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Recap

O KCL: At any node in an electrical circuit,
the algebraic sum of the currents is equal
to zero

O KVL: the directed sum of voltages along
any closed path in an electrical circuit is
zero

0 Ohm’s law: the ratio between the voltage
drop at the terminals of an ideal resistor
and the current passing through it is
constant and is called “resistance”

Circuit equivalency

I, Ip

Vs C> cir:uit Vs C> cirguit
] ]

Two circuits are equivalent if they cannot be
distinguished from each other by voltage and current
measurements, i.e., if they behave identically




Circuit equivalency

I,

1

Vs C> cirzuit Vs C> cirguit
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In this case, since Vg is applied to both circuits:

Circuit Aand B are equivalent & I, = Ip

Circuit equivalency
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Sometimes it is useful to replace a
complex circuit with an equivalent one
that is much simpler to study

Circuit equivalency
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Here we will assume that the circuits to
be replaced (“reduced”) are made of
resistors only (i.e., passive circuits)




An example of circuit equivalency
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+ circuit
v |
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Q Circuit A is any combination of resistors

Q The voltage at the terminals of circuit A
isVg

An example of circuit equivalency

I, I,

1

Vs C> cirzuit Vs C) ;J:REQ
I

The circuit in red is equivalent to circuit A if
Vs

REQ = IA

Resistors in series

Q Two resistors are in series if the same
current flows from one to another

I R,
—_ +,\/\/\ -
O g
R;




Resistors in series

Q Two resistors are in series if the same
current flows from one to another

o, Ry
W R, and R, are in series
R, and R3 are in series
m +
ORI
R3 -
W=

Resistors in series

Q Two resistors in series always share one
common node

o, Ry
W R, and R, are in series
R, and R3 are in series
m +
ORI
R3 -
W=

Resistors in series

Q Two resistors in series always share one
common node

I R,

— +W—

R, and R, are in series
R, and R3 are in series




Resistors in series

Q If the same current flows through N distinct
resistors then the N resistors are in series

ro, Ry
+ + Rl’ Rz, anq R3
Vs<_> %Rz are in series
R;3 B
W=

Resistors in series

Q If the same current flows through N distinct
resistors then the N resistors are in series

KVL at path 1: Rll + Rzl +R3 I—- VS =0

Resistors in series

Q If the same current flows through N distinct
resistors then the N resistors are in series

KVL at path 1: Rll + Rzl +R3 I—- VS =0




Resistors in series

N resistors in series are equivalent to a
single resistor whose resistance Rgy is:

R N
Y Ry = Z R,
k=1

Resistors in parallel

Q Two or more resistors are in parallel if the
same voltage is across each of them

I

—

I I} I3
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Resistors in parallel

Q Two or more resistors are in parallel if the
same voltage is across each of them

I

— To denote resistors
in parallel:
I I| I3} P

R4|IRz||R
n + + + R1lIRz]|R3
VS<_> §R1 ;Rz R3

Rl = R2I; = R3l3 =V




Resistors in parallel

Q Resistors in parallel always share two
common nodes

node A

node B

Resistors in parallel

Q Resistors in parallel always share two
common nodes

node A

KCLatnode A: —I + 14 + I;+I3=0

Resistors in parallel

Q Resistors in parallel always share two
common nodes

node A

gy Vs Vs Vs
KCL at node A: I+R1+R2+R3 0




Resistors in parallel

Q Resistors in parallel always share two
common nodes

Vs 1

Ry "Ry R;

1

gy Vs Vs Vs
KCL at node A: I+R1+R2+R3 0

Resistors in parallel

N resistors in parallel are equivalent to a
single resistor whose resistance Rgy is:

1
REQ - —N 1
Zk:l R_k

Example 1

R= =Ry R= Rs

Be
Ri=2Q;R, =6 Q;R3=3Q; R, =1Q; Rs =4Q; Rg=12Q

What is the equivalent circuit resistance
between terminals A and B?




Example 1

______________________

B. @
Ri=2Q;R;=6Q;R3=3Q; R4, =1Q; R5=4Q; Rg =12 Q

.

R2||R3 = 2 Q
R5||R6 = 3 Q
Example 1
A o—\\\ M
R1 R4-

= R;|IR; Rs||Re =

Be
Ri=2Q;R,=6Q;R;3=3Q;Ry,=1Q; Rs=4Q; Rg=12Q

R2||R3 = 2 Q
R5||R6 = 3 Q
Example 1
A o—\\! V!
R1 R4-
= R;||Rs Rs||Rg
Be —

Ri=2Q;R,=6Q;R;=3Q; R,k=10Q; Rs =4 Q; Rg=120Q
R,||R; = 2 Q; Rs||Rg = 3 Q;

Ry + (Rs||Rg) =4 Q




Example 1

AO—’\N\

R4
=R:lIR; Ryi+Rs||Rs =

Be
Ri=2Q;R,=6Q0;Rs =30 Ry=10;Rs=4Q; Rg =12 Q
Ry||R3 =2 Q; R5||Re =3 Q;

Ry + (Rs||Rg) =4 Q

Example 1

__________________________________

Ry||[Rs Ry +Rs||Ry =

o

Be e ——
Ry=2Q;R,=6Q0;Rs =30 Ry=10; Rs=40Q; Rg =12 Q
Ry||R3 =2 Q; Rs||Re =3 Q; Ry + Rs||Rg = 4 Q;

R = (R;||R3)||(Rs + (Rs||R)) = 4/3 Q

Example 1

A R
1§§

Be
Ry=2Q;R,=6Q0;Rs =30 Ry=10;Rs=4Q; Rg =12 Q
Ry||R3 =2 Q; Rs||Re =3 Q; Ry + Rs||Rg = 4 Q;

R = (R;||IR3)||(Rs + (Rs||Rs)) = 4/3 Q
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Example 1

A
Ry

=N

Ri=2Q;R,=6Q;R3=3Q; R, =1Q; Rs=4Q; Rg=12Q
R;||R3 =2 Q; Rs||Rg =3 Q; R4 + Rs||Rg =4 Q; R=4/3 Q;

Rss=R{+R=3.33Q

Example 2
R;
’\/V‘R3 R
Ry
A B Rs
R; Rg
MA

Ri=2Q;R,=6Q;R3=9Q; R, =4Q;R; =4 Q;
Rg=6Q;R,=20Q

What is the equivalent circuit resistance
between terminals A and B?

Example 2

sTmmEmEEEEEEES N R2 o~ N
=" Ve R
E /\/\/\ 3 4 E
H R Ngile o s
5 A B i
E Ry Rg i
R — - AMA e S

Ri=2Q;R;,=6Q;R3=9Q; R, =4Q;R; =4 Q;
Rg=6Q;R,=20Q

R1||R7 :10

R4||R5 =ZQ
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Example 2

3
Rq||R;7 vV R,||R5
v A B o

Ri=2Q;R,=6Q;R3=9Q; R, =4Q;R5;=4Q;
Rg=6Q;R, =20

R1||R7 =1 Q
R4||R5 =2 Q

Example 2

Ri=2Q;R,=6Q;R3=9Q; R, =4Q;R; =4 Q;
Re=6Q0; R, =2Q;Ry||[R7=1Q; Ry||Rs =2 Q
R2||R6 == 3 Q
Example 2
R, ||Re

’\/V‘R3
R4||R;7 R,||R5
A B

Ri=2Q;R;,=6Q;R3=9Q; R, =4Q;R; =4 Q;
Re=6Q; R, =2Q;R{||[R;,=1Q;R4||[R5=2Q

Rz||R¢ =3 Q
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Example 2

A B

Ri=2Q;R,=6Q;R3=9Q; R, =4Q;R5;=4Q;
Re=6Q;R; =20, R1||R7 =1 Q; Ry||[R5 =2 Q;
Ry||[R¢=3Q

R =R4||R7; + Rz||Rs + Ry||Rs = 6 Q

Example 2

Ri=2Q;R,=6Q;R3=9Q; R, =4Q;R; =4 Q;
Re=6Q;R;, =2 Q; R ||R7=1Q; Ry||R5 =2 Q;
Ry||[R¢=3Q

R =R4||R; + Rz||R¢ + R4||Rs = 6 Q

Example 2

PR
=
w

Ri=2Q;R;,=6Q;R3=9Q; R, =4Q;R; =4 Q;
Re=6Q;R; =20, R||R7 =1 Q; Ry||[R5 =2 Q;
R;||IRe=3Q;R=6Q;

RAB = ﬁ”Rg = 36 Q
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Voltage divider rule

Q It allows to calculate the voltage across
any individual resistor connected in a
series of resistors

I

Ry
— +/v\/\—

YOI

Voltage divider rule

Q It allows to calculate the voltage across
any individual resistor connected in a
series of resistors

I R4
— +/VV\ - Series: Rgg = R1 + R,

YOI

Voltage divider rule

Q It allows to calculate the voltage across
any individual resistor connected in a
series of resistors

I R4
— +/VV\ - Series: Rgg = R1 + R,
+ + 1
Vs(_) =R, Vs _ Vs
~ Rgp Ri+R;
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Voltage divider rule

V,=R=—"1 y

1 "R, +R, S

! +R1 V, = Ryl R: v
A - —

MA 27 "2 T R +R,

Voltage divider rule

Q The voltage drop across each resistor in a
series is a fraction of the original voltage
across the entire series

I +R1 R

e - 1
Vi=R{=——F"F7V

R,

V, =Ryl =

vy i Ri+FR,
+ 1 2

Vs

Voltage divider rule (VDR)

Q If N resistors are in series (Rq,R,, ..., Ry)
and the voltage across the series is Vg, the
voltage drop across each resistor is:

Ry,
= VS
R1+R2 ++RN

Vi

k=123,.. N
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Current divider rule

Q It allows to calculate the current through
any resistor connected in parallel resistor
circuits

I I}

()| =k Zh,

Current divider rule

Q It allows to calculate the current through
any resistor connected in parallel resistor
circuits

Parallel: Rgg = %

111 Izl R1+E

I (T) 4 étlh §+R2

Current divider rule

Q It allows to calculate the current through
any resistor connected in parallel resistor
circuits

Parallel: Rgg = %

111 Izl R1+E
n +
I(T) |4 §R1 ;Rz 1
- - R1R;
V'=Reol =3 TR,
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Current divider rule

V=Rl =_T1R2
T TR 4R,
v R,
I —
1R, R,{+R,
, % R,
, = —
111 Izl RZ R1+R2

Current divider rule

V=Rl =_T1R2
- TEQ _R1+R2 \

—

I Ip]

EN
Fl= + |[F=
| =

—
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Current divider rule

Q The current through each resistor in a
parallel circuit is a fraction of the original
current and depends on the resistance

Ill IZl 11=RL= 1_111

+ + 1 —+5

(1) v Er =k, ,
IZ:R_z:Rl:lI

1 2

17



Current divider rule (CDR)

Q If N resistors are in parallel (Ry4,..., Ry) and
the current entering (leaving) the common
nodes is I, then the current through each

resistor is:
1
Ry
he=94—"7 1!
R, TR, TRy
k=1,23,..,N
Example 3
Vs'/“\/P
% L |7 Ry Is|

Ry =10/3Q; R, =2Q; R; =1Q; R, =12 Q; Ry = 12 (;
Rg=120Q;I=5A

What is the value of I,, I5, and V3?

Example 3
V3./+,V—V\?\' """""" .
|4 L |7 R, Is|

o J
Ry=10/3Q; R, =2 Q; Ry = 1O Ry STZ T R="12 O
Rg=120Q;I=5A

R, =R4||Rs||R¢ =4Q
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Example 3

o J
Ry =10/3Q;R, =2Q; R; =1Q; R, = 12T R; =12 O
R¢=12Q;I=5AR,=4Q

1
Rc 1
CDR 15 = %13 = 513
Ry Rs TR
Example 3
U e
—
174 I |7 Rs

R, =10/3Q;R, =2 Q;
R¢=12Q;1=5A;R,=4

o)

Example 3

R; =10/3 Q; R,
R¢=12Q;1=5A;R,




Example 3

R, =10/3Q; R, =2Q; =1Q; R
Re=12Q;1=5AR,=4Q;R,=5Q
R
VDR: V; = —2%
R3+R
Example 3
—
4 I ||n

R, =10/3Q;R, =2Q;R; =1
Re=12Q;1=5AR,=4Q;R,=5Q

Example 3

| T ———




Example 3

=2Q;R3=1Q; R, =12Q; R5 =12 Q;
Re=12Q;1=5AR,=4Q;R,=5Q
S
CDR:I;=+—2 _1=0.21=1.0A
bt
Ry Ry Ry
Example 3
3
v I 155 i
1

Example 3

R R
. V=—"23R,],=1.0V
R3+R, R3+R,




