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Preview

In the previous chapter we analyzed circuits consisting of
resistors as well as voltage and current sources.

As the complexity of circuits increased (i.e., number of nodes

Increases), analysis techniques were developed that incorporated
rigorous systematic methods.

In this chapter we infroduce and apply two widely used
analysis methods:

1. Node voltage based method (i.e., nodal analysis method).
2. Mesh current based method (i.e., mesh analysis method).
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Node Voltage Analysis of Circuits with Current Sources

Let us consider resistive circuits with two or more nodes and
ohe or more current sources and develop an analysis method
for obtaining node voltages.

Consider the following three node circuit:

R,
o AAA—
;;? R, This piece of wire
. S can be collapsed
S m— - 07> into a single node

-
e o o

Circuit redrawn
R 1

As we will see next, analyzing a circuit with » nodes
require n - 1 KCL equations.

One way to obtain these equations is to apply KCL at
each node of the circuit except for one. This one node is
called the reference (or ground) node. Conveniently we
choose it as the bottom node (node ¢ in the circuit).
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Nodal Analysis (cont.)

The nodal voltages in this circuit are v,
and v, which are the voltages across
the R, and R3resistors, respectively.
Since node ¢ is the reference node, we
can express the nodal voltages as v, and
v, with the understanding that these
voltages are w.r.t. node c.

The voltage at the reference
node is assumed to be zero.

Once the node voltages are computed,
then the voltage v,, across Ry can be
detrmined as v, = Vg -V,
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Nodal Analysis (cont.)

Once node voltages are
determined, we may solve for
resistor currents using Ohm's law:

v,
|2 =2 I

R
inz b —  Symbol for reference node. In
3 R3 many actual circuits this node
. _Vab _ Va-Vp is connected to the chassis or
"R B the earth. Hence, it is also

1 R1

called ground node.

Resistor currents may also be expressed
in terms of resitor conductance as:

i2: GZVO. i3= 63Vh i]_ - Gl(vﬂ - Vb)
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Nodal Analysis (example)

Write the nodal equations for the following 2-node circuit.

Ground
KCL at node a: ig1= Gy vq+ Go(Va - W) (61 + G, Vg - GV = s
or
KCL at node b: i,= Gy, * G,(Vp - Va) -GN+ (G2 + )= Is2
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Nodal Analysis (example)

(G, + GV, - G,v,. = igq
bhrere e = This system of two equations may be

- Gyg+ (G + 63)%: <2 expressed in a matrix equation as:

Gv =g
where,
6,+6, G vy g1 |
1 2 2 .
G = V=, ig =
i _62 62"'6 . i b_ ISZ

The matrix equation can now be solved for the unkown

node volatges as follows: 1.
V=6 ig
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Nodal Analysis
Find the node voltages if 6y= 15, 62= 05 S, and 63= 0.25 S.
Assume i =5 Aand i -4 A,

6+6, -6, 15 -05 . Is1| |5
G = = ig = =
-6, Gp+6,| |05 075 iso| |4
SD|UTIDI’12 v - G_l is n<5tudent Edition> MATLAB Command Window =0 x|
] - Dl »[wfa) ] 8lE] 2|
0-8571 9-5714 » a=[1.% -8.5; -8.5 8.75] -:J
_

-1
G =
1.7143

B.5714
1.54888 -8.50808

-8.58084a B.75808

[ ] i 1T » inv(a)
Va lo.8571  e.5718| | B 2
- - - ans =
Vv = = =
“v’b 8.5714 1.7143| |- 4 3.8571 B.5714
-4 8.5714 1.7143
| LH
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Nodal Analysis

Find the node voltages if G1=18, 62: 05 S, and G3= 0.25 S.
Assume i =5 Aand i ,=-4 A.

G+6, _G 15 -05 Ist| |5
N 2 2 .
G = = ig = =
= 62 G+ G _ -05 0.75 Is2| |-4
Mathcad solution:
A Mathcad - [Untitled:1] =10 x|
Ap File Edit View Insert Format swmboli ndow lelp =18 x|
el QY =@ o o M= LR 87 EEAE s
[Nomal v |[ial o B Iru === =iz
[1.5 -0.5‘ 5‘ :I
G = 2
-05 075 -4
A [2.0000‘
vi=G i
-3.9999
] | - w0
Press F1 for help. AUTOD Pagel
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G =

Solution by hand (Cramer's Rule):
15 -05

A = det(6) -

Cramer's Rule

-05 0.75

o

i i /)

15 -05 o ®
is =

-05 075 -4

(1.5)(0.75

=(1/A)[(1.5)(-4) - (5)(-0.5)] = -3.5/0.875 =
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- (-0.5)(-0.5)=1.125 - 0.25 = 0.875

=(1/A)[(5)(0.75) - (-0.5)(-4)] = 1.75/0.875 =|2 Volts

-4 Volts
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Electronic Workbench Solution

ﬂ Electronics Workbench

File Edit

B Passive x|

-|10] x|

Circuit Window Help
I e G P [k [ === Steacty Stete |2 L]

A%| O w0l 2
Untitled ]
Al
Ay

| 2 2 [zo0_v] a
Al _ o

Sl @ @O

LI
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l—;;ample L.3"1

Let us consider the circuit shown in Figure 4.3-5. Find the three-node voltages, v,, Uy,
and v., when all the conductances are equal to 1 S.

AVAVAY,
3A Us

Ve

N\

N\,

T
Gy CD 7 A

— Figure 4.3-5

9A

Solution
At node a: (G1+Gz+G(,)Uu_G2Ub_G(,UC=9_3

At node b: —G2 8 - (G4 35 Gz - G3) Uyiees G4 Ue = 3
At node c: —GeUa — GaUp + (G4 + Gs + Gg)v. =7
Professor Mohamad H. Hassoun 12

Copyright 2000



Example 4.3-1 (Cont.)

Solution
At node a:

At node b:

At node c:

(G]+Gz+06)va_szb_G()Uc=9_3

_G20a+(G4+GQ+G3)Ub_G4UC=3
"GGU;,_G4Ub+(G4+GS+G6)UC=7

Substituting the numerical values of the conductances, we see that

Therefore,

3
G=|-1
-1

3, — UV, — V.= 6
v, + 30, — . =3
UV, —Up T 30.=7

and ii= |3
7

Sl |
—1 3
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Example 4.3-1 (Cont.)

g e 6
G=|-1 g and ii= |3
ssypRpl ) 7

The simultaneous equations may be solved by using Cramer’s rule. We find

(et b |

SRR I
7= 3

U=
where ‘ A

Bycalug ol

A= detililatin 31

SIS EE=pR A5G

=3Q)—(—1)(—4) — 14) =16
Then

_ Lregy— 3(— 288
Ua = 766) =34 +T@) = =V =55 V
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Example 4.3-1 (Cont.)

= 6
G=|-1 3 —1 and is= 3
= 7
Similarly,
i g6 =1
Upi= e || S =1
UG EE TR il o
- l[3(16) + 1(25) — 1(—3)] = 7—6V =475V
16 16
and
I 3 =1l &
Par=r—="Hl==1] 34 3
LOHIES L 5
= —1—[3(24) e = B =0 A B = 2\/ =B, /D V
16 ' 16
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Example 4.3-1 (Cont.) 3 -1 -1 6
Grapn o o and i,= |3
5

Matlab Solution:

n<5tudent Edition> MATLAB Command Wi... _|0O] x|

File Edit Window Help

Mathcad Solution:

7 Mathcad - [Untitled:1]

D] o |w]a] o 8]8] 2|
EDU» G=[3 -1 —1; -1 3 —1; -1 1 3]
G =

3 -1 -1

-1 3 -1

-1 -1 3

EDU>» i=[6 3 77"
i =
6

3
7

EDUx w=inu{G}=i
U =
L..ada

4.7588
5.7588

ir File Edit Y¥Yiew Insert Format

=101 x|

Math Symbolics

Window Help - |&] x|
=] hed &V i e =
H =2 A [ |2 o8 =
[Normal || sl |0 | B I ]
M atrix = ﬂ
3 -1 -1 é
_ [ I e
F=]-1 3 -1 i:=(3
1-1 3 7 R
F.3 #xt zu [
o
[ 7
o1 19
o= i —
4
= _
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I Example 4.31  A|| conductances are equal 1o 1 S.

Electronic Workbench Solution:

9 A TA

ﬂ Electronics Waorkbench | =

E Electronicz Workhench

File Edit

Circuit YWindow

Help

o I b S ) S mE s B )

Bindic x|

FY

@DFQ@HE
LI

Untitled

5 [ O [ TP [ [ [t SteeclyStee | [0 L1]
|
[
_

(#J [5.50
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Nodal Analysis of Resistive Circuits
with Current and Voltage Sources

The voltage of an independent voltage source is known. However,
analysis is needed in order to figure out the current flowing through

the voltage source.

The following three scenarios illustrate the possible configurations in
which a voltage source can occur in a circuit and provides approaces to

handle each situation: I1. The voltage source 6,
I. The voltage source connects one has a series resistor WA
of the nodes and ground. (,-_:§
a (:2 |
¢ MN " co Gy G Cf i
Vs G G i, Supernode v (*
V. s Vi |
I W
T &, T
i

] ! G G,

III The voltage source lies between
two non-reference nodes. _L

5
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Nodal Analysis of Resistive Circuits
with Current and Voltage Sources

I. The voltage source connects one

g of the nodes and the ground
&

Vs Gy Gy () i

This scenario can be easily handled since the voltage at node a is equal to vs.

Then, we need only write KCL at node b and solve for the voltage at b. The

resulting equations are:
Va = Vg

GVt (V= Va) = s

Solving, we get: _
PRNCAZ
V, = ————
b
G, + Gy
Professor Mohamad H. Hassoun
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Nodal Analysis of Resistive Circuits
with Current and Voltage Sources

1I.The voltage source
has a series resistor

Solution method #1:

At node ¢: V. = Vg

KCL at node b: 63vb+ Z(VI:- - V) = s

fir/Mathcad - [Untitled: 1]

Ay File Edit View Inset Format Math

Symbolics Window Help

B A E 2 e -

=10l x|
=18 x|

givet

Ve va

GEIV}J-I-GE.(V}J_ V&)=is

(va—vh)-G2+v&-G1+ (va—vc)-G4=El

ﬁnd(‘v V¥ c) —

KI

Prezs F1 far help.

KCL at node a: (v, - ,)6,+ vui’:}l + (v, - vc)(:i: 0

(G347 +igGy+Gyv Gy)

(150G +0 i+ i+ 0,7 0Gy)

Vg

AUTO Fage 1
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Nodal Analysis of Resistive Circuits

with Current and Voltage Sources

II. The voltage source
has a series resistor

Solution method #2:

This is similar to method one except that we first
transform the voltage source and its series resistor
into a current source with a parallel resistor:

d * O d
—> I = Vg6 Gk) g o

Starting fromKCL at node a:
| (Va - W6+ v,6, + (v, - vs)%= o)
O o (Vo = )G+ (6;+ GV = Vs,

Which is KCL at node a in the

following equivalent circuit

Professor Mohamad H. Hassoun 21
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Nodal Analysis of Resistive Circuits
with Current and Voltage Sources

IITI. The voltage source lies between
Supernode two non-reference nodes.

y e/_\
Va > Vi

Note: The method of source transformation
may also be applied here (refer to the
previous slide and to Chapter b)

Supernode method:

A Supernode consists of two
nodes connected by an
independent (or a dependent)
voltage source.

KCL at Supernode:
VaGy* VB, I
Also, inside supernode we have:
Va -~ V= Vg
Solving, we get: .
g‘ g |5 - GIVS

Vb: 614.62

Professor Mohamad H. Hassoun 22
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Nodal Analysis with Current and Voltage Sources: Example

Find the values of all node voltages.
Resistor values are in Ohms

Solution: i
At node a: Vag=-2V Y
At supernode: v, -v =3V
KCL at supernode:
Ly, + 2(Vp, - Vo) + 4v= 3
Solving for v, we get: v,=-19/7 V
sV

Finally, ve=3+v, =z2/7 v

- Verification
using Workbench
W i

Professor Mohamad H. Hassoun
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Resistor values are in S
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Nodal Analysis with Dependent Sources

If the circuit contains a dependent source, the

node voltage equations must be supplemented with
an additional equation resulting from each
dependent source.

Dependent volatge sources are handled the

same way we handled independent voltage
sources.

The following examples illustrate the idea.

Professor Mohamad H. Hassoun
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Nodal Analysis with Dependent Sources

ot ™
L gl

54 (] Gl§ §G3

& _TL -

KCL at node a: Gv+ G,(y, - vb) =5
At node b: Vp = 37
By Ohm's law: 7= 6,

The above three equations can now

be solved for the three unknowns:
Var Y and i -

Obviously, this system of equations can be solved easily
via substituting v, = 3i; = 3G,v, in the KCL equation
to arrive at the following equation in one unknown:

lea + Gz(va - Bleﬂ,) == (Gl + Gz - 36162)12“ - 5

5
or,v, = .

Professor Mohamad H. Hassoun
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Mathcad solution

given

Gl-va+G2-(V&—vh)=5

Vh=3 11

find(v , vyig) = |1

v =

a

-5
G
(-Gl —G2+3-G2-G1)

Oy

'5'(.071_ G +30,G])

—_
Vg 5

2 [(G1-Gy+30,G)

25




Nodal Analysis with Dependent Sources

Supernode

SA_C

20y,
E@E

KCL at

supernode: 61 Vy+ szb =5-31,
Inside

supernode: Va - Vp= 2V,

By Ohm's law: 7= GV,
Substituting i, = G,v, and v}, = % in the KCL equation,

G1va + Gy (%2) = 5-36,0, > (61 +36G, +36,)v, =5
15

12G,+G,

which has the solution: v, =

Professor Mohamad H. Hassoun 26
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Nodal Analysis with Dependent Sources

Vg
o
G, § —
Gy B
g Vv . vy
Vp +— —

Ve

Choose the “"ground” node

as the node with the most
branches.

We have 4 node voltages and one current involved
for a total of five unknowns. Therefore, we need to
set up five independent equations, as follows:

KCL at
supernode: GI(V“_ W) + Glat G5(Y - V) = 3%

KCL at
I’IOdE‘. c: Gz(vc - Vb) + GB(VC - Vd) = 4

At node b: v, = 8V

Inside

supernode: Va - V4 = 61,

By Ohm's law: 7,= 6,(V, - V)

Professor Mohamad H. Hassoun 27
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givet

Mathcad Solution

Gl-(va—vb) +G4-v&+G3-(vd—vc)=3-vc

GE-(VC—V}J) +G’3'(Vc— vd)=4

W -h=8

Va— Vd=611

i1=G2-(vh— VC:]

ﬁnd(v T VoV d*il) —

. [(3-G3-605+1206,6;03-20G,-20G3+40G30,)

3
(20103-01-2030;-03-20,05-04+120,0303-20,03+12:04050;)

4(3—66462—EGIGE+llGrGEG3+11G4GEG3—6GE—EG3GE—G3—1GTGQ

[(G1-703-G4+20,4G4)

I N D

Gy:=05 Gq:=05 Gg:=035 G,i=03

Vd::4'

(3-6G405-8G03+120,G303+120,0,03-60G,-2050,-G3-20G3)

¥ g - LBARST

Professor Mohamad H. Hassoun
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Matrix Formulation and Matlab Solution

Gl(va—vb) + 64% + 63(33 - vc) -3V,

62(vc

—vb)+ GB(VC— vd): 4
vb=8
Va—vd— 61:1: 0

Gz(vb— Ve)-1,= 0

-(Gl tGy) -G
0 - G2
0 1
1 0
0 Go

-(Gg +3) G; 0
(Gy+G3) -Gy o
0 0 0
0 -1 -6

- G~ 0 -1 |

Professor Mohamad H. Hassoun
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Matrix Formulation and Matlab Solution

Solve using Matlab. Assume all conductances equal 0.5 S.

-(Gl +Gy) -Gy
0 - G2
0 1
1 0
0 Go
1 -05
0 -05
0 1
1 0
0 0.5

- (G3+3)
(Gz + G‘S)
0

0
-G—z

Gv-=

Gy

-Gg
0

-1
0

-
1,

0

0
0

v

Copyright 2000

a
Vb
Ve

Vd

5|
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Matrix Formulation and Matlab Solution

n <5tudent Edition> MATLAE Command Window O] x|
File Edit Window Help
D|c| - |eele| - | @[ 6] 2
EDU»» G=[1 -.5 -3.5 .5 B; 8 -.51-.58;81088606;188-1-6;8.5-.508-1]
G =
1.8 -8.5 -3.5 a.5 a
a -8.5 1.8 -8.5 a
i} 1.8 8 8 i}
1.8 a a -1.8 -6.8
a [§ -8.5 a -1.8
EDU> i=[0 4 8 0 8]"
i =
a
M
8
a
a
EDU» u=inu{G)=i _
Yy =
9_1429
8.0008
-1.1429
-18.28%7
4.5714
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Mesh Current Analysis of Resistive Circuits

In the following we will consider the analysis of circuits using
Kirchhoff's voltage law (KVL) around a closed path (loop).

A mesh is a a loop that does not contain any other loops within it.
For example, the circuit shown on this page has only four unique
meshes. Note that some circuit elements can exist in two

ad jacent meshes.
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Mesh Current Analysis of Resistive Circuits

A mesh current is defined as the current that flows through the
elements of a mesh; those elements that are not common to any

other mesh. By convention, all mesh currents flow clockwise

A AN A

I n
O BT O

For example, m the above circuit, the current i the first resistor iz; and m
the voltage source 1s defmed as 7;. Similarly, iz = 7, and igs = i3,

Note also that the current in an element common to two meshes 1s the
algebraic sum of the mesh currents. Therefore, iz = 71 — i, and ips = 7, — 13,

Finally, we note that 7; 1s determied by the current source smce 7; = - 7.

Professor Mohamad H. Hassoun 33
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Mesh Current Analysis of Resistive Circuits

Example: Circuit with two meshes and an independent voltage source

R, R, R, R,
—\WA— —\WA—
US §R3 US §R3
> >
Define mesh currents
———
Mesh 1: - Vs + lel + R3(f1 — IE) = O (Rl + R}.)fl — I:gRg =V
o . Or . .
Mesh 2: R3(Ig — 11) + Rgfg =0 - R;Il + (Rg + R;)Ig =0
r1 —
Professor Mohamad H. Hassoun 34
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Mesh Current Analysis of Resistive Circuits
Example: three mesh circuit.

Based on the previous analysis, one may write the mesh equations
in matrix form by inspection as long as the resistive circuit
contains only independent voltage sources.

v, (’_') gR . §R5 (ﬁ) Ug

& &
Rl + R4 — R4 0 i] VS
0 ~ R, Ry+Rs|lis| |-v,
Professor Mohamad H. Hassoun 35
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Mesh Current Analysis of Resistive Circuits

Circuits with current sources
No mesh equation is
R R /— needed for this meshl
P
AN —

v (* gﬁz () i

Meshes are defined as before. The independent current source
simplifies the analysis by directly providing the value of a mesh
current. Therefore, the mesh equations are reduced by one
equation for each independent current source.

Mesh 1. - v+ Ry + R3(i; —13) = 0

Independent current .
source:

Professor Mohamad H. Hassoun 36
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Mesh Current Analysis of Resistive Circuits

Circuits with current sources

The case of a current source
common to two meshes

R, M Supermesh
MA—0

b
Cal

r .
US Is §R3

o=

Supermesh: - v, + Ry1iy + Ry, T R3i, = ()

Independent current
source:

g =1 — I

Professor Mohamad H. Hassoun
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Mesh Current Analysis of Resistive Circuits

Circuit with dependent voltage source

3 Q R 2 Q
O NN
10 ¥ g 10
_ 2 L2 Uab
o)
Mathcad solution:
Mesh1: - 10+ 3i;+ 2(i;-7,)= 0 =
—10+3i1+2(i1l-i2) =0
Mesh 2:  2(iy-17;) + 212+ 10V, = 0 2i2 — i) + 22 + 10vab = 0
. _ . . vab = 2(il — i2)
Ohm's law: Vab = 2(i1 - i) 7
11
45
find(il .2 vab) = | —
11
—10
Professor Mohamad H. Hassoun 11

Copyright 2000



Mesh Current Analysis of Resistive Circuits
Example: Mixture of sources

Mesh1: -8+ 1(i1-13) + 2(71-73) = O

Supermesh:

1(fg'f1) + 47, + 3fx + 2(f3—f1) =0

The above two equations contain 4 unknowns;
therefore we need two more equations:

By inspection: Iy = Iy

Current source: 1'3 -71,=3

given
Btig-ig+2(ig-3-1iy)=0
iE_11+4-i2+3.11+2-(3+i2-i1)=n

20
21
-f

7

find(iy,i5)

&V

Lx

—

r—Supermesh

3 A

./

. + .
2 L2 q P 3y

Professor Mohamad H. Hassoun
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Mesh Current Analysis of Resistive Circuits
Example: Workbench Solution

u Electronics Workbench

P
] _
| “Iﬂ§ i §2n
| | 30 |
| —W—t
|q__ ______ 1 L
LI
| ¢ 5A
|
|
|
| Supermes

|
|
|

b ) 120
)
|
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A Consequence of Linearity

Consider a resistive circuit (of any topology) that 1s driven by a single independent
source. A direct consequence of linearity is that if we scale the source by a constant
then all currents and voltages in the circuit are scaled by the same constant. This 1is,
essentially, the homogeneity (scaling) property that applies to any linear circuit
(circuits with resistors, capacitors, inductors and dependent sources).

The scaling property can be employed (with KCL, KVL and Ohm’s Law) to quickly
analyze resistive circuits with ladder-type topology. The method is illustrated with an
example in the next slide.

Professor Mohamad H. Hassoun 41
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Example: Determine V, in the following circuit employing scaling.

Assume any constant value for V,, say I, = 3Volt. Then we proceed as follows:

i, = g =1 Amtp (by Ohm’s Law)

V, = (1)i, + 3i, = 1+ 3 = 4 Volt (by KVL)

i, = % = % = 2 Amp (by Ohm’s Law)

i=i,+i,=2+1=3Amp (by KCL)
Ve =2i+2i;=6+4 =10 Volt (by KVL)
Scaling V to get its actual value of 5 Volt requires multiplying it by 4. Therefore, the
actual value of V, is: V, = %(3) = %Volt

Your turn: Confirm the result using mesh analysis. Repeat using nodal analysis.

Professor Mohamad H. Hassoun
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Your turn: Determine V; in the following ladder-type resistive circuit using the

scaling method. Repeat using mesh analysis. Repeat using nodal analysis. Compare the

number of currents and voltages that each method results in and the amount of algebra
involved.

Vs 14 Vl 50
= 2Volt -
Professor Mohamad H. Hassoun 43
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Which Analysis Method do we Choose: Nodal or Mesh?

In general, we can use either method as well as a hybrid method of both.

One approach 1s to compare the number of equations required for each
method. If the circuit has fewer nodes than meshes, 1t may be wise to use
nodal analysis. If the circuit has fewer meshes than nodes, 1t may be easier to

use mesh analysis.
If we are asked to solve for several currents, we choose mesh analysis.
If we are asked to solve for several voltages, we choose nodal analysis.

I all the sources 1n the circuit are independent and/or dependent current
sources then use nodal analysis.

It all the sources 1n the circuit are independent and/or dependent voltage
sources then use mesh analysis.

You should keep 1n mind that mesh analysis does not work 1f the circuit 1s
non-planar (but, KVL will always work). In this case we have to choose
nodal analysis.
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Which Method do we Choose? Nodal or Mesh Analysis?
4 Q

Find 1.

The circuit has current

sources only. We will ; 21
then use nodal analysis. . O &2
12a(]) 280 8 O
r'l

®___ Refrence

node

Left node:

1 1 |
ﬁvl +Z(v1_172) =12 — 2i

Right node:

1 1 |
372 +Z(v2 —v,) = 2i

Professor Mohamad H. Hassoun
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Upon substituting v; = 28i 1n both equations and collecting terms we get

101 = =12
=7 V2 =
9'+3 =0
i+gvz =

Solution employing Cramer’s rule:

1
12 —7
0 % (12) (%) —0
1= T 3 ~ = 3 (A)
10—z 0)(g)- 9 (-3)
3
-9 Ei
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Which Method do we Choose? Nodal or Mesh Analysis?

- 4 Q)
Find 1.

Mesh analysis can be used
but, as you may judge, it

requires more work than

using nodal analysis.
12A(4) < 8 Q

Super mesh: 28(i3 — i) + 4i, +8i3 =0
Independent current source: i; = 12
KCL at right node: i3 — i, = 2i

KCL at bottom node: iy — i3=1

Your turn: Solve the above equation for i.
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Your turn (challenge problem): Find positive values for V; and
I that will result in 80W delivered by the VCCS and OW

delivered by the CCVS. You may use Mathcad to solve the
equations.

A A + VRO .
3 (> ANN-
\/ e & 600
2V digs
N
§ 200 §4on > 21y,
—> Iz; <« Igs + e
—ANN AN AN\
1002 500 700
- - .
Vs 300 + 7 Vg Is
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