Today, we learn some tools derived from the 3 basic laws:

*  Equivalent resistance
*  Voltage division
*  Current division

They help you develop intuition about circuits:

* To see relationship between variables
* To see several steps ahead
* To plan a solution to a circuit

Two terminal circuit
with all resistors
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Ways of connection

Series connection: Two or more elements are in series if every connected pair
exclusively share a single node, i.e., one node connects only two elements.
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Behaves like a
single resistor
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By KCL, same current flows through elements in series

Parallel connection: Two or more elements are in parallel if they are connected

between the same two nodes.

= 1=13

By KVL, same voltage across
parallel elements:

V1=V,=Vy

L5

L5

R; and R, are not in series because the node
connecting them also connects a third element.
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Determine series and parallel connection:

R, and R; are in parallel,

How about R; and R,?

R, and R, are not in parallel.

R4 is between “a” and “c”, R, between “b” and “d”
Any series connection?

Ry and R5 are not in series

Ry and R, are notin series

No series connection between any two elements.

These wires cannot be thrown away.
They must be connected to somewhere to draw power

Which pair of resistors are in series? Which pair in parallel?

Node 1 Node4  10Q and 59Q7? Not parallel, Not series

40 and 9Q?  Not parallel, Not series
5Q 40 and 5Q? InSeries
C' 90 and 18Q? In parallel

T Node 2

How many nodes in the circuit?
18Q2 Only 4 nodes

=

Node 3 §1OQ 50

Vg = V1g C>

18Q
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§ 2.5 Series resistors and voltage division L

+ vy - Given Ry, R,.

MV Whatis v/i ?

By KCL, same current in R;,R,
T By Ohm’s law, v, = Ryi,v, = R,i
<_> A v, R, ByKVL,v = v+ v,
Putting together:
- v =v,+v,=Rii+Ri =(R;+Ryi
= v = (R{+Ryi (1)

v = Reqi (2) Req =7

Compare (1) and (2):

R, =R +R,

L5

In general:

If Reg=Ri+R,+...+Ry, same v~ i relationship.

Rey is called the equivalent resistance.

Req=R1#R +.. 4Ry




Voltage division

_VN

Voltage division: Total voltage v is divided among the resistors in direct
proportion to the resistances. Larger resistance takes more voltage.

+

Special case with two resistors:

+ v,
i Jv\R/\/\/ v, = R, v
+ ! + R +R,

§ 2.6 parallel resistors and current division

Whatis Req =v/i?

By KVL, same voltage across R, R,
By ohm’s law: i, = v/R,,i, = v/R,
By KCL: i = i; + i,

Put together:
- v Ly, (1)
Rl RZ Rl R2
1
i=—v 2
R, (2)
) - =Dk
a 1 R +R,
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LS
In general
i .
l
+
ng RZ R
_ s R =
1
R = 1 1
—+—+ .+ —
Rl 2 N
9
. . . L5
Equivalent resistance for parallel resistors:
R 1
w= 7 1 1 Notation: _
7 L+L+M+L Req—Rl//RZ....//RN
Rl R2 RN
Special cases:
N=2: R,//R, = I ! = RiR,
2.1 R+R
Rl RZ
R;=R,=...=Ry=R: R = ! = R
ed 1 1 1 N
—t—+..+—
R R R
Simple combinations: simple rule:
3//6= 2 _ aR{XaR; _ aRzR; __
12//6:4 aRl//aRz —m—m— a(Rl//Rz)
15//10=6
20//5= 4 27//54=9(3//6) =9x2 =18
10
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LS
Common sense:
Adding more resistor to existing parallel ones reduces R,;:

1 < 1
1 1 1 1 1 1 1
—_—t ottt — .t
Rl RZ RN RN’-H Rl RZ RN
1 1
R, I I I <T_R"’ for any k=1,2,...,.N
—t— .+ — —
Rl RZ RN Rk

Equivalent resistance for parallel connection is less than any individual resistance

Equivalent conductance:

1 1

G,=—=—=—+—+...+ =G, +G,+...+ G,

v Req Rl 2 N
Current division: Given total i, what is i;, i, ? Req =
- e

l: i_L_I:RIRZ:i_Rzi oo iRy
4 b 'R RIR+R| R+R, AR
Ry R, i =—= 1" RR, _ R,

) R The other resistance on top
i = i
R, +;7The current is shared by resistors in inverse
L I
|

R" . proportion to resistance.
Larger resistor takes less current.
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L5
Two extreme cases:
Case 1: A resistor in parallel with a short circuit
i > i il = R2 i= 0 l:()i
> ; ‘l ; ! R, +R, R +0 !
1 y 1o » R . R .|
A i= i=1i|
Ry R=0 _____ R+tR R+0 |
A RR, R j‘x_b'";)_i
777777777777777 | = =
=) R, =0 P R+R, R+0 |
Case 2: Aresistor in parallel with an open circuit
+ 1 R
L b Vij=il 1 |
P 1R = =R,
Ry=ee | =0 | «“ 1 1 1
R1 2 'L_l_z____\ I —+ — |
_ | R, !
. |
13
L5

Equivalent resistance Examples

Req=4+2.4+8=14.40Q

14
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Equivalent resistance Examples

WV\% — W Wy
1OQ ;;* 100 )

10Q 1 Req=10+2//(1+2)
- =10+2//3
Req 2 2 =10+1.2
=11.2Q
15
Example: Compute I
I 90 T . Req1 = 30//(20+50)
AW AW “Rear ™ 2 30//70
8Q - 4G :; 50Q ‘,: =210
G) 4av b 300 :
200! Ry, = 14+9//18
LS9 =180 | - 14+6
>>>>>> Reqz -
Need to find the equivalent resistance W|th respect to 40V
Is 9Q)
- e — Req = 8+ 20//(21+9)
40V =8+12=20Q
20Q 21Q | 40 24
$ 20

16
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Example: Compute R,

12Q

Req = 10// (12+4//12)
=10//15=6Q

17

Practice 6: Find R,

9/23/2019

12Q

12Q

30
4Q 4Q >0
o 150 99§ § 180 Ry 150 o
i} i
Practice 7: Find I I > WQ
10Q2 5Q2
@
T 30v 90
18Q2

18
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Practice 8: Find v,

AN~ MW
15Q 10Q +
D
§3OQ §14Q NS
3Q
Practice 9: Find vy, v, Practice 10: Find iy, i,
i e < AN
b 40
4Q 6Q2 CD
40 34 2Q
Y —>
& z

19
L6
Three useful tools derived from basic laws:
* Equivalent resistance Used together to solve
* Voltage division = it problems
* Current division
+ v, -
J\Nv\/ Voltage division:
+ ! Ry + Rl
=
v, R, R +R,
— RZ
— , =
— R +R,
[
>, . Current Division: .
ll 12 ________________ ll
i |
R, R, D = R, i
i Rl + RZ } R1 C
|
| i, = R, |
L Ri+R,
20

10



L6
Example: Find ijand v,. + Vi =
I a0 o
12V 6Q 3Q
Approach 1: Assign auxiliary variable I.
Use equivalent resistance with respect to 12V to find
I, then v,=41, and i, can be computed by current division.
12V Req= 4 + 6//3 =4+2=6Q
R By Ohm'’s Law, I=12/Req=12/6=2A
® Thus v,= 41=8V.
. 6 6
By current division: % = 3+6[ 316 x2= EA
Be Careful: In this equivalent circuit, only I is the same as in the
original circuit. Neither v, nor iy, can be found in it. You need
to go back to the original circuit to find v, and i,.
21
L6

Approach 2: Use equivalent resistance of 6//3, denoted as R'eq.

7 + v, - R'eq=3//6=2§2. By voltage division,
a
4 2
v, = x12=8V,v, = x12 =4V
O R 4+2 4+2
" Be careful, i, cannot be found in the
b equivalent circuit. i# 1. You have to use the

original circuit to find i,.

Where is v, in the original circuit?

Since the voltage across 3Qis v,, by Ohm’s Law, i5=v,/3=4/3A

22

22
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L6
Example: Findv,, v,, 3A

4+8=R, CD =15//10
R
8Q 2
+ + +

N
ViZzan v, <>3A Vé 15Q § 10Q aA I
g e Dz Za

Approach 1: Which is the voltage across 3A ? vy or v,?

It is v,. If you know the Req w.r.t 3A, you can obtain v, by ohm’s law.

Req = Rl//RZ 172 = Req X3
3A " =4x3=12V

CD Req=(4+8)//15//10 o to find v, ?
v = e AR
_ =12//6 Need the original circuit.

By voltage division,

I O PR
Ti+87 2T =

= 4Q

U1

23

L6

Be careful, you cannot find
n n v¢ in the simplified circuit.
Have to use the original circuit

AN
Vi =40 <>3A V2§ 15Q § 10 tofind v,

Approach 2: Use current division. Assign I, 5.

R, =4+8=120

R, =15//10=6Q

R, /L By current division,
() V2= Ry

L L

R, 6
- 11=mx3=ﬁx3=1A

R, 12
12=R1+R2X3=EX3=2A

By ohm’s law, v; =41, =4V; vy, = R,I, =6 X2 =12V.

24
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Example: Find I5, I, vgp

10Q2

Outline of the solution:
Find I first, then use current division to find I;.

To find v,j, need to find v4, v,, then use KVL

VvV + 01 =0 vy = vy — 1y
To find v, need the current through 15Q.
Assign I,

I, can be computed by current division on I;

25

Step 1: Compute I V=il

N Req1 = 10 + 8 = 180
Reqz = 12 + (15 + 25)\\(25 + 20 + 15)

=12 +40\\ 60 = 12 + 24 = 36Q
Iy Req W.rit. 27V:

Req =3+ Reql\\ Req2= 3+ 36\\18

30 =3+6(6\\3) =3+6x2=150
REQé §Re1 =2l _2 g
! ST Ry 15

s _ Reql
Step 2: By current division: [; = ————
27V Reql + Rqu

18
T 18+ 36

X I

X 1.8 = 0.64

26

13



Step 3: Go back to the original circuit to find v,,:

10Q2

I, = 1.84;
I, = 0.64

1; is divided by 150 + 25Q = 40Q and 25Q + 20Q + 15Q = 60Q

60
v, = 151, = 15 X 0.36 = 5.4V
v, =3I, = 3% 1.8 = 5.4V

Vap + V4 +vy, =0

Vgp = —Vy — Uy = =54 — 5.4 = —10.8V

27

Example: Find vy and the power absorbed by the dependent current source.

(52
20 U4.5V
8 0.2v, 2 Vg
A

50

Solution: Assign current I

a
T \\//45v In
§ +
0. 2170 Vo

28

Hint: Use KCL to make an
equation for v,

I; is the same current through 2}

), Vo
By Ohm’s Law, L = 5 = 0.5v,
KCL at node a:
1.8 + 0.277() = 11 = 0.5170

= 1.8 = 0.3v,
= Vo = 6V

9/23/2019

14



We have : vy, = 6V

Power absorbed by the

I dependent current source?
{q_‘ 1 O p !
~ L7
20 - sy h
30 = V3 n Need voltage across 0.2v,
+
1.8A 0.2v, ZQ§ Vo Assign v
Vs _
+ —vy + To apply KVL correctly,
MW Assign vz, v,
5Q 4Q

vy =7 v3 =3 X 0.2y,
—3%02%X6=36V vs+v3+45+v5+v,=0
vy 6 Vs =—V3—45 —vy— v,
vy =? v=4l, L =—===34
* T T =-36-45-6-12
v, =4%x3=12V =-26.1V
Po.2v, = Vs X 0.2
=-261%X02x%x6
= —31.32W
29
) Variations of the circuit
2Q U4.5V + vy —
30
+
20
184 0.2, ZQ§ Vo 45V 20
CD 0.2vq §
ALY 30
50 4Q W
Iy
ey 50
20 20 1.8A
99V
18a )] 0.8v,
20 = v, > Same idea!
— Express Branch current I, I,
@ In terms of vy,
5Q 15V Then apply KCL
If power by a current source is needed, compute its voltage
by using KVL
30

KVL around right side loop:

9/23/2019
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Example: Find v, and v,.

;’l Alternatively:

120 ' Ohms Law: 1. = 61, = 16.2V |
A=W : oo o
+ 20 8Q + i Voltage division:
7} ' _ 9 _
90 = v, 100 <>4_5A §59 v, = 80 Uy = X0 =972V |
J— GQ F
More current division:

I; = 10 x 1; = 1.084
*T10+150 Y T
l‘74 v, =913 = 9.72V

8£;T2 I, = 5+—20 X I, = 0.364
v, = 8I, = 2.88V
/R'eqz

Current division:

I = 12 X 4.5 = 2.74
A R - tTe+127 T

8Q=Reqq 457 = Reqz=12Q PR I
Z78+127 T T

31

Example: Find the currentsiy, ..., ig

—MW———
0 "
+ .
O .
18V -

32

L6
Approachl: Use equivalence resistance
and current division.

&
Req = 4 +3//9//18=60

iy is
3Q 18
90 18Q Rea iy = — =34

6
l2=m>(ll §X3=2A
x3 =14

18 =By
+T91187 BT T3

= 9 X i 9><1— A
5T9r187 BT 27 773

9/23/2019
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Example: Find the currentsiy, ..., is

33

Example: Find iy, 15,103,104,y

AN i > Approach2: Use voltage division and
4Q ! Ohm’s law . Assign v,.
+ .
S I L
vy, =, Y is
_ 90 18Q
By voltage division v, = i X 18 =6V
W g v, 6
40 ! By Ohm’s law, i; = 72 =5=34
+ v 6
(* lp=—=-=24
_ y § 3//9//18=20) 3 3
18v 2
_ %) 6 ic = 2 — i [
h=5=3=34 "7 18 18 3
i3 =iy +i5 = 2 + ! 1A
I3 =1l Tls = 3737

2

20Q

J -. o

Shrink to oné\
point

T~

)

30Q

In all three circuits, i4, i,
How about I,,,I;? By

[0=i1+i2=i3+i4=314 C

L=l —iz=1i4—1
By current division:
20

===X3=24;i, = 14;

h=35
is = 1.84;is = 1.24;

34

i3, i4 are the same
KCL, Iy = iy + ip=?

Ix = i]__i'_;; =0.24

Ix = i4_i2 =0.24

30Q) |

iy /

9/23/2019
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e Test 1 will be given on Sept 30 (Monday), 11-11:50am.

In Ball Hall 210 There will be two versions in different colors.

Please arrive 5-10 minutes earlier

* A practice exam will be given on 9/25/2019(Wednesday), 11-11:50am

in Ball Hall 210

Solution to practice exams will be posted at website
Solution to all practice problems in lecture note will be posted.

35

Practice 13: Find Iy, v,

—>——\W/i-
Practice 12: Find I3, I, v, 1 15Q
6Q 40
MW AN
+ + v
=/ 30V
>——\\Wh
I 6Q
< MW
0 50 8Q
+
A
§1ZQ §69 <> v, =40
3.5A

36

R6
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R6
Practice 14: Find Iy, v,
62
MW
6Q2 Iy
20V +

N
+
C) %§“) 150 §mg

37

R6
Practice 15: Find the voltage v, Practice 16: Find vy I,
30v MWW
N\ + 40 100
15Q
=
6Q) 120 < 6Q |
o — O
I
Vy x 30V
_ =
A——— AW 120
120 18Q

38

19
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R6
Practice 16a: Find vy, |,
200 50
+
CD v, §1sg
5A lo _
9 180
39
R7
Practice 17: Find v,, I,
AW AW~
140 602

40

20



30 R7
Practice 18: Find i
iO
AW —
40 4Q
30 CD
3A
Practice 19: Find i,
41
R7
Practice 20: Find R for the circuit
R 602
W
+ 10V —
\
20V 30
4Q
MW
Practice 21: Find V, for the circuit
6Q |,=2A
W
4Q
/A 10Q 90
42

9/23/2019
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Practice 22: Find R so that I is 10A

I,=10A 100
>\, W
4Q
64V 8/302 R

R7

9/23/2019
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