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NOTICE

The program material contained herein is supplied without
representation or warranty of any kind. Hewlett-Packard
Company therefore assumes no responsibility and shall
have no liability, consequential or otherwise, of any kind
arising from the use of this program material or any part
thereof.



INTRODUCTION

This HP-41C Solutions book was written to help you get the most from your calculator. The programs were chosen to

provide useful calculations for many of the common problems encountered.

They'will provide you with immediate capabilities in your everyday calculations and you will find them useful as guides to

programming techniques for writing your own customized software. The comments on each program listing describe the approach
used to reach the solution and help you follow the programmer's logic as you become and expert on your HP calculator.

KEYING A PROGRAM INTO THE HP-41C

There are several things that you should keep in mind while you are keying in programs from the program listings provided

in this book. The output from the HP 82143A printer provides a convenient way of listing and an easily understood method of
keying in programs without showing every keystroke. This type of output is what appears in this handbook. Once you understand
the procedure for keying programs in from the printed listings, you will find this method simple and fast. Here is the procedure:

1.

At the end of each program listing is a listing of status information required to properly execute that program. Included is
the SIZE allocation required. Before you begin keying in the program, press {XEQ] (ALPHA ] SIZE (ALPHA] and specify the allo-
cation (three digits; e.g., 10 should be specified as 010).

Also included in the status information is the display format and status of flags important to the program. To ensure proper
execution, check to see that the display status of the HP-41C is set as specified and check to see that all applicable flags
are set or clear as specified.

2. Set the HP-41C to PRGM mode (press the key) and press lB(GT0) 2] (2] to prepare the calcuiator for the new
program.

3. Begin keying in the program. Following is a list of hints that will help you when you key in your programs from the program
listings in this handbook.

a.  When you see “ (quote marks) around a character or group of characters in the program listing, those characters are
ALPHA. To key them in, simply press , key inthe characters, then press again. So “SAMPLE " would
be keyed in as (ALPHA]"SAMPLE " [APHA].

b. The diamond in front of each LBL instruction is only a visuali aid to help you locate labels in the program listings.
When you key in a program, ignore the diamond.

The printer indication of divide sign is /. When you see / in the program listing, press (=] .

d. The printer indication of the multiply sign is % . When you see # in the program listing, press [X].

e. Thelcharacter in the gogram listing is an indication of the function. When you see I, press il in
ALPHA mode (press and the K key).

f.  All operations requiring register addresses accept those addresses in these forms:
nn (a two-digit number)

IND nn (INDIRECT: @B , followed fy a two-digit number)
X,Y,Z, T,orL (a STACK address: [*] followed by X, Y, Z, T, or L)
IND X, Y, Z, T or L (INDIRECT stack: @3] followed by X,Y,Z T,orl)
Indirect addresses are specified by pressing @8 and then the indirect address. Stack addresses are specified by
pressing (=] followed by X,Y,Z, T, orL. Indirect stack addresses are specified by pressing lB(*] and X, Y,Z, T, or L.
Printer Listing Keystrokes Display
@1+LBL ~SAM @ (L8] (APHa]) SAMPLE 01 LBL” SAMPLE
Po% “ThIS 1s THIS IS A 02"THIS IS A
a - (acPua) () (APPEND) SAMPLE 03" - SAMPLE
83 "HSANPLE W AViEW 04 AVIEW
04 AVIEW 6 056
8s 6
oo ENTER® 06 ENTER 7
o7 -2 2 [cns) 07 -2
8% e C) o8 |
16 ST0 IND ALPHA ] ABS 09 ABS
L wr3e- so ]l L 10 STOIND L
12 ARCL @3 Ra= W (&rRct] o3 11'R3=
13 AVIEW [ ] 12 ARCL 03
14 RTN 13 AVIEW

14 RTN

k]
“
z
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RC TIMING

This program computes any one of the six variables shown, provided the
other five are known.

v
R
| V2 Vi (instantaneous)
V1 (after) c
(before)

V) = Voltage before step C = Capacitance
Vo = Voltage after step Vi = Instantaneous voltage
R = Resistance t = Time

All solutions are algebraically derived from this basic formula:

Vi = Vydhe+ Vy(1 - ¢¥%)

NOTE: For voltages across the resistor, remember that Vg + V¢ = V applies
at all times.

Example:

A 555 type of integrated circuit timer uses an external RC configuration for
time determination. When used as a one-shot its output pulse terminates when
the capacitor charges to 2/3 of the supply voltage. Until the pulse starts,
the capacitor is shorted so V; = 0. Given a supply voltage of 12V, a 47uF
capacitor, and you need a 1 second pulse, what size resistor should you use?

Keystrokes: Display:

[XEQ] [ALPHA] SIZE [ALPHA] 007

[XEQ] [ALPHA] RC [ALPHA] vi?

0 [R/S] v2?

12 [R/S] V1?

8 [R/S] C?

47 [EEX] 6 [CHS] [R/S] R?

[R/S] | T2

1 [R/S] 1.000 00

[XEQ] [ALPHA] R [ALPHA] R=19.37E3



User Instructions

SIZE: 007
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1| Load program
2 | Begin execution and enter data, skip [XEQ] RC v1?
unknown by pressing [R/S]. V3 [R/S] V22
Vo [R/S] VI?
Vi [R/S] c?
C [R/S] R?
R [R/S] T?
t [R/S]
3 | Execute for desired output:
V3 [XEQ] V1 V1=
V2 [XEQ] V2 V2=
Vi [XEQ] VI VI=
C [XEQ] C C=
R [XEQ] R R=
t [XEQ] T T=
4 | To vary one or more parameters simply
place the new value in the appropriate
register v, [STO] 01
Vo [STO] 02
Vi [STO] 03
C [STO] 04
R [STO] 05
t [STO] 06

Go to step 3




Program Listings

ai+CEC “RC- 57 #EG @@ i
Az ENG 3= 532 RCL @2 ;

8% CF Ba 54 # vy

B4 w17 55 RCL @3

a5 PROMFT Initialize S6 K<Y :

86 STD G1 registers ST —

ar myzen 55 STO @

g8 FPROMFT S92 MEQ a3

Ba STO Az 66 RCL @@

18 =yITn 61 Ry

11 PROMPT BE -

12z STOo @3 52 STO @i

12 ~Cco7- 64 “yWi=-

14 PROMPT &5 GTO as

15 STO @4 seelBL ¢ 02020T T T T T T~
16 "R2?- 57 NEQ @1

17 PROMFT 58 RCL 85 C
1€ STO as 6 %

19 -~T7~ 7B RCL @&

28 FROMPT T omeony

21 STO @& T -

22 STOF T2 STO @4

2ZeLBL ww2e [T T oo 74 “C=-

Z4 XEG @3 75 GTO @5 _

25 RCL @1 v, TE+LEL “R-

26 ok TF REGR @1

27 RCL @3 TE RCL &4 R

28 KLY 79 ®

2a - 3@ RCL @&

38 STOo ae 81 X<V

31 XEG @8 az -

2z RCL @a 2z STO @s

IE MLy 84 =R=-

34 - 85 cTo 5 _

35 STOo a2 S6+LEL T~

Z6 vVEZ=- 87 XER @1

37 GTo 85 | 88 RCL 94 t

Z8eLEL "WI- g9 RCL as

39 XEG @3 9@ *

44 RECL @1 vy Q1] *

41 * 9z STO @6

42 STO Ba Qz ~T=-

4% XEG 66 a4¢LBL @5

44 RCL @2 95 ARCL =

45 o* 96 AVIEMW

46 RCL @@ 97 stOP
7 o+ 9geLEL ©1

48 STO a3 aa 1

49 cyI=- 186 RCL @3

58 GTOD as

SielLBL “¥1-"

181 RCL @1
1g=2 —




Program Listings

183
164
185
1ae
187
188
182

111

[
[y

IR BRIV RN I AR IV

b ek b ok ek ek ok foh ek b b ook ok
PP I PO PP e b bk b b ok i

FCL 9.
FECL &

b P

LH
CHZS
RTH
«LEBL @O

«LBL ®3=
RCL as
ECL @5

ECL a4

CHS
Et=x
FS?C a5

FETH
-EHD.

51

i e e or 1 - e Vhe

30

40

50

60

70

80

90

00




REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS STATUS
00 | Temporary Storagel 50 sizé 007 TOT. REG. _37 USER MODE
V1 ENG FIX SCl ON oFf _X
V2 DEG 'RAD GRAD
Vi
C
05 | R 55 INIT FLAGS
& # S/C SET INDICATES CLEAR INDICATES
05 To calculate To calculate 6%
1 - %
10 60
15 65
20 70
" 25 75
"
|
—
30 80
35 85
— ASSIGNMENTS
B FUNCTION KEY FUNCTION KEY
40 90
45 95




RC TIMING HEWLETT PACKARD
SOLUTION BOOK:

PROGRAM REGISTERS NEEDED: 31 ELECTRICAL ENGINEERING

ROW 1 (1 - 4)

ROW 2 (4 — 10

ROW 3 (11 19)

24
ROW 5 (24 -
lll ” " I
ROW 7 (39 - 47)
RO (48 ~ 51) | |
ROW 10 (61 - 67)
ROW 11 (67 - 76) '

83)

ROW 12 (76 -
R (84 -~

prr——

ROW 4

w
i

RO

ow 13

!iow 15 (98 - 110)

ROW 16 (111 -

| III||||||I|Illllll||I|||||I|II|I|II|||||I|I|||||||||I|||||I||||Il||I QT

ROW 17 (122 - 12




FREQUENCY RESPONSE OF A TRANSFER FUNCTION

For transfer function of the form:

Ky1(Z,S + 1)

G (S) =
2
sN3(zqs + 1) (ZgS + 1) (§7-+ g%§§-+ 1)
wy

the program computes LG (jw), |G(jw)| and log |G(jw)| for any input frequency w.

Parameters Ky, Z2, N3, Zy, Zs, Zg and w7 are stored in registers 01, 02, 03, 04,
05, 06, and 07 respectively.

NOTE: For type O systems, enter N3 = 0. Z, Z, and/or Zs can be entered as O.
If there is no quadratic term, enter Zg as 0 and w; very large compared

to éLy where Zg i1s the smallest first order term used (other than zero).

Example:

12(S + 0.6)

Find |G(jw)|, £6(jw) and log [G(jw)| for G(S) = S(S + 1) (SZ + 65 + 36)

frequency 0.01 rad/sec.

.2(1.675 + 1)

First put G(S) into proper form: G(S) = S S
S(S+ DIE@? + (@ +1]

Keystrokes: Display:

[XEQ] [ALPHA] SIZE [ALPHA] 010

[XEQ] [ALPHA] FREQ [ALPHA] K1=?

.2 [R/S] 72="?

1.67 [R/S) . N3=?

L [R/S] Z4=7

1 [R/S] 25=?

0 [R/S] 26=?

.5 [R/S] ' W7=1?

6 [R/S] W=

.01 [R/S] | GLIWN=20.00
[R/S] £GLIWN=-89.71

[R/S] LOG G=1.30



User Instructions

Si1ZE: 010
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
l. |Load program.
2. |Begin Execution, enter data. [XEQ] FREQ Kl=?
5 [R/S] 222
Z
2 [R/S] N3=?
"3 [R/S] 24=1
VA
4 [R/S] 25="7
Z
5 [R/S] 26=?
Z
6 [R/S] W7=?
“7 [R/S] W=?
3. lAnswer is automatic. W [R/S] C{IWD =
[R/S] AGKIWD =
[R/S] L0G G{IWD =
4, [For another frequency [XEQ] W2 W="?
5. |Repeat step 3 with Yo,




L2

Program Listings

QOi+LELC "FRE | 51 1

- ! z R-F

BZ FIx 2 ' ST XEQ @100 T T T T T T T T
gz “Ki=7" 'Sumedmm 54 RCL @3

B4 PROMPT ! 55 RCL a3 sNs3

BaS =TO @1 ! 56 VTH

ge “Zz=7- i 57 *

67 PROMFT ; S8 MY

ag STOo az 59 RCL 63

aa “HI=7" ‘ 6@ on

18 FROMFPT ' &1 o

11 STO a3 z o+

12 =Z24=7" &3 CH=S

12 PROMFT B4 MY

14 STO a4 &5 1.3

15 =zZ5=7" &6 RCL B2 T T T T T T T T
1 PROMPT &7 RCL @3

1¥v STO a5 6& * ' K, (2,8 + 1)
18 “Ze=7" 59 RCL @1

19 PROMPT Fa ok

Z@ STO B85 ¥1 RCL @1

21 “uWe=2- 72 R-F

22 PROMPT T KEGQ @1

22 STO @7 T4 "GLIW =" T T T T T T T T~
24¢LBL “HW2" 7S ARCL =

25 vW=Tn ¥6 AVIEMW Display
26 PROMPT T¥ STOF

27 810 @88 7v& STO @9

28 RCL 8% Ta MY

29 RCL 87 , 8@ “AG<JW>=

3@ - s2 . 2z .

31 2 &;*]ﬁﬂ*l g1 ARCL

32 * 82 AYIEW

ZZ RCL 85 22 STOF

=4 =* 84 RCL 63

35 1 25 LOG

36 RCL @8 8B€& “LOG G="¢

37 RCL 87 87 ARCL X

3g - 28 AVIENW

29 HTE 89 STOF

4@ - ‘ 9P«LBL B1 =~ T T T TTT7T

41 R-P - Q1 MY

42 RCL a5 92 RDHN Multiply
2 RCL ag .ZSS + 1 Q3 * complex

44 * i 94 RDM numbers

45 1 1 95 +

4& R-F 96 RET

7 YEQ@ @1 | 97 RTH

45 RCL @4 98 . END.

49 RCL as Z,5 + 1

S * 00
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REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS STATUS
00 50 SiZE 010 TOT.REG. 34 USER MODE
Ky ENG FIX —2__ sCI ON oFfF _X
Z DEG __X RAD GRAD
N3
Zy
05| Zs 55 INIT FLAGS
Z¢ # S/C SET INDICATES CLEAR INDICATES
w7
w
16 ([Gw) |
10 60
15 65
20 70
25 75
30 80
35 85
ASSIGNMENTS |
FUNCTION KEY FUNCTION KEY
40 90
45 95




" FREQUENCY RESPONSE OF
A TRANSFER FUNCTION

PROGRAM REGISTERS NEEDED: 25

ROW 1 (1 ~

ROW 2 (3

ROW 3 (9

ROW 4 (15 -

ROW § (21

ROW 6 (25 -

ROW 7

i

ow 10

x

—

ROW 12

ROW

ROW 14

il

9

3)

ROW 11 (74 - 80)

(80 -

IIIIIIIIIIII il

34)

47)

ROW 8 (47 - 56)

i

ROW 9 (57 - 68)

I
TN
Iy

A

T
I

HEWLETT PACKARD
SOLUTION BOOK:
ELECTRICAL ENGINEERING

TR
AR

AP
AR
l I||I||||||||||||||||||||||IIIIIIIIIIIIIIIIIIIIIIIIIIIII|I|||I||I|l||||||
i

LT

T

T

MO

l
il
i

11
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TRANSISTOR AMPLIFIER PERFORMANCE

This program computes certain small-signal properties of a transistor
amplifier given the h-parameter matrix and the source and load impedances.
Properties computed are: current and voltage gains, and input and output
impedances.

] V2 ;&L

Zout
Equations:
Definition of h-parameter matrix
V1 h; h, i
iz hf ho V2

Current gain

Voltage gain

vs

Input impedance

i

Output impedance

7 - hi + Zg
out hoh; + hoZg - hthy




Example:

What are the small-signal properties of a transistor which has the
following h-parameter matrix and has source and load impedances of

1000 and 10,000 ohms, respectively?

1100 250E-6

[h] =

50 25E-6

Keystrokes: Display:

[USER]

[///1[FIX] 2

[XEQ][ALPHA] SIZE [ALPHA] 023

0 [ENTER+] 1100 [ENTER4] 11

[XEQ] [ALPHA] HP [ALPHA]

0 [ENTER4] 250 [EEX] 6 [CHS]

[ENTER+] 12 [XEQ][ALPHA] HP [ALPHA]

0 [ENTER+4] 50 [ENTER%]

21 [XEQ][ALPHA] HP [ALPHA]

0 [ENTER+4] 25 [EEX] 6 [CHS]

[ENTER+] 22 [XEQ][ALPHA] HP [ALPHA]

0 [ENTER+4] 1000 [ENTER ]

0 [ENTER+] 10000 [XEQ][ALPHA] z [ALPHA]

[A] MAG=-40. 00
[R/S] A_=0.00

[B] MAG=-400. 00
[R/S] A =0.00

[C] MAG=~200. 00
[R/S] A =0.00

(D] MAG=1,000. 00
[R/S] A=0.00

[E] MAG=52,500. 00

[R/S] A =0.00

(set USER mode)

)
@)

a )

vs

in

@ )

out

13
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User Instructions

SIZE: 023
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 | Load program and set USER mode [USER]
2 Input h—parameters
- Angle @ij,deg [ENTER#]
~ Magnitude hi; [ENTER*]
— Designation (row, column) ii [XEQ] HP
Repeat for all 4 parameters
3 Input termination impedances
— Angle of Zg Og,deg [ENTER*]
- Magnitude of Zg |Z] [ENTER*]
~ Angle of Z, 0,,deg [ENTER%]
- Magnitude of Z; |z, | [XEQ] Z
4 Compute:
—~ Current gain [A)] MAG=
[r/S] 4=
~ Voltage gain [B] MAG=
[R/S] A=
~ Voltage gain with source resistor [C] MAG=
[R/S] 4=
~ Input impedance [D] MAG=
[R/S] 4=
- Qutput impedance [E] MAG=
[R/S] b=




B1«LEBL

az
a3
a4
as
86
avy

16

Program Listings

STO B8

L

STO 61
EDHN
STO IHND

RDHN
STO IND

STOFP

1lLBL =2*

iz
13
14
15
16
17
18
19
28

STO 14
RDH
STO 15
RDH
STO 16
RDN
STO 17
CF 85
STOP

21«LBL E

22
23
24
25
26
27
28
29
30
31
32
23
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
S50

RCL 1<
RCL 22
RCL 88
RCL 11
XEG @1
F—R
STO B2
XL>Y
STO 83
RCL 19
RCL 22
RCL 17
RCL 16
XEG B1
P—R
ST+ 682
XLy
ST+ 83
RCL 18
RCL 21
RCL B9
RCL 12
XEG O1
P-R
ST- @62
XL>Y
ST- 83
RClL. as
RCL 11

o HP .

Store matrix

Store
impedances

g

52
53
54
55
56
57
58
59
&8
61
62
&3¢
64
65
66
67
68
69
78
71
T2
T3
74
75
76
v
>
c9
88
81
82
83
84
85
86e
87
88e
89
90
91
92
93
94
a5
96
o7
98
99
1006
161
182

RCL 17
RCL 16
XEQ B2
RCL 83
RCL B2
R—-P
175

nL Y
CHS
KLY
<EQ a1
GTO zZ@a
LLBL B
XEQ b
17
KLY
CHS
w2y
RCL @3
RCL @2z
xEQ@ a1
GTO 26
LBL C
XE@ b
RCL 17
RCL 16
“EQ B2
1%
RL2Y
CHS

Al >y
RCL @3
RCL @2
XER ©91
GTO 2a
LBL D
CF 64
LBL B3
SF 65
XEQ ©a
RCL 15
RCL 14
XEQ @1
RCL @9
RCL 12
XEG 91
RCL ©8
RCL 11
XEQ 62
FS? 84
RTH
GTO =2a

Voltage gain

Voltage gain
with source
resistor

15
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164

186
167
168
109
118
111
112
113
114
115
116
117
118
119
128
121
122
123
124

126
127
128
129
1208
131
132

134
135
136
137
138
139
1406
141
142
143
144
145
146
147

149
156
151
152

154

186S«LBL

123« BL

Program Listings

‘ 163«LBL R

CF a5
8o
19
22
15
14
a1

RCL
RCL.
RCL
RCL.
XEQ@
P—R
1

+

R—P
RCL
CHS
RCL 21
1.
HXEQ
1%
CHS
FS?
RTH
GTOD

1

81

a5
28

125«LBL ©B1

K< 2>Y
RDH
*
RDH
+
RT
RTH

P—R
RDHN
RDHN
P-R
Rt
rRT
R<>Y
RDH
+
RDH
+
RT
R—-P
RTH

148«LEBL 206

') MnG= (13
XEQ a1
KL< >y
wg=n

153«LBL O1

ARCL X

Current gain

Multiply complex
numbers

Add complex
numbers

155 AVIEHW
156 STOP
157 RTHN
158«LBL b
159 SF 85
168 XER @8
i61 RCL 15
162 RCL 14
163 XER 61
i64 STO B2
165 X{>Y
166 STO B3
167 SF a4
168 XER 83
169 RTH
178 .END.

70

80

90

00




REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS STATUS
00 [ Used 50 size _023  TOT.RREG. __62 USER MODE
Used ENG FIX Scl ON _X_OFF
DEG _X RAD GRAD
o5 55 NIT FLAGS
# S/C SET INDICATES CLEAR INDICATES
04 Return Continue
4h; 0_5 Return Continue
Ahl’
10 60
h;
hy
R, |
15 4R 65
[Rs|
AR ¢
Ah¢
Ahy
20 70
h
hy
25 75
30 80 -]
35 85
ASSIGNMENTS
FUNCTION KEY FUNCTION KEY
40 90
45 95

17



TRANSISTOR AMPLIFIER HEWLETT PACKARD
PERFORMANCE SOLUTION BOOK:
PROGRAM REGISTERS NEEDED: 40 ELECTRICAL ENGINEERING

ROW 1 (1 = 7)
L i
ROW 2 (8 — 15)
I
ROW 3 (16 — 23)
i
ROW 4 (23 - 32)
P
ROW 5 (32 — 39) .
ot
ROW 6 (39 - 46)
O
ROW 7 (47 - 54)
o e
ROW 8 (55 - 63)
L
ROW 9 (83 - 71)

L
ROW 10 (72 — 77)
O
ROW 11 (77 - 85)
L
ROW 12 (85 - 92) l
Ol
ROW 13 (93 - 99) I
L
ROW 14 (100 ~ 106)

ROW 15 (107 - 115)

ROW 16 (116 -

MMWWMMMMWMWWWWMWWMWMWMMMWMMWMMW
unmmmwmwmmwmmmmmmmmmmmmmmmmmmmmmmmwmmmmmmm

ROW 18 (136 -




TRANSISTOR AMPLIFIER HEWLETT PACKARD
PERFORMANCE SOLUTION BOOK:
ELECTRICAL ENGINEERING

ROW 19 (148 -~ 152)

ROW 20 (153 - 160)
ROW 21 61 - 16

i
i

e
O
A

il

ROW 22 (169 - 170)




CLASS “A” TRANSISTOR AMPLIFIER BIAS OPTIMIZATION

This program is an automation of the method of bias optimization de-
scribed in "Designing Class "A" Amplifiers to Meet Specified Tolerances,"
by Ward J. Helms (Electronics, August 8, 1974). The program requires
the user to specify a set of parameters from which it determines, by

an iterative technique, the optimum values for Rl’ R2, RE’ and RL' The
minimum power gain is also computed.

ouT

Equations:
First, values are specified for the following parameters:

AICQ = maximum desired percentage variation of quiescent current

Tamax = maximum ambient temperature (use the maximum cast temperature
for a transistor mounted on a heat sink)

TAmin = minimum ambient temperature
Tymax = Mmaximum junction temperature rating
Pp = maximum rated power dissipation at 25°C

I, = collector current, usually selected for convenience so that I
and 10 I, bracket the expected operating point

AVBE = typical base-emitter voltage change over the range of I, to
10 I, at 25°C

VBEImin = Mminimum base-emitter voltage at I,, 25°C

VBeimax = Maximum base-emitter voltage at I;, 25°C

The transistor's thermal resistance is calculated:

8 = (Tmax - 25°C)/P,



21

and the minimum load resistance and emitter resistance are estimated:

R .= 6ia_Vec? = R,
L 4'4<TJmax - TAmax) "

Rgqs = 0.1 Riq = Rgq

Next, the quiescent, maximum, and minimum collector currents are calculated:

Ton = Vee
Ce ™ 2(Ry, + Rg,)

Iemax = Ica(l + Algg)
Iecmin = Igq(l - Algg)

From these, we can calculate the base-emitter voltage under hot, high-current
conditions (Vggy) and under cold, low-current conditions (Vgen) -

Vee
Tmax = eJA ICQ 2 + Tamax
I cmax °
V
Tmin = eJAICQ_%C' (1 - (OIce)®) + Tamin

VBen = Vaetmax + AVae log lfllf;w- ~ 0.0022(Tmin - 25°C)
Now, a better estimate for the emitter resistance can be made:

-2 (Vgey ~ Vagn)
Rg(ner) = —ET—B - T
Cmax Cmin
From this point, if Veex ~ Vpen», then Rg is set to zero, R_ is increased by 10%,
and the design procedure is repeated. Iterations continue until
REln+1) - REn < .5%

REn
increased by 10%.

If at any time the condition Tma, > Tymax Occurs, Ry is

When the iterative procedure is complete, Tmaxs ICmaxs Tmin, and Icmin are dis-
played.

Then values for

hEEmax ‘= maximum worst-cast current gain at Tmax Or Tmin and Igmax OF Icmin

and

hEEmin = Mminimum worst-cast current gain at Tmax OF Tmin and Igmax oF Icmin
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are determined from the transistor's data sheet and the Thevenin-equivalent
resistance (Rg) and voltage (Vgg) of the amplifier's bias network are calculated:

R. = DBEEmaxBeEmin [RE(ns+1) (Tcmax = Icmio) + Veex = Veen]
B hFEmax ICmin - hFEmin ICmax

R

Ves = Vgen t Icmin (_hFE.min + Regnyq) )

Now the bias resistors R; and R, are calculated:

Rp V
- RaVec
R4 Vgs

r. - —ReVoc
2~ TWec - Ves)

Finally, the minimum power gain and minimum signal power are calculated:

Ay = ReRINEEmin
P~ Re(Rg *+ hegminRE)

2
_ _ 2 A R
Pg = (1 - Algg) ——Q'C‘—L—z‘s

(RL + Rg)
Example:
A single-stage class "A" amplifier is comnected to a 30-V power supply.
Calculate the maximum power output and maximum power gain obtained from
a transistor over an ambient temperature range of 0°C to 70°C, with a

maximum quiescent-current variation of *207%.

From the transistor's data sheet:

TJmax 150°C

PD =0.36 W

AVBE = 0.10 v from 3 to 30 mA
- o

VBElmin 0.52 v at 3 mA at 25°C

VBElmax = 0.72 v at 3 mA at 25°C

I = 0.001 A

1



Keystrokes:

[XEQ] [ALPHA] SIZE [ALPHA] 017
30 [STO] 00
.2 [sTO] 01
70 [STO] 02

0 [sTO] 03
150 [STO] 04
.36 [STO] 05
.001 [STO] 06
.1 [sTO] 07
.52 [STO] 08
.72 [STO] 09
[XEQ] [ALPHA] BIAS [ALPHA]
[R/S]

[R/S]

[R/S]

[R/S]

600 [R/S]

100 [R/S]
[R/S]

[R/S]

[R/S]

[R/S}

Display:

T=148.E0
I=18.0E-3
T=74.8EQ
I=12.0E-3
H MAX?

H MIN?
RE=115.E0
RL=888.E0Q
R2=4.18E3
R1=45.0E3
AP=22.9E0

23
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User Instructions

SIZE: 017
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 | Load program
2 Store data
Vee [STO] 00
Alcq [STO] 01
TAmax,°C [sTO] 02
Tamin_°C| [sTO] 03
TImax [sTO] 04
Pp [STO] 05
11 [STO] 06
AVRF, [sTO] 07
VBEImin [STO] 08
VRElmax [STO] 09
3 Compute maximum and minimum temperatures
and currents {XEQ] BIAS T= (max)
[R/S] I= (max)
[R/S] T= (min)
[R/S] I= (min)
[R/S] H MAX?
4 Input maximum and minimum hyr to compute hFEmax [R/S] H MIN?
resistor valves hFEmin [R/S] RE=
[R/S] RL=
[R/S] R2=
[R/S] Rl=
and minimum power gain [R/S] AP=
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Program Listings
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Program Listings
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REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS STATUS
00 | Vee 50 sizg _017 TOT. REG. 63 USER MODE
0Igq ENG 2 FIX scl ON oFf _X
TaAmin DEG X RAD ____ GRAD
r]:Amax
Simas FLAGS
05] Py 6ja 55 INIT
I, # S/C SET INDICATES CLEAR INDICATES
AVgg 01 Branch No-Branch
VBElmax _
VBEImin
10 Ica 60
hFEnmm
h EEmin
Ry
Ry
15 | Used 65
Used
20 70
25 75 .
30 80
35 85 -
ASSIGNMENTS _
FUNCTION KEY FUNCTION KEY
40 90
45 95




CLASS A" TRANSISTOR AMPLIFIER HEWLETT PACKARD
BIAS OPTIMIZATION SOLUTION BOOK:
PROGRAM REGISTERS NEEDED: 46 ELECTRICAL ENGINEERING
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CLASS "A" TRANSISTOR AMPLIFIER HEWLETT PACKARD
BIAS OPTIMIZATION SOLUTION BOOK:
ELECTRICAL ENGINEERING

ROW 19 (171 - 181)
D
ROW 20 (181 - 190)
L
ROW 21 (190 ~ 195)
At
ROW 22 (196 - 202)
L
ROW 23 (203 — 212) .
O
ROW 2

I
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ACTIVE FILTER DESIGN

This program computes element values for the standard active filter circuits
shown. The user selects corner frequency fo or center frequency fo, midband
gain A, peaking factor 0, and a capacitor C. The Program then prints out a
list of elements which form the desired filter.

Equations:

=

a == = 27, where Q is quality factor and [ is damping factor.

o

Low pass filter
C5=C

_4c(A + 1)
Co = =57
-
Ry = LATE,C

R, o A

R,

T GmfCcA+ 1) A+ 1

High pass filter

R

Rz = 1
2mEoC (2 +-K)
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+
C1 +
Vi Vo
o -5
Bandpass filter
C3=Cy = C
_ 1
Ry = Zomf 0Co.
1
Rz = 2
(az - A) 2mfyCa
_ 2
Rs = GZﬂfoC
Rs
ey +
Vo
-0

Example:

Design a high-pass active filter with the following parameters:

fo = 10 Hz
= 10
a =1

1 uF



Keystrokes:

[XEQ] [ALPHA] SIZE [ALPHA] 006
[XEQ] [ALPHA] AF [ALPHA]

10 [R/S]

10 [R/S]

1 [R/S]

1 [EEX] 6 [CHS] [R/S]

[XEQ] [ALPHA] HP [ALPHA]

[R/S]

[R/S]

[R/S]

Display:

¥0?

A?

PF?

c?

1.000 -06
Cl1=C3=1.000E-6
C4=100. 0E-9
R2=7.579E3
R5=334.2E3

33
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- User Instructions

SizE: 006
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 Load Program
2 Begin execution [XEQ] AF FO?
3 Input design specifications:
~ Corner or center frequency fy [R/S] A?
— Midband gain A [R/S] PF?
— Peaking factor o [R/S] 'C?
— Capacitor value C [R/S]
4 | Select desired filter characteristic:
- Low pass [XEQ] LP R1=
[R/S] C2=
[R/S] R3=
[R/S] R4=
[R/S] C5=
— High pass [XEQ] HP Cl=C3=
[R/S] C4=
[R/S] R2=
[R/S] R5=
— Band pass [XEQ] BP R1=
[R/S] R2=
[R/S] C3=C4=
[R/S] R5=




Program Listings
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Program Listings
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REGiSTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS STATUS
00 | fo 50 size 006 TOT. REG. __40 USER MODE
A ENG 3 FIX scl ON oFfF _X
g DEG _X RAD GRAD
2Wfoc
05| Rl (LP only) 55 INIT FLAGS
# S/C SET INDICATES CLEAR INDICATES
10 60
15 65
20 70
25 75
30 80
35 85
ASSIGNMENTS
_ : FUNCTION KEY FUNCTION KEY
40 90

45 95




ACTIVE FILTER DESIGN HEWLETT PACKARD
SOLUTION BOOK:
PROGRAM REGISTERS NEEDED: 35 ELECTRICAL ENGINEERING

ROW 1 (1 - 4) |
O
ROW 2 (5 - 12)
O
ROW 3 (12 — 18)
e
ROW 4 (19 - 26)
L
ROW 5 (26 - 37)
i
ROW 6 (37 ~ 45)
i
ROW 7 (46 - 53)
L]
ROW 8 (53 - 57)
O
MMMMMWMMMMMMWWWMWWMMMMMMWWWMMM
HMwWWMWMMMWWWWMMWWMMMMMMMMMWmm
WWMWMMMWMWWWMMWWMMWMWWMMMMWMWMI
MMMMMMMMMMMMWMMWWWWWWMMMMWWMMMWMWH
13
0
ROW 14 (89 ~ 96)
L
ROW 15 (97 - 107)

ROW 17 (112 -




ACTIVE FILTER DESIGN HEWLETT PACKARD

SOLUTION BOOK:
ELECTRICAL ENGINEERING

e

39
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BUTTERWORTH FILTER DESIGN

This program computes component values for Butterworth filters between equal
terminations. Inputs are termination resistance, passband characteristics, and
attenuation at some out-of-band frequency.

Before the filter elements can be calculated, a normalized frequency must be
computed from the desired cutoff or center frequency and passband characteristics.
The normalized frequency is computed by one of these formulas:

Low Pass High Pass
w == o =20
n Wo n w
Band Pass Band Elimination
w = w? - wo? w = WBW
= —0 = ———
n BWw n Wo” - w

The basic form of the filter is this low-pass prototype:

t
i

u

B

where

R [1 + 1n(2 x 107A4B/10 _ 1)]
2In(w/wg)
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Once the low-pass values have been calculated, if some other passband charac-
teristic is desired, the components of the filter are changed by frequency
transformation as shown.

PASSBAND
CHARACTERISTIC CIRCUIT ELEMENTS
Low pass O— {} —0 o YN 'l
L
Cn n
High pass o 1 —0 O— if -0
L¢ o Cro
BW -
Lo wic,
LDD c”
Band pass log | 90 0'"‘:“—““ —o
BW &Bg%
it )
Cn
Cor" BW
Lgif§¥L
Faaaa¥
Lue Coe

Band elimination o-"N—o|}—o o4 o

C.BW CaBW
we* Il
1F1
Cos® L.BW

A bit of thought may be necessary to determine whether the L~C's are connected
in series or parallel.

NOTE: The program will give erroneous results if asked to compute filter order
when AdB is small (i.e., when AdB ~ Loss (wy)).



Example:

Design a 100 Hz wide Butterworth filter centered at 800 Hz with a 30 dB
attenuation at 900 Hz. Ry is 50f. The termination resistance R is 50Q.

154mH 4ImH
.26uF 96uF
mj?mﬂ‘ 45, F sot
Keystrokes: Display:
[XEQ] [ALPHA] SIZE [ALPHA] 016
[XEQ] [ALPHA] BUT [ALPHA] =?
50 [R/S] FO=?
800 [R/S]
[XEQ] FALPHA] BP [ALPHA] BW=?
100 [R/S] F1=?
900 [R/S] A=?
30 [R/S] N=6.000 EO
[R/S] 1.000 00
C=16.48 E~6
[R/S] 1=2.402 E-3
[R/S] 2.000 00
L=112.5E-3
[R/S] C=351.7 E-9
[R/S] 3.000 00
C=61.49 E-6
[R/S] L=643.6 E-6
[R/S] | 4.000 00
1=153.7 E-3
[R/S] C=257.5E~-9
[R/S] 5.000 00
C=45.02 E-6
[R/S] L=879.2 E-6
[R/S] 6.000 00
1=41.19 E-3

[R/S] C=960.8 E-9



User Instructions

SIZE: 016
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 Load program
2 | Begin execution [XEQ] BUT =?
R, [R/S] FO=?
fy, Hz [R/S]
3 Select filter type
Low pass [XEQ] LP Fl=7?
£, 2 | [R/S] -
AdB [R/S]
Go to step 4
High pass [XEQ] HP F1=?
£, Hz [R/S] =?
AdB [R/S]
Go to step 4
Band pass [XEQ] BP BW="?
BW [R/S] Fl="?
f,, Hz [R/S] =2
AdB [R/S]
Go to step 4
Band elimination [XEQ] BE BW=?
BwW [R/S] Fl=2
f1, Hz | [r/s] =2
AdB [R/S]
4 | Answer is displayed automatically N=
[R/S] 1.000 00
(component number is displaved, then C=
component value.) Push [R/S] to continue [R/S] 2.000 00

L=

43
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Program Listings

Hi«LBL "BUT 51 LH

- S92 AES

Bz EHNG 2 832 -~

8= RFAD Initialization =54 1

a4 “R=7" S +

A5 PROMFT 5& 2

Be STO a5 =57 -

a7 “FOg=7- S INT

88 PROMFT 59 =STO 15

89 XER 1a &6 STO 1@

1@ ZTO a7 =1 =

11 SToOF 62 ARCL X

1Z«LEL "LFP~" 62 AYIEHW

13 1 «4 =T0OF
14 GTOD g1 cSeLEL a2

1SeLEL “HP" 66 RCL 15 Loop

16 2 a7 RCL 1@

17 GTO @&ai se -

12« EL “BP" &9 1

1o 32 TE +

2 GTo ai F1 STO B892 Butterworth
21<«LEBL "BE*" e 2 equations
2z T3 *

2Z«LEL @i T4 1

24 STO 14 TS —

23 = 7& FI

26 #>YT TE Ok

27 GTO aag e 2

282 "BH=7" 79 -

29 PROMFT | _ _ _ 88 RCL 15

38 XEG 19 81 -

321 STO @5 gz SIH

3z2+LBL @i Compute 2= 2

33 "Fil=7- | filter order g4 =
34 PROFMPT 85«LBL ©

325 "HR=T" 85 STO 11

36 PROHMFT 27 ECL

27 1@ as —1

3& - g2%? RCL a3 display i
39 181t= QB FPSE .
4G 2 91 YN r(-D*
41 * 9z Y1

42 1 2
S 94 GTO IND

44 LN i Frequency
45 STO 12 QS5«LEL 9ai transformation
46 HL XYW 9& RFL 87

47 XEQ@ 1@ ra

48 XE@ a7 ag kEQ as

49 RCL 12 99 GTO a8

58 {4 160eLEL B2




Program Listings

161 RCL ©7 ; | 152 GTO IHD

182 * | | 14 é

183 1.3 | | 1S3+LBL B84

184 XEQ @& | 154 EQ @3 Compute
1Be GTO oo  1SeeLBL bo normalized
167 +LEL B3 ; 157 XEQ @1 frequency
188 SF @1 ' 1S8+LBL @8

189 RCL @2 ? 159 1-¥

11@ - 16@ CHS

111 XE@ 86 | 161 GTO 65

112 ¥EQ @@ | 162+LEL @1

11Z ABS 162 RCL 11

114 1.3 164 RCL @7

115 RCL @7 165 -~

116 =12 166 GTD as

117 - | 157+LBL B3

118 XEG @& | 168 RCL 11

119 CHS | 169 Ntz

128 GTO @@ | 17@ RCL @7

121+LBL @4 ; 171 =12

122 SF @1 | e

123 RCL @2 | 172 RCL 11

124 * | 174 -

125 RCL @7 | 7S RCL @s

126 ®Tz 176 -

127 -~ 177+LBL @5

128 XE@ @6 178 ABRS

129 XE@ @@ 179 STO 13

138 AES 186 RTHN

131 RCL @7 181+LBL @& ,

132 ®12 182 -1

133 * 182 RCL @9

134 1-% 154 Ytx

135 RKER @6 185 *

136 CHS o 186 RTN |
137+LEL @88 137+LEL 1@

138 ~L=- Display 1eg = Multiply by
139 H<@7? 189 = 27
148 “C=" 196 PI

141 ABS 191 *

142 ARCL X 192 RTH

143 AVIEMW 193 .END.

144 STOP

145 FS?C 81

146 RTH

147 DSE 1@ [~~~ ————-

148 GTO @8

149 RTH

15@+LBL @87

151 ST 11 00

45
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REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS STATUS
00 50 sizé 016 TOT.REG._58 USER MODE
ENG 3 FIX SCI ON OoFF _X
DEG RAD GRAD
temp. storage
BT R 33 INIT FLAGS
# S/C SET INDICATES CLEAR INDICATES
wo 01 Return Continue
BW
i
10 counter 60
Wp
temp. storage
é f filter type
15 n 65
20 70
25 75
30 80
35 85
ASSIGNMENTS
FUNCTION KEY FUNCTION KEY
40 90
45 95
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BUTTERWORTH FILTER DESIGN HEWLETT PACKARD
SOLUTION BOOK:

PROGRAM REGISTERS NEEDED: 43 ELECTRICAL ENGINEERING

ROW 1 (1 - 4)

mewwﬁmmmwmmmwmmmmummmmu R

(i

ROW 3 (11

O

ROW 4 (15

19)
O
ROW 5 (20 - 26) L
HmmIWMMMWWMNWMMMMNWMMWHWMNWWMM NI

- 32)
O
ROW 7 (33 - 37)
e

il I |||III|"""" " I” I
ROW 9 (48 - 59)

TWWWWWWMMMWMIMWWMWMMMWWWMMNMWWWWWN

ROW 11

ROW 12

HHMMNWMMMWMWMMMWWMMMWWLWWWWMMMWNMWMMW

ROW 13 (94 - 10

MMMWWMWWWWMMWWMMWMWWMMMWMMWWWMMMNMM
ummmmmmmmmmmmmmmmmmmmmmmmmmmmwmmmwmmumwmmm

ROW 15 (111 -~ 119

lmmmmmwmwmmmwwmmmmwmmwwmmmmmmmwmwmmwmw

ROW 16

HHMMmmMMWWMMMWWMWMMWMWNMWMMNMMWWWW

ROW 17 (12

ROW 18




48

BUTTERW

ORTH FILTER DESIGN

ROW 19 (14

(
Ll

ROW 20

ROW

21

I
A
AN

HEWLETT PACKARD
SOLUTION BOOK:
ELECTRICAL ENGINEERING

AR
NN
QT
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CHEBYSHEV FILTER DESIGN

This program computes component values for Chebyshev filters between equal
terminations. Inputs are termination resistance, passband characteristics,
attenuation at some out-of-band frequency, and allowable passband ripple.

Before the filter elements can be calculated, a normalized frequency must be
computed from the desired cutoff or center frequency and passband character-
istics. The normalized frequency is computed by one of these formulas:

Low Pass High Pass

w = L w = Lo

n Wo n w

Band Pass Band Elimination
o = 0% = wo? o - — WBH

= > — X0 = ———
n BWw n We” - W

The basic form of the filter is this low-pass prototype:

where

2a,
G T e——
! Y

baj—(aj) .
.=—11—l_._- l=2, 3,4 vees N
1 (bi-1)(G3-1)’° ’



€
ln(coth —
y = sinh[ 40 log e):l

2n
a, = sin-igl—:—llll, =1, 2, 3, ..., n
i 2n
. im .
bi = Yz + sin? - 1= 1, 2, 3, ..., n~-1

]
c = (loAdB/lo _ 1) 5

The filter order is found by using Newton's method to solve for n in the
following formula:

(@ + /G = 1) + (0 + Ya® - 1)."2n= E“z (10AdB/10 - 1)-2
using

N 1n [_gz (104710 _ 1y _ ]

In(w + /w2 - 1)

as an initial guess where o is attenuation in dB's.
The resulting value is then increased slightly:

n<—INT (n + 1)

Once the low-pass values have been calculated, if some other passband charac-
teristic is desired, the components of the filter are changed by frequency
transformation as shown.

PASSBAND
CHARACTERISTIC CIRCUIT ELEMENTS
Low pass o- }} —0 o e o
Cn Ln
High pass ‘Q;;% 0 O }% ; o)
ovn Cﬁ= W, Ln
__BwW
pr-wozcn
YT
th CDP
Band pass o9 L 2% O""_’;“——“———O
B BW
L We?ln
IFE;L
Coo=™Bw
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Lo hoBW.
YY)

Lbe Cse
Band elimination - —l—o0 o ®-o

TEW C.BW
Wy

i

i

Coo* T
b |.B

A bit of thought may be necessary to determine whether the I-C's are connected
in series of parallel.

NOTE: The program will give erroneous results if asked to compute filter
order when AdB is small (i.e., when AdB ~ Loss (wo)).

Example:

Design a low pass Chebyshev filter with the following characteristics:
R = 50Q _ fo = 500 Hz pass band ripple = 3dB, and
30dB attenuation at 600 Hz.

Keystrokes: Display:

[XEQ] [ALPHA] SIZE [ALPHA] 013

50 [STO] 00

500 [STO] 01

3 [STO] 03

30 [STO] 04

600 [STO] 05

[XEQ] [ALPHA] CHEB [ALPHA] TYPE?

1 [R/S] N=7 . 000EQ

[R/S] 1.000 00
C=22.40E-6

[R/S] . 2.000 00
L=12.29E-3

[R/S] ~3.000 00
€=29.53E-6

[R/S] 4.000 00
L=12.79E-3

[R/S] 5.000 00
C=29.53E-6

[R/S] 6.000 00
L=12.29E-3

[R/S] 7.000 00

C=22.40E-6
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User Instruections

SiZE: 013
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 Load program
2 Store data:
Termination resistance R [sTO] 00
Cutoff frequency fo [SsTO] 01
Band width (if applicable) BW [STO] 02
Ripple AdB {STO] 03
Attenuation o [STO] 04
Out—of-Band frequency* £, [STO] 05
3 | Execute program [XEQ] CHEB TYPE?
4 | Input filter type
1-Low pass 1 [R/S]
2-High pass 2 [R/S]
3-Band pass 3 [R/S]
4—Band elimination%* 4 [R/S]

5 | Answer is displayed automatically N=
(component number is displayed, then [R/S] 1.000 00
component value.) Push [R/S] to continue C=

[R/S] 2.000 00
L=

*f, must be within the stop-band for the

band elimination filter




Program Listings

15

i3]

w—

@
oY I o
[NV YR

STO 12
S TYPED -
PROMPT
STO A7
GTO IND

e IOV RN RS Y O Y N N N O R OV O I O OV O i e e S R T R DA DA AR A
oI NIl Y (R RS T R I RS I I B RN I I I SR VI Y O I B T N
[y

25«LBL G4
3 S5F az2

37 XE@ 83
38 GTO A8
3I9«LEBL B2
483 SF a2

41 XEGR @1
42+ BL @@

43 1%
44 CHS

45 GTO @5
46+LBL @1

47 RCL 85
48 RCL a1
43 -

Canvert
Hz to r/s

Convert
dB to €

Begin to
compute f£ilterxr
order

Filter type

Compute W
pute n

5B FS?C az

21 RTH

52 GTO Qs
S3e«LBL A=
S4 FCL as
55 X1tz

56 RCL @1
57 ®HTZ2

S8 -

59 RCL as
2 7

1 RFCL @aZ
a2

&3 FS2?C aZz
&4 RTH
ES«lLBL a5
&6 HES

67 STO as
&8 ENTERT
59 XTt2z
a1

i -

v2 SeRT
T3 +

T4 STO 186
TS5 LH

76 RCL 12
¥¢ LH

T8 X<r¥
e -

8@a ST @9
Sl+LBL @&
22 RCL @9
232 RCL 16
84 RCL a9
85 ¥1¥

86 STO BAS
2 ENTEERET
e8 1%

89 +

96 RCL 12
91 -

Q92 RCL &S
93 ENTERT

94 1%

95 -

90 s

97 RCL i@
95 LH

99 s

g 2

Newton's method
root finder

53



Program Listings

161 152 PI

18z — 152 2

182 STO @9 154 -~

134 LRASTH 155 RCL A%

185 ARE 15 -~

1ae @1 57 SIN

187 X<i=¥7 158 STO 12

188 GTO acs 152 =2

19 RCL a9 i@

1imd =2 i1 RCL @%

111 -~ 162 S0RT

i12 1 1832 -~

11 + icgdel BL 1®8 = |
114 IHT 165 STO a5

11S STO 99 165 RCL @4 Display i
11 “H=" Display n isy -1 ,
117 ARCL = 168 RCL 11 :
118 AVIEHW 169 PS5SE i
118 =TQF 17 YtE %
1z 1 e 171 ¥1T=R ;
iz1 s7ToO 11 172 *

122 RCL B3 Chebyshev 1732 GTO IND oo
123 48 setup Ay :
124 -~ 174«LBL @1 ﬁmmmmmw
125 1 175 RCL &1l : transformation
126 ETE 1ve -~ ;
127 LOG 177 €<E@x 11 §
1z2 - 178 GTio &Rl :
129 ENTEET 179«LEL @z |
138 + 124 RCL @1 i
121 ET= 181 * !
132 1 18z 1-%

1232 #EL4FY 1832 XE& 11

134 + 184 CHS

135 LASTE 185 GTa A

176 1 1g86eL BL B3

127 - 187 RCL &2

128 - 128 -

139 RICL a9 129 XEQ 11 _
148 STO 18 198 SF @l ‘
141 2 191 XER i

142 * 192 1-%

142 1= 1932 RCL @1

144 Y12 124 X12

145 ENTEERT 195 -~

146 1% 1946 XER 11

147 - 197 CHE

142 =2 198 GTO @R

1492 -~ 199« BL B4

158 =1 zBaEa RCL a2

151 &7 &g zal *




Program Listings

262 RCL @1 253 -

2RI Xtz 254 RCL @8

a4 ! 255 RCL @9

265 XE@ 11 256 RCL 1@

286 SF @1 257 -

287 XEQ Ba 252 PI

2818 RCL @91 255 o

289 X127 | 7660 RCL @3

216 * ==

211 1-% 262 SIH

212 XE@ 11 : Z6F KtT2

213 CHS == | Ze4 +

Z14«LBL @@ i 2ES -

15 “L=" Zehs GTO 1@

F16 X<@a7 Display L & C Z67eLBL 11

217 “C=- zeg —1

Z12 ABS Z69 RCL 11

219 ARCL ¥ 278 Y1¥

220 AVIEW 271 %

221 STOP i 272 RTH e
222 FsS7C a1l Z73¢LEL A9

222 RTH  ==——=———mmmmmmeee 274 =2 Multiply by
224 DSE 1@ 275 * 21
225 GTO 276 FI

2726 RTH EFT *

227eLBL &7 278 RTH

Z28 RCL 12 Loop 279 END

Z29 RLCL a9
238 RCL 14
Z31

232 80

Chebyshev
equations

|
t

-
2

11

e R VILN I IV (R L
ol fad G G T ia]
Do BTN oI s SR | Y-

fv
Y
|
DM LFNWNDNNE T = 2R =04

24

bed

90

O
r
]
vD

o td
oz
(™
fl

P
r
()
n

00
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REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS

STATUS

00 | R 50 size¢ 013 TOT.REG. 62 USER MODE
wa ENG 3 FIX scl ON oFf _X
| | BW DEG RAD _X_ GRAD
| | Ripple, dB
Attenuation
05 | Attenuation freq. | 55 INIT FLAGS
€ # S/C SET INDICATES CLEAR INDICATES
Filter type 02 Return Continue
W 01 Return Continue
- ;
10 | Counter 60
i
Temporarty Storagel
15 65
20 70
25 75
30 80
35 85 T
ASSIGNMENTS |
FUNCTION KEY FUNCTION KEY
40 90
45 95




CHEBYSHEV FILTER DESIGN

PROGRAM REGISTERS NEEDED: 51

ROW 1 (1:5)

ROW 2 (5: 12)

I

ROW 3 (13 :24)

ROW 4 (25 : 32)

ROW 5 (33:

ROW 6 (40 : 49)

ROW 7 (50 : 60)

ROW 8 (61:72)

ROW 10 (86 : 98)

ROW 11 (99 : 108)

ROW 12 (109 : 118)

ROW 13 (119 : 130)
ll

ROW 14 (131 : 143)
ROW 15 (144 : 156)

AOW 16 (157 : 168)

] |
ROW 17 (169 : 178)

m—

LI

ROW 18 (178

T

[T
Jui
I
A

TN

IR
JIIIIllIIWII IR

HEWLETT PACKARD
SOLUTION BOOK:
ELECTRICAL ENGINEERING

——
——
——
—

IWIII
TR

T

|

Lo
1
R A
T
TN
TR
|
LT

|

l
Il

TR
AT
TN
i

57

i
|
I

TN
I
I

] I"

ll

I




CHEBYSHEV FILTER DESIGN HEWLETT PACKARD
SOLUTION BOOK:
ELECTRICAL ENGINEERING

ROW 20 (196 : 205)
Hinnn |
ROW 21 (205 :212)
ROW 23 (220 : 229)
ROW 24 (230 : 242)
ROW 26 (256 : 267)
ROW 27 (268 : 279)

ROW 19 (188'; 195)
ROW 22 (212 : 219)

ROW 25 (243 : 255

ROW 28 (279 : 279)
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BODE PLOT OF BUTTERWORTH AND CHEBYSHEV FILTERS

This program provides gain, phase and group delay information for Bode plots
of n-pole Butterworth or Chebyshev filters. A frequency transformation fea-
ture allows four types of filter characteristics: low pass, high pass, band
pass, and band elimination. Frequency steps may be either linear (additive
Af) or logarithmic (multiplicative Af).

The poles of an n—-pole Butterworth filter are given by the following expression.

s = Ok + jw, = -sin (quf_l.g) -j cos (zk;g—l-g) (k =1, ..., n)

The poles of a Chebyshev filter are derived from Butterworth poles by the
following procedure.

=

Let By == sinh'l-%

=}

Then the new poles are given by
Sk = Oy sinh B, + j wy cosh By

The gain, phase and delay functions of a filter are given by the following
expressions.

The network transfer function is

K
(Gw - s1)(Gw - s2)...Gw - s,)

H(jw) =

K
My £ 61)(Mz £62)... (M, £8,)

K

T M) £ 8@

in which K is a constant chosen such that
|[EGOY| = 1

The magnitude of the transfer function is

K

[HGw) | =

I /O'iz +(w—w;)2
i=1



and its phase is

I
arg [HGw)] = -8(w) = -3 tan™! i”-_lo-l“—)x
i=1

The normalized group delay is

.

=4 = 0f

Example:

Plot the response of a 6-pole Butterworth band-pass filter with BW = 100,
fy = 800. Make a logarithmic plot using steps of 2Y® from 400 Hz to 1600 Hz.

Keystrokes: Display:

[XEQ] [ALPHA] SIZE [ALPHA] 016
[SF] 00

6 [STO] 00

800 [STO] 02

100 [STO] 03

400 [STO] 04

1600 [STO] 05

2 Vx /x vYx [STO] 06

[XEQ] [ALPHA] BODE [ALPHA] ?

3 [R/S] 0,1-?

1 [R/S] T=0.027
[R/S] £=161.536
[R/S] MAG=-129.502
[R/S] F=400.00
[R/S] T=0.036
[R/S] £=158.504
[R/S] MAG=-121.591
[R/S] F=436.203
[R/S] T=0,051
[R/S] £=154.506
[R/S] MAG=-112.727

[R/S] F=475.683



User Instructions

SIZE: 016
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 | Load program: for Butterworth [SF] 00
for Chebyshev [CF] 00
2 Store applicable data:
Filter order n [STO] 00
Pass band ripple rip [sTO] 01
Cutoff frequency f [sTO] 02
Band width BW [sTO] 03
Minimum frequency £, [STO] 04
Maximum frequency fo [STO] 05
Frequency steps Af [STO] 06
3 | Begin execution [XEQ] BODE ?
4 Input filter type:
1-Low pass 1 [R/S] 0,1-?
2-High pass 2 [R/S] 0,1-?
3-Band pass 3 [R/S] 0,1-7?
4-Band elimination 4 IR/S] 0,1-?
5 | Select: Linear 0 [R/S]
Logarithmic 1
[r/s] T=
[r/s] A=
[r/s] MAG=
[R/s] F=
6 | For next increment, continue to press [R/SI.

61



Program Listings

al«LBL “EBCD 52 F-F gain
E*" 52 RCL 13 normalization
A2 FIx = sS4 +
@2 RCL @1 2 - ——————~— 55 RCL @S
gi 1_.5 Convert dB Eé 5;ﬁ
GE 161 ripple to e S8 WY '
AP | 59 RIH time delay
A — ca -
AS SERT &1 ST+ @9
18 STO 51 - 62 DSE 1@
11 1 &3 GTO B2 _
2 WEQ a9 Convert Hz to &4 RCL B4
13 ST#* @&z /s &5 1 frequency
14 ST+ A3 66 XER Q9
S ST+ G4 67 -
6 STx B85 | &8 RCL 11 o
7 RCL 86 ; 69 LOG gain, dB
2 * ' 7a 2@
19 sTO 1S | _ _ _ _ _ __ __ 71 %
z@ =7" 72 RHD
21 PROMPT Store filter | T3 RCL 1=
22 STO 14 type T4 1
;__:3 Png];IPT Set linear or %,-é: ;E!ES phase, degrees
25 SF a 1 logarithmic ?-‘:- E“F‘
26 R=@7 increment 78 CLH
27 CF &1 79 RCL 89
2oeLBL E 2@ “T=-
Eg ETD . Initialize 81 XE@® @3 Display
= > = . o2 tTa="
Z1 STO 12 | registers 83 XEQ@ 85
Z2 1 4 "MAG="
33 STO 11 25 XER@ QS
34 RCL 08 86 "F=-
2SS STO 18 7 XEG S
36 XEQ A7 - 28 RCL a5
SI7<LLBL @< 29 RCL 64 Increment
38 RAD Loop ap FS? 91
29 XEQ 05 91 GTO @a
4@ RCL a7 Compute g Q2 RCL 15
41 RCL 13 93 +
42 + : 94 GTO O3
42 RCL Qg aSeLBL 60
44 R-FP 96 RCL B8&
45 ST~ 11 gain ' 37 *x
46 KLY ag+LBL 63
47 ST- 12 a9 sSTO G4
48 RCL 882 108 K<=Y7?
49 RCL @7 phase 181 GTO E
5@ R-P 1@z RTH . _
51 ST* 11 183«LEL 87




135

Program

IND
14

1a5«L Bl G4
1ae XEQ @3
187 GTO &9
183«LBL @2
169 XEG @1
110«LEL Qo
111 1-H

112 CHS

113 GTO a4
114+LEL Qi
115 RCL &4
116 RCL @2
117~
118 GTO
119+ BL 63
126 RCL a4
121 =t2

22 RCL @z
123 #12
124 —

125 RCL a4
12e -~
27 ERCL
128 -~
129«LBL G4
138 STO 1=
131 RTH
1Z2+LBL @&
1232 FS? Ga
134 GTO a1
»EQ@ 81
13758 1

1Z¥ RCL 91
138 1%
139 RE-F
148 ={>Y
141 RIHN
142 LASTX
143 +

144 LH

145 ECL @@
146 -~
147 ET®
148 LASTH
149 CHE
1538 ETX
151 +

152 ENTERT
153 EHTEERT
154 LASTH

Listings

63

Compute Wy

BE

HP

LP

BP

(— — ot o— — —— — —

Subroutine to
compute sy

156
157 '
158 £T+ 3
159
168 S5ST#* @7
11 2

162 5T~ @ag
12 )
164
165+L.BL. &1
lee RECL 164
167 =2

lag

155 2
#

0]

]
)

W= d b W= @D
LN -3 AN = %]

b ek ped b ek ek ek bk ek ek

SRR ERRRR

1868 STO

1287 RTH
188+LBL 8BS
189 ARCL ¥
198 AVIEMW
191 STOF
192 RIHN
193 RTH
194 _EMD.

. Butterworth

90

00

Compute

pole location




REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS STATUS
00 [N 50 Size _016 _  TOT.REG. __56 __ USER MODE
ripple ENG FIX -3 scl ON OFF _X
cutoff frequency DEG RAD GRAD
Band width
fmin, wj
05 | fmax, w> 55 INIT FLAGS
Af # S/C SET INDICATES CLEAR INDICATES
Im{sk} 00 Butterworth Chebyshev
Re{sk1} 0l Logarithmic Linear
delavy
10 | counter 60
m[H(jw) |
26 (w)
Wp
5 E filter type
15 | Ay 65
20 70
25 75
30 80
35 85
ASSIGNMENTS |
FUNCTION KEY FUNCTION KEY
40 90
45 95




BODE PLOT OF BUTTERWORTH AND HEWLETT PACKARD
CHEBYSHEV FILTERS SOLUTION BOOK:
PROGRAM REGISTERS NEEDED: 40 ELECTRICAL ENGINEERING
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BODE PLOT OF BUTTERWORTH AND HEWLETT PACKARD
CHEBYSHEV FILTERS SOLUTION BOOK:
ELECTRICAL ENGINEERING

ROW 19 (161 ~ 171)
0
ROW 20 (172 - 182)
0
ROW 21 (183 — 194)
O
ROW 22 (194 — 194)

IR



TRANSMISSION LINE CALCULATIONS

This program computes the input impedance of a lossy transmission line ter-
minated in Zy. The program provides an exact solution when the distributed line
parameters Ro(=vL/C), R, and G are given, and it provides an approximate
solution when Ry, copper loss and dielectric loss are given.

——_

Zin 2

X J
.

The transmission line shown has a lumped model composed of elements L, C, R
and G. From this model the following equations can be derived:

b

MODEL RN
G
‘1
l— AX J
I —
Equations:
=q/L
Rp C
L _R_R
L Ry
G
g = c = v RoG
w = 2nf
where
L = inductance/unit length
C = capacitance/unit length
G = conductance/unit length
R = resistance/unit length
v, = relative phase velocity
v=

3x 10%vy
r

= frequency, Hz
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and

1y

o = 7= [rg - W+ /4 0 (87 + WD)
1 Y

B = 7S [uﬁ - rg + /(r? + 0?)(g® + wz)]

The approximate solution is

where
ac
Gp
Bo

Then

where

L
L
Zg

Y

Re{Zo} = Ro | 1 + & (@€ —op)f3ap + ac
2 Bo Bo
m{Z,} = R [QDE;_QC]
o = a¢g + ap
. 1 ac—anz
B = Bo 1+3 B
0
. 1l R
Copper loss, nepers/unit length = 3 %o
Dielectric loss, nepers/unit length =-% GR
w
v

i

1 + Iy
Zin = Zo 1—_'1953’71

T = L1, - Zg
L Z1, + Zo

line length

impedance of termination

characteristic impedance of line Re{Zo} + j Im{Zo}

o+ jB

propagation constant of line

Z¢ and Y are computed differently depending on which solution is selected.
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Ro

69

Y
Ré{Zo} =m)— rg + LL)2 + /(rz + wz)(gz + (A)T)jl

*Ry

Y2
Im{Zo} IS —(rg + w?) + /(x? + w?) (g2 + wz)J

in which the + sign is chosen when g > r and the - sign is chosen when g< r.

Example:

A transmission line has the following properties:

R = 1.2664 Q/cm
G =

R = 550

w= 0.85

0.000 041 87 Siemens/cm

What is the input impedance of 3.5 cm of this line at 2 GHz if it is terminated

in Z_L = 75 £~ 30°?

Keystrokes :

[XEQ] [ALPHA] SIZE [ALPHA] 012
[XEQ] [ALPHA] LINE [ALPHA]
2 [EEX] 9 [R/S]

0.85 [R/S]

55 [R/S]

3.5 [R/S]

[XEQ] [ALPHA] EXACT [ALPHA]
0.00004187 [R/S]

1.2664 [R/S]

75 [R/S]

30 [CHS] [R/S]

[R/S]

Display:

F?
VR?
RO?
L?

G?
R?
ZL?
AZL?
AZIN=28.48
ZIN=48.01
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User Instructions

SIZE: 012
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1| Load program
2| Begin execution [XEQ] LINE F?
£, Hez [R/S] VR?
vr [R/S] RO?
Ro, & [R/S] L?
2, cm [R/S]
3| For exact solution: [XEQ] EXACT G?
G [R/S] R?
R [R/S] ZL?
Z [R/S] 4217
AZ, [R/S] AZIN=
[R/S] ZIN=
4 | For approximate solution: [XEQ] APPROX AD?
op [R/S] AC?
oc [R/S] ZL?
2y [R/S] 4ZL?
AZ, [R/S] A ZIN=
[R/S] ZIN=




Program Listings

BlelLEL “LIH EEETEY
E* 51 =2
az FIH =2 b P
83 “F7- Initialization 53 STO Qe
a4 PROMFT 54 RCL a3
as 1 El1a 95 RCL @a3Z=
ac 55 R-F
a7 STOo 89 57 S@RT |
15 EE 52 STO a3 :
a2 PI 59 HI>Y
18 o+ sE Z2 K
11 = sl - f
12 =70 as =z STO @a3
12 “vYE™"- 62 RCL Qg
14 PROFMFT a4 +
1= STO0 Gz =S STO ad
ie ="ROZ>" 66 RCL @ac
17 PROMFT ar RECL 8=
ie STo a1l ag —
i3 =pe- e =STO az
=8 PEOMPT 8 RCL 8%
21 =70 11 1 RCL @63 ‘
= 2 F= ,
=3 * TE ST @i i
=24 = ¥4 RCL a5
25 RCL &z Yo RBRCL a3
D ok e #*
27 ZTO0 &= Y7 S5T* @A77
=8 - ¥& GTO ZIH
29 =70 a7 e
Z@8 STOF e TaelBL "APF i
31+LEL "EXH RO :
cT- g -AnT- | Approximate
2Z 572 Exact solution 21 PROMPT solution
23 PEOHMPT 8z “HCT-
34 “R7*- 82 PROMFT
35 FROMPT 84 HI{>Y
326 RECL &3 85 STO 62
Z7 % 8¢ RKIH
328 RCL @i 27 STO a=
29 & 88 RCL 11
43 STO 65 89 RCL &z
41 RIH 9@ RECL a9
42 RECL @i 21 FI
2k = P
44 ST+ A3 93 1.5
45 RCL @az= =L S
46 RCL a5 25 HILY
47 R-P e
= SGRT a7y STO a6
49 STO AS IE &
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=T

186 *

181 STO a7

182 RCL 68

183 1@

184 LH

185 26

186 -~

17 RCL @6

198 -

1% ST* @3

118 ST+ @ag

111 RCL @8

112 RCL 83

112 —

114 ENTERT

115 STO @S5

116 RCL @8

117 3

118 =*

119 RCL B3

126 +

121 *

2z 2

123 -~

124 CHS

125 1

126 +

127 R—-F

128 ST* @1

129 XK<>Y

136 STO az

131 RCL &5

132 %12

133 2z

134

135 1

136 +

137 RCL @3
| 138 RCL @8
' 139 +

146 R-FP

141 ST* @7

142 <Y
; 143 STO a4
; 144«LBL “ZIH
! 145 =ZL7"

146 PROMFPT
| 147 STO @s
. 148 "LFL7

Program Listings

Calculate Zin

[P——

L 00 s s

DX ENHD | =TDEO AL 2N+ =TEOME | =T+ =T

Sh RN

PEOMFPT
ETO a5
RECL @4
RCL a7
F-R
CHS
ET=
5TO
mAEY
188
#

FI

a7

STO 9
ECL @
RCL a2

RCL 85
RCL @1

!
A

®m

“

M

| I

Ao 0 e

3
-~
=
=

£,
o
=
j

.

m “ U..'

%,
3

a
®% T

-

I A
£ e




201
28z
283
264
28435
286
2a7v
| 2Aag
' 289
218
211
212
213
214
215
216
217
21&
219

<V

[ 2da

Program
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Listings

sOFY
F-F

1

+

FE—-F
ECL &1
*:

=Y
RCL @z
+
“sZIN="
ARCL =
AV IEW
STOF

EoR A
“ZIHN="
ARCL =
AY IEW
STOP
~-END.

30

40

50

51

Display

60

70

80

90

00
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REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS STATUS

00 50 size _012 TOT. REG. __56 USER MODE
Rp ENG FIX —2._ SCI ON OFF _X
vy DEG RAD —__ GRAD
3VarG

05| 3v,RnG/R 55 INIT FLAGS

# SIC SET INDICATES CLEAR INDICATES
2£/?v
wl
Yag©

10 60
J

15 65

20 70

25 75

30 80 B

35 85

ASSIGNMENTS
FUNCTION KEY FUNCTION KEY
40 a0
45 95
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TRANSMISSION LINE CALCULATIONS HEWLETT PACKARD
SOLUTION BOOK:

PROGRAM REGISTERS NEEDED: 45 ELECTRICAL ENGINEERING

IWWWWMWWWWWWWWMMWWMWMWMW
IWWWWWMWWMWWWWWWWMWMWWWWWWW
WWWMWMWMMMMMWWWMWMWWMWWWWMWMMMW

ummmmmmwmmmmmmmmmwmwmmmwmwwml

ROW 10 (78 - 8

HMWWWWMWWWMWWMMMWMMWMMMWMMMWWMWM
MMWMWWWMMMMMMMMMMWWMMWWMMMWWMWM
WMWWWWMMMMMMWWWMMWWMWMWWMMMWWWM
MMWMWWMMWMMWWWMWMWWMMMMWWWWWWM
HMMWWMMMWMMWWMWWWMMWWMMWWWWMWWW
WWMMWMMWWMMMMMWMWMMWWMWWWMWWWMM
ummmmmmwmmmmmmmwmwmmmmwmmmmmwmmmmmmmmmwmmn
MMMWWWWWWMWMWMWWMMMWWWMMWMMWWWMW
1B
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TRANSMISSION LINE CALCULATIONS HEWLETT PACKARD
SOLUTION BOOK:
ELECTRICAL ENGINEERING

ROW 19 (158 - 169)

O A
ROW 20 (170 - 181)
A
ROW 21 (182 - 194)
0
ROW 22 (195 - 207)
0
ROW 23 (208 - 214)

O
ROW 24 (215 - 219)

O



TRANSMISSION LINE IMPEDANCE

This program computes high frequency characteristic impedance (Zg) for five
types of transmission lines.

Transmission line configuration Equation for Z,
. . . 120 2D
open two-wire line Zg =-7ET 1n v
single wire near ground Zy #-%%g log (%?)
r
2%
balanced wires near ground Zo = 3;§ log %? [1 + (%%) ] }
r
Dy
wires in parallel near ground Zo =-§§'log {%? [1 + (%?)] }
coaxial line ' Zo =-ég ln-%
r
Example 1:
Compute Zo of RG-218/U coaxial cable. (D = .68 in., d = .195 in., g, = 2.3
(polyethylene)).
Keystrokes: Display:

[XEQ] [ALPHA] SIZE [ALPHA] 004
.68 [ENTERt] .195 [ENTER4]

2.3 [XEQ] [ALPHA] [C] [ALPHA] 20=49.42

Example 2:

Compute Zo of open 2-wire line with D = 6 in., d = .0808 in., ¢, = 1 (air).
Keystrokes: Display:

6 [ENTERt] .0808 [ENTERt] 1 [XEQ] [ALPHA]
[OP] [ALPHA] 20=600.08

Example 3:

Compute Zg of an air line consisting of a single .1285 inch wire 6 inches from
a ground plane.

Keystrokes: Display:

.1285 [ENTERt] 6 [ENTER+] 1 [XEQ] [ALPHA]
[SW] [ALPHA] 20=313. 44
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User Instructions

SIZE: 004
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 Load program
2 Compute impedance of open two—wire line.
Input: —wire spacing D [ENTER4]
-wire diameter d [ENTER%]
~relative permittivity o [XEQ] OP Z0=
3 Compute impedance of a single wire near
ground. Input:
~wire diameter d [ENTER4 ]
—-wire height h [ENTER4]
—-relative permittivity Er [XEQ] sw 70=
4 Compute impedance of balanced wires near
ground. Input:
~wire spacing D [ENTER4]
-wire diameter d [ENTER4]
-wire height h [ENTER+4]
—relative permittivity e, [XEQ] B Z0=
5 | Compute impedance of wires in parallel
near ground. Input:
-wire spacing D [ENTER%]
—wire diameter d [ENTER4]
~wire height h [ENTER4]
-relative permittivity Er (XEQ] P Z0=
6 | Compute impedance of coaxial line. Input:
—inside diameter of outer conductor D [ENTER4]
-outside diameter of inner conductox| d [ENTER4]
~relative permittivity Er [XEQ] C Z0=




Program Listings

+

AR

|'|"
=

-.‘J

R B
]
A T
A
r

b - M
mr
1T

el

i

Two wire line

B BN RS I

Mo 25

R 3 (I
Dx)

EIvH Wires in
ST &l parallel near
EIH ground

=CL
2ET

[ix]
Dt}

CTO
“LEBL

ST

HEW |

=y
—
doe
w

=

FETiH Single wire
+ near ground

DoCIS IR BN 1 I SN I AN I o IR
& fod b N 3

R oy g T
Iy =“E
I3 ™
iy
]

mr
] »
i
Dy o]
-4

R e o 2 N anl =
=

e e o B I
| I 1

i

[y

g

fin}
fl {

o

TGO
Z=2+«LEL
ST0
FEIH
STO
EDH
STO
RIH
STO
=g g I

A

DOCRES I S 1 B OO Y I O
oUBLY (R B s YO ) [ RN I AN o R B s B N A O R BT B R 3 Y N O A4
1}
-
[}
T

mmaE

17t
S
!

Balanced wires
near ground

1%

()

(]

DN I
[l
]

[}
r||
DUV W KR 1 B B B B B B Bl B Bl Bt B 0w % A e O T A R 0 O T A B I O O L

Dot
[ l:;.j

o

+
N O
m Gt
-~
[ A

D

fid ™

Coaxial cable

..'
-+
il

N ORI 0 T e S I A Y I O O IR O EN I I A I X S 0O N B S Sl g o P S o o I o Bt B i e o I oy I o B

Lo RN W B I SR 1 Y S8 B G S

2ET

46 *
47 RCL

L
Ju
A B O SN e e

[y
|

4
=
=
L)
v
=
a
&
1
E
4
=
b |
=
v
2
=
i
1

ST S0 D 0D D e b v e 00 000 R0 QD

48 *
49 RCL @2 1@@ - Zo=- Display
SE - 181 ARCL X
S1L0G 182 AYVIEW

4
4
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Program Listings

STOF

183 51
164 . EHD.
10 60
20 70
30 80
40 - 90
50 00
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REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS STATUS
00 | er 50 size _004 TOT. REG. __24 USER MODE
h ENG FIX 2__ sci ON OFF
D DEG RAD GRAD
D (rounded)
05 55 INIT FLAGS
| # S/C SET INDICATES CLEAR INDICATES
10 60
15 65
20 70
25 75 ]
30 80 B
35 85 -
ASSIGNMENTS
FUNCTION KEY FUNCTION KEY
40 90
45 95
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TRANSMISSION LINE IMPEDANCE HEWLETT PACKARD
SOLUTION BOOK:

PROGRAM REGISTERS NEEDED: 20 ELECTRICAL ENGINEERING

ROW 1 (1 - 8)
O
ROW 2 (8 - 14) J
0
ROW 3 (14 - 24)
Lo
ROW 4 (25 - 35)

I i
ROW 5 (36 — 48)
e
ROW 6 (49 - 58)
A
ROW 7 (S8 -~ 67)
K
ROW 8 (68 - 80)
e
ROW 9 (81 - 90)
0
ROW 10 (91 - 100) )
0
ROW 11 {100 — 104)

A
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