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ELECTRONICS # 2
DC CIRCUIT ANALYSIS
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Source or Sink?

(2)
Y

= I—

+ +

Voltage Voltage
Rise drop

Sourcing Sinking

Power
®
Power = P = VI
From Ohm's Law we have

v
V=IR I=—
R

From these equations we get
p-vi P=VI
_ (IR)T P = v[%)
P =I°R V2
R

[




Capacitors and Inductors

in DC circuits
(*)

S

Since V and I don't vary with time in a
DC circuit, Capacitors and Inductors don't
act the way they would in an AC circuit.
In DC circuits:

Capacitors act like OPEN-CIRCUITS
Inductors act like SHORT-CIRCUITS
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DC Circuit Analysis Mesh Example
G)

N

12v= 2kQ

§2kQ

Bv = 4kO

Example continued
on the next slide.

Example (continued)
®

Add in three CLOCKWISE
loop currents

ko
Step 1:
12y == @ 22ko It is important that

" o) S2k0 the loop currents be

3kQ @3’ drawn in the clock-

@ S4ka wise direction
3 <

5v =

ml

Example continued
on the next slide.




Example (continued)
©)

(%

I Call on good old KVL
12v= (M'r S2ke

A @;szQ Step 2:
3kQ We will use KVL to

g4k write a loop eqn. for
each mesh current.

5v =

mlr

er,
0 = -12v + 1KQL, + 2kQ (I, - L) + 3kQ (I, - I,)
12v = 1kQT, + 2kQT, - 2kQT, + 3kQT, - 3kQT,

12v = 6kOT, - 2kQT, - 3kQI3‘ Example continued
on the next slide.
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Example (cont.) Call on good old KVL

Note that the sign

for the current we

| are working with is +

@fzzm while the signs of
240 both of the others

Iy 5 . . ..

is negative. This is
a good ‘idiot' check.

v (B9 Zake

5v =+

@I, |12v = 6kOI, - 2kOI, - 3koT,|

Example continued
on the next slide.

Example (cont.) Call on good old KVL

Also note that the sum
of the resistors in the
I1 loop is 6k just as in
@EEZRQ the equation. This is
another ‘idiot’ check.

12v=p (19 Zeko

5v == I, 34kQ

@I, |12v = 6kQT, - 2kQI, - 3kQI, |

Example continued
on the next slide.




Example (cont.) Call on good old KVL

o
L (1, 2 Perform the same
12v=s O 320 idiot checks on the

I,y S2kq I2 loop equation below.

v =t (1)) 34k0

er,
0 = 2KI, + 4kQ (L, - I,) + 2kQ(L, - L)
0 = 2KI, + 4KQT, - 4KQI, + 2kOL, - 2kOT,

‘O = -2kQI, + 8kQI, — 4kQIs‘ Example continued
on the next slide.
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Example (cont) Call on good old KVL

®
1o e
12y =2 @ S2ka Perform the same
" ) S2k0 idiot checks on the
3kO @ I3 loop equation below.
5 = (1) 3%
er,

0 = -5v + 3kQ(I, - L) + 4kQ (I, - L,)
5v = 3KQL, - 3kQL, + 4kQI, - 4KQL,

5v = -3kQI, - 4kQI, + 7kQIa‘ Example continued
on the next slide.

Example (continued)
Three eqn's, three unknowns

#1: |12v = 6kOI, - 2kQI, - 3kQL, |
#2:|0 = —2kOI, + 8KQL, - 4KQL|
#3: |5 = -3kQI, - 4kQ, + 7kQL, |

Example continued
on the next slide.




Example (cont) Build that matrix equation
#1:12v = 6kQI, - 2kQI, - 3kQL, |
#2 0 = -2kQI, + 8kQL, - 4kOL,|
#3: 5 = -3kQI, - 4kOL, + 7kOL|

12v] [ 6k -2k -3k][L,
0 |=|-2k 8k -4k||T,
5v | |-3k —4k 7k||I,

Example continued
on the next slide.
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Example (cont) Cramer’s Rule

12v 6k -2k -3k||I,
0 [=|-2k 8k —4k||L,
5v -3k -4k 7k||I,
6k -2k -3k 12 -2k -3k
D=|-2k 8k —4k| D,=|0 8k -4k
-3k -4k 7k 5 -4k 7k
6k 12 -3k 6k -2k 12
D,=|-2k 0 -4k D,=|-2k 8k O
-3k 5 7k -3k —4k 5|
By Cramer's Rule,
_b _b _b Example continued
L= D L= D L= D on f';\‘s next slide.

Example (cont) Solve for the main
determinate (D)
(15)
&

Demonstrating the special method which applies
ONLY to 3x3 matrices.

6k -2k -3k| 6k -2k
-2k 8k -4k -2k 8k
-3k -4k 7k -3k -4k
D = [(6k) (8k) (7k) + (~2k) (—4k) (-3k) + (~3k) (~2k) (-4k) |
- [(-3K) (8K) (=3k) + (6k) (—4k) (~4k) + (-2k) (-2k) (7K)]
D = [2886 - 246 - 246] - [ 726 + 966 + 286
D =[2886] - [1966] = 926

D=D-=

Example continued
on the next slide.




Example (cont) Solve for the I,

)
(16)
12v -2k -3K < N
=926 D, =|Ov 8k 4k and I =t
5v -4k 7K
cofactor sign equation: a‘-‘=( )”j
R 8k -4k 0 -4k " o sk
o= (4" 12)| % Tl (0" (20fg e+ (07 (200 S

o= (92| % e+ DL T+ @)
D, = 12[8Kk(7k) - (~4k)(—4k)] + 2k[0(7K) - (—4K)(5)]
- 3k[0(-4k) - (8K)(5)]
D, = 12[56M — 16M] + 2k [0 — (~20k)] - 3k [0 - 40k]
= 12[40M] + 2k[20k] - 3k[-40k]
D, = 480M + 40M + 120M =

=D sdom Example continued
b 926 on the next slide.
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Example (cont) Solve for the I,

6k 12v -3k
-2k Ov -4k
-3k  5v 7k

_D2
D=926 D, = L=%

cofactor sign equation a" = ( )
+

4 0 -4k 4 —2k —4k| —2k O
R OO i PG (0 Y R il

= (1) (6) [0 (7K) - (~4k) 3]+ (-1 (12) -2k (7K) - (~4k) (3]

+ (-1)" (-3)[-2K(5) - (0) (-3K)]
= (1) (6#)[0 - (-20K)] + (-1)(12) [-14M — (128)] + (1) (-3K) [-10k - 0]
= 6k[20k] + (-12)[-26M] + (-3k) [-10k]
= 120M + 312M + 30M = [462M)

5 - D %M 5 o

“d 926 Example continued
on the next slide.

Example (cont) Solve for the I,
6k -2k 12y

-2k 8k  Ov|
-3k —4k  5v|

D =926 D, = and 13=%

cofactor sign equation a' =( 1) "

4 8k O —2k O 2k 8k
b, = (1) (60)| % U (1) (-2 2 ()™ 12)‘_3'( —4k‘

= (-1)"(6K)[(8K)5 - 0 (-4K)] + (-1)* (-2K)[-2k (5) - (0) (-3
+ (1) (12)[ -2k (-4) - (k)( )]
(1) (6k)[40k - 0] + (-1) (-2k)[-10k - 0] + (1) (12)[8M + 24M]
6k[40k]+ 2k[-10k] + 12[32M]
240M — 20M + 384M =
1, -2 M eeemal

D 926 Example continued
on the next slide.




Example (cont) Intermediate results

\—/

1k
N Results
vt (By 22k I, = 6.957mA
@:;zkg I, = 5.022mA
3k : -
5v == (o S4ka I, = 6.565mA
3 <

Using these values you can calculate the rest of
the unknowns. For this set of notes, we will
Only calculate two: I and I,.
Example continued
on the next slide.
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Example (continued)

Add in the currents in random directions
5o
by Results
12v=t @ S2ko I, = 6.957mA
AVA'A. I, E:Zkﬂ Iz = 5.022mA
ko | I, = 6.565mA
=t (1) [S4ke

Current directions have been added to the
circuit. Since at this point we don't know
the actual directions, we will just guess.

Example continued
on the next slide.

Example (cont) Calculate Iy,

752
@
1k
Results
v (B9 220 I, = 6.957mA
= @:&zm I, = 5.022mA
3kQ 9 _
Bv =+ 34k I, = 6.565mA
I I3 S|

I consists of I, and I;. Since the drawn
direction is in the direction of I, the calc
will be: _

Isk - IS - Il Example continued
on the next slide.




Example (cont) Calculate I,

®
1k
Results
vt (B 22k I, = 6.957mA
e @:;zkg I, - 5.022mA
30 3 -
Bv == @ sS4k I, = 6.565mA
3
I, =1I,-1
I, = 6.565mA - 6.957mA

=1[-392.0uA Example continued

on the next slide.
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Example (cont) Calculate I,

®

Results
v (Iy S2ke I, = 6.957mA
YVt sz\,:zzm I, = 5.022mA
3k 3 _
5 L @ Saa I, = 6.565mA
L,=1I,- 1,
I, =6.565mA -5.022mA

= |1.543mA Example continued

on the next slide.




