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DC Circuit This chapter shows three examples of the use of nodal
= __ analysis to solve linear circuits. The first two examples use
Analy5|s the solve() command to solve a set of linear equations for a
circuit. The third example shows how to write the equations
in matrix form and use simult() to solve them.
Topic 1: Nodal Equations Using solve  ( )
Given the circuit shown in Figure 1, find v1 and v2.
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Figure 1. DC Circuit

Nodal analysis can be used to solve for the voltages of a circuit by summing the current leaving
each node. Kirchhoff’s current law states that the currents out of a node must sum to zero. The
current through each resistor is calculated from Ohm’s law by:

e Defining the voltage drop across the resistor in the direction of the current as the voltage at
the node of the incoming current of the resistor minus the voltage at the node of the outgoing
current of the resistor, and

« Dividing the voltage drop by the resistance of the resistor.
For a circuit with N+1 nodes (including the ground node), this process gives N equations with N
unknown voltages. For the circuit above, summing the currents out of node 1 gives

vl vl-v2
+—+

32 4
The sum of the currents out of node 2 is

5 =0
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The following series of steps leads to a solution of these two

equations. labetic characters.
TEH: ﬁ13F-zzgru IIFUE'IT: I]EI:‘:r Pr’;?nll] E1tFuEn'I]P |
1. Clear the TI-89 by pressin [F6] 2NewProb [ENTER]. g
. . = HewProb Oate
2. Enter the equation for node 1 and store ita nl as wl o oul-u?
shown in screen 1. StzztT g -9nl
ERLL SR s =g
5H vi[E]32HFH [ vi[E v2 D] [F] 4[=] 0[STOX] n1
(1) 24EN
Note: To enter the >, press [STO»].
3. Enter the equation for node 2 and store it a n2 as Toats|ihehe ataie Diber|Fr Sin|1eap e |
shown in screen 2. 3wl _ w2 oo
32 q
([dv2 (& vi ][] 4+ v2[] 40+ v2 (2] 160(-] 12 =] O[STO»] .@J,:_g»fl”ﬁzﬂ-m:m
n2 “ul 9z
g tomz 12=0
(2) [T RAD AUTO FUNC '
4' Flnally) SOlVe fO Vl an mlsmg th SOIV%) Commandv as T:Hs FI'HF'&ZEHI tFu:s'IT: I:IEI:::r Pr’;i'ulﬂ C1-zFuEn'IJP |
shown in screen 3. . u2;u1 +:_§+ 1u62|:| —12=0p
CATALOG] solve( n1 [CATALOG] and n2 (5] [{]va 5] v2[2nd) ':1 + 93;2 —17=@
[}] mzoluelnl and K2, Twl w23
ul =96 and w2 =125
The two voltages are calculateda vi=96Van w2 =128V. d s, [N
(3) [T RAD AUTO FUNC Y20

Topic 2: Nodal Equations with Voltage Sources

Note: Press before entering
alphabetic characters.

When a voltage source is present between two nodes, Ohm’s law cannot be used to calculate the
current through the source (as in Topic 1). Fortunately, this difficulty can be overcome easily by
giving a name to the current through the voltage source (as shown below) and treating this current
as an unknown. Nodal analysis then can be used to find the solution for the voltages of the circuit
shown in Figure 2.
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Figure 2. A DC Circuit with Three Sources

First, write the nodal equations in a form similar to that
entered into the TI-89 as

nodel: -5+ V71+i25:0—> n 1

node2: —i 25+ V—12+ % = 03—> n2

node3 v3=: 1On3

Note: Some textbooks use the
concept of a “supernode,” which in
effect combines the nodal equations
for nodel and nodeZ2 into a single
equation and eliminates i25.
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Notice that the current flowing through the 25 V source from
left to right is defined as i25. This unknown current becomes
another variable which will be found as part of the solution.
The voltage drop of the 25 V battery establishes the relation
between vl and v2 as

equation 1:v2=vl 25 €L
To enter these equations into the calculator:
1. Clear the TI-89 by pressing [F6] 2:NewProb [ENTER].
2. Enter the equation for nodel as shown in screen 4.
5 vi[z]) 2(+] 25 =] 0(STO») n1
3. Enter the equation for node2 as shown in screen 5.

@izsHv2zE 140w v E 1E (0] 510 n2

4. Enter the node3 equation (screen 6).

v3 =] 10(STO») n3

5. Enter the last equation for the 25 V source (screen 7).

v2 5] v (7 25 [5TO») el

Screen 8 shows a summary of the four equations, which
can be displayed by entering their names—n1, n2, n3,
and el.

6. Finally, solve for v1, v2, v3, and i25 by using solve() as
shown in screen 9.

solve( nl [CATALOG] and n2 [CATALOG] and n3
and el 5] [2nd] [(] v1 (5] v2 (5] v3 (5] i25 [2nd] [ 1] D]

The complete result is

vli=-14V v2=11V,v3 =10V, and i25 (the current
through the 25 V source) = 12 A.

Fi~] Fex TF3~| Fi~ | FE Fa-
TooT5|AT13ckkalCalc|Other|Framl0jCTean Uk

. -5+”—21+125=E|+n1

2
4 “Sul 241 25=04n1
( ) [ KAD ALTO FUNC

= HewProb Dahe

jzs+ Ml _s_g

30

Fi- Fer |Fi=| Fir
Too15|A13cbrafCalc|dkher
= 1 =
2

T+

=
. '125+UT2+U2;1U3=EI+F|2
25+ 22 - uI=0
-1 2502 L+ -y ) L =B
(5) [ FAD ALTO FLUMC : Tl

Fa~
Clean Ur

izs+ 2l _s-¢

Note: Enter the first - (negative) by
pressing ()] below (3] and the second
- (subtract) by pressing (=] to the right

of [6].

Fi-] F2r TF3~] Fir | FE Far
Tools)A13cbra|Calc|Other|FramldjcTean Ur

izm Ml ey

2
neizs R TR g
SiZ5+ 2w -uwE=0
w3 =10+ n3 w3 =10
()] = RAl AUTD FUHC [PET]
Fix| Fer |Fiv| Fd4= | FE Fh=
Tm:-1s|ﬁ13ebru Calc|other|Framin|ciean Ue
oizg e M2 L MEDYE gl
SiZE A+ 2w -uwE =0
BuE =10+ n3 w3 =10
BuZ =yl +25+el
w2 =ul + 25
(7 RAl ADTD FUHC 5T

Flx] Fir TFix| Fir | FE Far
Tools)AT3ebra|Calc|Other|FramldjcTean Ur

TZ =l F 2
"ni izs +”—21—5=|:|
2 SIZS A+ 2 w2 -3 =0
LNy w3 =10
] w2 =ul + 25
=1

(8)['- FAD ALTO FUHE 8,/%0

L3 oand el,ful,.
(9)[uz = EAD AUTD FUNC

Flx] Fir TFix| Fir | FE Far
Tools)AT13ebra|Calc|Other|FramldjcTean Uk
T T =

LRV SiZ5+ 2w -uwE=0
LNy w3 =10
maz] w2 =ul + 25

B soluelnl and nZ2 and n3 ak
i25 =12 and wl = -14 and bk

2332
10,0
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14 ELECTRICAL ENGINEERING APPLICATIONS WITH THE TI-89

Topic 3: Nodal Equations Using simult()

Another approach to solving the problem in Topic 2 is to convert the equations to matrix form. The
equations as shown in screen 8 are rearranged as

nodel: %Vl +i26=5

node2: 2v2-v3-i25= 0
node3: v3=10, and
eqnl: -vi+v2 25

In matrix form they appear as:
@/2 0 0 10Owlo Os0O

0 0 0.0
Ho 2 -1 —1%/25250D
0o o0 1 o0w30 fod
011 0 02 25

1. To create the square matrix on the left side, press [APPS EE,, HPPLICATIONS
and select 6:Data/Matrix Editor and 3:New in sequence, as =
shown in screen 10.

1:Home
2i4= Editar
Jtlindow Editor
q: h
9T

"

il

L3 oand el ful,u ; F 3
(20)[c = EAl AUTD FUHC 10770

2. Press [ENTER] to display screen 11. =

T

\ < EEC=CANCEL 2,
(ll) oc KAD AUTO FLUHC
3. To enter a matrix, press ® and @ to highlight 2:Matrix i

(screen 12) and press [ENTER]. Tups:

Folder:
Variable:

LR

\ < EECECARICEL 2
4. Press @ twice and enter the Variable name. (For (12)&= RAD AUTD____FUNC
convenience, call it mata.) Using @, fill in Row T —
dimension: 4 and Col dimension: 4 as shown in screen 13. — Matrins
Foldgr: dc ¥

Yariable:
Fow dirgnsion: D
Col dirension: ]

Enter=0K EZC=CAMCEL
\
(13} TYFE + [EMTERI=0K AMD [EXCI=CAMCEL
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CHAPTER 1: DC CIRCUIT ANALYSIS 15

5. Press [ENTER]. You will see screen 14.

(14) [T KAD ALTO FUNC

6. To see all four columns, press [¢] [1] and set the cell
width to 5 (screen 15).

2 EHIE Rt L HEH .
3 {4z
I I «L?EI I
ricl=@
(15) [ FAD ALTO FLUMC

7. Press [ENTER] twice to see screen 16.

Fir F& F3
TooTs{Flok Sgtur

8. Fill in the rows and columns with the numbers from the (16)[z RAD AUTD FUNC

circuit matrix as shown in screen 17. [rE&3:]p 1o Zerus

FIRT
ik

cl
1 1.2
2 [£]
3 5]
4 -1

rdcd=0
(A7)

9. To create the column matrix on the right side of the e —
matrix equation, press [F1] and select 3:New. Define it as: = T
Type: Matrix, Variable: colb, Row dimension: 4  , and Col Tower Hatrix s
dimension: 1 (screen 18). o

Fow dimension: [ ]
Col dimension: [T

ETer

10. Pr [ENTER] and fill in the val reen 19).
€ss - a d t € values (SC ee 9) (18) TVFE + [ENTERI=0K AMWD [E5CI=CAMCEL
| Fir Fz 3 H N
Too1s|Flok Stur
!""IﬂiT
* [=5 1 cZ [ o
T 5
2 @
3 (1@
4
(19\r451=25
11. Press [HOME] to return to the Home screen and check the L EAD AUTD_PUNC
contents of mata and colb, shown in screens 20 and 21. S R A e
414 and v2=11 and w3 =10
172 @ @ 17
a2 -1 -1
| |
mata o o1 a
-1 10 Q|
(20) =I = RAD ALTO FLUMC 1130
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16 ELECTRICAL ENGINEERING APPLICATIONS WITH THE TI-89

Fir] Fe~ [F3~| Fi~| FE Fa-
Tool5|AT13ckr alCalc|Okher |Frarml0|Clean Ur

[-1 1 &

o]

5 ]

o
ucolb 1

o]
23]

1)

oc KAD AUTO FLUNC 130

12. Enter simutt (mata (1] colb 0] (screen 22). Note: The simult() command

returns a column vector that contains
the solutions to a system of linear
equations.

TE%'ITS ﬁ'l;gzl;rq ':FlI?:Il‘l-: I:I:;-;r Prrﬂsmllil l:'llirl:IEn'UP
[zs]
-147
11
10

B zimultimata, colb)

12 ]

simultimata, colbl
(22) [ AL AUTO FUHL FERED]

Referring to the matrix equation for the circuit as shown below, the values returned by simult()
correspond to the variables in the first column vector. The solution is vi=-14 V, v2=11 V,v3=10V,
and i25=12 A, the same answer as in Topic 2.

/2
a
DO
oo

g1

0

2
0
1

0 10Owilo 050

-1 -1pb2n_ (0p

1 o030 Qod
0 0%25% %ﬁ%

Tips and Generalizations

There are many ways a command can be entered on the Home screen. For example, to enter

solve() :

e Type it: [alpha] (aloha] solve [alpha] [(] D]. Here locked the key and the single

unlocked it.

¢ Use the function key menus: 1:solve( .

e Use the catalog: s. Pressing s scrolls to the first command that begins with s. If
needed, press @ to get to the desired command.

e Use [MATH] 9:Algebra , 1:solve( .

e Ifit has been used before, press @ on the Home screen until the desired command is
highlighted and then press ([ENTER].

Summary

In this chapter, nodal analysis was used to generate equations to solve a circuit. Loop analysis (or
any method that produces N equations and N unknowns) also can be used to produce equations
for the TI-89 to solve. The equations can include complex values (Chapter 4) and do not have to be
linear. In fact, they also can include derivatives as shown in Chapter 2.
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