJune Kim



= MATLAB input file

J:MATLA ). MATLAB

i2z=(12+20) /80

iz =
0.4000
>> i4=(i2-0.5)/2
ig =
-0.0500
>> i5=-i4;
>> 1i6=1i5;
5> v2=407%i2
>> B=[0.5; 0; 12; 0]
wZ =
16 B
, 0.5000
>> w4=80714 0
e 12.0000
-4,0000 0
>> v5=487i5 >> 1=a\B
V5= i-
2.4000

0.4000
-0.0500
0.0500
0.0500

v6=327%1i6

Department of Electrical and Computer Engineering, SNU
Prof. SungJune Kim




Example 3.8-1 How can we check voltage and current values?

The circuit shown in Figure 3.8-1a was analyzed by writing and solving a set of simultaneous

equation:
. . Y . ] Vv ] .
— —_2 — -5
12=v,+41,, I,= 5 +1;, Vs =41, 5 =1, +3I,
i6:5i4
N /vz;:o i3 := 0 id4 := 0 V5 := 0 \
b GCiven
20 12=wv2+4-1i3 Apply KVL to loop A.
c o— \AN— v2
+ ovg - iﬁl%?—l— 1.3 Apply KCL at node b.
f4T Q/ v =~ 4 i3 Apply XVL to loop B.
49 & 9 e 45 5 A Apply KCL at nod
— =] &1 pply at node c.
b()—_‘—%_—)d 2)
B —60
sazn(s 18
3 Find (v2,13,14,v5) =

ir | 6
o—(::)— 72
° \’1:‘]2\/ k /
(a) (b)

The computer Mathcad was used to solve the equations as shown in Figure 3.8-1b. It was
determined that

Vv, =—60V, i,=18A, i,=6A, v,=72V

How can we check that these currents and voltages are correct?




Solution

Ohm’s law i :V_zz__60:_12(A)
5 5
Applying KCL at node b I, =1, +1, =18+ 6=24(A)

I, cannot be both -12 and 24A, so the values calculated for vy, i3, iy, Vg
cannot be correct.

We find a sign error in KCL equation corresponding to node b.

.V, .V,
I, =2+, = i,=-2-1,
5 5

after making this correction, V,, i, i,, Vs are calculated.

v, =7.5(V), i,=1.125(A), i, =0.375(A), V,=4.5(V)
=V T2 s
55

i, =i, +i, =1.125+0.375 =1.5(A)

2% Department of Electrical and Computer Engineering, SNU
W&l Prof. SungJune Kim
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Solution

Additional check ig = 5iy
N
Ohm’s law N
v, =41, =4(1.125)=4.5 b
2 Q
CO ]
Applying KVL to the loop A ( +Ivv\;\' =
v, =12-v, =12-7.5=4.5 is | B
. 4Q 13
Applying KVL to the loop B o b A —d g
+ vy -

V3:V5:4.5 . Vzb
I

v, =7.5(V), i,=1.125(A), i, =0.375(A), v, =4.5(V) vy =12V

2% Department of Electrical and Computer Engineering, SNU
Well?  prof, SungJune Kim




Design Example — Adjustable voltage source

= Describe the situation and the assumptions

The voltage Vv is the adjustable voltage. The circuit that uses the output of the circuit
being designed is frequently called the “load”. (load current i=0) Lbad T

= State the goal ‘=9
A circuit providing the adjustable voltage Circuit T
—5V<v<+5V ; bgingd v cli_r(i:aucft
. . . esigne _
must be designed using the available components. = o
= Generate a plan
- voltage range -5V to +5V
- voltage source currents less than 100mA
- possible to reduce the power absorbed by Ry, R,, R
Figure 3.9-2
(a) A proposed circuit for producing the
Load variable voltage, v
circuit

(b) the equivalent circuit after the
potentiometer is modeled




Design Example — Adjustable voltage source

= Acton the plan

(b)

o Applying KVL to the outside loop yields

_12+Ri, +aR i, +(I—a)R i, +Ri, ~12=0 = i,=— 1
2R+R,

o Applying KVL to the left loop

v=12—-(R+aR))i,
24(R + aRp) o Suppose the potentiometer resistance

v=12 1s selected to be Rp=20k§2
2R+ Rp
24R R =14kQ
5=12- —
2R+R, €80

R=0.7R,



Design Example — Adjustable voltage source

Verify the proposed solution

0 When a=1
_12_(14k+20k

B 28k + 20k

o Power absorbed by the three resistance

) 242
—i’QR+R )=
P=1a p) 2R+R

0 INYE S01D| SIGHR 2 bS8 2 392 &OB(R =50kQ)
R=0.7xR, =35kQ

0[0

j24=—5 E 082 #E>  _5VV<+5V

k=]

-5V=12- M 24<v<12- & 24=5Ve= 022 015> -5V v <+5V
70k + 50k 70k + 50k

o Power absorbed by the 3 resistance is
— 242 —
50k +70k
o Power supply current is
- 24
50k +70k

which is below the 100mA that the voltage sources are able to supply. The design is complete!

p SmW

=0.2mA



Maxwell Equations

DI=2¢
Gauss 82 ﬁ(glg) =p
A 2E0| ¢ V-B = 0
Ampere2| =g & GX ﬁ :3_,_8(25) ﬁ:
Faraday2 > OB
MR YA VxE=——r
_ - _ -> - 6,0
Mot 2EES g3 V-J+L£ =0
ot
« 0/ BOIT=

EH T EYNFZ2005004 o/ &0 &5 et &



