Electric circuit analysis 8™ edition by Hayt & Kemmerly chapter3 solutions.
Prepared by Ranz.
Exercise 1

A node is a point point at which two or more elements have a common
connection.
A branch is a section of a circuit between two nodes.

Now counting, we get:
a) 3 nodes b) 7 elements ¢) 7 branches

(by the definition of a branch, the number of branches is the same as the
number of elements, but this only applies when all the elements are active)
a} 3 nodes
b} 7 elements

c} 7 branches

Node is a point between two elements. Branch is a section between two nodes.
Hence here, the number of elements and branches are essentially same.

Nodes =5
Elements = Branches =7
a)b
b) 7
c)7

Exercise 2

A node is a point point at which two or more elements have a common
connection.
A branch is a section of a circuit between two nodes.

In the given figure we have a 20 resistor and a wire in a parallel. This means
that there is no current How in that resistor and the potential on both of
it’s sides is the same, therefore both sides are a part of the same node, so
the number of branches won't be the same as the number of elements (since
one element is inactive).

Now we can count:
a} 4 nodes b} T elements (of which one s inactive} ¢} 6 branches

a} 4 nodes
b} 7 elements
c} 6 branches



Exercise 3

A node is a point between two or more elements.
If we look at the given figure we get:

a) 4 nodes

If we start at one node and move trough simple elements to get to other
nodes and don't encounter any node more than once, then we've formed a
path.

b)

Now if we start at point A and move to point B, we've moved to another
node and that means we've formed a path, but we visited each node only
once s0 there's no loop.

Path - ves
Loop - no
c}

And we do the same for ¢) part. After moving from C to F to G, we're still
in the same node, therefore:

Path - 110|
Loop - no |
a} 4 nodes
b} Path - yes Loop - no
¢} Path - no Loop - no
Exercise 4
1
a)
Number of elements in this circuit is
2
b)

By moving from B to C, we're now in a new node and from C to D we're in
a new node again.

That means we've formed a path.

Since we visited each node only once, we haven't formed a loop.




c)

Upon moving from E to D, we're still in the same node, but by moving from
D to C to B, we've moved to nodes.

That means we've formed a path.

We visited each node only once, meaning we still haven't formed a loop.
a} b elements

b} Path - yes Loop - no

c) Path - yes Loop - no

Exercise 5
1

A node is a point between two or more elements.

a)

By counting, we get that the number of nodes in the circuit is

2
Number of elements is .
{the 5 resistors)
3
c)
A branch is a section between two nodes.
S0 the number of branches in the circuit is
{the same as the number of active elements)
4

(7} [neither | we're still in the same node
(#1) |only path| we've moved by 3 nodes and visited each only once

(i1} | path and 100p| we've moved by 4 nodes and closed the loop in node C

(i) we've visited node C twice, but didn't finish in it
a) 4 nodes
b) 5 elements
c) 5 branches

d} (z) neither (iz) path only (i) path and loop (iv) neither




Exercise 6

When using the first option, if any of the bulbs fail,
the series is broken and we have an open circuit, meaning,
there is no current flow. In this situation, non of the letters (bulbs) will work.

By using the second option, if a bulb fails, all of the other bulbs keep
on working. So using this option is probably better for the owner because
if any letter fails, all of the others are unaffected and keep on shining.

2nd option

Exercise 7

1
KCL states that total current entering a node (I} must equal the total

current leaving the node (I ).

Ig=1I;

a)
And now we can calculate:
ig +ia=ic+ip+ig
ig =i~ +ip+ig —ig
ig=d4-2+0+-1
b)
Apain we use:
ig ti4 =ic+ip+1ig
g =i +iqa—ic —ip
ip=—1—-1+1+1

a)ig =0

b) iz =0



Exercise 8

1
KCL states:
Ip=1;
(in a node, entering current must equal leaving current)
a)
So we get:
I+6=T7
I=7-6
I=1A
2
b)
By the same logic:
I+3+3=2
I=—4A
3
c)
The other end of the Ry resistor is not connected to the circuit, so there
won't be any current flowing trough.
I =0A
al I =1A
b} I = —4A
c) I =0A
Exercise 9
1

KCL states that:

And with all the other currents known, we get:
TA+3A=1A+1

p=7+3-1

KCL, total current entering a node = total current leaving a node
Current supplied by source is the current passing through R1. Hence we can use
KCL.
7+3=i2+1;i2=9A



Exercise 10

1
KCL states:

Now we just apply that rule:
1A =i+ (—3A)+ TA

12 = —3A

KCL, total current entering a node = total current leaving a node
Current supplied by source is the current passing through R1. Hence we can use KCL.

1=i2-3+7;i2=-3A

Exercise 11

1

KCL states:

Ig=1p
Which gives us:
THA+(—1.6A)=15A+1Tg,
{we assumed that current Igr, is leaving the node)
Ig, =76 -16-1.5
Ig, =45A

2

Voltageon Ry is Vg, =9V,
Using Ohm's law we get:

IL."
R==
I
9
Ra=1%
Ra=20

KCL, total current entering a node = total current leaving a node
Let current passing through Ra in the downward direction be |
76-1.6=15+1;1=45A
Ra=9V/45A=2ohm



Exercise 12
1

KCL states that total current entering a node must equal total current
leaving the node.
Meaning:

Ip+1c=1Ig

We can see that:
I-=150-1Ig

Now we can calculate Ir as:

Ig=15-10"%+100-107"

Ip=15.1mA
I~ =15mA

Ig =15.1mA

KCL, total current entering a node = total current leaving a node
Ic =150 x Ib =150 x 100 uA = 15 mA
le=lc+Ilb=15mA+ 0.1 mA=151mA

Exercise 13

1
First we calculate Vs by applving Ohm's law:
Vy=R-1
Vy = 4700-0.002
Vy =04V
2

Now we calculate I current. Since it flows in the opposite direction from
the current given by the source it will be negative.

Ii = —51-"1(
I;= —4TA
I;= —47A

Vx=2mAx4.7 kohm=9.4V
I3=-5xVx=-5x94=-47A



Exercise 14
1

Let’s take a look at the node between the leftmost resistor and the source.
By KCL the current leaving that node must equal the current entering
it. Meaning, if any current would flow trough the rightmost resistor those
values would not be equal.

Therefore Iy =10,

Let’s take a look at the node between the leftmost resistor and the source.
By KCL the current leaving that node must equal the current entering
it. Meaning, if any current would flow trough the rightmost resistor those
values would not be equal.

Therefore Iy =10,

Let us take the node between the two resistors connected to the source. KCL
states that current entering a node should be equal to current leaving a node.
Since both resistors are connected to source, current flowing through both should
be same. By KCL
[-1+ix=0;ix=0
VX=ixx0;Vx=0V
RESULT
Proved in solution

Exercise 15
1

Each resistor is 102,
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Exercise 16

1
For this circuit, by applving the KVL we got:
' — 9 + ty = []
a)
m =17+10
b)
c)
va=T7+Y
d)
U3 = 233 -1.7
vy = 0.63V
a)vy =17V
b) vy = -4V
c) v =16V
d) v = 0.63V

By KVL, V1 + V3 =V2
ayvli-17=0;vl=17V
byvi+2=-2;vl=-4V

c)v2=7+9=16V

d)v3-2.33=-1.7;v3=0.63V
RESULT
a)l7Vv
b) -4V
c)16V
d) 0.63V



Exercise 17
1

a)

Apply KVL gives us:
OV AV —w, =0

vy = —13V
And by using Ohm'’s law we can calculate i,

'y

Iy = m
i, = —1.86A
b)
We do the same thing here:

—IV+TV —w, =0

Again Ohm's law gives us:
EJ! - ﬁ
i, =0.625A
al v, =—13V 1, = —1.86A

b} v, =5V 1, =0.625A

a)ByKVL,9+4 +vx=0;vx=-13V
ix=vx/7=-13/7=-1.86 A

b) By KVL,2-7+vx=0;vx=5V
ix=vx/8=5/8=0.625A
RESULT
a)-13V;-1.86 A
b)5V; 0.625 A



Exercise 18

1

a)

By applying KVL we get:

IV -2V - Vo + 5V - Vo =10
By applying Ohm’s law we get:
V-2V -2 +5V-10i=0
And now we can calculate 1
12i=4
i =0.333A

2

b)
Similarly as in a), we get:
—10V—-2i+15V+15V-24—-2i —2V+1V -2 =10

8i=—8

ali = 0.333A

b)i=—1A



Exercise 19
1

KVL gives us:
vg — 12V -3+ 15+ 15V -1, =10
and

—AV+ 23V —wvg =0

Now it's easy to calculate vg:

And now for ws:

IOV -12V - 15V + 1w +15V-3V=10

[t = —4V
v = 10V
v = —4V

Exercise 20
1

The voltage difference between points a and b is:
vy = v — 12V — 1y

First we need to find the unknown values.
We use KVL and get:
g — 23V +4V =1

vp = 19V
And now we can calculate v, as:
i, =1 — 12V — 1

iy = 8.5V

v, = R.5V



700

fae Sam< volT®c




Exercise 21

1
Here we use both KVL and KCL and also Ohm’s law. We can calculate
tr 30 88
vran = T1.0-0.5
a0 = 4.060V
2
Using KVL we get can get vyg:
i = —a.065+23
v = —1.35V
3
Let’s call the voltage on left 202 resistor vag, and on the right one vag;,.
Since we know 1o we can caleulate iqg:
P —1.35
=3
iin = —1.35A
4
KCL tells us that:
—1.35A + 150, = 0.5A
And we get:
P90 = L.B3A
5
Applying Ohm's law gives us:
a0, = 1.85A . 20)
2 = 3.7V
6
To get vag, we apply KVL once again:
vagp = —1.35V — 3.7V
oy = —a.05V
And by KVL v must equal v,
50 in the end we get:
vy = —5.05V
v, = —5.05V
Exercise 22
1

KIV gives us:

If’rs — V] — Vg = 'D



a)

Since I is the same everywhere in circuit because of Ohm’s law:

and we get:

We write that as:

b)

Since I is the same everywhere in circuit because of Ohm’s law:

Vi Vs
I?__f?]+!?:
and we got:
Ry
Vi=Vyg—eo—or
1 SR]'l—RQ
Ry
Vo=V - Vgeeouo
2 5 E'RI-I—RQ
Ra
Vo=V,
: i"Hrl—ﬂa
r_ v
ﬂ} Vi L H1+H2
Ry
b) V5 =V,
e R+ Ry



Exercise23

1
a)
Here we'll be applying KCL, KVL and Ohm’s law.
First, we have:
vg =2V
And we can calculate is using Ohm'’s law as
P 2
76
ip = 0.333A
2 v
For i3 we have the expression:
i3 = 91
Giving us:
Also, by applying KCL, now we can determine i; as:
if = i3 + i3
i1 = 10.333A
3
We are give the expression for vy too:
g = 5!2
vy = L.66TV
And since vy = vy
vy = LOG6TV
By applyving Ohm’s law we calculate is:
U
Iy = —
5
i = 0.333A
And again, applying KCL gives us:
13 =14+ 15



Finally we can determine v as:
—L'Q -|— Ll_li -|— th — {_]

b)

Now to calculate the power absorbed by each element we use, but we also
take into account into which terminal the current flows {positive or negative):

P=u; -4

And we get the following:

Py = —10.333A-2V =

| P, = 0.667W |
[P =3.333W]
| Py = 16.111W|
| P; = 0.556W |

And the sum checks to be zero:

—20.667 + 0667+ 3.333+ 16.111 + 0556 =0

i1 = 10.333A v =2V
is=0.3334 =2V
is = 10A v3 =0.333V

is = 9.66TA vy = 1.667V

is = 0.333A vy = 1.667V

b)
Py = —-20.667TW
F; = 0.66TW
P; = 3.333W
Fy =16.111W
Py = 0.556W

—20.667 + 0.667+ 3.333 + 16.111 + 0.556 = 0



Exercise24
1

Since no current flows into the "-7 terminal of the amp, the same current

flows trough 1000 and 4700 resistors. By applving KVL we get:

5V — 1007 — 4701 — V,,,, =0

We can apply KVL one more time and since V; =0 we get:

SV 100 =0
2
Now we can calculate I as:

I =0.05A

And use it to get Ve
—23.5

Vout = —23.5V
7= —23.5V

[y |

h =
Vout = 5 —

Exercise25
1

First we caleulate the current as:

=

Val — Ta?
i R T
Ry + Hs

And now to get the power absorbed by each element we'll use:

P=UI=1IR

Pz‘,-:'l =-—8-4.21 :
Pz'sz =16.—-4.21=
Pr, = (—4.21)2-1=|17.72W

Pg, = (—4.21)%. 4.7 =83.3W
P, 1 = —33.68W

F, 2 = —67.36W
Pr, =17.72W
Pr, =83.3W




We must first calculate the current using:

-z —vy)  —16+8

= =—4.2
R+ Hs 1+4.7

The power absorbed can be calculated respectively as:

vi: vy (1) = —8(4.2) = —336
v2: vy(I) = 16(—4.2) = 67.2
R1: Ry(1?) =422 =176
R2: ro(12) = 4.7(4.2)2 = 82.9

Exercise26

1
Let’s number the devices by numbers from left to right.
We can get the current in the circuit as:

L
BT
Now we get the expression for the voltage in element 3:

Sy = —40i

Applyving KVL gives us:
45-2i—8Bva+wva=0

45 -2+ 40i—-5:=0

. 45
i =33 =—0.136A
vq = —0.136- _Tm — _0.682V

Now we're able to calculate the power absorbed by each element:

P=VI=1IR

Py =45-0.136=
Py=0.136%-2 =
Py=8-(-0.682)-0.136=
Py=01362.5 =



P, =0.612W

Py =0.03TW
Py = —0.742W
Py = 0.002W
Let current flowing through circuit be i.
Va = -5i
8Va = -40i
By KVL,

45=2i+8Va+5i=7i-40i=-33i
i=-4.5/33=-0.136 A
Let us number the devices from left to right as 1,2,3,4. Power absorbed by

1:45x0.136 =0.6136 W
2:0.136 x0.136 x 2 = 0.0369 W
3:-40x0.136 x0.136 =-0.743 W
4:0.136 x 0.136 x5 =0.0925 W
Exercise27
1
Applyving KVL gives us:
300¢ — 2V 4+ 10008 — 3v, + 22000 =0
And in the given diagram we can see that:
v, =1 - 50002
2
Now we can calculate @ as:
5007 — 2 + 10007 — 1500i + 2200 =0
i 2
2200
i=0.00-10""A
3

We can calculate the power absorbed by each element as:

P=VI=1IR

Pigon = (9.00-107%)2 - 500 = [413.14pA
Pyy=2--0.00-10~* =[1.818mA]
Pien = (9.00- 1077 - 1000 =
Ps,, = —3-500-i- —0.00- 10~ =

Py o = (9.00-107%)% . 2200 = [ 1.818mA



Pigon = 413.14pA
Pov = —1.818mA
P = 826.28uA
P, = —1.240mA
Prown = 1.818mA
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We have our circuit, and we have to calculate the power absorbed by every
element. Let's find the current in order to do it.

2V + I{1000 + 2200 + 500)Q — 3V, =0
Apply Kirchhoff voltage law to find current.

V, = I{5002)
V., can be calculated by the current and resistance

2V + I{1000 + 2200+ 500)Q — 3(5001Q) = 0

21
I = 5 09007 .4

Calculate the current

Psgo = (0.0000001 A)2(5000) = 0.413mW
Pyago = (0.0000001 4)2(22000) = 1.818mIV
Pigo0 = (0.0000001 A)2(10008) = 0.82641
Ps; = (0.0000001 4)(2V) = 1.8182mW

Py = (0.0000001 A)2(5000) = 0.413mWV

Calculate each power
Pygg = 0.413mW

Pasgg = 1.818mW
Prooo = 0.82641W
Ps; = 1.8182mW
Psy = 0.413mW
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Exercise28
1

a)

First we need to find the current i, and for that we use KVL and Ohm’s

law:

12V - 274, — 330 — 13- 0. =2V —-19-2, =10
10=92.4,
ip = 0.108TA

Now we can calculate absorbed power as:

P=1V =I°R

(Since i, is Howing into the negative terminal of 12V source, Fioyv will be
negative. )

Piav = —0.1087-12 =
Pz = 0.1087%.27 =
P330 = 0.1087%. 33 =
Px =0.10872.13=
Pyy = 0.1087.2 =

Pign = 0.1087%. 19 = [0.2245W



b)
We do the same as in part a):
12V —27 i, — 33 i, — 4oy — 2V -19.4, =0

dvy =4-33-4,

12V 274, — 334, —4-33-4, -2V _10-i, =0
10=211-1,
iy = 0.0474A

Py = —0.0474-12=
Parg = 0.0474% .27 =
Paso = 0.0474%.33 =

Py =0.0474%.4.33 =
Py = 0.0474-2 =
Pion = 0.0474%.19 =

c)

We do the same as in part a):
12V - 274, — 334 —4i, -2V -19-4, =10

10=83-1i,
i = 0.1205A

Py = —0.1205-12 =
Pyro = 0.1205%.27 =
Pa3n = 0.1205%.33 =
Py =0.1205%-4 =
Py =0.1205-2 =

Pion = 0.1205%. 19 =



b)

Piav = —1.304W
Pyory = 0.310W
Pyzo = 0.3800W
Py = 0.1536W
Poy = 0.2174W
Pygq = 0.2245W

Pyoy = —0.5687W
Py-qy = D.0606W
Pyzn = 0.07T41W

Py = 0.2064W
Py = 0.0048W
Pion = 0.0427W

FPiay = —1.446W
Porn = 0.392W
Pizn = 04T92W
Px = 0.0581W
Poy = 0.241W
Pron = 0.2759W



Exercise29

1
Applying KVL gives us:
3—-100-Ip—-Vp =0
We'll replace I'p with the right side of the equation
Yo
Ip=1Is-(e'T —1)
and we’ll get:
-
Vp=3-100-Is-(e™F —1)
Vp = 3—100-29. 1012 (e — 1)
We can calculate Vp using scientific calculator.
Vo = 0.5540V
Vp = 0.5549V
Exercise30
1

a)

Applying KCL gives the following expression:
JA=4+TA+1
Since elements are in a parallel the voltage drop on each element is the same.
v=4-13 =212
Which means that:
2 = 2 -1y
Now we're able to caleulate 14 and is.

A= +TA+2.-4

4
=__A
11 3
8
a2 = _EA




h)
4 16,

v=—dg =g

To calculate the power absorbed by each element we use:

P=1V =I°R

3

16
Pia=-3- (——) =|16W

3

AN 2
Pi=4- (——) =|7.11W

16 .
Pa=1- (%) =[]

2

P =2 (—ﬁ)_ _ 1120w

3
)
i; = —1.333A
iy = —2.667A
b)
Psa = 16W
P =711W

Pry = —37.33W

Py =14.22W

Exercise31
1



Applying KCL gives the following expression:
—2A=04 +3A+12
Since elements are in a parallel the voltage drop on each element is the same.
v=10-i; =612
Which means that:
iy =1.6-19
Now we're able to calculate ¢4 and is.

—2A =006 120 +3A + 12

[iz = —3.125A
it = —1.8754|
2
v=10-i; = —18.75V
To calculate the power supplied by the sources:
P=1V
Paa = (—2)- (—18.75) =[37.5W
P = —(3) - (—18.75) = [56.25W
i1 = —1.8THA
ip = —3.125A
Poa = 375W
Psa = 56.256W
1
-2=v/[10+3+vVv/6;v=-18.75V
Power supplied by -2A source =2 x 18.75=37.5W
Power supplied by 3A source = 3 x 18.75 =56.25 W
RESULT
v=-18.75V

Power supplied by -2A source = 37.5W
Power supplied by 3A source = 56.25 W



Exercise32

1
Applying KCL gives the following expression:

IA+2A =2+ 5A+~
] al

2.v=—10
—T

v = 5V

1=vi5+5+v/5-2;v=-5V

Exercise33

1
Applying KCL gives the following expression:

2A+3-i, =30+ 10

{because of the given voltage we'll assume that the current flowing trough
resistors are flowing downwards)

We can see that:
130 = —iy

And also:
v=323-ian =1-in

This give us:
o = —3-ix

Now we can calculate the currents lowing trough the resistors.

2A+3 i =—1,— 31

6
v=3-in =3 —i, = F‘L"_ = 08571V




For calculating supplied power we use:

P=1V

v = 0.8571V

Ps;, = —0.7347TW

Py = 1.7143W
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Exercise34
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Exercise35
1



On the figure to the right we can see that the lower terminal is the negative
one and the upper one is positive.
From that we can deduce the expression for V,:

I":’w} =—-l3+ Ve + V]

Vg =—3-3+0=[-6V|

Vig=—-1+1+1=[1V]

Vig=—1+45-0=|-55V

a) Vg, = -6V
b) V,=1V
c}) Vg =-55V
Exercise36
1
leq 18 the sum of all the other currents (taking the directions into consideration):

i =0+3+3=[6A]

fg=1-1+1=[14A]

feg = —9— 4.5+ 1=[12.5A]
a) i, =6A
b) e =1A
c) deg = 12.5A



Exercise37

1
The sources in the figure are in a series and may be replaced by one voltage
sOurce:
Vg =-2+2-12+6= -6V
Now by applying Ohm’s law we can calculate the current:
: —6
T
i = —6mA
Exercise38
1

Since the current in the circuit is zero, we can just remove the resistors.
Now the sum of voltage sources must be zero and we get:

v +AV+H2IVHIV =10

0= —TV
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i is 0 when Veqis O.
Veq=vl+1+2+4=0;vl=-7V
RESULT
-7V



Exercise39

1
a)
Combining all sources into one comes down to summing their currents. The
new source is:
g = —0—8+T7=—6A
To callculate the voltage we'll apply KCL:
'LI 'LI
b=3+3
36 -
T
2
b)
To calculate supplied power we use:
P=V.I
Summing supplied power of the three sources:
—-7.2.7T-72.(-5)—-7.2. (-8} =432W
And for the one source:
—7.2-(—6)=43.2W
And so, it is proved.
v=-72V
Exercise40
1
leq = 0 will result in a 0 voltage v.
leq=1.28-1s-257=0;Is=-1.29 A
RESULT
-1.29A
Exercise4l
1
Vy=3and I, =3

Part A



Parallel voltage sources will always have the same voltage, therefore they will
also have the same current.
Part B
3
We are only interested in the voltage going across the 1ohm resister. Therefore
the drawing is simplified to the resister and the 4V source which is parallel to it.
The other voltages have not effect on the voltage across the resister in question.
Part C
RESULT
See Solutions

Exercise4?
1

For calculating equivalent resistance we use the following expressions:

Series (11 + H3)

Rq"{.l = HI + R?
Parallel (Ry||Rs)
L1 1
Rf'\q N RI R?
Giving us:
Ry Ha

Now we can calculate the equivalences as:

a)

R,, = 10+ 20(20

20020

Reg =104 55755

R, =10+ 10




b)
10. 20
102+ 20

R, =10+

R., = 7.667%)

a) R =20

b) Re, = 7.6670

a)Req=1+2x2/(2+2)=1+1=20hms
by Req=4+3+1x2/(1+2) =7 + 0.67 = 7.67 ohms
RESULT
a) 2 ohms
b) 7.67 ohms



Exercise43

1
For calculating equivalent resistance we use the following expressions:

Series ([ + Hs)

Hr.;‘. =R+ Hs
Parallel (R;||R3)
11 N 1
Jr?r-;,l N ﬁ'] 2
Giving us:
Ry Ry
H”‘I B R+ Ra

Now we can calculate the equivalences as:

a)

R, = 20]4Q + 10

202 40

Req = 507740 714

Hm=§n+u1

R, = 2.3330




b)

In this case, we can solve the problem by first finding the equivalent of first
two resistors and then the equivalent of the third one and the new one.

Rey = (10]142)]130

16 - 40

“ = Tnraa >

Rﬂq = %ﬂ”gﬂ

iﬂ - 380

Rﬂq = 175
=1+ 30

5

Re; = 063200
a)] H,, =23330

b) Re, = 0.6320

1
a)Req=1+2x4/(2+4) =1+ 1.33 = 2.33 ohms
b)Req=1x4x3/(1x4+4x3+1x3)=12/19 =0.63 ohms
RESULT

a) 2.33 ohms
b) 0.63 ohms

Exercise44

1

a)

We can simplify the circuit as to only have one voltage source and one

resistor in it.
Vi, =3V_1V=

Rey =200+ 701+ 50 + 10 = [1502



b)
By Ohm’s law:

r

[}

—

=

o

3
c)
For 1 to be zero, the voltage source Viv should be changed to:
3—Tiy =10
S0 electric potential is the same evervwhere in the circuit.
4
d)
To calculate absorbed power we use:
P=I"-R
Pin = 0.1333%. 5 = | 0.0880W
a) Vo =2V R, =150
b} :=0.1333A
c} Viy =3V
d}  Psn = 0.0880W
Exercise45

1



a)

The we can make a simpler equivalent of the circuit with just one current
source and one resistor. We get the current source equivalent by summing
the three original currents:

g = —2A+5A+ 1A

g = 4A

And since the resistors are in parallel the equivalent is:

R,, = 50|50

502- 500
=50 50
R, = 2.50)

b)
To calculate the voltage we apply Ohm’s law:

=gy - Rr-q

v =4A.2.50

c)

To calculate the provided power we use:

P=1.V

Fos = —2A-10V

| Pay = —20W|
a) i =4A Ry =250

b) v=10V

c) Poa =-20W

leg=-2+5+1=4A
Req =5 x5/(5 +5) = 2.5 ohms
v=legxReq=10V



Power provided by 2 A source = -2 x 10 = -20 W; Power is absorbed by 2 A

source.
RESULT
a)leg=4 A ; Req=25o0hms
byv=10V
c) -20 W
Exercise46
1

Firstly, let’s replace all the resistors with an equivalent.
We'll calculate the value of the resistors in the rightmost branch.

300199 + 30 + 50 + 30([602 = 12.250

S50 Rey will be:
R, = 302]502]|12.250
R., = 1.87502]|12.250

1.87560)- 12,250

H., =
T LRTEO + 12,250

R., = 1.62610
Now we're able to calculate voltage v:
V=IR
v=1A-1.62610
v = 16261V

And since v is the voltage on the 39 resistor, now we're able to calculate i5:
o L
730
i 1.6261V
ET)

To get the power supplied by the source we use:

P=1.V

Py =1A-1.6261V
P = 1.6261W




is = 0.542A

FPra =1.6261W

30 3 =0 3 =9 36
Req=3x5 3 +5 3x5+3 3+5
eq e 1{3+g+ + +3+ﬁ}j{ x93+ x{3+g+ + +3+ﬁ

329 3454 320 _ 163 ohms

Tox (3T 316
Vi=1%163=163V

i3 =Vx/3=054A
Power provided = 1 x 1.63 = 1.63 W
RESULT
i3=0.54 A
Power provided = 1.63 W

Exercise47
1

The equivalent current source in this circuit would be:
I=2A -4
We can calculate R, as:
R, = 30||1502]|( 942 + 62| |652)
Re, = 30150120
R, = 154}]|2.40)
This means that now we have two resistors in parallel.

The sum of the two currents Howing trough these resistors must equal [.
And the voltage on both resistors is v,.
This give us the expression:

Uy = Ur
P- 1500 =(2—4.1 —1)-2.40

And we get:
i =0.177T8A

Since v, =1 - 150 we get:

vy = 0LITTRA - 1582

v, = 2.667V




Vx=2.07(2-4i)
Vx=15%
2.07(2-4i)=15i
i=.178A

Vx=15i=15*.178=2.67

RESULT
Vx=2.67V

Exercise48
1

First, we'll simplify the circuit by calculating source and resistor equivalences.

fg=4—-2i+3-0=-2_2

Req = (6+ 3[[15)]16]/6
R., =853 = 2.21740

Now we can calculate voltage v as:

U= dpg ¢ Rf'q

v=(—2—2i)- 221740

And from the diagram we can see that:

v = b

6i = (—2— 2i)-2.2174
104348 i = —4.4348
i = —0.425A

v =—2.55V



To get the power consumed by the 150 resistor we'll need the voltage on
that resistor too.

e
P= i
v2
[§]
s = o
L'l_ljﬂ = -I.E-'l-'r
4
And the power is:
1.82
Piso = 150
Pian = 0.216W
Py = 0.216W
Exercise49
1

We'll start from the right end. As we can see, on the right end, we have
Rg + Rypl| Ry + Ry connected to the ends of R+ resistor (meaning it's in
parallel) and we continue with:

(Rs + Ripl|Rio+ Ro)||Ry+ Bs + Rg
Next step:
({Rs+ Rwl|Rw + Ro)||Ry + Bs + Rg)||Rs + Ra + B3
And in the end we get:

(((Rs+ Ryl + Ro)||[Ry + By + Rg)l| Ry + By + R3)|| Ry = R,



Ri=11-R;;=11-30Y and R, = %‘- is given.
S0 now we can caleulate R,

R., = {{9.363”3?—3 +12.1)||8.25 + 27.5)||33

R,, = (15.236][8.25 + 27.5)(|33

R,, = 32.852/33

R.; = 16.4634

R, = 16.4630)
Exercise50
1
1001007/ 100]100
Part A
2
{((100]/100) + 100)|100
Part B
3
(100 + 100)|/100}/100
Part C
RESULT
See Solutions
Exercise51
1
a)
We can see that:
D=1 + 19
Giving us:
o =923
2
b)
Again as in part a):
i =2—-1



c)

And again:
v=43+6

d)
Since the current is the same in both resistor, for v1 = 9 to be true the
resistors must be the same:
Ri=Ha
Giving us:
S 1
Rs

e)

Since the same current flows trough both resistors we have:
U 2

R R

Giving us:
U1
— Llj

And because of v = vy + 19, now we have:
LI — le

2
3- 'z

=13

Il
=

L
[y |

vy =

e

6
f)
From
vo_v
R, R,
and
LI_I —
B 2
we get:
_ LI — LII
T g
5.7-m =18



by » =1V

c) v=9V
Ry

d) H_z =1

e) w = 1167V

f) v =0.316V
Exercise52
1
a)
KCL gives us:
i=1i1 +ia
i1 =1 —1i3
h=8-1
2
b)

We have two resistors in parallel and applying Ohm’s law gives us:
v =i (Ril|R2)
v = 10mA - 50k
v =50V

c)

We'll use the fact that the voltage is the same on both resistors:

v =1
i1- i =12 Hs
Also:
i1 =1 —13
i —ig = diy
. i
s = —
)



d)

Since Hy and Ha are the same and the voltage is the same on both of them,
i1 and is will be the same too.

1 =i +12
i =iy +iy
i =24

e)

Again as in part ¢} we have:
i1- Ri=1i2- Ra
(i —i2)-1000-10% = i
(1000- 105 + 1) - i3 = (1000- 105) -

. 10-1000-10°
27 1000 105 + 1

)

ip =TA
b}

v =5H0V
c)

iz = 4dmA
d)

iy = DA
e)

iz = 10A



Exerciseb53
1

5

Please note there are many solutions to this problem as long as you choose a v
that is NOT zero and is less than 2.5 your answer will be correct

Exerciseb54
1

3V

R,

V 2
RQ—I—E—E—I.GE
Ry

Vo2
R}—I—}—E—ﬂzd
R4
V 2
RL—I—I—ﬁ—ﬂ.ﬁal
R,

RESULT
See Solutions

2 ()

3 ()

10 ()

We have our circuit and we have to find the drop
voltage 1, by voltage division.


https://d37b4ew8393wk3.cloudfront.net/17/07/20/613767abe6197997157786b8864d41bb/0ea951fbf9f44d925187357a0d854eb1/image_scan.PNG

2 () 3()

3V© 20/12 Q)

Simplify the resistance in parallel

. (3V)(202)
T (3+2+20/12)0
Then apply voltage division formula
V, =09V

=049V



https://d37b4ew8393wk3.cloudfront.net/17/07/20/613767abe6197997157786b8864d41bb/798ef0b86a6154c940bdde4390979c30/image_scan.png

Exerciseb5
1

9V

+ U,

We have our circuit, and we have to find the drop voltage indicated by voltage

division.
2
F_ (9V)(342) _ ;
Ne=mg3isirron
Use the voltage division formula
3

r_ (OV)(7a) _ 9oy
M=z ron 2%
Repeat the same process

all, = 1.08V
b)V, = 2.52V


https://d37b4ew8393wk3.cloudfront.net/17/07/20/1b19c55f87ea2c0d1d5d303f6a339fad/9d017a47874a942b72bb7688ccb01502/image_scan.png

Exerciseb6

1

Firs, let’s find the resistor equivalent to everything right of the 10 resistor
and call it R 4.
Ra={((4+4)]4)+5)]]2

R4 = T7.67|]2
R4 = 1.590

And we calculate ¢, as:
(i—iy)-10= R,y -1
259-i;, =125

For calculating s we'll need the resistor equivalent to everything right of 20
resistor, call it Hg.
Rg=((4+4)|4)+5

Rp =T.67%0

And we caleulate ia as:
(i1 —i2)- 200 = Rp -1z
06712 =21
We could have also calculated 15 much easier as:
fs=1—1

(But by doing it the harder way we showed another example of resistance
combination and current division.)

ia i split between the two rightmost branches. Meaning:

vy - (A0 + 4Q) = (ig — iy ) - 40

12 = !Iya - 'S

Iy, = 0.6TA
Giving us:

vy =4 - 0.67



Exerciseb57

1

iy = 0.6TA
ia = 2A
v3 = 2.67V

We can rewrlte the cirenit like this:

i)v

_W_

VWA

%44{0

2 kQ
: 3
4kQ

3 kQ



https://d37b4ew8393wk3.cloudfront.net/18/12/14/36cf21165a9d392201c54a6c983991d8/c2a42cf9d16b665a270a14a0aa8d1d2e/image_scan.PNG

The resistance in the cireuit after 1k resistor s

Ry = 4kQ||(2kOQ 4k + 3k + 3k |7kD) = 2,466k

Andd:
2k 4k = 1.33k0

3k 7k = 5.1k

VW 1 VW

1.33 kQ

(*)av S Ser

Now we can determine the voltage right of the 10 resistor using voltage
divisiomn.

V- ey = 2134V
R, +1
And again using voltage division, we can calculate v,
vy = 2,134V - 2.1k0)

2.1k + 3k0 + 1.53kD

v, = 0.607V


https://d37b4ew8393wk3.cloudfront.net/18/12/15/36cf21165a9d392201c54a6c983991d8/955232fc997efd71217c5e61157a26c5/image_scan.PNG

Exerciseb8

1
In order for us to be able to use voltage division, the same current must be
running trough both resistors.
Because:
i1 = i3
vy e
Ry R
Here, we'd be able to use voltage division if i3 = 0.
In order for us to be able to use voltage division, the same current must be
running trough both resistors.
Here, we'd be able to use voltage division if 1; = 0.
Exercise 59
1
~ 12cos 100015000} ]
Uy = 15000 = 30 = 12cos 1000¢
Let By = 15000 and R; = 30 We can thus solve for
v, from:
N VR
T Hi+ Hs
2
1000011000 = 909
We now need to determine the resistance on the right side of the circuit
3
Uyt = (—0.0012)12cos(10004)(909) = —13cos 10004
We can now find v,,,; using:
Vout = — riagUx (909)
RESULT—13cos 1000fmY
Exercise 60
1
1513 =25
Combine the resisters in parallel
2
vy = 6x 105 cos 23004 25 V= 4.3 10~ % cos 2300t
25+1
Solve for vm using voltage division:
3
Ut = —3300( 322 (4.3 % 10~ cos 2300¢)
ot 1000

= —4.5% 107 cos 23004V



We can find v,,,; from:

Vout = —HimuT

RESULT-4.5 x 10— cos 23004V

Exercise 61
1
a)

First, let’s find resistance equivalent to everything right of the 2002 resistor
and we'll call it He,.

Ry = 10][10[|(40+ 50])(20 + 4))

R,, = 5/(40 + 16.22)
R., = 4.590

The voltage on 108} resistors is:

4.590

Vion =2V =507500

Vipn = 0.3734V

b)

To determine the power dissipated on 4% resistor we'll first need to determine
the voltage on the resistor. By voltage division we get:

16.22 4
40+ 16.22 20+ 4

Vip = 0.01795V

Vio = Vipo -

And to get the power we use:

P=_
R

0.017052
1

| Py = 80.50W

a) Vi = 0.3734V

Pyn =

b}  Pin = 80.59uW



Exercise 62

1
a)
First, we'll determine the current given by the source. So let’s find the
equivalence of all the resistors in the circuit:
Ry =20+ 10]|{40 + 50]{20 + 4))
R., =20+ 10]56.2
Ry =20+ 849
Rey = 28490
? By applying Ohm’s law we'll determine the current:
Ay
I = o
I =00702A
Current division gives us the value of the current in 40€} resistor:
Typon=1- ﬁ
Ly = 00106 A
3

b)
To caleulate the power supplied by the source we’ll use the following expression:
P=V.I

This gives us:

Poy =2V - 0.07T02A
Fay = 0.1404W




c)

For determining the power dissipated by 4 resistor, we'll first calculate the
current running trough it, by applying current division.

50
Tioo = Tarcy o —
40 = Laon - =5y
Ty = 004744

And to get the power we use the expression:

P=1".R

Pia = Iip - 40

| Py = 0.205mW
ﬁ} Lm.n = (.0106A
b) Poy = 0.144W
¢) Py = 0.205mW

Exercise 63

1

a)

By examining the given figure we get:

nodes = 5
loops = 6
branches = 7



b)

We can see that Ioqpn is the same as the current provided by the source.

S0o:

To get Isqen we'll use current division and find the equivalent resistance of
everything right of the that resistor (R ):

R, =5+2+2|1

Re = 7+0.67
R,, = 7670
LT
S50eft — 5 -I—?G?

Isonere = 1.21A

Since I = Isoen + Isqrigne We get:
Tsowight = 2 — 1.21
Isovighe = 0.79A

Because Isopene and T are on the same branch:
Iscright = Tsoright

Tsouigne = 0.T9A

And also Isoriche = [20middle + f10. S0 current division gives us:
1
2+1

Do oumidale = U.263A

Doomiddle = Toorieht -

And finally Tsoright = fo0middle + fin. So we have:
o =079 — 0.263
Tin = 0.527A

c)

Ohm'’s law states:

V=I-R

S0 in this case:

V = —2A-(20+7.670)
[V =—10.34v|




nodes = 5
loops = 6

branches = 7

b)

Ioonere = 2A

Iionere = 1.21A
Iscvighe = 0.79A
Dogyighe = 0.70A
Iomiddle = 0.263A
Iip = 0.527TA

V =—-19.34V




