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x CHAPTER 3
w
AC Circuit This chapter discusses basic concepts in the
Analysis analysis of AC circuits.

The Sine Wave

AC circuit analysis usually begins with the mathematical
expression for a sine wave:

v(t) = Vp sin(wt+0)
where

Vp = the peak voltage ~ [ ham|Trace|Retr aphMath|or au]= ¢
w = the angular velocity of the generator
t =time

_ : PN AL PNV
6 = the phase shift. DA AN S N AN

A sample sine wave is shown in Figure 1.

[RLIL] FAD EXACT FUHE
The angular velocity is equal to & [lfrequency, or (Figure 1)
w =211

Using this substitution, the equation can be re-written
as:

v(t) = Vp sin(2rft+0)

This equation allows you to calculate a voltage at an
instance in time. The frequentynd phase shifl are
constants. Frequency determines how many peaks occur
over a given period of time. Phase shift determines
where the sine wave crosses the Y axis. In the sine wave
shown in Figure 1 there is no phase shift.
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Degrees and Radians in the Sine
Equation

If you have ever tried to use the sine wave equation, youT0 Specify degrees, simply preS$

may have found it somewhat confusing. PmeJf [t r[])u?rf]tgerrtﬁlseennl%gnrg(ejri.nTglesggggng&?%

part of the equation is in radians, while the phase 8hift stored in the default system, as shown
is normally in degrees. Unfortunately you cannot mix  in Figure 2.

radians and degrees in a sine function. However the TI-

92 provides a convenient way to express an angle in

degrees, even if it is to be used in radians. - i [f1 gebralcals 0ther Praniofclear a-z..

1. Set Mode td&Radian andExact
(See Chapter 1 for instructions on setting Mhade)

2. Pressl5 450 49 T
ol ) « TETI9E
3. Pres§nd] D [STO» I.ENTERI _
Do not typeSTO>. This key is located next to the A AL RFFERIR FINE 2750
space bar. (Figure 2)
4. Presge]

5. PresgENTER] . .
SENTER] You can display an approximate

) _ answer by pressin@ Jand[ENTER] as
The actual angle stored is shown on the right of the demonstr)ét%d in g%]os 7 and 8 in the

screen. previous example. See Chapter 1 for
more information on these modes.

Note that45° equalsiv4 radians inExact mode and
0.78539&adians inApproximate mode.

Example:
Graphing a Sine Wave

Let's start by graphing the sine wave equation using the WWhen you store a value, you store it

. S as a named variable. You can then
powerful graphics capability in the TI-92. use the name instead of the value in

equations. A variable name can be 1

We need to begin by setting thtode, angle® and to 8 characters and contain letters

frequencyf and numbers. See Chapter 1 for more
' information.

1. Set MOde t(Degree |viﬂ ngrn;_-:lr:ur*a I:Faglvc, Eltfl:!u‘n;r* F'r*rgsmII:l I:le-a‘rfE a-z.. |

To set the variables:

2. TypeO

3. Pres$nd D oe s o

4. Pres . DEG AFFROY FUMC 1/20

5. Pres (Figure 3)

6. PressENTER]

This store€°in the variablé, as shown in Figure 3.
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Enter :
7. Typel5
8. Pres$ST0»] f [ENTER]

to storel5 Hz as the frequency, as in Figure 4.

Enter:
9. Type2 v
See Figure 5.

Next enter the equation:

10. Pres§e] [Y=]

11. Clear all equations from the= Editor
12. Pres§NTER] at theyl= prompt

13. Typev [x] 2(x] t(x] f(x] x (4]

To graph the equation:

14. Pres§e ] [GRAPH]

15. Pres§?2] Zoom

16. Pres$: ZoomStd
See Figure 6.

Even though you are iDegreemode, a sine wave
appears on the screen, as shown. Note that the beginnir
of the sine wave occurs where it crosses the y axis. If
you think of the sine wave being produced by the
rotation of a generator, the x axis can be shown in
degrees (a specific voltage exists for each degree of
rotation). In this case the sine wave begind°aas

shown in Figure 7.

A 90° phase shift occurs at the first peak, as shown in

|’F1 T Fer Trsv]’ Fyr T FE T TB
- E Algebra|Calc|Other|[PrgmI0fClear a—z...]

"ge 5@

15+

HMAlN

DES AFFROH FUNC 2430

(Figure 4)

|’F1 T Fer TrsvT Fiw T FE T F& ]
- E AlaebralCal c|0bther|PramI0|Clear a—=z..

DEG AFFRO FUNC 2/20

(Figure 5)

1 Fev |_FZ o FE ' F&™ [F7
- E Zoom|Trace |ReGraph|Math|Draw| -

PV

AN VY
RN N AN NN

AN DES AFFROH FUHC

(Figure 6)

rfi Trszrs T & TFSvTrsv‘l’F? T ]
- E Zoorm|Trace |Resraph Math|Draw |- ﬁy

o

180
AN

AN AR
R ENZEEAN

A .
] 360

HMAalM DEG AFFROH FUMC

(Figure 7)

I’Fi Trzv]’ B ]’ & TFSvTrsvTF? T ]
- E Zoon|Trace |ReGraph|Math|Draw |+ (59

Figure 8.

The equation for the sine wave assumes that the wave

=]

on

starts ak = 0°. If the waveform starts somewhere else,
it has beemhase shiftedby a certain number of

OONS N

degrees.

MRl DES AFFROH FUHC

(Figure 8)
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Phase Shifts

A sine wave can be phase shifted to the right or left of
the origin. Phase shift is usually expressed in degrees,
and is an angular distance from the origin. When
measuring phase shift, imagine how many degrees
(positive or negative) the waveform must be shifted to
move it to the origin. In Figure 9, the waveform must be
moved270°in the positive direction in order for it to
start at the origin. We thus say the waveform has a

phase shift 0270°.

To help you better understand phase shift, superimpose
two sine waves and observe the phase difference

between them.

Let's start by introducing 80° phase shift to the sine

wave equation.

To store90°in the variabléd2, enter the following:

abkowbdPE

Pres$e ] [HOME]
Type90
Pres$nd] D
Type(sT0»] 62
Pres$ENTER]
See Figure 10.

Now, enter a new sine wave equation to graph:

6.

7.
8.
9

Pres$e] [Y=]

Pres$ENTER] at they2= prompt
Typev [x] (SIN] 2[x] [n] (] f [x] x [+] (6] 2[0]
Pres$ENTER]

See Figure 11

1 Few |_Fz Y Fow | Fa™ |F7
- E Zoon|Trace|ReGraph(Math|Draw]|

AN AN

MAIM DEG AFFROY FUHC

(Figure 9)

f?i T Fev T r3vT Fiw T FE T F& ]
- E Algebra|Calc|0ther|PrgmI0|Clear a-z..

ol Rl S0,

—>92

DEG AFFROR FUMC 1730

(Figure 10)

g2 Cy=uksin C2¥nxf ¥x+02 >
[RGIL] DEG AFFROYN FUHE

Now, make the second trace thicker than the first one so (Figure 11)
that we can distinguish between the two:
10. Pres$®) to highlight the equation iy2
11. Pres§e)

12. Presg
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To graph the equations: = | z0am| Tr-ace Retr-aph Math Draw -

13. Pres§e ] [GRAPH]
After the TI-92 graphs the equations: ] I W ;%
14. Pres§2) Zoom ol S R NV I NN
15. Pres$: ZoomStd
See Figure 12. TARIN TEG AFFROT FONT
(Figure 12)

Both sine waves appear on the display. The thicker trace
shows &0° phase shift. It crosses the Y axis at a
positive peak.

The figure above is similar to the display on a dual trace
OSCI||OSCOTpe. On a scope the phase difference between
two waveforms is calculated by first measuring the
distance between peaks, then dividing by the period and
multiplying by 360.

Three-Phase Waveforms

A three-phase generator has three sets of coils evenly
spaced on the rotor. This means that each c880S/3

or 120°from the others. Let's graphically calculate the
phase shift between the two waveforms. Use the same
method that is used on an oscilloscope to determine
phase shift, or

Phase Shift =-1ime between peaks, s,
Period

To measure the phase shift, first change the phase shift [FERa1 cibralceie ot fer Proniofclear: a—z..
of 62 to 120°

1. Pres$e] [HOME]

2. Typel20
3. Pres§nd D 2 [ENTER
1 mlzZoe + Qa2 120.
See Figure 13.
HMAIN DEG AFFROY FUMC 1/=0
(Figure 13)
NOW Change the frequencym HZ viﬂ ng%Er‘alEF;lvc D{ﬁ‘ér F'r‘F-EIsmIIIIlI:lnz-arEE a-z..
4. Type20(STO»] f [ENTER
See Figure 14.
Change the phase shift of the first waveforrdto . 120,
5. TypeO(STO»] (6] [ENTER] "0 20.
See Figure 15. _H: TEG AFFROY FUNE 2720
(Figure 14)
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Now graph the waveforms and find the phase shift
between them:

6. Pres$§e] [GRAPH]

7. Pres$r3) Trace

8. Use th&d) key and move the cursor to the top of the
first peak past the Y axis. The time farreading)
should be abou6882

See Figure 16.

Press th&) key and move the cursor to the next
positive peak on the same waveform. It should read
about3.613

See Figure 17.

The difference between these two readings is the period
3.613-.5882 = 3.02

10. Use thé® key and move the cursor to the other
waveform by pressing down.

11. Now move to the peak immediately to the left. It
should read®.605
See Figure 18.

The difference between the peak of the other waveform
at3.613and this value is the time between peaks, or:

3.613 - 2.605 = 1.008
The phase shift can then be calculated by:
(1.008/3.02)B60 = 120°

The third waveform of a three-phase network can be
displayed by first storing@40°in a new variable called
03.

Let’'s add another sine wave with a phase shig4dr.

12. Pres§e ] [HOME]

13. Type240(2nd] D [STO»] 3[ENTER]

14. Pres§e] [Y=]

15. Pres§NTER] at they3= prompt

16. Typev [x] IV} 2 (] [r] (] f (] x (] () 3 (0] (ENTER)

I‘Fi T FET Tr3v]’ e ]’ FE T TG
- E Algebra|Calc|Other|PramI0|Clear a—z...]

120.
20,

LR e -
" A
)
-+

HMAIN

DEG AFFROY FUHC Z/20

(Figure 15)

1 Few | F% & FEw | FE™ |F7
- E Zoan|Trace|Rebraph|Math|OFaw| -

¢
1

L W e W e LR R

:

PRV AW AW FAV AW VAW ¥

ll

®Ci . O85230 ucil. 92175

f?i T rsz F= T 4 ]’ FSTT FE* TE? T ]
- E Zoom|Trace|ReGraph|Math|0raw|- p//?

HalH DES EXACT FUHC

(Figure 16)

1

a
:
%
>
:
:

A7

;
;
:
s
s
§

HCI3.61345 uc:l. 99493

I’Fi Trsz F= T Fu Trsv]’rsv]‘?r T ]
- E Zoan|Trace|ReGraph|Math|Oraw| - ﬁf

HMAIN DEG EHACT FLUMC

(Figure 17)

2

I aWan A0

i
:

A NAS NS

§

fEERW AW

il

Ho 2GS0 ucil.99788

HMAlN DES ERACT FUNC

(Figure 18)
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17. Pres€®) to highlighty3 = |zom [T ace [Rer-aph Math|Orau| =
18. Pres§e6) 2
19. Pres§e ] [GRAPH]

The display shows all three waveforms.

See Figure 19.

HMAIN DEG AFFROA FUNC

(Figure 19)
Capacitive and Inductive Reactance

Capacitive reactance is defined by the formula:
=1
¢ 2mfc
where

f = frequency in hertz
C = capacitance in farads.

Inductive reactance is defined by:
X, =2l
where

f = frequency in hertz
| = inductance in henries.

Capacitive and inductive reactance are vectors. In Polar
mode, vectors contain a magnitude and angle.

The vectors for inductance, capacitance, and resistance
are shown below:

Xl = XI090°
Xc = Xcl-90°
R=R0O0°

Often an AC circuit gives the capacitance in farads and angfé%tlig&é?éz ){ﬁg grr]]g\?\;evrak;?sbégsupon
the mducta_nce in henries, where reactance is needed. a given formula. Functions are ideal
_Short functions are useful to convert capacitance and  for repetitive calculations. You only
inductance to reactance. You can even include the phaseeed to write the function once. Refer
angle in the result. We will create two functions, one }gapn%gael %?3mogrg‘?ng;r%% Hcs)ﬁrs
namednd() to calculate inductive reactance, and '

another namedap() to compute capacitive reactance.
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Function :
Inductive Reactance (ind() Function)
1. Set Mode t®egree

Now the function can be created.

2. Pres$APPS]

Pres¥: Program Editor

Press8: New

See Figure 20.

Pres€?»

Pres® Type: Function

Pres<,) twice

Typeind in theVariable box

See Figure 21.

9. Press thigNTER] key twice to display the framework
for theind() function.
See Figure 22.

10. Addl,f inside the parentheses on the first line.

Hw

© No O

Note that the | and f variables are separated by a comm

11. Type the equatidin] 2 [x] [r] f[x] I L] 90[1]
12. Pres§NTER]

See Figure 23.
13. Pres§e ] [HOME]

The link version ofnd() function is:

ind(L,f)

Func
[2xm*xfx1,,90]
EndFunc

In theind() function, the line

[2 OnOf Ol, d90]

denotes a vector. The left part of the equation is the
magnitude of the inductive reactance. The right part

(after the comma) is the angle. THeafter the comma
indicates that the inductive reactance is a vector.

17 AFFLICATIONZ F& ]

1

2iy=
Jtllindaow
4:Graph
3
&
3

tTable
Y

tHome
Y= Editor

Matirix Editork
:FProgram BEditor []

2: Geometry
tText Editor

Editar

HMAlN DES AFFROH FUHC 0430

1 5 Fz 3
vﬁ Control |I-0War|Find, .. |Mode

(Figure 20)

[ Fy* FE* ]

-

HEH o

Folder:

Tupe: Function®

Uarisblefind ]

main

CEnter=0K__» ¢ESC=CAMCEL»

HMAIN DES RUTO FUMC

(Figure 21)

Note that if you have tried to type this
unction in before and are now trying
) : o0 alter the code, you need to OPEN
These are two variables that are passed to the function. the function. Repéat the process
above, except press 2 in step 4 and
selectind from the list box to re-enter

the function.

1 Fzv Fav [ Fav FE FE™
vﬂ Contral [I<0Uar|Find. . « [Mode ]
findcd
EFuhc
;EndFunc
HAIN TES AFFROA FUNC
(Figure 22)
1 Fzv Fav [ Fyw F5 FE™
vﬂ Control|I-0ar|Find. .. |Mode ]
findcT,
fFunc
f 2kl , 290 ]
:EndFunc
MAIN FAD ERACT FUNC
(Figure 23)
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Example:
ind() Function

Let’s use thend() function to compute the reactance of |% B T —
. Fi Fz
a4 henry inductor at50 Hz. Fage 1lpase 2|
GFraphe.esesnsnnnns FUHCTION =+
Curtent Folder.... main?
H;sgéag Digit=.... EEEEEE§+
1. Presge][HOME] EPonentisi’ Fornal  HORNAL >
H [ lmly] [k [ ] il U = b PSR
2. Set Mode t®egreeand Approximate |, GectorEormat. 1l 1: RECTANGILAR %
* Pretty Print...... R ORI [
3. Pres$VoDE] F, EEr=SaE> SL2Mes P
4, Pres@ to Vector Format TYPE OF USE £+t4 + [ENTERI=OF AND [ESCISCANCEL
5. PI’GS@ (Figure 24)
6.

Pres2:CYLINDRICAL ﬁmmn—-mﬁ ~ T 1%
« f—|Alasbra[Calc|[dther|Pramld|Clear a-z.

See Figure 24.

Pres$ENTER]

8. Typeind 4(,] 600)]
See Figure 25.

~

W g4, GED [ 1507, 96 « 90.]
The display showf1507.960190]. EG __ I
(Figure 25)
Function:
Capacitive Reactance (cap() Function)
1. Set Mode t®egree il AFLICATIN Clear az..|

1:Home

2= Editor
Jtlindow Editaor
4=Gra€h

5:Table . i
E:Oata-Matrix Editork
" 'ograrn Edltor

Create theap() function:
2. Pres$APPS] key

. fheometty

3. Pres¥: Program Editor Text Editor
4. Press3: New

See Figure 26. Imm TE® AF FROA FIORC 0750
5. Presg» (Figure 26)
6. Selec®: Function S TAGEREE R VS SRS
7. Pres@ twice - q—|Control [I-0Jar |Find. .. [Mode
8. Typecapin theVariable box E == 4

. Tupe: Funcp1nn+
See F|gure 27. Folder: maint

Variable:BB ]

(Enter=0K » CESC=CAMCEL >

TYFE + [EMTERI=0F AMD [ESCI=CAMCEL

(Figure 27)
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9. Pres$ENTER] twice to display the framework for the
cap() function
See Figure 28.
10. Addc,f inside the parentheses on the first line.
11. Type the equatioft] 1] [ 2(x]) [z] X] f [x] c[0]
[:] 90[1]
See Figure 29.

12. Pres§NTER]
13. Pres§e ] [HOME]

The link version of theap function is:

cap(c,f)

Func
[1/(2*mxf*xc),~«-90]
EndFunc

Example:
cap() Function
The expression

[1/ (2 OnOf Oc), 0-90]

1 5 Fav [ Fuw FE FE™
vE Control|l-0Mar|Find. .. |Mode ]
fcaptl
iFunc
EndFunc
RN TEG AFFROY FORT
(Figure 28)
1 5 Fav [ Far FE FE™
vE Contraol|l-0Uar|Find. .. |Mode ]
fcapic,f?
fFunc
P24 ecy, £ -90 ]
: EndFunc
RN TEG AFFROY FORC
(Figure 29)

Note when entering EE pre3’§j
andEE on the keypad. Refer to the
section on exponents in Chapter 1
for more information.

is a vector. The left part of the equation is the magnitude

of the capacitive reactance. The right part (after the
comma) is the angle. The after the comma indicates
that the capacitive reactance is a vector.

Set Mode t®egree
Pres$§viODE]
Pres<,) to Vector Format
Presg)
Pres2
See Figure 30.
Pres$ENTER]
7. Typecap(( 5[EE] () 6] 600
Note the - in this equation is the negative key (-).
8. Pres$ENTER]

aokrwpE

<

The display in Figure 31 rea{s30.5161-90].

J = TAODE = - ™
F1 Fz
|Page 1|Page 2
Grapk. seeesnnnnnns FUHCTIOM =+
Curtent. Folder.... main?

DiE?laH Digits....
ArglE. s s sesnnnnuns
Exponential Format
n| Complex Format....
Vector Format.....
"= Prettu Print......

Enter=5AUE

Il H
. [(Z:SPHERTERC” " |
E[n!!!i!lﬂ!li
TYFE OF USE €314 + [EMTERI=0K AMD [ESCI=CAMCEL

(Figure 30)

I‘Fi T Few Tr;v]’ Faw T FE ]’ F& ]
- ﬂ Algebra|Calc|O0ther |PranldClear a—=..

W capS, ECG, B

EEP(SE_E.EE)
HAIN

DES AUTO

[ 530.516 « -90.]

FUHC 1/%0 ERTT

(Figure 31)
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Example:

Solving Series AC Circuits

This example uses the functiond() andcap() that
were created earlier in this chapter

-

The circuit in Figure 32 has a 2 henry coil, a 200 ohm

resistor, and a 5 micro-farad capacitor. 100000 > 200000
60 Hz ’9

To find the total impedance of the circuit:

4

1. Typeind [(J 2[1] 600] [+ [[] 200(] O[1] (+] cap 1€
5[e€] @ 6] 6000 oHF
2. Pres$ENTER]
See Figure 33.

(Figure 32)

I’Fi T Fev Trsv]’ Fuw T FE T F& ]
- ﬂ Alaebra|Calc|0bher |PramI0|Clear a—z..

The display read299.895(1 48.17

The total impedance (AC resistanZe¢quals299.895
ohms, and the impedance angle eqd8I47°

B ind(Z. 68 +[200 O]+ cap(3. E "6, BE)
[ 299,395 »42.1717]

By Ohm'’s Law, the total current equals the total voltage |B:teM TR e{eT N CTVIeT Sl {0)]
- . HMAIN DEG AFFROY FUMC 1430
divided by total impedance, or

(Figure 33)
| =V/Z
TO f|nd the Current: via ngFéEra Eragfc, I:Itm;r* P'r*rgsmIEI I:lnz-.shr}:E a-z..
3. Typel0OO0(:] 299.89
4. Pres$ENTER]

See Figure 34.
10E
The display read833456 " 595,59 il
p y HFFRO% FUMC 1./%0

The phase shift for the current is (Figure 34)

0-48.17 =-48.17°

The current is equal t83345600 -48.17amps.

Example :
Solving Parallel AC Circuits

The TI-92 is capable of solving circuits with complex
parallel impedance. Assume a parallel combination of an
inductorO+12 and a capacitor di-4i. Both have a

phase shift 090 degrees. The inductor is shifte@0r,

and the capacito®e°,
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The formula for parallel reactance is the same as
parallel resistance. 1/(1{)+(1/ro)+. . .

Paralleling two reactances with the TI-92 can be a
problem. This is because you can add and subtract
vectors but not multiply or divide. We will develop a
functionparac() to compute the combined reactance of
two AC devices in paralleparac() uses a function
calleddiv() that does division of vectors in polar
coordinates.

Because thdiv() function is called fronparac(), we
must enter it first.

Function:
div() Function
To enter thaliv() function, follow these steps:

Set Mode t®egree
Pres$APPS]

Pres¥: Program Editor
Press3: New

Pres€?»

Selec®: Function

Pres<,) twice

Typediv in theVariable box
Pres$ENTER] twice

©WooNoOORWDNE

Now enter the code fativ().

div(aa,bb,cc,dd)
Func

Local xx,yy,ff
aa/cc>xx
bb-dd»>yy
[[xx,zyyll>ff
Return ff
EndFunc

Function:
parac() Function

Now we can entegparac():
Pres$APPS]

Pres¥: Program Editor
Press8: New

Pres§»

Selec®: Function

agbhownPE
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6. Presg)) twice
7. Typeparac in theVariable box
8. Pres$ENTER] twice

Next enter the program.

parac(a,b,c,d)

Func
Local a,b,c,d,e,f,g,h

1/a~a

1/c>c

0-b>b

0-d>d
[[a,zb]]1+[[c,zd]]-e

mat »list(e)->f
VfL11*f[11+f[2]*f[2])>g
tan?(f[21/f[1]1)>h

Return div(1,0,g,h)

EndFunc

Example:

parac() Paralleling a 200 Ohm Inductor
and 500 Ohm Resistor

X1 R
Now we have the tools we need to compute the total 2000190 500010
reactance of two AC devices in parallel. Let’s do the
calculation for the circuit shown in Figure 35. This
example has a 50Dresistor in parallel with a 200 henry _
. (Figure 35)
inductor.
To find the total reactance: “ T a— S
F'argie 1|F'a-£|?z- 2
Braph.sesesannnnns FUMCT IOM =
L. Presge] HOME] BiCeetl BRLEEE T me o
2. Presiohd ERapial fprest (o
3. Presg)) to Vector Format , dector Fornat. . . 1: PECTEREIL AR
4. Pres) | e Kok 168
See Figure 36 TVFE OF UZE €314 + [ENTERI=OK AND [ESCI=CAMCEL
5. Pres2:CYLINDRICAL (Figure 36
6' PreS RENTER viﬂ Fllgré-Er*a I:Fa3i'c|D+f|-I!|;r* F'r*ngmID I:le-.aanE A—ZF...
7. Typeparac[(J 500(] 0[] 200(.] 90D]
See Figure 37.
parac(500,0, 200,900
(Rl DEG AFFROE FUHC /30

(Figure 37)
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8. Pres$ENTER via ngrér:-r*a I:FaBch.ltltm;r* Pr‘rgsmID I:lnz-.arEE a—z...]
See Figure 38.

The TI-92 display$185.695] 68.199]

B parac(SUE, O, 200, 90
[ 135.695 « 68.1934]

.ra.c ¢500,.0,200,920>
HMAIN

DEG AFFROR FUNC 1/30

(Figure 38)
Example :
Average Value (method)

The average value of an AC waveform is calculated by
taking the area under the curve and dividing it by the
period. volts

For the example in Figure 39, the average value is: 10

(1001 + -101)/2=0/2=0

0 1 2 time

As you might imagine, any AC waveform that has the -10'
same positive area as negative area has an average value

of 0. It would be very useful to have a value similar to (Figure 39)
the average value that we could use to characterize a
sine wave. Let’s try squaring the waveform. A squared
version of the wave is shown in Figure 40.

Note that the negative portion to the right has now volts
become positive. This is becaud®110 = 100 Let’s
find the area under the curve. 100

100+ 1001 = 200 0 1 2 time

Now divide the area by the period: -100
200/2 = 100 (Figure 40)
The average value of the new curva@s.

You can find the average value of continuous functions
(including the sine wave) by integrating it and dividing
by the period. By integrating you obtain the area under
the curve. The TI-92 has a key for integrating. It is
labeled above the number 7 on the numeric key pad and
is denoted byS]. You must presgnd] 7 to access this

key.
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It is beyond the scope of this text to teach integrals.
They are useful for finding the area under a curve. To
use the integral function you must specify the variable
that you are integrating with respect to, and the lower
and upper limits.

Example:
Average Value

In this example, integration is with respect to time
Split the curve into two parts representing the positive
and negative parts of the curve. The first part is
integrated fron® to 1 (the positive part), and the second
from 1 to 2 (the negative part).

1. PreS [J] (the 70n the numeriC keypad) viﬂ ngrér:nr*a l:FaBchllilth:u;r* F'r‘rgsmII:I l:lEh-arEE a—Z..

2. TypelO(LJt(LJO[LJ1D](]2

3. Press$t]

4. Presgnd [1]

5. Type 100JtL] 10 20 2 -Ul 1|:uaz+,]2+U2 -1|:|-::a!+,]2 200,

6. PresgNIER] S 10, oD, 1> 20l 10, t o1 2272
See Flgure 41 MAIN DEG AFFROR FUNC 1.0

(Figure 41)

The TI-92 display200. This is the area under the curve.
To find the average, divide the area by the period.

200/2 = 100

Example:
Average Value (Sine Wave)
The average value of a sine wave can be found by

integrating it and dividing by the period. We begin by
integrating a sine wave. As stated at the beginning of the
chapter, the sine wave is defined by:

v(t) = Vp sin(wt+0)

Let the frequency equal60.

The angular velocity then equals:

w = 200 60.

Then, let the phase shéitbe 0.
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The equation becomes:
v(t) = Vp sin(201H00 + 0), or
v(t) = Vp sin(201601)

For one period of the sine wave, titneins from0 to

21
1. SEt MOde t@adian via ngréEur*a I:?fclﬂ*fﬁgr* Pr‘rgsmID I:lnz-arEE a-Z..
2. Set Mode t&xact
3. Pres§nd) [/]
4. TypelO[x] 2x]t(x] 60[x] t ][] t(] O[L]
115] 600)] L8 g singz om0 £ @
. Pres§NTER "l it
5 es f{10%sint2*n*60%t> . t,.0,.1.,60%
See Flgure 42 HMAIN RAD EXRCT FUNC_1/30
(Figure 42)
The TI-92 display® on the screen. It is interesting to note that if

Approximatemode is used in the

. previous example, the result will
Thus we see that the area under a sine wave over one not quite equal zero due to

period is zero. This is consistent with our understanding approximations made during the

of a sine wave as a function that is symmetric with calculation. The TI-92 recognizes
tt this condition and displays the
respect to zero. warningQuestionable accuracy

at the lower left of the display.
Finding the average value of a sine wave by dividing by
the periodl/60is now a trivial exercise. Since the area
under the curve is zero, the average value is also zero.

Example:

Average Value (Sine Wave plus DC
Content)

The waveform in Figure 43 is lifted up off the x axis. In [ 1 ice etraphltethlD e w

this case there is a DC content. If the sine wave is NN P
centered on 5 volts, the average value will be 5 volts. In[~_7— ~_7  ~_4 %7 ~.
order to find the area under the curve, integrate the
eqguation for the sine wave with 5 added to it.

Set Mode tdRadian

Set Mode t#pproximate

Pres$nd] [ /]

TypelO[x] 2[x) [r] x] 60(x] t D] [+ 5L] t ]
0] [(d1[z]600]

5. Pres$ENTER]

See Figure 44.

MAIN KAD ERACT FUNC

(Figure 43)

PwpE

The display read983333
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This is the area under the curve. To find the average |28 [a1ditralcore |otrer Fron1o|cl s s—z.. |
value, divide the area under the curve by the period

1/60.

6. Type 1[3 60 lszlEI(lEI ingz GOt + Sdt 33333
7. Pres§NTER ") g EintETER b :

sin C2¥m¥60%t>+5,£,.0, <1602

H KAD AFFROY FUHC 1/20

See Figure 45.

(Figure 44)

The screen reads This is the average value of the —[n"_an—vTWTTTﬁ
~ #—|Algebra|Calc|0ther|PramI0|Clear a-z..

waveform.

[1*%(10-sin(z noea by + S)at  .@83333
. -D53333333333342
1-GE

S C13/¢1,602
HAIN

KRD AFFRON FUHC 2/Z0

S

(Figure 45)

RMS Calculations

Since the average value of a sine wave is always equal
only to its DC content, a calculated value that is similar
to the average value is used for AC. It is called the RMS
value. RMS stands for rootean guare. To find the

rms value, first square the function, find its average (or
mean), then take the square root of the average. The
formula to do this is shown below:

v - \/ J(10* sir( 2t 60 ))?
" 1/60

The”2 part of the equation squares the sine wave
function. It is then integrated and divided by the period
1/60to determine the mean. Finally, the square root of
the mean is found.

Example:
RMS Integration

Set MOde t@adian via FllgFéE-r*a I:?fclﬂ*fl*l!u;r* F'r*ngmIEI I:lnz-.an'EE Enr

Set Mode tdxact
Presgnd) [v]
Pres$nd) [ /]
Type[( 10(%] 2[x] [r] [x] 60[x] t 0] 2 ] L1 sincz n-g- 1)t o
See Figure 46. (Figure 46)

agrwnNE

o
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7. Pres@ via i ;sv’* e e Pr‘rgsmID e o ]

8. Pres$ENTER

The previous solutiorgv2, will now appear in the entry

line, as shown in Figure 47. L8 (10 sincz n 60 1) %)t
" T-&0 B
9. Pres@ ENTER Hnjlﬁ*ﬁ Uxe o )nnnzzgmt::f 0.1 /EFEJ% ’:ﬁi/ﬁ 022
(Figure 47)
This forces an approximate answei7dd7, as shown in e TG IRREE N RS
Figure 48  g=—|Alacbra|Calc|0ther|Praml0|Clear a-z..
The method described above finds the root mean square — .
of any continuous function. o (10 sincz n-go-en®)ar
. 1760 5z
=52 7.O7LETF
1(2) EAD EHACT FUMC 2430

(Figure 48)
Example:
RMS Calculated

If you want to find the RMS value of a sine wave you R ek 2l oTe [ofter Pramiolc1ear sz,

can divide the peak value 2. In the previous
example, the sine wave had a peak valutlof

1. Set Mode t#\pproximate -
. - FOF107
2. Set Mode tdrRadian [z
3 TypelOE] [\/_] 2 FRD AFFRDE FIINC 1730
See Figure 49. (Figure 49)

The TI-92 displayg.07as the answer.
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