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H
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W
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access
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new
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�

P
ublic
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(W
indow

s
and

U
N

IX
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in
C

ory
H

all:
199

C
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stillneed
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w
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T
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�

Intro.
to

E
lectricalE

ngineering

�

C
ircuitvariables:

V
oltage,C

urrent,P
ow

er
and

E
nergy

�

T
he

IdealB
asic

C
ircuitE

lem
ent

�

D
o

you
ha

ve
questions

on
any

of
these

concepts?
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S
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Term

inology
(thanks

to
S

heila
R

oss’notes)

�

D
ependentS

ources

�

O
hm

’s
Law

�

O
pen

circuits
and

shortcircuits

�

Intro.
to

I-V
graphs

�

K
irchoff’s

Law
s

�

A
nalysis

ofa
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ith
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dependentsource
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Term
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P

assive
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ents

3.
N
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4.
B
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S
om

e
Term

inology

�

A
ctive

elem
ent-

is
an

idealbasic
circuitelem

ent

thatm
odels

a
device

capable
ofgenerating/am

plifying
electricalenergy.

–
E

xam
ple:

voltage
sources

�

P
assive

elem
ent-

is
an

idealbasic
circuitelem

ent

thatm
odels

a
device

w
hich

cannotgenerate/am
plify

electricalenergy.

–
E

xam
ple:

resistor
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S
om

e
Term

inology
(thanks

to
S

heila’s
notes)

�

N
ode

-
A

place
w

here
elem

ents
are

joined

–
E

xam
ple:

E
lem

ent 1
E

lem
ent 2

Element 3

N
ode

A
 node

�

B
ranch

-
elem

ents
connected

end-to-end,nothing

com
ing

offin
betw

een

–
E

xam
ple:

E
lem

ent 1
E

lem
ent 2

A
 single branch
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�

F
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types

1.
V

oltage
C

ontrolled
V

oltage
S

ource

2.
V

oltage
C

ontrolled
C

urrentS
ource

3.
C

urrentC
ontrolled

V
oltage

S
ource

4.
C

urrentC
ontrolled

C
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D
ependent

S
ources

�

S
ym

bols:

+−
+−

V
 =

 a V
s

x
i

s
=

 bVx
V

 =
 ci

t
y

i
t

=
 d

i
y

V
oltage controlled

voltage source
V

oltage controlled
C

urrent controlled
current source

voltage source
C

urrent controlled
current source
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ependent

S
ources

�

E
xam

ples:
A

re
the

circuits
below

valid?

+−
+−+−

Vs

Va =
 3 V

=
2

Va

is
=

4
Vb

5
=

V
Vb
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D
ependent

S
ources

�

S
olution:

�

C
ircuit(a)

is
in

valid
.

T
his

is
because

the
dependentsource

puts
out2 �

V�

w
hich

is
2 �

3
=

6
V.6

V
cannotbe

in
parallelw

ith
3

V.

�

C
ircuit(b)

is
valid

.
T

he
currentsource

is
absorbing

pow
er

from
the

voltage
source

and
is

generating
4

�

5
=

20
A

.
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O
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’s
La

w

�

R
esistance

is
the

capacity
ofm

aterials
to

im
pede

the
flow

ofcurrent

�

W
hatcauses

resistance?

–
A

nsw
er:

E
lectrons

colliding
w

ith
the

atom
s

ofthe
w

ire
as

they
m

ove
through

the
w

ire.

�

U
nitofresistance:

O
hm

.
N

am
ed

after
G

eorg
S

im
on

O
hm

�

S
ym

bol:�

�

A
nother

unit:
C

onductance,reciprocalofresistance.

�

S
ym

bol:
S

iem
ens

(S
),m

ho
(ohm

spelled
backw

ard,�
)
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O
hm

’s
La

w

�

R
esistor

sym
boland

IV
relationship

+-

+-

V
 =

 IR
V

 =
 -IR

V
I

I
V

R
R

–
V

=
voltage

(in
volts)

–
I=

current(in
am

ps)

–
R

=
resistance

(in�

s)
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O
hm

’s
La

w

�

P
ow

er
atthe

term
inals

ofa
resistor:

�

A
s

Itold
you

in
lecture

1,P
=

V
Ifor

A
N

Y
electricaldevice.

�

H
ence,for

a
resistor,w

e
have

the
follow

ing
expressions:

�
�

� 	

�
�


 	
�� 	

�
�	


�
�

� 
�
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O
pen

circuits
and

short
circuits

�

O
pen

circuit

–
S

ym
bol:

a
b

–
M

athem
aticalm

odel:
R

�
�

–
C

urrentthrough
an

open
circuitis

0

w
hereas

the
voltage

across
itis

unknow
n

�

S
hortcircuit

–
S

ym
bol:

a
b

–
M

athem
aticalm

odel:
R

=
0

–
C

urrentthrough
a

shortcircuitis
unknow

n

w
hereas

the
voltage

across
itis

0B
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Intro.
to

I-V
graphs

�

I-V
graphs:

graphicalm
ethod

to
solve

circuits

�

A
circuitis

solved
w

hen
the

voltage
across

and
the

currentthrough

every
elem

enthas
been

determ
ined

�

I-V
graph

for
a

5�

resistor:
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Intro.
to

I-V
graphs

�

S
olution:

I

V

S
lope =

 0.2 ohm
s −1

IV
graph

for
a

5�

resistor
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K
irchoff’s

La
w

s

�

R
ecap:

w
e

now
understand

how
to

w
ork

w
ith

voltage
sources,currentsources

and

resistors.

�

N
otenough

to
solve

circuits.
F

or
exam

ple,solve
the

circuitbelow
(drillexercise

2.2,p.
37):

+−
24 V

5Ω

2Ω

1Ω

+
  v   -

1 2

+v
5

-

+
v

-

i
5
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K
irchoff’s

La
w

s

�

B
efore

w
e

can
solve

the
circuit,w

e
need

K
irchoff’s

law
s.

�

K
irchoff’s

C
urrentLaw

(K
C

L)
statem

ent:

–
T

he
alg

ebraic
sum

of
all

the
currents

at
any

node
in

a
circuit

equals
zero

–
H

ence
to

apply
K

C
L,justassign

an
algebraic

sign
(+

or
-)

to
every

currentatthe
node.

T
hatis:

1.
Ifcurrents

leaving
the

node
are

positive,then
currents

entering
are

negative

2.
Ifcurrents

leaving
the

node
are

negative,then
currents

entering
are

positive

�

Letus
look

ata
sim

ple
exam

ple

B
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K
irchoff’s

La
w

s
5 uA

1 uA

−
 7uA

i

�

F
ind

i

�

S
olution:

A
ssum

e
currententering

the
node

is
positive.

T
herefore,currentleaving

the

node
w

illbe
negative.

H
ence,applying

K
C

L
atthe

node
yields:

5
uA

+
1

uA
+

i+
(-7

uA
)

=
0

i=
1

uA
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ircuits

K
irchoff’s

La
w

s

�

K
irchoff’s

V
oltage

Law
(K

V
L)

statem
ent:

–
T

he
alg

ebraic
sum

of
all

the
volta

g
es

around
any

loop
equals

zero.

–
To

apply
K

V
L:

1.
A

ssign
an

algebraic
sign

to
every

voltage
in

the
loop

2.
Trace

a
closed

path
around

the
loop,and

sum
each

voltage
as

you
“hitthe

sign”.

�

Lets
look

ata
sim

ple
exam

ple.
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K
irchoff’s

La
w

s

+−

+
−

+−
v

x
=

 
3 V

4 v
2 A

9 V

x

+
-

V
S

�

F
ind

the
voltage

drop
across

the
currentsource.

�

S
olution:

LetV�

be
the

voltage
drop

across
the

currentsource
as

show
n

in
the

figure.
W

e

know
V�

=
3

V,hence
the

voltage
across

the
dependentvoltage

source
is

4
*

3
V

=
12

V.

A
pplying

K
V

L,w
e

can
sum

starting
from

the
negative

term
inalofthe

3
V

source
and

m
oving

clockw
ise

around
the

loop:

-3
V

+
12

V
+

V�

+
9

V
=

0

V�

=
-

18
V

B
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K
irchoff’s

La
w

s

�

N
ow

w
e

can
attack

drillproblem
2.2.

�

S
olution

:
A

pply
K

V
L

by
starting

atthe
negative

term
inalofthe

24
V

source
and

m
oving

clockw
ise

around
the

loop:

-24
V

+
v


+
v�

-
v�

=
0

S
ince

allelem
ents

are
in

series,the
sam

e
currentflow

s
through

them
(m

ore
on

this
later).

H
ence,v


=
2i�

volts,v�

=
5i�

and
v�

=
-1i� .

v�
is

negative
because

ofthe
passive

sign

convention.
S

ubstituting
these

variables
in

the
K

V
L

equation,w
e

can
find

i� :
-24

+
2i�

+
5i�

+
i�

=
0

T
herefore

i�

=
3

A
.H

ence,v


=
6

V,v�

=
15

V
and

v�
=

-3
V.T

he
currents

through
allthe

elem
ents

and
the

voltage
across

each
elem

enthas
been

found.
H

ence,the
circuithas

been
solved.
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ircuits

A
nalysis

of
a

circuit
w

ith
a

dependent
source

+−

2Ω

10Ω

20Ω

24 V

+-

v
x

0.8 v
x

+-

v
o

i

+
-

v2

ix

�

Lets
putitalltogether

and
find

v�

and
iin

the
circuitabove.
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C
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lem
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esistive
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A
nalysis

of
a

circuit
w

ith
a

dependent
source

�

S
olution:

T
he

im
portantidea

behind
this

circuitis
thatthe

loop
on

the
leftis

isolated
from

the
loop

on
the

right.
T

hatis,they
are

com
pletely

independentofeach
other.

To
see

w
hy

this
is

true,apply
K

C
L.Ifiam

ps
enters

the
loop

on
the

leftas
show

n
in

the
figure,how

can
itflow

back
to

the
loop

on
the

right?
Ithas

to
do

so
or

K
C

L
w

illbe
violated

since

currentgoing
in

w
illnotbe

equalto
the

currentcom
ing

out.
Itcertainly

cannotflow
back

through
the

sam
e

w
ire.

T
hus,i=

0
A

.

N
ow

,v�

=
-20

*
0.8v�

,according
to

ohm
’s

law
and

the
passive

sign
convention.

B
ut,v�

is
the

voltage
across

the
10�

resistor.
To

find
this

voltage,w
e

can
apply

K
V

L
and

ohm
’s

law
to

the
loop

on
the

left:
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A
nalysis

of
a

circuit
w

ith
a

dependent
source

-24
V

+
v


+
v�

=
0

-24
+

2i�
+

10i�

=
0

i�
=

2
A

H
ence,v�

=
20

V.T
herefore,v�

=
20

*
0.8

*
20

=
320

V.
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B
efore

w
e

go
on...

�

H
ow

do
you

becom
e

good
w

ith
circuits?

–
A

nsw
er:

�

P
R

A
C

T
IC

E
,P

R
A

C
T

IC
E

,P
R

A
C

T
IC

E
...�

�

B
uild

circuits
as

w
ell!!!!!

�

Takes
a

really
long

tim
e...
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S
eries

and
P

arallel
C

ircuits

�

S
eries

circuits

–
D

efinition:
W

hen
justtw

o
elem

ents
are

connected
ata

single
node,they

are
said

to
be

series.

–
S

eries-c
onnected

circuit
elem

e
nts

ha
ve

the
sam

e
current

through
them

–
C

onceptofseries-equivalentresistance:
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S
eries-E

quiv
alent

R
esistance

....

RRRR

123N

R

R
 =

 R
  +

  R
  +

  R
  

1
2

3
R

N

i

+- v1+- v2+v3-+- vN

+- v
D

erivation:

C
oncept:  C

urrent through series elem
ents is the sam

e
S

tart w
ith K

V
L:

v
=

v1
v2

v3
N v

+
+

+
+

+
+

=
>

iR
  =

 
R

1
R

2
R

3
R

N
+

+
+

+
i

i
i

i

N
otice how

 w
e used ohm

’s law
 and the fact that

the current through series elem
ents is the sam

e. 
C

ancelling the i on both sides gives the result.
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