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INTRODUCTION .

This HP-19C/HP-29C 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 an expert on your HP calculator.

You will find general information on how to key in and run programs under “A Word about Program
Usage” in the Applications book you received with your calculator.

We hope that this Solutions book will be a valuable tool in your work and would appreciate your
comments about it.

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.

© HEWLETT-PACKARD COMPANY 1977
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RESISTIVE/REACTIVE CIRCUIT

CALCULATIONS
This program performs resonance calcu- A,,A; = the values of two parallel
lations for R-L-C circuits, calculates resistors in ohms, two parallel
the reactance of inductive and capaci- inductors in henrys, or two
tive branches, the equivalent value of series capacitors in farads
series capacitors or parallel resistors
and inductors,and performs power cal- A; = the resultant, equivalent resis-
culations for resistive branches using tance in ohms, inductance in
straightforward manipulations of the henrys, or capacitance in farads

following equations:
NOTE: Given a resistance or capacitance,
A, the value of the circuit
fr = E;7%f= element required to produce a
desired resultant resistance or
capacitance may be calculated by

X = 1 entering A, as a negative value.
C 2mfC
EXAMPLES:
- 1. € = .0%luyF, L = 160uh.
XL 2wl Calculate fr
P = IZR = EZ/R 2. L = 2.5h, fr = GOHZ
Calculate C and XL at f
r
A:A, 3. E = 345v, R = 1.25MQ
A1+A2= A, Calculate P and I

4. R1= ]209, R2 = 2400
where ) a. Find the equivalent
resistance of these two
resistors in parallel,R;.

L = inductance in henrys b. Parallel R; with 50Q.

f.. = resonant frequency in hertz

c. Find the resistance re-
quired for a resultant
resistance of 25Q.

C = capacitance in farads

X . = capacitive reactance in Q
XL = inductive reactance in Q
P = power in watts

I = current in amps

R = resistance in Q

E = voltage in volts



SOLUTION:

65,8888 ERT; 1
2.5688 £S5
Q42 45406 kix XL |

54, 6206

26, Te5+AR

4b

25. 6000

4c

132.32+88




User Instructions

STEP INSTRUCTIONS b A:":\F/’SJITS KEYS b ;’T‘ZS:ITTS

1.| Key in the program and choose an appropriate 1 ]

display format I

2.] Calculate f_ L [ENT J[ ]
' c [GsB 11 | £,
3.] Calculate | or C fr @] E] I

CorlL [GSB][ 2 | |LorcC

REACTANCE CALCULATIONS [0

4 Calculate XC f L_jj
c lesB |[ 3 ] Xe

5.] Calculate X, f [ENT [ ]
L [esB I 4 ] Xy

POWER CALCULATIONS I

6al Given E: Calculate P E ENT I ]
R lase ][ 5 P

6b| Given I: Calculate P I (ENT I[ ]
R lgsg 1 [ 6 | p

Gijven P,R: 10 ]

/a Calculate I P (EnT /[ ]
R (6B ][ 7] [ 1

7b Calculate E P [ENT J[ |
R lgsBll 8 | E

PARALLEL RESISTANCE/SERIES CAPACITANCE [:] [:l

8.] Given two circuit elements, calculate resultant At [ENT ][ ]
Ay [GSB ][ 9 | A3

9.] Given one circuit element and the desired A, [CHS | [ENT ]
resultant value, calculate the value of the A, (asB [ 9 ] A,
circuit element required. ° [ ] -

[ 10 ]

[ 1L

[ 10 ]

[ 10 ]

[ 1 ]

[ 1]

I

N

I N

L ]




Program Listings

P =t b ba ot ey ke b b b bea D) Yy
- TRy NG Y S Uy L g Py e e Ly ey

NENENENAENENEN)

W) TPy 0] e g Po) s

w i

[l
o

XLBLE
178
¥LElE

T
3‘.0-(’

[« 20T}

*LELE

2
<
o
A

F

LorC

I orkE

fr or Xc

A3 or A2

*%% "Pprintx" may bdg
to replace "R/S

inserted or used

REGISTERS

17

19

20

21

22

23

24

25

26

27

28

29

PGS S




This program computes the input im-
pedance of an arbitrary ladder network.
Elements are added one at a time start-
ing from the right. The first element
must be in parallel.

Suppose we have a network whose input

| admittance is Y;j,. Adding a shunt R,
| L, or C, the input admittance becomes

( 1
Y, +(E+j0)

. 1
Ymew =< Yin +<0—.| wLp>

kYm+(0+ijp)

Adding a series R, L, or C, we have

( | i -1
<-Y_m— + (Rs +JO)>

1 , o
Yoiew =9 <?“—1 +(0+jw Ls))
-1
1 o]
— +{0-
k<Yin (0 ! w Cs))

The program converts this admittance
to an impedance for display.

NOTE: An erroneous entry may be
corrected by entering the
negative of the incorrect
value.

IMPEDANCE OF A LADDER NETWORK

EXAMPLE:
f =4 Miz

rYYyYy\
¢ 2.56uH I
— T 2400 pF < 500

Z —> == 796 pF

o L

SOLUTION:

Sé,. e ooRs Izin|

L AT



User Instruections

STEP

INSTRUCTIONS

INPUT

X
m
<
(7]

OUTPUT

DATA/UNITS DATA/UNITS
1.] Key in the program and choose an_appropriate 1 ]
display format I:l L]
I .
2.| Initialize f [(GSB] [T | W

3.] Input a parallel element: D L—j

R, [6sB |[ 3 | | Zin]|

' [ tZin

“ [6sB ][ 5 | 1Z4]

[x¥ [ ] (Tin

L, [esB [ 4 ] N

i [xey [ ] (Zip
4a| For a series element: 10 ]
R, lesB | [ 2 |

- [6SB ][ 3 | 1Zin|

@ L_l [Zin
Cs [ase | [ 2 ]

[GSB|[ 4 ] lzinl

el O [ izy,
L. [ 2]

i [GSB ][ 5 | 1Zip |

Lo [ L ez4
4b} For a parallel element: - J ]
Go to step 3 L 10 ]
| 1]
5.1 Repeat step 4 until all elements are entered L I ]
I
L ]
I
[
[ L]
[ 10 ]
(1]
[ 1}
[0
U
[
I ]




Program Listings

81 wLBL! f <2 CSBa Convert Yip*Zin
a2 2 £y Ré
az ¥ 32 PRCLE .
@d  Pi £ 4 Add admittances
: -y impedances
e X Clear flag I or 1mp
86 LLRE W S5 RCLT
#7703 S6 o+
LI T P44
a3 xLBLE ZY sg RCLE
18 gl 29 X#8%
I €8 5508
12 is% £! - Convert Z-Y
13 XY 82 COT01
1§ [HE 63 KXY
15y €4 5702
18 +f €5 XY
17 @ £ 8
57 GSER
1‘5 ,R‘T; R,C,L ;8 g,gg Convert Y-Z
1% wLBLZ Set flag (series) i Clear flag
28 E&Tpe 68 R
21 RsE ;e 3F
22 ®¥LBL3 71 RsE
27 1s% *ek 7. | (7,
27 1% in in
24 RCLE
25 ¥=@7
25 pTO8 0,Y (par‘aﬂe])
27 e
28 ETG8
2% xiPL4 0,7 (series)
e RCL3
3! X
2 1 X. or B
77 oHe c™ i
24 a
L ol
2E ET08
37 xiPLE
38 ROL3
39 XL or BC
4 @
41 K&y
42 ¥iBLE
:j sTer **% "Printx" may be inserted.
45 ET06
4 BLLZ
7 RCLI
42 RCLE
43 y#0°
REGISTERS
0 flag ' Re[Yinl 12 Im[Yinl 3 w=27f 4 5
8 9 0 1
used used
2 .3 4 .5 16 17
18 19 20 21 22 23
24 25 26 27 28 29




T ATTENUATOR

The T attenuator can be used to match EXAMPLE:
between two impedances, Z; and Z,. This
program computes the minimum Toss of the
attenuator and values for the resistors Z, = 50Q
Ry, Ry, and R; which will yield an
attenuator having any desired Toss.

Ry R,
z,—> R3 -2,
= 7 Min Loss
O O
42, 344+88 %
The minimum loss in decibels is given Lairsee e R>
by 21,872465 #ar R3
, Z /Z 2
Min Loss = 10 log /—T+ ~l——l
Z, Z,
where
Z, > 1,

If N is the desired loss of the atten-
uator expressed as a ratio (loss in
dB = 10 Tog N), then

2v/NZ, Z,

N-1
N+1

Z, 212 )R
‘(N-l) 3

N+1
R2=ZQ<N-1)°R3

R3=

R,

NOTE: If the desired loss is less
than the minimum loss R, will
be negative.




User Instruetions

STEP

INSTRUCTIONS

INPUT

KEYS

OUTPUT

DATA/UNITS DATA/UNITS
1.] Key in the program [ ]
I
2.] Enter impedances Z,,0 [ENT ][ . |
Z,,0 [esB 1 [1_]
1]
3.1 Enter desired loss and run Loss, dB ESE EZ: Min Loss,
(If Min loss > Desired loss, enter a I db
new Desired Loss) N R
[ 1]
4.l outputs: R/S 1. ] [ Ri, &
] [Rys 11 R, ©
RIS |[ Rz, Q

_——————_——_—H— —————_— — —_—— o ——— — ——— — —
et — — — bt r— — bt ettt bttt et A Atk i e et et et et e s s e b

) . [ o
. ! ! i '
: : . : ; o '
: ! . . ; I ; . i
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Program Listings

é! «lBL!
8z EK4

a3 oTn°
g LT
&4 KXY
85 tTad

g RS
87 #LBLZ
L]

fedad
a8z

:
g2 £
I
14 i1RX
4d ey
45 Fad Sy ded
io &l

4 3
14 E

f 4 r
1Z X
I =
it <
17 w
F 3 -

Fal |-
18 RCL?
n .
3 i
2F LT47
ELANNCYE &
31 -
i d
P -
s Sf :’S’
=ird =
aga -
~ 24
24 8709
Aac [ad}
25 RCL!
I [l -l
2 Ll
e
L o
EaZa" ja¥al ]
2B RLLE
2 =
21 =
- i
& RCLS
-

21 -
- fxl
32 87032
pelymt

23 RCLZ

A 0~
24 L7
kit
e

-
JE RCLE
i 2
i =
- n" e

¢ FRLis
-

2 -
e ST04
44
4! RTLY
K Eal S ot sl
42 RCL2
g

c .
45 ¢

, vty
4£ ¥y
R §
& i
3o -
<]
TR

R

g +
sL X
= Pan
L L0¢
3 H
of -
C4 ]
e ¥
ce n
\-i\-: L
e
SE LToE
- i
5 R :
gl ad
5S¢ RLL3
[ g
b
- falal
€6 FRCL4
Fakd s
&l RS
= K
62 ROLS
e
&2 R/E

to replace "R

*** Min Loss

*%* R
*%*x*x R
*%x% R

**% "Printx" may be inserted or used

s".

REGISTERS

1 Z]

2

3 R1 4 R?

6 .
Min Loss

" N, N+]

N-1

9 .0

2

.3

.5 16

17

18

19

20

21 22

23

24

25

26

27 28

29




PI ATTENUATOR

The PI attenuator can be used to match
between two impedances, Z: and Z».
This program computes the minimum Toss
of the attenuator and values for the
resistors Ri, R2, and Rs which will
yield an attenuator having any desired

loss.

o A AA 0
Ry

o- -0

The minimum loss in decibels is given
by

2
Z, Z,
Min Loss = 10 log T+ T_l
2 2

where 7,27,

If N is the desired loss of the atten-
uator expressed as a ratio (loss in
dB=10 log N), then

EXAMPLE:

SOLUTION:

21’

1

~
[S)]
ES)

5. 71095+6
o cae,
ARl gt

44444

45.747+88

006 CIZ]

¥ig
Fog
¥if
Rz
¥¥E
FE

L2 54

Min Loss

11
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User Instructions

STEP INSTRUCTIONS DA'T'X';S'I”S KEYS DBT‘ZS:TTS
1. | Key in the program (10 ]
2. | Enter impedances Ly, N[
Zy,
o
3. | Enter Desired Loss and run Loss, dB| [GSB | Min Loss,
(If Min Loss>Desired Loss, enter a new ] dB
Desired Loss) L]
[ ]
4. | Outputs: [R/S ] Ri,80
Rz,
[R/S ] Rs,Q

JIUOOOCOOOEOUO000G
I s

N
L

n
L

SO

il

_\i——“-_\
! ‘
|
'
—
-




Program Listings

13

8!
a2
a2
a4
a5
et
a7
a8
a9
18
b
12

13

NENENENENRENENE RN

fn
LD 00 g Py LR B ) PO e

N Ty N A ] PO e

48

N
Lo

¥LBLI
ENG4
sT02
ey
s701
RS

1

é
18"
§To?

¥
1p4
RCL?

i
5T+7

g3
Lot

W orn
ta D)

N Bt R
o
4

Ty
x3 -
"
n

T LRI KL
% :

X3

)

r~ -

gt

[T RN
Lr-
x
=)
B2
'S

oy (=

f\)am
x
(]
2
o

*kk

*kk

*kk

dekk

Min Loss

1 Z1

Ro>

Loss

1/R;4

16

17

20

22

23

26

28

29
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WYE-DELTA OR DELTA-WYE TRANSFORMATION

This program performs the Y-A transform

For Inductors: (and Resistors,replace

for circuits consisting of resistors,
inductors, or capacitors¥*,

Y~A
The Y-A transforms for one-of-a-kind
elements are summarized below.
"A" Topology
o l 1 ] A’*Y
"Y" Topology
o—‘ a b —o
l .
For Capacitors: EXAMPLE:
Yo €y = B
Cb Cm
Co =—¢—
c = Ca Cb
k zC SOLUTION:
ZC = Ca+Cbh+Cm
oY ca= EE
2
_ e
Cb = G
k
ZCC= C1C2+C2Ck+C1Ck

* Adapted from HP-67/97 Users' Library
; program #00404D by Bruce Murdock.

L's by R's)
L= ILL
N Y
3L
Lk = Tm
ILL= La Lb+Lb Ln+La Lm
- L1Lk
La = ==
Lb = Lelk
TL
Lm = Like
ZL
SL = LitloHly

2386.28 ENT?
43.75 ENT?
B€.52 GSB!

£8B2

£SR4
kE¥
Rs8
3¢
RS b
1.7 ¥xx

N & —

43.23

£1.88




User Instructions
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STEP INSTRUCTIONS oAlr':\'/,tlJJ;ns KEYS DETT/S:ITTS
1. | Key in the program and choose an appropriate I
display format l:] ]
C L |
2. | Enter elements for Y or A a or 1 ENT J (|
m or k [ENT ][ ]
bor?2 lGsB {1 ] 0
Il
3a | For inductors or resistors GSB |[2 | 1
3b | For capacitors, go to step 4 I[ E
da | For Y=A l6sB |3 element 1
[ ' element k
| element 2
4b | For A»Y lasB 4 element a
element m
element b

—_—— ——— e ——_——_—  —_———— —_— —_— — —— — —

____________,___,__s____.___________._______.,ﬁ_,_
! .
; ,
[ .
i B ! . I N
— R Coo ‘ I |
(G U S G Ry G Y SV 0 U U R P ST SIS [ T D ST S SRR R S S ] S—)
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U
f? ki
84 ETR2
P R
85 eTo!

A

tea DD D
i L D -
[5e ]
-~
s
[

ARSI )
-

LI [ £
[ e ]
=
P

12 8708
3RS
4 $LBL?
5 ROLE
16 K0
{7 GToR
1€ ¥LBLS
19 RCL
26 RCLZ
2+

27 pris
27+

24 €14
25 RCLI
26 RCL2
28 RCLS
26 z

e STOS
2t RCLI
32 RCLZ
22 X

24 RCL4
15 z

it -

% °TOf
7 RCL2
2 ROLF
4 ¥

40 PLid
&1 <

42 £Ta7
47 £T08
44 xLEL4
45 RCLA
4 00
47 gT0o
48 xLEL@
48 ROL:

Clear flag to
indicate capacitorg

Set flag to indi-

cate inductors or

resistors

Y+A for capacitors
or

A>Y for resistors

and inductors

A+Y for capacitors
or

Y->A for resistors
and inductors

T = ~l
S RCL2
g1 .4
52 RLLZ
57 PRBOLZ
e ¥
% &
cc +
ES pl
<0 KLl
SE X
cc +
£ ETia
Ze pry 2
- FAERY Sy
o -
b= -
e -
&1 &TD5
£4 RLLY
~ i a
5 QE;:
&6 :
§7 BT

P
£ RCLS
= ol 24
£¢ RIL:
7;’", -
-y e i

i q H ai
- -3
2 4lpie
i £
4 /e
e £
- oo
b 2
7 ?
7o RT

**%x UPpintx" may

LI

Qutput

*** 1 or a
*** k orm
**%x 2 or b

eplace "R/S".

REGISTERS

0 flag ' 1ora 2 korm 3 2or 4 Torzi |51o0ra
9 0 1
k or m 2orb
2 .3 4 .5 16 17
18 19 20 21 22 23
24 25 26 27 28 29
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P1 NETWORK IMPEDANCE MATCHING

A lossless network is often used to EXAMPLE :
match between two resistive impedances -
Z, and Z,, as shown Z: = 5000
Z, = 500
: I L ! : f = 4MHz
z1—> C1 Icz 4-—22 Q = 10
[ o I o SOLUTION:
|
, 500,808 ENTt
Given the values of Z; and Z,(Z;>Z,) 0. 8088 ENT*
| the frequency f, and the desired 4. +86 ENTH
circuit Q, the values of C:,C,, and L 10. 0888 CSBI
can be found from the following 295, 77_12 wxs C
formulas: Sdesimle iy 1
X _Z, o 2.4006-083  xkx (32
, g ' aXe RS
é@ 2.5639-86 wax L
Xca = ZZ C =.__1
Tz, % ? T 20 X
— (Q*+1)-1
Z,
_ Qz, Z, _ XL
X [I+QXCJ L
|
| NOTE: Z:,Z,, and Q must be chosen
so that

Z (g2
72 (@2 + 1) > 1
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User Instruetions

—
|

[
s

STEP INSTRUCTIONS DA'T:TS,I.TS KEYS ofrlf/zmrs

1.] Key in the program L1 L]
]
2.| Enter variables and run L1 |
7.0 1]
Ly, @ D
f,Hz [EnT I ]

Q [esB ][ 1 ] Ci,F

[ 1 ] Ca)F

[ResIL 1 | L,H
[ ]
L L]
L]
[ ]
[ 1]
C 101
L]
1]
1]
101
1
1]
[0
C 10
I
1]
[
10 ]
1]
I
[ 10 ]
[ 1]
L1 ]
I
-
]
T ]
} [ ]
i

—_——— —
. i
H |

M
[

t




Program Listings s

81 sLBL! 58 RS
M g2 sT04 51 RN
83

] ***Cy,C2,L
RY 52 B

12 GSBa
14 RCL2
15 RCL!
b 16 <
7 PRCL4
1g Xe
18 1
2 +

21 §70%

27 2 1/XC2

43 ¥LBLA

I S

45 2
4€ X
47 RCLZ
48 ¥
42 z

e

REGISTERS

i 0 1 Zl 2 Z2 3 f 4 Q 5 QZ+'|

@ ° axe, [ ° ° o 1

.2 .3 4 .5 16 17

18 19 20 21 22 %

24 25 26 27 28 29
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ACTIVE FILTER DESIGN

The transfer function of the active
low-pass filter shown is

Vi sz+i(_l+L+L)+__l__~__
C:\R, Ry R4 R3R4C,Cs

OI

0
Vi

» the desired low frequency
gain

fcs the cutoff frequency in hertz

o, the desired "alpha peaking
factor" (o=2z, where ¢ is the
damping factor)

C = Cs, farads
the program computes values for Ri, Ca,

Rs and Ry according to the following
equations:

4nf. C
R,
Ry =&
R = R4
3TG+1
G+1
C;

B Ry anf,

The transfer function of the active
high-pass filter shown is

» the desired high frequen

C =C, = C3, farads

this program solves the following
equations for the values of R,, Rs,




NOTES: 1. If o is not specified, a=/2

. is used, giving component
values for a Butterworth
filter.

2.These equations derive from
the fact that both transfer
functions have the form

H(s)=

2
-G wc

2 2 ?
+ + w
S Zubs c

Compute Ry, Ri, R3, and C»

for a low-pass filter with

EXAMPLES:
1.
fC
c
6
[¢3

100 Hz
JuF
10

V2

Compute Rz, Cy, and Rs for

a high-pass filter with

fe

C
G
o

.1 Hz
10uF
]

V2

SOLUTIONS:

1823, 89

2.28-8¢

8.1@
18.-65
1.ee
z.68

75825, 36

(29

1.ea-@5

JITe1R.62

ENTS
ERT+
ENT?
Iy
6382
%y
Reg
L334
R4S
Xx¥¥

21
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User Instruetions

STEP INSTRUCTIONS DATAUNITS KEYS DATAIUNITS
1. | Key in the program and choose an appropriate E
display format
L1
2. | Enter design parameters fo Hz ENT
C. F [ ENT]
G i ENT
a 1
3a | For a low-pass filter Ry,
[ R/S] Ry,
or [ R/S] R3,9
[ R/S] Co,F
3b | For high-pass filter [ GSB] R,,0
Cu,F
R5,0

ISR A

000000000000000C00000 sl

—




Program Listings

2! #lEL! a4 =
p2 S§TI7 €1 R-S *k%x R
a7 m 52 ROLE 2
a4 R 53 RCLS
85 ST6 54 §T:7
ac X s5 z
a7 Pi 56 RS Gy
e x 57 RCLT
Be 4 501X
i X 5¢ RS *%%x R
o= 5
12 RS x
135704 Ry
14 s2v
it k)
16 RS *xk R
17 RCLd
18 LSTY¥
19 1
28+
21
22 RS *kx R
23 LSTY 3
24 PCLE
25 x
2% 4
hedrd ¥
F4 A
4 M 28 RCL7
29 xe
w
x E"'*f *kk
32 ¥lBLZ
7 8TO7
34 1l
35 STOS
% P
7 CT06
B x
@ 2
@° x
41  Pi
2 x
7 STx7
44 RCLS
Y
€
A (2 GH1)/6G
48 17
49  x
REGISTERS
0 1 2 3 4 Rg
6 7 8 g9 .0
C Q 2 G+]
2 .3 4 5 16
18 19 20 21 22
24 25 26 27 28
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BUTTERWORTH FILTER DESIGN

This program computes component values
for Butterworth low-pass filters be-
tween equal terminations given filter
order, termination resistance in ohms,
and corner frequency in hertz.

= o (@2i-Da
G TR sin n ,1=1,3,5,..

R sin Qi-Dn

L= ,i=2,4,6, ..

w £, 2n

Odb |

20 |og%n

NOTE: n <10

EXAMPLE:

6
509
10 MHz

SOLUTION:

6.6868 ENT*
56.a068 ENT
16.+86 ESE!

1.6888+80

J. bega+ae

£14,93-12

4.066R+88

1.5373-80

5. aeaa+ee

45&. x-'.':'l

(2%

6. BeAR+PE

411,82-89

X¥x
P8
rE¥
ReE
RS
£ 34
RS
ey
RS
j£24
RS
x¥¥
RE
3 2 3
g
pse
¥y
RS
23 4
X

.i
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- User Instructions

KEYS

c
(7]
-E ©
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a2 w x o
o — el | = [ o
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2
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IM o (Y4
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W 0
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= L
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o 1]
o Q.
1 38
[=1 |
[0}
[} +
X = —
+ L
[
=
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> |8
<
L | = =
p 4 (¥ ] o
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Program Listings

e CHE
81 xLBL1 1 fT.4
82 RAD 52 i
82 ENE4 53 8§
a4 §7.3 54 182
BS  Ri 95 ET0%
eg §7.2 3¢ #LBLE
7 R’ F e

#e ST.1 58 RsS
a9 SToe
16 sLBLE
11 RCLE

—
i P
[A]

=

[

L L T S
(Y- - B I ]
ry
(]
HMLX‘U [BCE

) tea

(8]
[

JMR'-’.?,I'-O'JO“~J':"1'H~“Q.I”'-J'

* Sine argument

3

il 1/7f R

Lof G2 fad 3 T Py PO T P Py Ty I

L4
[4
)

Caf tad
L I -

wy
—

)
L=
o
-4t
(o]
[~

i>n?

41 CTO8 end ;

42 RS **% "Printx" may rpplace "R/S".
45 RC.S
8 *** Cq or Lj

+2

REGISTERS

i 1 2 3 4 5

7 8 9 .0 A n

R 3 fc a2 5 1/mfcR or Rfarfc 7

19 20 21 22 23

25 26 27 28 29

S ———



STANDARD RESISTANCE VALUES*

For a given tolerance, a "step size"

is computed which is used to determine
two values, one below and one above the
non-standard resistance. These are
converted by a subroutine to standard
values, and the geometric mean of the
latter is calculated. If the given
non-standard value is below the mean
then the lower standard value is
selected; otherwise the larger value is
selected.

NOTE: Incorrect results will be obtain-
ed for tolerances other than
5%, 10%, or 20%.

REFERENCE: International Telephone
and Telegraph Corp.
Reference Data for Radio
Engineers, fourth edition,
p. 78.

EXAMPLES: Find the closest standard
values for the following:

R, = 4320
Rz = ]]4 K
Rs = 3.5 M0

* Adapted from HP-65 Users' Library
program #00915A by Jacob Jacobs.

SOLUTION:

5. 2060
432, BB
478, PR+E2

114,483
(15, 92+87

=¥ ]
Ty
[ ]
D)
xS
+
oy
Yy

I.54BD 3

o smmm. e
3. IBAZ+3E

5%
R}

R}
RY

10%
R}

27
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User Instruetions

STEP

INSTRUCTIONS

INPUT
DATA/UNITS

OUTPUT
DATA/UNITS

. | Key in the program and choose an appropriate

display format

Enter tolerance (5,10, or 20)

T%

Enter non-standard resistor size and compute

R,

nearest standard value

Change tolerance at any time by going to step?

e el

|
LR

Il
7
_

il
RN

L]

I
UL
B

[

i
JUCOoOOoUbond

|

BN
B

HNENE

M (7
ol

00

NS - ; oo [
—_—

| S B

L
|
L

T
| t!i |

Lol

‘ N

, M ‘ , [ i i i
i . | i i




Program Listings ?
58 x
81 »LBL LT X 10 EXPRy
Bz 1 52 #LBLS xR
a2 7, Finds standard R
a4 g8 4 5 value from multiple
8z 5 of step size
aE  18% ;
87 oT0? 10t01/120 i cig; Round up
ge  Rot e A
89 ¥LBL? se ¢
18 Lo6 €8 wie
11 ENT? 61 CTO6
12 INT o
17 8704 e i
oo €4 ROLE
i? i 65 Xy7
’ 66 707
17 18« &7 ! 26<R<47 then add 1
18 57103 £ 4
12 1 £2 BTN
28 5T-4 70 ¥LBL2
21 1 71 8
22 a 72 3
27 8705 77 RCLE
24 »LBLE 74 XEYR
&3 PILZ 75 RTN
26 RCLS ) st g
27 0o This step > 2 2
28 10 Normal R? ;8 R;N
29 PCL? 79 ¥LBLT
w x 98 RCLE
31 8705 21 ST07
2 groe g2 RN
77 #LBLS 27 #LBLE
4 geee 84 RCLE
35 8107 This step T RTN
3 RCLS 8 RS
7 RCLZ
’ =
79 GSBR
48 ST0E Last step
41.’ RCI;? ***x 'Printx" may He inserted.
R /(This step)*(Last
44 RCLZ step)
45 vy
46 65E7
7 ORCL?
48 RCL4
49 16~
REGISTERS
0 ! 2 Step size [® Normal R |*Exp of R |°This step
6 7 8 9 .0 1
Temp Temp
2 .3 4 .5 16 17
18 19 20 21 22 23
24 25 26 27 28 29
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SMITH CHART CONVERSIONS

This program allows conversion among
standing wave ratio, reflection coeffi-
cient, and return.

The parameters

0 = voltage standing wave ration

SWR = standing wave ratio expressed
in decibels

p = reflection coefficient
R.L. = return loss
are related as follows:

O SWR P R.L.

SWR = 20 109 g —.0 4 —o

+90 1.0

- 1 0] ]

R.L. = 20 log — p 20
p ;

.705 3.0 4

_ 1 P soé 4.0:

(e} T - 0 E 5.0:

.40 a.oE

20: 14 ]

o i

These relationships are perhaps more
clearly seen in this sketch:

_BL. o-
10 2 6’1 20 9@

R.L. P o SWR
=Y SWR

The program also converts between im-
pedance and reflection coefficient
using the following relationships:

z
I'=plLop= Zo
Z 4
Z,
and
_ - 1+T
Z=7.6 Zol—F
where
I = complex reflection coefficient
o= |1
¢ = LI
Z = impedance
z = |z|
6 = U
Zy= characteristic impedance
EXAMPLES:

1. Convert a 6 dB SWR to o.

2. Convert a 7 dB return loss to
SWR

3. A 50Q system is terminated with
an impedance of 62437°. What
is the reflection coefficient?

4, A reflection coefficient of
.547°is observed in a 720 system.

What is the impedance?
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| @  sourions:
6,08 GSEs -
2.8 ,_,*.; G 78.19 ¥x¥ ¢
N cL O e o)
ROBE
fmﬁn 72,80 STO!
0 ere 7.88 ENTY
8.2% w¥xr  SWR 2.5¢ cope
56.00 $T01 22.58 w1
7.86 ENTH L, kT 6
i 62.00 £eBe 2T v
£.35 wmx
Y A ‘ l A\ . A\
User Instructions
STEP INSTRUCTIONS DATAUNITS KEYS DATAUNITS
1 @ 1. ] Key in the program and choose an appropriate L I[__]
display format | ]
2. | Convert among o, SWR, p, and R.L. as desired. I
Z SR o [esB 1{2 | SWR
| SWR+o SWR [GSB][ 4 | o
o . 6B [ 5 ] [ o
g p [@SQJ [G_T] a
poR.L. p 6B (1 ] | R.L.
R.L.p K.L. [6sB ][ 3 | p
3. | Store characteristic impedance Z, [_STQ_] [;‘177 ,]
4, | Convert between 7 and T as desired. [ I[]
i~ 5 ENT [
7 lese | 8 | p
| Rs 1l 1 [ e
0 [ent I1 ]
e c 687 | [
lr7s 11| 0
I
I
I
L I
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Program Listings
q@ R'S *kk q>
81 #LBLI OR.L. 5
a2 1y R.L 51 #LBLO | 1£
83 *LBL? o>SWR 52 R Re Im
84 LOC 53 704
85 2 54 Xy
8 9 55 o702
87 x 56 X2y
ae RS *** R.L. or SWR 57 RCLS .
89 ¥LBLZ R.L=p 58 8T-4 ﬁdd in rectangular
g 59+ orm
1 aot SWR o g ap 1] £
11 *LBL4
12 2 61 8102
13 @ 62 Ri
4 67 RCLZ
£ 64 RCL4
AN : 12| £2
16 R-S *** o 0r o €2 ’P -l .
17 ¥LBLS 66 572 Divide in polar
/ ore 67 R form
18 1%
19 cHe gi‘ RC‘Z" /0
28 #LBLE 9 RCL?
21 78 RIN [
22 X2y
22 +
24 1
25 LSTY
% -
27 z
28 RS *** 5 0r o
29 #1BL7 r -2
w1
kO3 115
2R
37 cspe
34 RCLI
a5 CHS
3
3§ fp Reverse /
3e 3P wxx 7
9 RS
48 Xy
41 RsS *kk g
42 #LBLS 75T
42 RCL!
44 CHS
45 o105
46 R
47 £SBA
48 RS
49 X2y **p
REGISTERS
0 'L 2 11, |]' B Im 4 Re,Re-k |5 Kk
6 7 8 9 .0 1
2 .3 4 .5 16 17
18 19 20 21 22 23
24 25 26 27 28 29




In the Hewlett-Packard tradition of supporting HP programmable calculators with quality software, the following

- titles have been carefully selected to offer useful solutions to many of the most often encountered problems in your
field of interest. These ready-made programs are provided with convenient instructions that will allow flexibility of
use and efficient operation. We hope that these Solutions books will save your valuable time. They provide you with a
tool that will multiply the power of your HP-19C or HP-29C many times over in the months or years ahead.

Mathematics Solutions
Statistics Solutions
Financial Solutions

Electrical Engineering Solutions
Surveying Solutions
Games
Navigational Solutions
Civil Engineering Solutions
Mechanical Engineering Solutions
Student Engineering Solutions




