Electric Circuits
ECSE 2010

Quedions
What isaseriesdrauit?
Wha isapadld drcuit?

Prof. Shayla Sawyer
CPO02 solution

How do we combineresgorsin sies?inpardld?

What isavdtagedivider?

What isacurrent divider?

Review problem
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1. Determine the voltage across each resistor

N 11

1E-3

2. Determine the power produced/consumed by V1 and 11

,_ R4 5:= 1k
l15:= 1MA 1a
Rza:: 2k
Viai= 5V "
1a Rg,:= 4k
R4a:: 2k

Fall 2014

Logic: Can't use current divider or voltage divider because components are not in series or parallel!

Label terminals so KVL can be done, also label nodes for KCL

R4
l + AVAVAV
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WV

4k

D 11

+

START with passive sign
convention!
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We have four resistors so we need four liniearly independent equations to determine the voltage across
each resistors. Obtain them using combinations of KCL and KVL. Make the following observations

KCL at node 1: Not a good choice because of the voltage source connected to the node
KCL at node 3: Good choice

KCL at node 2: Good choice

KCL at node 4: Not a good chioce because of voltage source connected to the node

KVLin loop 1: Good choice
KVLin loop 2: Good choice
KVLin loop 3: Not a good choice because of current source in the loop

4 equations and 4 unkowns | feel a matrix
coming.....
Apply KCL at node 3 (including ohms law) ]I(:Oc;inmatnx get to standard

(all current going in) 1 1 _
0+0+——WRga* 2 VR4a=0

VRaa VR3a L 3a 4a
N - ~la” 1 1 -3
R R _
4a 3a 0+0-—Vpa——Np, =100
ax/R3 ™ 5 VRaa

Apply KCL at node 2 (including ohms law)

1 1 1
R VRia* 5 VRea* 5 VR3a T 0=0
VRia VR2a VR3a la 2a 3a
+ + =0 1 1 1
R R R _
la 2a 3a — [V + —V + —V +0=0
1Kk Rla 2k R2a 4k R3a
Apply KVL around loop 1
_ V15t 0-VRpo,+ V=0
VR4a~ VR3a~ VR1a=0 Ria Rsa ™ "Réa
Apply KVL around loop
2
Via* VRiat VR2a =0 VRia* VR2*0+0=5
Set up the matrix/vector form
1 1
0 O -—F —- _3
4n0®  2m0° 10110
1 1 1 =
M := 0 &=
110° 210°  4m0°
-1 0 -1
1 1 0
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X := M_l[@ VRla:: 1.3V

13 VRza: 3.7V

_| 37 VR3g= 2.2V
2.2
-09 VR4a: -0.9v
Determine the power produced/consumed by V1 and 11
-3
P1:=[37V - (—2.2V)][61ELO A)
Piq =59x 10 3W produced or supplied (negative using passive sign convention)
To find V1 we know that the total power in the circuit must be zero therefore
P11+ Pv1 = Protal where  PRTota =PR1* Pr2* PR3 * Pra
Important definition of Power P= V|2 use ohms law and substitue
Y
P=— I2R
Vi 2 i 2
P _ Rla VR2a Vv 2 VR4a
R1 Ry Pro = b .o R3a Prg =
Roa R3-~ Rsg R4a

_ -3
Pry=169x 10 "W

PrTota = PrR1* Pr2* PR3 * Pr4
Pv1= PrTota ~ Pi1

Ryy=425x 10 W

_ -3
Pro =6.845x 10 "W

_ -3
Prg=121x10 °W

_ -4
Prg=4.05x10 "W
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Equivalent resistance

b) Determine REQ

R1

Prof. Shayla Sawyer

4k

REQ

R2

6k

:

So R2 and R3 are in parallel, combine first, then combine R23 R1 and R4 in series

Ryp = 4kQ Rop, = 6kQ2
RopR3p

Rosb = 5 — R
2b* Rap

3

ReQ™= Rip* Rap * Rozp

R4
2k

CPO02 solution

R3
12k

Rgp, 1= 12kQ2

Fall 2014
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- M—
8k
c)
) |
8k
I
REQ 5 4k 3 12k

Determine REQ

Two sets of resistors in parallel

L 4kQmake
ight = 410 + 12kQ

1
RtOP T 1 1 1 or
+ +
4kQ2  8k)  8kQ
RtOp = 2[K2

Reqe = Rright * Riop

REQC = 5[k}

1
Riopss = 1 1
8k 8k

Could also combine two at a time.
Two equal resistor in parallel is half the
resistance

Do that twice to get 2k

Fall 2014
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R1 R2 R3

5k 5k 4k

5= 2 R4
- R5
10k 2 R

R6

1k

d)

Use circuit reduction to determine the voltage across R4 and R5

Viq:= 15V

Rased = Rag + Rsq + Rgg

Ras6d®R4q

R =
3564
Rased + Rad

Rase4 = SIS

Voltage divide across R3564

R
3564
an:: VldDR R R
1d 2d 3564

Vi =5V
V.nl is also the volage across R4
VRad = Vn1

VRad =5V
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Voltage divide for R5

Prof. Shayla Sawyer
CPO02 solution

R
5d
Viaq = Viads
R3d = VR4d
R3q + Rsq + Req
e)
R1 R2
MV MWV
10k 2k
@D R 2 R3 2 R4 2 R5 2 R6
4E-3 5k 6k 8k 24k
Rq.:= 10k Ron:= 2k o — —
le 2e R3a= 5kQ  Rgei= 6kQ  Rggi= 8k

R
lpg:= 410 °A

Combine R4 R5 and R6 in

parallel
1
R =
Rge Rse  Rge
R4s6e = 3tk

VR3e = I2eR30456

VR3e =10V

Fall 2014

Rge = 24k
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Use the circuit reduction to find the current through R4
Voltage divider from VR3 with R2 and R456

Ve R4s56e
4563 = VR3e
Roe* Rysee

Vas63=6V

Use ohms law to find IR$

- Vas63
R4e -~

R4e

IR4e = 1MA

Fall 2014
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