Electric Circuits Prof. Shayla Sawyer Spring 2015
ECSE 2010 CPO03 solution

Questions:

What is the effective voltage when two voltage sources are in series?
What happens when two voltage sources are placed in parallel?

What is the effective current when two current sources are in parallel?
What happens when two current sources are placed in series?

What is the effect of placing aresistor in parallel with avoltage source?
What isthe effect of placing aresistor in series with a current source?
What is source conversion?

What is node analysis?

What nodes are constrained in node analysis?

How many independent equations are needed in hode analysis?

What is mesh analysis?

What |oop currents are constrained in mesh analysis?

How many independent equations are needed in mesh analysis? (alittle bit more tricky to answer)

Review problem

a)
R2
N
4K
R3
N
4k % rs
9k
2 R1
3k 3 R4
oK S R6 s R7 < R8
o =" 8k 8k 12k

1. If we solved this circuit using the method in homework 1, how many independent equations are needed
to determine the voltage across each resistor?

8 resistors, eight unknowns, means 8 equations needed
2. How many nodes are in the circuit?

4. Start from one element and go to the next one. Keep doing that until you're done.

lof21



Electric Circuits Prof. Shayla Sawyer
ECSE 2010 CPO03 solution

3. Use circuit reduction techniques to find the voltage across the resistor.

Ry=3kQ Ry:=4kQ Rgi=4kQ  R,:= 6k0 Re = 9k
Rg:= 12kQ  Vq:= 9V
Rapqiz — = —3%kQ
Rg Ry Rg

. _ RylRsg7g
45678 5 o
Ra + Rogrg

Rys67g = 4O

Combine the top two resistors R2 and R3
They are equal and in parallel so

R23 = 2kQ2

All in series, now use voltage divider

Ry

Vg = V43
R1=V1
Roz+ Ry + Ryse7s

Vios = V R2s
R23 = V1
D(R23 + Ry + Rysp7g)

VRo3 =2V _ -
R23 VRoi= 2V VR3i= 2V

Node find voltage at node above R5 (will have to divide further!)

Spring 2015

R := 8kQ
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v R4s678
1
D(st + Ry + Rysp7g)

VR45678 =

VRase78 =4V
R.4 goes to ground so
VR4 = VRas678

Voltage divide for voltage across R5 using node voltage

R

5
VR5 = VRas678 T
5+ Rerg

Do the same for voltage across R6 R7 and R8 (all equal)

B Re7s
VRe78= VRas678 R 5
5+ Re7g

VRe7g =1V
VrRe=VRe78  VR7= VRe678 VRrg= VRe78

Spring 2015
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Source Transformation

2k 4E-3

b)
R1
2k R3 R4 11
s EM oms@dt ire Qo
4 =" S R5
’ 1K
RLoad

1. Use source transformation techniques to obtain a simlified circuit with Vs, Rs, and RLoad

Rlb:: 2k R4b:: 4kQ2 llb = 2mA

Transform the voltage source into current source

R2b = 2kQ2

|2b = 4mA

LoV
svl-—
Rib
arrow goes up from plus to minus with
lg/1 = 2[A note direction of arrow from derivation voltage source with minus closest to

ground

Combine all current source and resistors in parallel outside of Rload

ls=lsv1 = l1p + 12
ISV]. - Ilb + |2b =4MA

RS:: 1k

Transform combined current source and resistances back to voltage source and RS

V= IJRg Vg=4V  Rg=1EQ

R4 R
3b-"*4b
R =— — +R R = 3k
Load 5b Load
Rap + Ryp
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Simple mesh/node analysis

c)

1. How many nodes are in the circuit?
Two

How many mesh loops?
Two

2. Use node analysis to find VR1 and IR1

Step 1: Label all node voltages, known and unknown identifying variables v1, v2 etc.

a. # of unknown node voltages = # of nodes (2) - # of voltage sources (0) -1 reference

2-0-1=1 v1 at top of R1 (also VR1)

Step 2: Write a KCL at each unknown node voltage

\"
1
l1a=l,q +14.=0 Vi _ “4A+—+2A=0

Ic vl '4c _|lC+R_+|4C_0 50
1 vy

— =2A
50

vl::lOV

VRlC = Vl VRlC =10V

- VRi1c
Rlc- 50
IR].C =2A

3. Use mesh analysis to find VR1 and IR1.

Step 1: Label all mesh currents

a. Unknown mesh currents and currents from current sources, il, i2, etc.

5o0f 21



Electric Circuits Prof. Shayla Sawyer Spring 2015
ECSE 2010 CPO03 solution

c. # of unknown mesh currents = # of meshes (2) - # of current sources (1)

2-1=1

Step 2: Write a KVL around each unknown mesh current

a. Sum of voltages due to all mesh currents = 0
b. Best to go backwards around current arrow
c. Express v's in terms of mesh currents using ohms law

See book pg. 97 on what to do when there are current sources! It is assumed that we have voltage
sources in mesh analysis.

Three ways to handle it
1. Source transformation (if current source is connected in parallel with a resistor)
2. Mesh current determined by source curent and is no longer an unknown
Write mesh equatoins for all others and move known mesh current to source side of the
equation in final step. (If current source is only in one mesh)
3. Neither works wen a current source is contained in two meshes or is not connected in

parallel with a resistance. Create a supermesh.

Take number 1.

l12¢ = 11¢ = l4c

l15c = 2A

Vo = l12cRec

Vg, = 10V

Mesh
~10V + VR =0

VR = 10V
IR1c = 2A
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d)
g V2 2 R6 @ b
T 5 2

2. Use node analysis to find VR1 and IR1 Note should be VR6
I5q:= 2A Voq = 5V Rgg = 52 Va:= Vo4

Adding voltage sources to circuits modifies node analysis (contrained nodes)

Three ways to handle it:
Method 1. Use source transformation to replace the votlage source and series resistance with

an equivalent current source and parallel resistance
Method 2: Strategically select reference node and write node equations in usual way

Method 3: Combine nodes to make a supernode

Use method 2
If node VB become ground then the voltage source makes VA =5

The voltage acorss the resistor is therefore simply 5V VR6d =5V
VRed

| = —
R6d
Red
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3. Use mesh analysis to find VR1 and IR1 (should be VR6 and IR6)

Using method 2

Mesh current is no longer unknown

Only need 1 loop. Choose the one on the right and use |5 to get that voltage.

- VRed
MREAN Rgq IRgd = 1A
€)
R1 R3
%Y AN
10k
2k
! 2 R2 3 R4 R5 R6
0.006 5k 6k 8k 24K

1. How many nodes are in the circuit? Loops?

4 nodes
4 loops

2. How many nodes are contrained? (depends no whether a voltage source is there)

None

3. How many loops are contrained? (One current source there)

One

4. Is node analysis or mesh analysis easier in this circuit?

Node analysis yields three (not two) independent equations, mesh analysis yields four
independent equations (without circuit reduction)
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# of unknown node voltages = # of nodes (4) - # of voltage sources (0) -1
reference

4-0-1=3
# of unknown mesh currents = # of meshes (4) - # of current sources Lol
()

5. Determine VR3 using either mesh or node analysis:

Node analysis

V1 R1 V2 R3 V3
AN AN
10k
2k
Du : R2 $R4 <R IR6
0.006 5k 6k 8k 24k
V4=reference node
At node V1:
Vqi-V
! 2 -0.006 =0
10k
(D V[?L—V[?L:OWG
ok 2710k
At node V2:

Vo-Vy; Vo-0 Vy-Vg
+ + =

0
10k 5k 2k
1 1 1 1 1
2 “Vill— | + Voll— + — + — | = Vall— | =0
@ 1E€ 10k) 2110k ~ sk 2k) 3E€2k)
At node
va: V3-V, V3-0 V3-0
+ + note combined parallel resistors at that node for
2k 6k 6k  convenience
—V2EI£+V3 i+i+i =
(3) 2k 2k 6k 6k
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1 -1 0
10x 10° 1010°
-1 1,11 -1
M, = —
e
10100 (1010 smo®  2m0° 2110°
o 1 1,1 1
| 2110° o10°  600°  6010°
0.006
Ce:: 0
0
o1
Xg:= Mg [Ty
75
Xe=| 13 Vig= 75V
9
Vogi= 15V
Vggi= 9V

Voltage across VR3

Vze_ VSe: 6V

Now do mesh analysis

We know that Ile:: 6mA

So do mesh analysis for 12, 13 and 14 (with |1 in mind)
Around Mesh 2

I8k = 30 + 152k + 1,k — 156k = 0

(1) 1,05k + 2k + 6k) - 136k = 30

Spring 2015
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Around Mesh 3
I3[ﬂsk - I2|26k+ |3[8k - I4[8k: 0

(2) oK+ g6k + 8K) = 1,8K) =0

Around Mesh 4

(3) —IgBk+ 148K + 24K) =0

2r10° + 610° + 5010°  -6M10° 0
Mep = ~6010° (6m0®+ 810y  -s10®
0 -810°  800° + 2410°
30
Cen= _ -1
Xgp'= Mgy Cqp
3x 103 I, = 3mA
Xpo = -3
e2™| 1.5x10 I3 = 1.5mA
-4
3.75x 10 I, = 0.375mA
11 = 6mA
To find VR3
3mAZKQ = 6V

Spring 2015
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16
f) JAN)
\Z
1E-3
R7
ANV
4K MR
2 =
R8 R9
ANV AWV
V3 2k 1k 0
4 = s R E -
4k

1. How many nodes are in the above circuit? Loops?

5 nodes
4 loops
2

2. How many nodes are contrained?

3. How many loops are constrained 1

4. I1s KCL or KVL easier in this circuit actually node or mesh is a better question.

# of unknown node voltages = # of nodes (5) - # of voltage sources (2) -1 reference

5-2-1=2

Don't do

mesh
# of unknown mesh currents = # of meshes (4) - # of current sources (1) -

4-1=3

5. Apply the method you (we choose) to find VR9

We'll choose node.
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We have two voltage sources. One becomes a node voltage. The other will become a supernode.

Vq =4V (we'll incorporate this into the equation directly)

Start at supernode

Vo-4V  Vg-V, Vg-0
-lg + + + =

=0
R Rg Rio
Va V4, V
1 3 Vg4 V3
~IMA + VB~ — ImA + — - — + — =0
4k 1k 1k 1k

1 11 1 -3
2 Voll— | + Voll— + — | - V41— | =2x 10
@ 2E€4k) 31 1k 1k) 4[€1k)

At node V4

+ =0
Rg R11 Rg

Vg Vg V4 Vg

— —2mA+ — 4+ — —— =

2k 4 1k 1k

! 1, 1 -1 l
4n0® (1&03 1[103j 110°
Mi1:=| -1 ( 1,1 1 J
110° om0®  4n0°  110°
1 1 0 |
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Cfl = 2|:|.0_ 3
2

o -1
Xt1= Mg €4

3.574
X¢p = | 1574
2,043

2.04V - 157V =047V
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Nodes 3 and 4 switched in answer on the sheet
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