ECE 2300
CIRCUIT ANALYSIS MADE EASY
PART III: KVL, KCL, AND OHM’S LAW

Len Snombetta







Where Are We Going?

Where we've been: _
Where we're going:

—»
Is +
Ve < R
Vg = +
12V () - Ve
- +
VR2 R
This is a simple circuit with We will analyze circuits like
one loop, and one current. this one, which has three
We analyzed it using KVL currents. This will require

and Ohm’s Law. Kirchhoff’'s Current Law (KCL).







Voltage Divider Rule

i ’ Ohm’s Law and KVL give us
S + the following equations...
VR < R

<
|

;;Tf i R1
_ ()
+ R1+ R2

i R2
Y2 =Vs | R R2

How can we derive those results?




Voltage Divider Rule

V5= +
12V<

Direction of

KVL path
(either way
s fine).

KVL

Vs = Vg1 T Vg2

R, Ohm’s Law/‘ \

Vg1 = isRy  Vgy = isR;

Algebra
. Us
le =
R: ST R, +R,
Then...
Vgp1 = IsRy
Rl
Finally... Vet =Vs R +R
2

|






Houston Traffic

/ Loop 610 \
f?? cars/min
| 59

290 cars/min
\ 750 cars/min

—

Kirchhoff’'s Current Law:
INn = out

All other roads are closed for repairs!



Kirchhoff's Current Law

Apply KCL here: y\ Ri
AVAVAY,
; ’

N
il I3
Vs1 <+> izl Rs <+> Vs2
R4 R>
—ANWN AVAYAY

What current is flowing in R,? ...R,?...Vg,...Vg,?

What is the relationship between i, I,, and i;?

KCL: il — i2 + i3 In = out




Kirchhoff's Current Law

What if we had drawn it this way? Now what is KCL?

R

KCL:

2 T O

in = out



Kirchhoff's Current Law

Can | do THIS??7?7?

QT On

Surell in = out
AR NN
4 [ Y N

KcL: |0 =1, + 1y + I3




Kirchhoff's Current Law

I3 = ?7? i; =10 mA i3 =0.20 mA

Find the indicated currents...



Kirchhoff's Current Law

*"'—i Find the indicated currents...
1
I2 l Rs Vs2
R4 R2
s AAY, AVAVAY

=y I3 = 150 mA i3 =0.20 mA




CIRCUIT ANALYSIS USING
KVL, KCL, AND OHM’S LAW




Analyze This!

- Ve +
Usually we know
_— the voltage source
1 + values and the
+ resistor values. We
B VR3 will assume that
here.
- -
- Vpg - Vg *
How many KVL’s can we write for this circuit? # of KVL’s: 3

How many KCL’s can we write for this circuit? # of KCL's: 2




Let’'s Do It; KVL

'\N\/ There are
three possible
1 + I3 KVL paths.
S Vv
‘ I 1 VR3 RS >2
[
R =
— Ve + = What can we way

about the relationship
among these three
equations?

—Vs1 + Vg3 + Vpgy = 0

—VR3 — Vg1 t Vs + Vg2 =0

—Vg1 — Vgpy + Vsp + Vg +Vgy =0




Let’'s Do It; KVL

There are
three possible
KVL paths.

- Vpg T - VR2 t Theyare not

— lgebraically
1 —Ve¢q1 + Vpg + Vgpy = 0 a
>l R3 ke iIndependent — we can
only use two of them

(any two will do).

— BT YR+ Vg +gr—=0—

2 —VR3 — Vg1 + VUsz + Vg2 = 0




Let’'s Do It; KCL

1 - VR1 +
C 2 '\N\/ There are
i1 + i R two nodes
3 for KCL.
+ V
I
R4 - R2
/-
AVAYAVas' AVAVAY, -
VR + 2|~ Vg2
1 =1, + 13 What can we say about

these two KCL
i, +iz =iy equations?




Let’'s Do It; KCL

1 - Vg1 +
'\N\/ Two nodes
. ’ ; R, have been

+ 13 labeled.
+ VvV
Vra < |Rs C) 52
P
- R,
Vra + - Vg *
1 =1, + 13 They are algebraically
iIdentical. We can only
=it use one of them.




Let’'s Do It;: KCL and KVL

- Vgr1 +
. ._.“ R1
I1 + i3
VR3 R
i
R. -
- Vpg + -
il — iz + i3

—Vs1 + Vg3 + Vg = 0

—VR3 — Vg1 + Vsz + Vg2 = 0

We have three
equations: 2 KVL'’s and

1 KCL.

Remember: we assume
we know the voltage
sources and resistor
values.

But now what? We have
too many unknowns to go
further — the resistor
voltages and the three
currents are all unknown.



Ohm’s Law!!

- Ve +
AVAYAY
: 0" R
I + I3
+
Vs1 Vr3<|Rs
_ .
R, -
- Vmpg *+ -
, We can use Ohm’s Law to
Vr1 = —I3Ry eliminate the resistor
. voltages...watch the signs!
Vp2 = 3R,
. Substitute these equations
Vp3 = 2R3 into KVL and get...
Vpa = 1Ry




Let’'s Do It;: KCL and KVL

- Vgr1 +
AYAYAY
- — R,
I1 + i3
Vrz < |Rs
l i) Now we have three
& ) equations in three
unknown currents! We
- Vre F - can solve for the
currents and then use
Ohm’s Law to get the
1 =1y +13 resistor voltages.

—Vgq + i2R3 + i1R4 =0

_i2R3 ~+ i3R1 ~+ vSZ ~+ i3R2 — O







Ra
R. + Voo
Vs1
Ry Ry
- AM——AN——

Label 3 currents and all resistor voltages. Watch the label rules!
Write 2 KVL equations and 1 KCL equation.

Write Ohm’s Law for each of the resistor voltage variables.
Re-write your equations in terms of three unknown currents.

W




Numerical Values

KO
KQ;

€]

KQ;




My Answers

-V, o+
vav | R, = 1.1 [kQ]
a ¥ Ve = R, = 4.7 [kQ
R - 52~ _
¢ V. 30V R. =150 [Q]
i l, _ ' R, = 2.2 [KQ]
. )
Vg1 = _ T
1.5V I3
Rd Rb
—\\V\ - NVN—
- Vd + - Vb +

If your currents and voltages are labeled the way | have them, then the circuit
variables are...

v, = 0.4345 [V]

I, =-0.39497 [mA] _ If you have labeled things
i, =-1.31070 [mA] xb _ fldgf:g(s[EG] differently, your results will
i3 =-0.91562 [mA] ¢ be different.

vy = -0.8689 [V]







