y O NS Features Used
P. cSolve ()1 I:A]) [o] ) m)
. abs(), angle (), Numeric

O Solver, when (), log (),
DelVar, Drawfunc, Drawinv,
NewProb, [EE], [¢][Y=],
[#J[GRAPH], [#][WINDOW]

Chapter 4 S

[*]1, NewFold steady,
setMode(“Angle”,“Degree” )

Exp{

Steady.State This chapter shows how the TI-89 implements phasors to
- = =__ perform sinusoidal steady-state analysis. The focus is on
CIFCI:IIt Analy_sus how to enter and display complex numbers. This chapter
And Filter Design aiso shows a typical steady-state application—how to use
the Numeric Solver to find the required order of lowpass
Butterworth and Chebyshev filters in making a standard
“handbook” filter design.

Topic 13: Phasor Analysis

Given the circuit shown in Figure 1, find v, the voltage across the current source.

il &1

¥ (j’l Booai( 2o 00, 000t) Tod: uF

Figure 1. A circuit in steady-state

The first step is to convert the actual circuit to its phasor equivalent. The circuit shown in Figure 2
includes these conversions.

l:l Rl W 10k T 51

Figure 2. The phasor equivalent of the Figure 1 circuit

Only one nodal equation is needed to solve for v

800+~ +—Y 4+ Y
10 6+j8 -5
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Clear the TI-89 by pressing [F6] 2:NewProb [ENTER].

Be sure the Complex Format mode is set to Rectangular .
Be sure the Graph mode is set to Function .

Enter the equation as shown in screen 1.

@8 vz 10+ v (D6 2nd [] 8] H vE [0 M)
(2nd) [] 50] (] 0(STO») n1

Using solve(nl,v) will return “false” since it is valid for
real solutions only. To get a complex solution, enter
cSolve() as shown in screen 2.

Phasors are expressed as a magnitude at an angle, M[16.
There are a couple of ways to obtain this form.

The first way is to use the functions abs() (top of screen
3) and angle() (middle of screen 3). In this example, [¢]
[=] is used to get the approximate values for the second
angle() command (bottom of screen 3).

This shows that the phasor form of the voltage is
4000-36.87 in Degree mode.

The second approach is to put the TI-89 in Polar mode.
Press and select Complex Format 3:Polar  (screen 4).

Using cSolve() (and with [¢] [=] for a second approximate
solution) gives the same results in the polar mode as
abs() and angle() in the rectangular mode, as shown in
the bottom two lines of screen 5.

(1) I

Fir] Fzx [Fi=| Fi=| FE Far
Tools|A13gbralCalc]Other |FEAmI0jCIcan Uk

u HewProb Dare
- MM s -
"EtIEtEriE T

Note: The usual imaginary number j
used in electrical engineering is
entered as i which is [].

@)

Fir] Fex [Fi~| Fi~| FE Fa~
Too15|A13cbrajCalc]Okher |FEARIDCTean Ur

W L W

"EtigtETi et is !
&4 -u 3-u _
75 ~Ht g =0

B cSolueinl , vl + edgn
=32 -24-i

csalueinl , widegn

STEADY DESAUTO

FUMC el

Note: To enter cSolve(, press

A:.Complex 1:.cSolve( or
cSolve(.

®)

Fir Fe~ |[FE=] Fu- FE FB~
Tools|A13ckra Cu1c|ﬂther|Pr’Smlﬂ Clean Ur

= |egn| [l = 48

® ghglelegn)
d3-[=ignivd — 1] = -tani(3-4)
B 5hgleleqn)

0 (signdw — 1,00) = -36.87

angleeqgn?

STERDY DEGRUTO FUMC [

Note: To see the values on the
right end of a solution line in the
history section, press @ to get to the
line and then press (® to move to the
right.

Note: Press to switch to
degree mode if it isn't already set. If
in radian mode the angle would have
been given in radians.

©®)

()

[f MODE "]

Fi F2 Fx
| Fadg 1|Fads: 2|Fads 2 ]
FUMCTION *

. Skgade >
Fli 23

d  ComElex Form
. Veckor Format
Fratty Frint....

1:EEAL
2t RECTAHGLLAR
STERDY

Fir Fer [F3=] Fh- FE Far
Tools|ATAcbialCalc|Okher|Fr3rl0|CTean Ue

DEGRUTO

FUMWC

B350

= arglelegn)
410 -[=igniwi - 1,001 = -356,87
B cSoluveinl , wl + edgn
w=0 4@ £ -tand(3 400

B cSolveinl vl + edn

Vo= 40,00 & 3687

cSoluetnl, wiregn

STEADY DEGAUTO FUNC B30
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CHAPTER 4: STEADY-STATE CIRCUIT ANALYSIS AND FILTER DESIGN 35

Topic 14: Graphing Frequency Response

It is easy to find the voltage across the current source as a function of w using symbolic
expressions. Table 1 shows the variations of phasor circuit elements with radian frequency .

Element
Element | Equation Phasor Result
8cosl0°t | v(t)=Re[Ve!*'] | V=800°
10Q Z.. =Ra Z.=10Q
6Q Z., = Rb T =6Q
80 uH 7, = jwL Z,= jw80x10° Q
2 pF 7= L z.=— 1t g
jwC jw2 x10

Table 1: Frequency Dependence of Phasor Circuit Elements

The nodal equation then becomes

—-8010° +l+L+L =0
ra rb+zell zcl
Note that ra, rb, and zcl are used because rl, r2, and zc are TI-89

system variables.

1. Switch back to Rectangular Complex Format mode and
enter the equations as shown in screen 6.

I8 vz ral#] v(E [ b [#] zell D] (#] v [£] zc1[=] 0(STO»]
nl

as shown in screen 6.
2. Define the element values from the table (screens 7 and

8). For convenience, w ([alpha] w) is used instead of
w (] w).

Flr] Fer |Fi=| Fi=r] FE [
Tools|A13gbrajCalc|Other|Framl0jClean Ur

B cSolvelnl , v) + eqgn
W= 40,00 £ 360870

_ i u u
"Ee Fa T FB+=ell | =el

1 1 1
[r*a tYhvzell T zc,l]"“"_’
Latuscrbtzellatuszol=04nl
(6)|515nm' DEGRUTD __ FUNC__ 8.%0

Note: zell is used to avoid confusing
zl with z1 (z followed by a 1), a
reserved name.

Fi-| Fer [Fe=| Fi= | FE FE+
Toils|A13ek ralcalc|Obher|FrImi0|CTean Ur
L L L
gt —t—t—=
ra rb+zell zcl »

1 1 1
[E"' Fb+zell * zc,l]"“"_’
" l0*ra 1o
m g+ b =

(7) STEADY DEGAUTO FUHC 1130
Fi-]1 Fer |F2-[ Fi=] FE [
Tools|A13¢brajCalc|Other|Framl0jClean Ur

Bi-w-B.e"3+zell
S.0UE-S-w-1i

3+ 7l

_oREEaa,. Be i
1

iwZ. TG

g 1404 whZE-Ea3zcl
( )s-r:nm' DES AUTD FUNC FERED]

© 1999 TEXAS INSTRUMENTS INCORPORATED
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3. With cSolve(), the solution in screen 9 shows that the EA P LE MO M A
voltage varies with frequency. PoEaETE SAREEA, AE
.500006.08

[
B cSoluveinl , wl + edgn
~EREEEE. 83 (i W+

2 ~ F
W = 12S00E. 004w - 1E

9 coolueinl,wlregn
(9)[Erenn DEG AUTD FUNC 14/=0

The complete answer is

—4000000.00 (iw +75000.00)
w? =125000.00iw — 10000000000.00

The answer is a bit of a mess. To check it with the LS PR LN 1 I L R LA

previous solution, enter egn|w=100000 (screen 10). ®cSoluelnl , Ll + egn
4000009, 98- (i -+
w? - 125000,00-§ -w- 16
= e | w = 100000
w=32.00-24.00 §

(lo) STERDY DEGRUTO FUMC i/

It’s the same answer as Topic 13, screen 2. ¥ =

4. To view the variation of the voltage magnitude versus
frequency, graph v versus w. Since the original problem
used w=100,000, graph from w=0 to w=200,000. Press
(¢JWINDOW] and set xmin to 0, xmax to 200000, ymin to 0,
and ymax to 50. Press [¢] [Y=] and set y1 to graph the
magnitude of v (screen 11).

“FLOTS
wiyl=|u | ean and w= x|

5. Press [¢] [GRAPH] to see the magnitude graph (screen 12). 1o T 2ham|Tr ace|Retraph|rath|tram| Fanl

6. This graph takes a long time to complete because the
“with” substitutions are made over and over again for /_\
each pixel. One way to speed it up is to do the “withs”
once before graphing and save the result in another

variable name which is then graphed. (12)sem TESRUTE o TUN:
To do this, press [HOME] and enter the expression: ThoTs|n3ebral et e 3ouin 1dan e
L
CATALOG] abs(v [J egn eqn2 as shown in screen v =32.00 - 24004
13 L] |u | E-qn| + egn2
z
4808000, B0 - |———2 3%
wt - 43750000

13 abslulegnd+egn
(13)Femr DEG AUTD FUHC 16,30

Then press [¢] [Y=], deselect y1, and enter y2 (screen 14).

(14) STERDY ERD AUTO FUMC

Note: Deselect equation y1(x) with
.
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10.

11.

12.

13.

14.

Press [¢] [GRAPH]. The same result as the previous graph
appears much more quickly (screen 15).

The phase can be graphed defining the phase angle of
the voltage on the Home screen as eqn3 (screen 16).

Press [¢] [Y=], deselect y2, and enter egn3 as plot variable
y3 (screen 17).

Press [¢] [WINDOW] and set ymin to -90 and ymax to 0 (since
the calculations have been in the degree mode). xmin
and xmax can remain the same.

Press [+] [GRAPH] to see the phase graph as shown in
screen 18.

Usually the magnitude and phase plots are shown
together. This can be done using the split screen mode.
To do this, press ® @. Screen 19 presents the
Split Screen options.

Press [ENTER]. Move down to Split2 App , and select
4:Graph . Finally, set Number of Graphs to 2 (screen 20).

Press [ENTER] to view the split screen plots (screen 21).

The top graph is the phase plot shown before; the
bottom graph contains no data yet.

FL Fz F4 i
Touls|2oem|Trace|k«Grarh|Hath{oraufFen)<

/_\

(15) STEADY
| Fi'l Fer F=| Fur FE& Fa~ |
Tools|A13¢bra|Calc|Other|FrAmIO{CTean Ur
ST, T Jq_—’
w? - 43750000
= angle{ v | 2qn] + eqn3
soopa. o6 -[w? + 15008,
tand =
w-[w2 - 62500000

DEGAUTO FUHC

angle
STERDY

25t ':'+-=' 135
DEGAUTD FUHC PR

(16)

<FLOTS
H1=|-,,. | eqn and w= ><|
yZ2=egns | W=

(17) STERDY

DESAUTD FUNC

T 15| 2airn| THAC R-zGruPh Fath|braw|Fsn C

(18) STERDY

a HMODE K

DESAUTD FUNC

Fi F& Fz M
Fadg 1|Fade 2[Fads 3

L Enter=SAYE 3 t_ESC=CAMCEL 3

(19) TYFE OF UZE €3t} + [EMTER] OF [EZC]

fi MOE K
Fi Fz [E] M
Fade 1|Fade |Fads |
+ EPlit FCresn TOF-EOTTOM #
Zrlit 1 Al GFarh ¥
GFarh*

II]H'} 1

AOTO
.. DEC*
Enter=SAVE 3 ¢ EZC=CAMCEL -

(20) TYFE OF USE £3+14 + [ENTER] OF [EXC]

Fir F3 F4 F&r | Far [F7
Tonls THack|ReGrarhirath|iraw|Fsn

f
t

(21)|51mm'

DEGAUTO _ G1 FUNL
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15.

16.

17.

18.

Convention says the magnitude plot should be on top.
To do this, press [¢] [Y=] and use [F4] to select y2 and
deselect y3. Next, press [¢] [WINDOW] and set ymin to 0 and
ymax to 50. Finally, press [¢]J[GRAPH] to see the magnitude
plot in the upper graph as shown in screen 22.

To set up the phase plot in the lower window, change to
the other half of the screen by pressing [2nd)[E=]] and set
up the graph as before. The following operations will
give the phase plot in the bottom window (screen 23).

[¢] [v=], select y3, [¢] [WINDOW], set xmin to 0, xmax to
200000, ymin to -90 and ymax to 0, and finally, [¢] [GRAPH]

You can use [F7] 7:Text to add magnitude and phase
labels to the graphs. To do this, press [F7] 7:Text and
position the cursor where the text should start. The
characters will appear below and to the right of the
crosshairs. Be careful; once a letter is placed it can’t be
erased except by [F7] 2:Eraser.

To return to a single screen, press [MODE and set Split
Screen to 1:FULL.

Topic 15: Filter Design Overview

A —
(22)| STERDY DEGALUTOD G FUME

magnitude
| Fhase :
(24)z7emm DEGAUTO _ G1 FURL

A class of realizable frequency responses for lowpass filters has the form

2 _ 1
HOP =

where W(f) is a polynomial in f. If

Of ul
il

the filter is a Butterworth filter. An alternative is to make W(f) = C (f/f ) where C, is a Chebyshev
polynomial, the filter is a Chebyshev filter. The next topic deals with a Butterworth filter, the
following topic with a Chebyshev filter.
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CHAPTER 4: STEADY-STATE CIRCUIT ANALYSIS AND FILTER DESIGN 39

The design of lowpass filters requires specification of passband and stopband responses often
given in dB. [H(f)I? in dB is calculated as

which becomes
O
O
O
[H(f )EB =10logt—— 0
O
for Butterworth and

O
L0

0
IH(f)Eazlo'OWD
+e2C’0—0
%1 "Of D@

for Chebyshev.

Topic 16: Butterworth Filter

The performance specifications of a filter are often given in graphical form as shown in Figure 3.
The design of a Butterworth filter with these performance specifications is described here.

| 1K 2k f (Hz)

Passband

Stopband

Figure 3. Filter design specifications for a Butterworth filter

Suppose a filter with the maximum passband ripple is -3 dB, and the passband edge is at f =1kHz is
to be designed. Additionally, the stopband gain is to be no more than -40 dB with a stopband edge
at £ =2kHz.
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From the Home screen, press [¢] 1 [F6] 2:NewProb to
reset the TI-89 to a known state. Then enter the
Butterworth equation as shown in screen 25.

10 (x] [CATALOG] log(1 (5] ([ 1+ eps (7] 2[x] [ (=] fp 0] (7]
([ 2n 0] 0] 0] (STO»] butter

Press [APPS] 9:Numeric Solver exp=butter [ENTER] (screen 26).

Note that the Numeric Solver listed each of the
variables for values to be entered. Find the value of eps
by entering the data for the passband edge with a -3 dB
response at 1000 Hz. n is unknown but at the passband
edge all values give the same result, so for now enter 1
for n as shown in screen 27.

Place the cursor on the eps line and press to solve
for eps. After a second or two, the screen shows eps is
about 1 (screen 28).

Now, find the order of the filter by setting the stopband
edge response (exp) to -40 dB and f to 2000 (screen 29).

Solve for n by placing the cursor on n and pressing [F2).
After a couple of seconds the solution of n=6.6 is
shown, as in screen 30.

Since n must be an integer, set n to the next larger
integer value of 7 and solve for exp to find the stopband
gain for this value of n (screen 31).

With a 7"-order Butterworth filter the stopband gain is
- 42 dB, a little better than the minimum needed.

Flx] F2r [Fi=| Fir | FE Far
Tools|A13cbrajCalc|Other Prﬂmll:l Clean Ur

Fi=| F2 Fi= F4 FE FB
Taols|Zolug|Grarh|Get Curser|EAns|CIF a-x...

SRS ANE

1
10 1n ; =n -
[———] epsc+ 1

tpi™s
KAD ALTO

exp=butter

EHp=

n:

f=

fp=

eps=
bound={-1.e14,1. 14X

(26)

Fi=| F2 Fi= F4 FE FB
Tools|Zolus|Grarh|G st Curser|EAns|CIr a-2..,

STERDY RAD ALTO FUMC

exp=hutter

exp

n=1.

f=1000,

fp=1000.

eps=
bound={-1.e14,1. 14X

(27)

Fi=| F2 Fi= F4 FE FB
Tools|Zolus|Grarh|G st Curser|EAns|CIr a-2..,

STERDY RAD ALTO FUMC

(28)z

exp=hutter
exp=-3.

hnund‘{ -1. 514“1 Eldr

STEADY

Fi-| F2 Fir Fu FE FB
Tools)2olue|Grarh|Get Cursor|Eans|CTr u-z...ﬂ

RH[I RUTO FUMC

(29)

exp=hut.ter

exp= -4,

n=i

=200,

fr=1000,

eps=. 9IVE2E3451 1099
bound=7-1.el4,1.e14%

left—t=1,g-13
ETERDT FAD AUTO

FUMC

Fi-| F2 Fi= F4 FE FB
Tools|Zelug|Grarh|Get Curser|Eans|Cr a-=..

(30)z

exp=hbutter
LIoH

Fp=1000.
eps=, 9976283451 1099
bound= { 1.eld,1.e14%

STERDY KAD ALTO

Fi~| F& Fix F4 FE F&
|Tcu:-1s Solue|Grarh|act Curser|Eans{Clr u-z...l

FUNC

exp= butter
LR -4 17
n=r.
=200,
fp=1000.
eps=.F9FE2E34511099
baund= { 1.eld,1. 14>

Bz

STERDY KAD AUTO FUNC
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8.

10.

11.

Now, plot the Butterworth equation to see the
frequency response. To do this, press [¢] [Y=] and enter
butter with f replaced by x (screen 32).

Since the stopband edge of the filter is 2 kHz, plot x
from 0 to 3000. The stopband value is -40 dB, so plot y
from -45 to 0. Enter these values in the Window Editor
({¢] [WINDOW]) as shown in screen 33.

Press [MODE] to be sure the Graph mode is set to
FUNCTION. Then press [¢] [GRAPH] and wait a few seconds
to see screen 34.

The response in the passband looks very flat, which is
correct for Butterworth, but are the passband and
stopband edges in the right places? These can be
checked graphically by pressing [F6] 2:DrawFunc to
draw horizontal lines at -3 and -40 dB and

[F6] 3:Drawinv to draw vertical lines at 1000 and
2000 Hz (screen 35).

Press [#] [GRAPH] to plot the results (screen 36).

The curve passes through the -3 dB point at 1000 Hz and
passes below the -40 dB point at 2000 Hz. The filter
meets the required specifications.

(32)

+FLOT:

STERDY KAD AUTO FUHC

File| Fix
Toals|2aam

w=Mmin=Q,
Hmax=3C00a,
wscl=1.

ymin=-45.
Jra
yscl=]1.

wres=2,

(33)

STERDY

RAD AUTO FUNC

(34)

STERDY RAD AUTO FUNC

Fir] Fer |Fi=| Fir] FE Fir
Tools|A13gkrajCalc|Other|Frami0jCTcan Ur
T

(35)

LLTFT

ZTERDY KRD AUTO FUNC

1 107
B Or-awFunc -3 Oate
B Op-awlne 1000 Dioe
B OrawFunc -4 Dore
B [p-g I 20EE Diate

B/%0

Fi Fz F4
Tools|2aom|Trace|keGrarh

Fath|braw|Fenf:2

(36)

[
STERDY KAD AUTO FUNC
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Topic 17: Chebyshev Filter

This section shows how to design a Chebyshev lowpass filter with the same specifications as
discussed in Topic 16 and shown in Figure 4.

| 1K 2k f (Hz)

Passband

Stopband

Figure 4. Filter design specifications for a Chebyshev filter

The Chebyshev equations are

c Of O U glDf f 1
= CO Cco — <
(i3 Bt -
where n is the order of the polynomial.
Of O O Of f
C, %: cos@q coshl%f— —>1
p p f p
Therefore H, is
O O
O O
0 1 0
|H(f )|ZB =10log—————[
El + £2C2Df Ey
b, B
Follow these steps to enter these three equations. Note: DelVar can be entered by
pressing [F4)4:DelVar .
1. From the Home screen, clear f, fp, eps, and n using W
Tools|A13cbrajCalc|{dther |Framid|Clean Ur
DelVar. 8 Opawlne 2000 Dot

Efellar f,fp.eps.h Dahe

2. Enter C for If/fpl < 1 as shown in screen 37. P
. c.u:u5[r'| : c.u:u5'1[F—p]] * chebl

[cos] n(x] [¢] [cos-] f[=] fp chebl

coe{ -cost{ L2 )

costrkcosicf . fplischebl
(37) STEADY ERD AUTO FUHC B0
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Enter C, for If/fp/>1 as shown in screen 38.

CATALOG] cosh(n [x] [CATALOG) cosh (f (5] fp
cheb2

Define cheb to be chebl for [f/fpl<1 and cheb2 for If/fpl>1.

This is done using the “when” function as shown in
screen 39.

CATALOG) when( [CATALOG] abs( f[£] fp [>] 1[5] cheb2
(1] chebl cheb

Define hdb to be IH(f)I,; as shown in screen 40.

10(CATALOG] log(1 [] [(J 1[#] eps (7] 2[x] cheb [~] 2]
hdb

To design the filter, use the Numeric Solver. Press
9:Numeric Solver  exp=hdb (screen 41).

Proceed as with Butterworth. Find eps for -3dB at the
passband edge by entering the values as shown in
screen 42. The result is the same as with Butterworth.

Now find n for -40 dB at 2000 Hz. It takes a few seconds
to find the order of the filter (screen 43).

To meet the design specifications, n must be 5. Enter 5
and calculate the response. See what the gain is
(screen 44).

This filter exceeds the design specifications by more
than 10 dB with a lower order than the Butterworth.

Fix| Fer |Fa=| Fur| FE Fé
Touls[194bra|Cale|Dbher|Prarain|Clean up |
[- -1[ : ] ]
cos| “eostFo |
f
F—p]]'?c.hebz
i
anh[cn5h4L$F]-n]

lcnsh[n-cushﬂ[

Fix| Fer |Fa=| Fur| FE Fé

Touls[194bra|Cale|Dbher|Praraln|Clean up |
¥

{cheh2,|F ¥1

chebl,else

+ cheb

T
GhEb2’|F_p| 1
chebl,else

L <fp2rl, cheb, chebll+cheb
(39)|STEHI:I'|' nnnnuru FIJNI: 1w3u

(40)3

Fi-]1 Fer |F2-[ Fi=] FE [
Tools|A13gbrajCalc|Other|Framl0)Clean Ur
= ™ T

1

f
2 [{cheb2,|—rp| »
eps<-

chebl.else

18- 1n

lnEID)
2a+hdb

Ll repe2echeb ™2
STERDY FEAD AUTO FUNC

Fi-] Fz [ F4 FE FB
Tooals|Zalug|Graph|Get Cursor|Eans|ClrF a=-x..|

11/30

(41)

(42)

(43)z

(44)z

tp=

=

bound=L-1.e14, 1. 14

ZTERDY RAD ALTO FUNC
[ ri—T [B I FEr I & ]rs I & I]
Tools|ZoTug|Grarh|Get Cursor|Eans|ClF a-=.. |
exp=hdh

exp='3

buund { 1. El4 1.e14%

STERDY

Fi=| F2 Fi= [E] FE F&
Tools|Zalug|Grarh|Get Cursor|Eans|ClF a-=...|

Piﬂl!l AUTO FUHC

exp=hdhb
exp= 40,
eps=.9ArE2E34511099
£=2000.
FP—lBDD

2459,

Dot e 14,1 e1d)

RHD AUTO

STERDY FUNC

43

Fi=| F& [ F4 FE FB
Tools|Eelug|Grarh|Eek Curser|Eans|ClF a-Z...|

exp=hdb

LEF=E -51. 153580710131
eps=.9A7YE2E34511099
F=2000,

fr=1000,

n=5.

biownd= { l1.el4,1. 14+

STERDY

RHD AUTO FUNC
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10.

11.

12.

In the Y= Editor, enter the expressions for the two
filters to compare them (screen 45). Note that n=7 is
added to y1 so that the Butterworth filter uses the order
computed for it instead of using the value of n=5 used
for the Chebyshev filter.

Press [¢] [GRAPH] to see the graphs (screen 46).

(See Topic 16 for a review of the instructions for a
graphical comparison of the filters’ performances.)

As expected, the Chebyshev filter has ripples in the
passband, but it drops more rapidly in the transition
band than the Butterworth.

Compare the filters’ performances with the lines which
represent the passband and stopband design
specifications (screen 47). Press [F6] 2:DrawFunc to
draw horizontal lines at -3 and -40 dB. Press [F6]
3:Drawinv to draw vertical lines at 1000 and 2000 Hz.

Both filters show the required -3 dB response at 1000
Hz; both filters exceed the specifications since they are
below -40 dB at 2000 Hz.

Topic 18: Logarithmic Frequency Plots
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Often frequency responses are plotted on a log frequency scale. Although the TI-89 doesn’t directly
support log plots, they are easy to do.

1.

Return to the Y= Editor and alter the “with” operation
to include the logarithmic relation of frequency with x
as shown in screen 48.

y1: butter [1] f(=] 10[~] x [CATALOG] and n[=] 7
y2: hdb (1] f[5] 10[7] x

The values for x are linearly spaced, but the values of
10* are logarithmically spaced.

Press [¢] [WINDOW] to adjust the range on x. Graph the
functions for =500 and f=3000. To do this, enter log(500)
for xmin and log(3000) for xmax as shown in screen 49.

Press [¢] [GRAPH] to display screen 50. The logarithmic
plots take on a different appearance than the linear
plots of screen 46.
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STERDY
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Tools|2oam

®min=2. 3G FOCn4 34
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(49)|zTemmT

ZTERDY

(50)

FAD AUTO FUHC
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4. The passband and stopband lines are added by using
log() of the f values in Drawinv (screen 51). Press

Fae] Fhr
Calc|0khsr

Fir Fer Far
Tools|A13cbra Clgan Ur
=1 gL LI

B Orawlne ZOCE Dane
[F6] 2:DrawFunc for -3 and -40 dB. Press [F6] ® OrawFunc -3 Date
3:Drawinv for log(1000) and log(2000) Hz. = DrawFunc -4 Dione
B Orawlne 1ogl 1RG0 Dahe
B Orzuwlny logl 30000 Done

[
(51) STERDY ERD AUTO FUHC 1920

Fir] Fer| FZ F4 FE~] Far [FP*3
To 015|200 | TEack|ReGErarh|MathDr aw|Fenf:2

As expected, the plots in screen 52 show that both
filters meet the design specifications.

(52) STERDY KAD AUTO F\E\‘NE

Tips and Generalizations

Topic 13 show how to enter, solve, and display equations with complex numbers. Multiple
equations with multiple complex unknowns can be solved. Also the matrix approach of Topic 3
can be used with complex numbers.

The Numeric Solver works nicely for filter design but can easily solve any equation for an
unknown value.

Once a steady-state response is known, the power dissipated by the various elements can be
found. Chapter 5 explores this topic further.
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