


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 caiculations 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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RPM/TORQUE/POWER

This program provides an interchangeable SOLUTIONS:
solution for RPM, torque, and power in
both Systeme International (metric) and (1)

. . £SR4
English units. 6500, 88 ENT?
SI English 1?'32 gg;;
Torque nt-m ft-1b Rs§
Power watts hp 12.85 wwx Torque, nt-m
EQUATIONS: (2) a3
RPM x Torque = Power fﬁgg-gg gz;:
1 hp = 745.7 watts ‘hop
1 ft-1b = 1.356 joules B.28 LSRS
1 RPM = 7/30 radians/sec 723,37 ;f: Power, watts
_ -1b _‘\.
1 hp = 550 f’siec 4.99 1k Power, hp
EXAMPLE 1:

Calculate the torque from an engine
developing 11 hp at 6500 RPM. Find
the SI equivalent.

EXAMPLE 2:

A generator is turning at 1600 RPM with
a torque of 20 nt-m. If it is 90%
efficient, what is the power input

in both systems?



2 User Instructions
STEP INSTRUCTIONS b A'T'::S'IIT S KEYS b ;T/::TTS
1. |Key in the program [ || l
2. |Choose sytem of units: | ||
Metric | GSB ,l 3 ] 1.36
o ]
English | 6sB || 4 | |5251.4
3. Enter variables (the unknown quantity, x, [ || |
must be input as zero) and compute x. | I[ ’
RPM RPM l ENT¢|| ]
Torque Torque | | ENT4||
Power Power [ | gsp || X
[ ]l
4. |(Optional) to convert torque or power to | ||

other system

L rss ||

X converted

|

——




Program Listings

3

48 RCLZ

81 #LBL3 43 :

g2 3 Set up for metric 58 RCL?

83 @. units 5 x

ol 52 RS % RPM

> ) 3K

7

o 7 55 RCL2

ae 4 56 s

3 3 57 RCL?

s 2 "

59 RS

2 &T0s 60 RCLE *** Torque

13 1 ¢

14

. 62 RS .

15 ; €7 xLBLA Torque converted

If & 64 RCL2

& €5 RCL3

18 ETDA &6 X

19 RN 67 RCL?

28 xLBL4 Set up for English g =

2 Ly nits 69 RS ¥ Power

ce 78 RCLS

23 5706 o s

24 Y

pe  {ry 72 RS ** Power converted

26 ST05

7 =

28 X

29 §T07

Ja RN

31 #lBLS ** "Printx" may be inserted before

22 4 . "

77 cTom *** “DPrintx" may replace "R/S".

34 Ri

35 xLBLS

JE ETCV Store variables

37 R

38 pez

38 6708

4@ »lBLS

4i x:@" Determine quantity

4z ETCi to calculate

43182

4 Rl

45 ET09

4€6 xLBL2

47 PRCL4

REGISTERS

0 i Used RPM 3 Torque 4 Power 5 Used
® Used Used 8 9 0 !
.2 .3 4 .5 16 17
18 19 20 21 22 23
24 25 26 27 28 29

IIR/SII.




CRITICAL SHAFT SPEED

Suppose a rotating shaft is simply
supported at both ends and has a series
of n weights, Wi, ... , Wy, attached.
Then there are critical speeds at which
the shaft will become dynamically un-

stable. This program finds the funda-
mental critical speed from the formula
n
: g2 Wiy
- 1=
f =5 o cycles/sec
2 Wi
=1
where
g = Acceleration due to gravity
yi = Static deflection of weight W

The program is set up to accept the
static deflections y; as inputs. If
the static deflections are not known,
it calculates yiji, the static deflec-
tion of weight 1 due to Wj. Then the
total deflection of weight i is the
sum of the deflections from all the
Wj's. That is,

n
Yi= 2, Yij.
J=1

The individual yi-'s are added to pro-
vide the yi's wh1gh the program accepts

as inputs. The yij's are calculated
as follows:
If xj<xj

wj(z-xj)xi

= — 2_(0axs)2axs2
Yim —eEr P (xg) %yl

W, (2-%5)xs
g4 J°1 ey s2oys2
GUEL — L2Ax5mxj°-xi°]

If xizxj
Wixs(2=-x4)
J i
Yij® _—-%EET___ [22-x5%-(2-x1)]
W-X°(2-Xi)
= J_g_ﬂ::l——— [ZZX.i-XjZ-X-iZ]
where
XjsXj = Distance of weights i,j from
end of shaft
E = Modulus of elasticity "
I = Moment of inertia = %%—
2 = Length of shaft
le |
w, w, ;Z W,

|

|

|

|

|

|

|

i Xi -
| i
I

|

[

|

|

Any consistent set of units may be used.
The acceleration due to gravity, g, will
of course change from one set of units
to another. Some useful values are
listed below:

32.1740 ft/sec?
386.088 in/sec?

9.80665 m/sec?

980.665 cm/sec?

9

REFERENCE: Design of Machine Elements,
M.F. Spotts, Prentice-Hall, 1971.




‘ EXAMPLE: A 2 inch diameter steel shaft SOLUTION:
of total Tength 40 inches has a fly-wheel
and a gear Tlocated respectively 15 and 2.88 ENTY
25 inches from the end. The flywheel 38.+B6 ENTY
weights 60 pounds and the gear 45 pounds. 2.88 GSBE
Assume the modulus of elasticity of the 40.80 CSBI
steel is 30 x ]06 pS'i. Find the funda- §8.88 ENT?
mental critical speed of the shaft. 15.88 GSB?
45.88 ENT?
| 60 Ib. 25.86 GSBI
I 451b 45,80 ENT?
' | 25,88 GSB2
‘ £0.88 ENT?
! || l2in 15.80 GSP3
| — 386.888 GSRS
15 in.»> 4#4.15 B £ cycles/sec
:,—25 in——» ee.e8  x
i 2648.85 xxx £ RPM
|' 40 in. »




~—

[g]

from the diameter (solid cylinderical

shaft only).

6 User Instructions
STEP INSTRUCTIONS DA:'NA'I,:::IT s KEYS D AO:ZS:ITS
1. [Key in the program i ‘I I
2. |If y; are known, go to step 10 l |[ I
3. |If the yj are not known, input n l 4 |l I
Modulus of elasticity E | 4 l' | E
Moment of inertia** I | + ]| } |
Length of shaft g lese || 1 | n
4. |Repeat steps 5-7 for i = 1,...,n I '| l
5. |Input W W3 | + || ‘ Wy
X X3 | GSB || 2 Index
6. [Repeat step 7 for all j # i | || l
7. |Input W W L+ ]l | W
xj where j # i X3 GSB r—;_-w Index or Wiys
8. |Input acceleration of gravity and calculate | || l
critical speed. g l GSB II 5 I f(cycles/seq
9. |For a new case, go to step 2 | | |
10. |If the y; are known, input length of shaft L | GSB I| 1 ]
11. |Repeat step 12 for i = 1,..., n | ] ]
12. |Input W; W et || | W
Yi ¥i | GSB Il 4 | Wiyi®
13. [Input acceleration of gravity and compute | Jl J
critical speed g I GSB Jl 5 l f(cycles/ss
14. [For a new case go to step 2 I II ]
**If I is not known, it may be calculated d | GSB ll 6 | I
J
|
|

— ———————— . . —_

S

—




Program Listings

@1 xLBL! 48 RCLE

82 CLRE 49  X£Y? Index # n?

83 c£T08 2 58 R/S

84 x 51 @

85 x 52 ST08

B 6 53 RCL4 Ws

07 x 54 RCL3 %

#g  ST09 GEIL 55 rLBL4

g9 Ri S6 X -y'iw'i

18 sT.8 n 57 ST+

11 RS 58 LSTX

12 ¥LBL? 59 x

138705 X3 68 ST+2 7R

14 %2y 61 RS

15 8704 W; 62 £LBLS

16 8 67 RCL!

7 STz 64 x

18RI 65 RCL2

18 w2y xiH 66 :

28 ¥LPL3 x5 67 1%

21 187 68 PP

22 RCLS 69 =

23 XY Xq 78 2

24 X2 71

25 ST06 72 RS *xf

26 xe 73 #LBLE d

27 ¥y 74 4

28 STO07 75 yx

29 x2 76 Pi

w o+ 77X

21 FRCLS 7 £

2 RCLY 79 4

7 x g =

M 2 81 RS I

I x

* -

¥ X

28 RCLE

32 x **"Printx" may be [inserted before "R/S|'.

48 RCL7

41 RCLS

43

44 PRCLO

45 = ..

46 ST+3 Yij

47 PRC.A

REGISTERS

Index ' EWays 2 TWiys? 3 Fysazys 4 Ws 5 X;
6 4y 7 S 8 o 9 Y 0 ’ A i
Min(xi,x4) | Max(x:,x;) 2 GEIX n
2 M E) Y Ja 5 16 17
18 19 20 21 22 23
24 25 26 27 28 29




LINEAR PROGRESSION OF SLIDER CRANK

w =30

Crank /\ EQUATIONS:
vy s g

x
]

R cos6 + L cos¢d

Slider

/
I
|
I
\
\
’ ~
[+]
[-3
]
L)
>
3
o
x
]

(R + L) cos [sin“(R E L)]
min = (L - R) cos [sin‘lcr—gji>]

>
n

This program calculates the displace- AX = Xox ™ Xmin

ment, velocity, and acceleration of the

slider in a slider crank mechanism, '
(e.g. the piston wrist-pin in an intern- ¢ = sin™? E+Rsind
al combustion engine) given crank radi- L

us, connecting rod length, slider offset,

crankshaft speed, and crank position. d -sin (6+
The maximum and minimum displacements v = a% = Rw —51%3é$-91
and the stroke are also calculated.
2 -cos(6+ R cos?6
N = Crankshaft speed, RPM as= %{é = sz( C0§¢ ¢ . L cos3¢)
E = Slider offset
L = Connecting rod length REFERENCES:
R = Crank radius . .
. ] Mechanical Design and Systems Handbook,
w = Crank angular velocity, radians/sec | g, Rothbart, McGraw-Hill, 1964,
8 = Crank angle . . . .
. . Kinematics, V.M. Faires, McGraw-Hill,
x = Slider displacement 1959,
Xnax = Maximum slider displacement
Xnin = Minimum slider displacement
Ax = Stroke
v = Slider velocity
a = Slider acceleration
¢ = Connecting rod angle




EXAMPLE :

Find the displacement, velocity and
acceleration of the wrist-pin in the
slider of a slider crank mechanism
having a crank radius of 2.0 inches

and connecting rod length of 7.0 inches,
turning at 4800 RPM. Calculate values
for

6 = 0°, 15°, 45°, 90°, 135°, 180°, 225°

Assume the slider crank mechanism is
in-line (E=0). Also find the maximum

and minimum displacements and the stroke.

SOLUTION:

4800.00 ENT?
B.88 ENTY
7.08 ENTS
2.8@ £spl

582.65 xwx
#.88 £SB2
9.88 xxx

R+S
2,08 ¥
RsC

S

3.88 ¥rx
4.80 ¥k
ESR3

8.88 ¥xx
ESE4

1.9¢  xxx
3.80 ESB2
2.81 rxx
£SR3
-332.28 ¥kx
£SB4

-614226. 44 Ex%

564,22 xxx

J54181.29 wxx

w rad./sec
X in.

Xmax, in.

Xpin® 1N
Ax, 1in.

v, in./sec.

a, in./sec?
X, in.
v, in./sec.

a, in./sec?

X, in.

v, in./sec.

a, in./sec.?



N User Instructions
1. |Key in the program I ]I I
2. |Input the slider crank parameters N | ENT+|| ] N
E lente || ] E ‘
L [ fem] ] -
and display the crank angular velocity R | GSB J[ 1 l W
3. |Input the crank angle and compute the I || |
sTlider displacement 8 I GSB || 2 J X
Optional: calculate the maximum displace- I |[ |
ment I R/S | ' *max
Optional: calculate the minimum | || |
displacement rR/S || | Xmin
Optional: calculate the stroke |- ] | AX
4. |Calculate the slider velocity | GSB Ir 3 J v 0 '%
5. |Calculate the slider acceleration | GSB | L 4 | a
6. |Repeat step 3 for all desired values of 6. I | J i
Steps 4 and 5 may be executed (in order) | || ]
as required. | l |
7. |For a new case, go to step 2. | |r | ;
L]
. :
L]
.
LI
L]
LI
L]




Program Listings "

48 RCL3
8! xlBL! 49 RCL2
82 101 R 56 RCLI
a3 ki 51 CHS
84 ST02 52 €708
05 Ry 53 #LBL3 Caleulate Xy
86 ST03 E 34 RCLE
ez Ri 85 RCLS
ag Pi 56 +
a9 ¥ 37 RCLI
18 ? 58 CHS
11 e 59 3R R 6+
12 : 6@ ST08
13 §T04 **w §1 LY
14 RS ) 62 RCL4
15 »%LBL2Z 63 X
16 ST05 64 RCLY
17 SIN 65 z
18 RCL! 66 RS *k
1g ¥ e v
[: ¥ 67 *LBL4
26 RCL3 68 RCLS -R cos (6+¢)
21+ 69 RCLS
22 RCL2 78 C0S
23 2 71 RCL?
24 SINY 72 =
25 ST06 ¢ 73 RCLI
26 (0§ 7 X
27 8107 cosé 75 xe
28 RCL2 76 RCL2
29 X 77 =z
38 RCLS 78 -
I Cos 79 RCL4
32 RCLI ge xe
32 X 81 ¥
34 + 82 RCLY
33 R-S *hk oy 3 z
37 PRCL2
38 RCLI
39 «lBLE
8 4+ ** "Printx" may b¢ inserted before "R/
eT08
:i ;T?P R+LorlL-R **% "Printx" may re¢place "R/S".
43 EINA
44 [0S
45 RCLE
46 * *%
47 PR-S Xmax or Xmin
REGISTERS
0 ! R 2 L 3 E 4 w > 6
8 9 0 A
® ¢ " cos ¢ Used
2 .3 4 5 16 17
18 19 20 21 22 23
24 25 26 27 28 29

s".
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SPUR GEAR REDUCTION DRIVE

For a spur gear meshing with a pinion,
this program performs an interchangeable
solution among the variables reduction
(f), distance between the centers (C.D.),
diametral pitch (P), and number of pin-
jon teeth (N,). Once these four basic
variables haee been determined, the
program will also output values for the
pitch diameters of the pinion and the
gear (Dp and Dg) and the number of gear
teeth ( g) .

The basic formula used in all solutions
is:
2P X C.D- (-l)

Ny

f+1-=

The calculations for f,P, and C.D. are
straightforward. The solution for N

is more complicated since it must be an
integer. Because of this constraint,
there may not be a gear-pinion combina-
tion that will give exactly the desired
reduction. In this case, the program
finds the closest integer value for Np
by the formula

N. = INT (M_L + 0.5>

p f+1

where INT (x) = the integer portion of x.

Then a new value for the reduction, f',
is found by substituting this Np into
equation (1) above. The next sgep is to
compute the number of gear teeth (also
an integer) by

Ng = INT (f'Np + 0.5).

g
Finally the true value of the reduction
is found by

F="Ng
Np

This modified value for f is stored in
R1 and may be recalled by the user if
desired.

REMARKS:

The program assumes that the reduction
will be expressed as a decimal number
greater than 1. For instance, a reduct-
ion of 9:2 should be input as 2, or 4.5.

If f<1, the program will still work but
the pinion values and gear values will
be reversed.

REFERENCE:

Design of Machine Elements, M.F. Spotts,
Prentice-Hall, 1971.

EXAMPLE:

A spur gear reduction mechanism is to be
designed to reduce a rotation from 1800
RPM to 650 PRM. The distance between
the centers of the gear and pinion is
constrained to be 9 inches. If the
designer wishes to use teeth of diametral
pitch 9, how many teeth should be on the
pinion? On the gear (38,106) What will
the pitch diameters of the gears be?
(4.75 inches, 13.25 inches) What is the
actual reduction in speed? (2.79)

e

[

R R



SOLUTION:

1868, 86 ENT?
£5e.68 =
2.77  kx
Q.88 ENT?
8.88 ENT?
A.88 CSBI
38.88 xix
£SB2
4,75 »k¥
Rs8
186.080 xxx
RsS
13,25 k¥
RCLY
k¥

ra
-

o |
'O

f design

13
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User Instructions \
STEP INSTRUCTIONS | DA'II'NA';::;ITS KEYS o:Tl:\Tls:lTTs ﬂ |
Key in the program | H |
2. |Enter variables (the unknown quantity, x, | || |
must be input as zero) and compute x. | [l | T
Reduction f [ENT+|[ ] s
Center distance C.D. LENT+] | ]
Diametral pitch P | ENHH |
Number of pinion teeth Np’ [ GSB I I 1 I X
3. |Display the following variables: | || |
Pitch diameter of pinion l GSB [ 2 Dp
Number of gear teeth | R/S | I | Ng
Pitch diameter of gear I R/S Jr I D(J |
4, |To display any of the basic variables: | || |
Reduction IRt || 1 | f
Center distance I RCL H 2 |
L2 Jls || co
Diametral pitch I_RQL_H 3 ] P
Number of pinion teeth |ReL || 4 | N
5. [To change any inputs, go to step 2 | || | |
L L] ’
L] +
L L]
LI |
LI ‘
|- 1
| |
LI ]
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Program Listings

15

81 #LBL1 :g f

82 ST04

a3 R 58 INT Ng

B4 STC3 51 RCL4

a5 -2} 52 :

86 ST02 53 ST01 f

87 ST+2 S4 RCL4

92 Ri 55 RS **Np

89 STOI 56 #LBL8

18 x=87 £20? 57 RCL4

11 ¢T08 ) S8 RCLI

12 R s9

13 x=@7 N =0? e+

14 G709 P 61 x

15 R¢ 62 RCL2

16 ¥=87 po0? gi qrgz

17 ET08 =01 S

18 ET06 65 RS **p

19 4LBLO Ce=0 €6 +LBLE

20 RCL? 67 RCLI

21 PRCL3 68 1

22 X 69 +

23 RCL4 78 RCL4

24 z 71 X

25 1 72 RCL3

2 - 77 =

27 STO! 74 8102

28 R/S kg 75 2

29 xLBLY ' % =

3@ RCL2 77 RS **C D,

31 RCL3 78 sLBL?

? x 79 RCL4

33 RCL! 88 RCL3

L7 | 81 =

3[4 82 ST05 k]

¥ = 83 RS p

¥ . 84 RCL4

1’ S 85 RCLI

34 86 x

4@ INT 87 STO6

42 CHS p 89 RCLS g

43 RCL2 98 RCLI

44 RCL3 91 %

45 92 §T07

46+ £IN 93 RS %]

¥ P ** "Printx" may bg inserted before "R/

***"Pl"intx" may rea]ace "R/S".
REGISTERS
! f C.D. 3 P 4 ND 5 Dn
Ng 7 Dg s 0 K v

.2 3 a2 3 5 —
18 19 20 P = —
24 25 26 27 =8 =

S".
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BELT LENGTH

This program calculates the belt length
around an arbitrary set of pulleys. It

may also be used to calculate the total
length between any connected set of
coordinates. The program assumes the

%oor?inates of the first pulley to be
0,0).

(xi>¥isRi) = x,y coordinates and
radius of pully i
Ro = Radius of first pulley
C.D. = Center to center distance
of consecutive pulleys
L = Total length of belt

EQUATIONS:
L12 = l/C.D.122 - (Rz-R1)2

Arc Length,

- -1[ Ri-Rs
o tan <’L12

Lo s]
[[]
t
[«1
3
1
i
P S
=
jw
N
w |20
N
N

= -1fYe=Y1

812 = tan (xZ-xl)
= ~1{Y3-yo

0254 tan (;3-x;)

This program generates accurate results
for any convex polygon, i.e., a line be-
tween any two points within the region
bounded by the center-to-center line
segments is entirely contained within
the region.

e

In some cases, there are two physically
possible directions for the belt to take:

The program chooses the upper side if the
middle pulley center lies above the line
connecting the previous and following
pulleys:

Case 1

i e -



The program chooses the Tower side if the EXAMPLE 2:
middle pulley center lies below the line

connecting the previous and following Find the Tength of line connecting the
pulleys: points (0,0), (1.5,7), (3.2,-6), (0,0.5),
Case 2 (0,0). (L = 28.01). Let the radius of
each "pulley” be 0.
SOLUTION:
1. 4,80 GSPI
-£.88 ENTt
15.68 ENT?
1. 5@ ESB2
9.8 ENTY
16.86 ENT?
1.88 £SR2
The program generates inaccurate answers @.88 ENTH

in the second case. Note the figure .08 ENT*
bounded by the center-to-center line 4 :
segments for the second case is not
convex.

REMARKS :

The calculator is set and left in radians
mode.

EXAMPLE 1:

Assume three pulleys are positioned as 2. ?'gg gifi
shown below with the following coordin- o o
ates and radii: 7.88 ENTt
8,868 LSE?
Pulley 1 (0,0,4 inches) 3.20 ENTt
. -£.88 ENT?
Pulley 2 (-8,15,1.5 inches) B.68 £SE2
Pulley 3 (9,16,1 inches) 8.08 ENTt
Find the belt length around the three g-gg gﬁ;ﬁ
. (66. inch . 88 GSBZ
pulleys. (66.53 inches) o
8.8g ENTH
R.88 GSB2
EERZ

28,81 wx
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User Instructions

STEP INSTRUCTIONS DA:::S;,TS KEYS D:Tlf/::rrs
1. |Key in the program | || |
2. | Enter the initial pulley radius Ry lese || 1 || 1.00
3. | Enter the next pulley coordinates and Xj | ENT¢H ]

radius Vi l ENT*H |

R less|| 2 || =y

4., | Repeat step 3 for all pulleys. H |

(the last pulley to be entered is the H l

origin pulley). ] l l
5. | Compute belt length GSB H L
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Program Listings
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1 xLBL! 42 FRCL4
g2 RroD 49 -
82 C[LRG se XY
4 STO! R, 51 ¢
85 1 52 AN 8
@& ETCR Set flag 82 &107 o
a7 RsS 54 +
@88 ¥LBL2 55 RCLI
q oTh 13 X .
gé "Lf 57 ST+f Arc Tength ;
11 RCLZ 58 RCL4
12Xy 59 ST
12 87102 &8 R-S
14 - €1 xLBLS8
15 X2 62 -
16 RCL2 67 1 Y
17 X 64 2R Resolves to less
18 ST02 €3 OF than 2 radians
19 - 113 ¥
28 + €7 ARS
Y ¢.D.8 €8 RCL7 o
22 XY €9 -
22 xxa° 78 RN
24 TETOR 7! %lBL3
25 2 72 RCLE
28 Pi 73 RCOLS
27 ¥ 74 ESEP
28 + 7e RCL!
29 ylBL P 7E ¥
e ps? Test flag 77 RCLE
71 ¢To8 7+
§§ i;gg ég gfg Egstore "normal"mod
34 xlBLR
35 PRCLE
3E X2y
37 STDE
28 GSEE
Ry c.pn.?
48 ECL! ** "Printx" may bp inserted before "R
41 RCL4
42 -
43 ye
44 -
45 I8
46 CT+8 Li_q.d
47 ROL:
REGISTERS
© Flag T Ri-1 2 X{ 3 Yi |*+  Rj 5 o,
° 01 ! o £ length 0 A
2 .3 4 .5 16 17
18 19 20 21 2 =3
24 25 26 27 28 29

\1°4

/SII .
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REVERSIBLE POLYTROPIC
PROCESS FOR AN IDEAL GAS

This program may be used to solve inter- EXAMPLE: A compressor has a compression
changeably between pressure ratio, vol- ratio of 8.5 (V,/V2). The polytropic
ume ratio, temperature ratio, and density constant is 1.43. If inlet air is at
ratio for polytropic processes involving 300K, what is outlet temperature? What

jdeal gases. Polytropic processes are is the pressure in atmospheres if the
defined by the relation inlet pressure is one atmosphere?
Py = ¢ SOLUTION:

which is shown graphically in Figure 1.

1.43 EE5B!
.58 1%
. £5B3
o9 PRST (for 29C manually
slope = —n s T review the stack)
s p2/pP1
B.12 2 y,/v,
log v 2.5 Y T,/
Figure 1. 21,37 £ P,/P, “
Isentropic processes are special cases RCLE
of polytropic processes. For isentropic ap.ae  x
processes, k, the specific heat ratio, 752,96 axx Outlet temp.(K)
is equal to n. RCLS
l.eg x
M: 21,33 ¥¥¥  Pressure (atm)

n

[N AL AL AL
1 Vi T P1

where

P,/P, is the final pressure divided
by the inital pressure;

V,/V; is the final volume divided
by the inital volume;

T,/T, is the final temperature
divided by the initial
temperature;

p2/p1 is the final density divided
by the initial density.
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User Instructions

INPUT ouTPUT
STEP INSTRUCT
STRUCTIONS DATA/UNITS KEYS DATA/UNITS

1. |Key in the program I ll

2. |Enter polytropic constant n ’ GSB || 1

n
3. |Enter one of the following: ‘ ||
Pressure ratio P2/Py | GSB Il 2 P2/Py
Volume ratio Va/Vy | GSB Il 3 P2/Py
Temperature ratio T2/Thy | GSB l [ 4 P2/P,
Density ratio p2/P1 lGSB ]| 5 p2/P1
4. |The four parameters are now in the stack l Il
or may be recalled from storage: I |
Pressure ratio (x-register) I RCL || 5 P»/Py
Temperature ratio (y-register) (RCL Il 8 T,/T,
w Volume ratio (z-register) l RCL H 7 Vo /V,
Denisty ratio (t-register) l RCL J’ 6 p2/pP1




Program Listings

a1
a2
g3
84
es5
86
e7
B
29
ie
1
12
13
14
15
16
17
18
19
28
2!
22
23
24
25
26
27
28
29
38
2!
32
3
H
k4]
36
7

*LBL!
§102
1

8102
RCLZ
872
RS
*LBL2
1
ET08
*LBL2
RCL2
CHS
cT0R
*LBL4
RCLZ
1%
£T08
*LBLS
RCL2
¥LELE
?X
ST0S
RCL2
1%
Yl‘
STDé
ENTt
i7X
ST07
RCLS
RCLZ
Y)t
ST0R
RCLS
RS

n

P2/Py

Va/Vy

T2/Ty

P2/P,

P./P,y

p2/pP1

VZ/VI

T2/T,

*%% "Pprint Stack”
before "R/S"|

may be inserted

REGISTERS

n

3 (n-1)/n

»H

> P,/P,

p2/p1

7V /Vy

T2/T,

9

.5

16

17

18

19

20

21

22

23

24

25

26

27

28

29

o
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ISENTROPIC FLOW FOR IDEAL GASES

This program can be used to replace
flow tables for a specified specific
heat ratio, k.

EQUATIONS:
K+
7K1
(2N sk
A/R*= QH>O+ 2M)

_ 2
VT 75 (kT W2

p/P= (1/T)% (K1)

o/og= (1/Tg)17 (K1)

where
M the mach number;
T/To the ratio of flow temperature
T to static or zero velocity
temperature Ty;
P/P, the ratio of flow pressure
P to static pressure Pg;
p/po the ratio of flow density o
to static density pp;
A/A*Sub, and A/A*Sup are the
ratios of flow area A to the
throat area A* in converging-
diverging passages. A/A*Sub
refers to subsonic flow while
A/A*su
flow.

P refers to supersonic

M2 is determined using- Newton's method.
The initial guess used is as follows
with a positive exponent for supersonic
flow:

Mo2= (V Frac(A/A%) + A/A%)%3

REMARKS :

After an input of A/A* the program
begins to iterate to find M2 for future
use. This iteration will normally take
less than one minute, but may take
longer on occasion and for extreme
values of k (1.4 is optimum) may fail
to converge at all.

A/A* values of 1.00 are illegal inputs.
M =1 in this case.

EXAMPLE 1:

A pilot is flying at mach 0.93 and
reads an air temperature of 15 degrees
Celsius (288 K) on a thermometer that
reads stagnation temperature T,. What
is the true temperature assuming that
k = 1.387

If the pilot reads a stagnation
pressure P, of 28 inches of mercury,
what is the true air pressure?

EXAMPLE 2:

A converging, diverging passage has
supersonic flow in the diverging section.
At an area ratio A/A* of 1.60, what are
the isentropic flow ratios for tempera-
ture, pressure and density? What is
the mach number? k = 1.74.
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SOLUTION:

1.
1.28 £5B1
g8z x2
ST0!1
£SR3
1.88 %kk
Gse3
RCLE
B.86 wxx
2eR.68  x
247.35  axx
RCLS
B.58 wxx
2e.e8 x
16,11 xwx

.74 ESBI
£SB2
LI ek
Ri

8.27 xkx
Ri

8.16 k¥
R

8.38  wix

Py toa e
Ty
o

M2
A/A*

T/T,

o/po
P/Py

T/Ty




User Instructions
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STEP INSTRUCTIONS DA‘:’NA?:;ITS KEYS D:I’lz:::fs
1. | Key in the program | || I
2. | Enter specific heat ratio of gas k IGSB AII 1 | k + 1
3. |If M is known, then go to step 7. | || l
4, | Enter area ratio. Use positive values + A/A* | |esB || 2 | M
for supersonic area ratios and negative | || l
values for subsonic area ratios I || J
5. | A11 four parameters are now in the stack | ‘l |
or may be recalled from storage: [ || ]
Mach number (x-register) |RCL ||
K| g i
Density ratio (y-register) IRCL II 6 l p/Po
Pressure ratio (z-register) IRCL J[ 5 | P/P,
Temperature ratio (t-register) |RCL || 8 | T/To
6. | For a new case, go to step 2 [—“ﬁ__]f____W
7. | Enter the Mach number M I g ]
Isto || 1 |
8. | Calculate the area ratio LGSB__J __;1A_] A/R*
lesB || 9 | M

To determine the remaining parameters go

to step 5.
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[ ] [ ]
Program Listings
81 sLBL! k 48  ABS
82 ST04 49  EEY
83 £707 58 CHS
94 1 1 4
85 ST+7 52 X<y? Change>.01%?
86 - 53 ¢To@
87 SsT103 54 ET09
@8 ST=7 55 #LBLZ
e 2 56 RCLI
18 §T=7 57 RCL2
i1 +. 58 x
12 8102 59 2
12 R/S f] +
14 #LBL2 + A/A* 61 RCL? []
15 ENTt - 62 =
16 4BS 63 8708
7= 64 RCL?
18 LSTX * &5 T
135706 AR 2 1 66 RCL1
28 ENT? 67 Iy
21 FRC 68 =z *k Ak
ez X 69 RIN
23 + 78 ¥LBLO Calculate T/T,
24 w2y 7 2
25 2 72 RCLI
26 13 73 RCL3
27 ™ M4 x
28 STO! M2 75 2
29 ¥LBLE ° % 4
38 RCLE 77 -
31 ESR3I A/A* 78 sTo8
2 = 79 RCLB
kxS 88 RCL4
M - 81 RCLZ
I g2 =
¥ 5 83 yx
37 RCLE g4 STOS P/Po
@ = 85 RCLS
2. 86 RCL4
@ 3 g7 1%
41 RCLI 8g vx
a3 - 98 RCLI "
4 = 2 a1 ¥ v
45 ST+ M 02 Roe wox 1,0 g_o, %
46 RCLI ** "Printx" may be¢ inserted before "RI
¢ *** "Print Stack" may be inserted befor
REGISTERS
1 M2 2 k+1 3 k-1 4 k 5 P/P,
/oo |"(k+1)/(k-1)4° Used,T/T, |° 9 !
2 .3 4 .5 16 17

18

19

20

21 22

23

24

25

26

27 28

29

N".
e "R/S" .

®
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fe HEAT TRANSFER THROUGH
' COMPOSITE CYLINDERS AND WALLS

For walls
>e‘ U: ]
¢ Ao xpxe 1
’ hl k1 k2 hn
% where
i h is the convective surface coeffi-
B Figure 1.—Composite tube cient:
D is the outside diameter of the
annulus:

k is the conductive coefficient;

This program can be used to calculate x is the thickness of a wall section.

the overall heat transfer coefficient
for composite tubes and walls from
individual section conductances and
surface coefficients.

o

:
N

i
A

il

s w Equations:

The overall heat transfer coefficient
U is defined by:

y

i)
AN

/L =UA

M

N’
?

L~
P

or

C|/A =UA ‘c—x,——|<—x,4—l<——x,—>

where A is the total temperature
difference (T, - T;), q/L is the heat Figure 2. ~Compostie wet
transfer per unit length of pipe, and
g/A is the heat transfer per unit area
of wall.

Remarks:

These equations are for steady state
heat transfer through materials with

For cylinders constant properties in all directions.

2m
U= .
Inputs must start with the inside con-
24 1nD2/0, + 1nD3/D, ...t 2z vective coefficient and work out in the
h,D, ky ko h.D, case of composite cylinders.

Zero is an invalid input for D, k, and
h.

p Dimensional consistency must be main-
" % tained.
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Example 1:

A steel pipe with an inside diameter of
4 inches and a thickness of 0.5 inches
has a conductivity of 25 Btu/ft-hr-°F.
Two inches of asbestos (k=0.1 Btu/hr-ft-
°F) enclose the pipe bringing the total
diameter to 9 inches. If the inside
convective coefficient is 1000 Btu/hr-
ft2-°F and the outside coefficient is

5 Btu/hr-ft2-°F, what is the overall
heat transfer coefficient? What is the
heat loss for 100 feet of pipe if AT is
115°F?

Example 2:

A wall is composed of 1 foot of brick
(k=0.4 Btu/hr-ft-°F), and 1 inch of
wood (k=0.12 Btu/hr-ft-°F). The con-
vective coefficient on one side is

23 Btu/hr-ft2-°F. The convective
coefficient of the other side is

5 Btu/hr-ft2-°F. What is the overall
coefficient? What is the heat flux if
the temperature difference is 70°F?

Solutions:

1.
CLRE
1888. 82 ENT?
4,88 ENT?
12.88 = (convert units to feet)
ESB1
25.88 ENT?
5.08 ENTt
12.88 =
6582
8.18 ENT?
9,88 ENTt
12.86 =
£SB2
5.088 ENT?t
9.88 ENT?
12.886 =
65B1
8.92 xxx Btu/hr-ft-°F
115.88 X
112.44 xkx
166.88 »
11244,28 xix Btu/hr

6584
3.8@ £SB3
8.29 axx

7e.ep  x

28.36 ¥k

Btu/ft2-hr-°F

Btu/ft2-hr
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User Instructions
:; w STEP INSTRUCTIONS D A'T':S;"s KEYS D Ao.rlZ::Tns
1 Key in the program [ ] L___MJ
2 |Initialize | ¢ ||res |
| 3 For cylinders: [ l| l
3a | Enter the convective coefficient and the h IENT% |l 1
diameter (start from the inside and D IGSB || 1 ] }4hgug:ige
work out) [ ]I I surface
3b | Enter the conductive coefficient k |ENT+ || J
and the diameter D |GSB ]I 2 ‘
3c | Repeat step 3b or go to step 3a for I ]|
outside surface [ ]l ‘
: 4 For a new case, go to step 2 | Il l
E 5 For walls: | || ]
Fi Wﬂ' 6a | Enter the convective coefficient (inside h |GSB || 3 I lqna?rsgrif
‘ or outside surface) | IL I face
; 6b | Enter the conductive coefficient and the k IENT% ll l
: thickness X lese |[a |
; 6c | Repeat step 6b or go to step 6a for final | I I
f surface | ll ]
! 7 For a new case, go to step 2 l J [ |
| ]
| L]
| L]
‘ LIl
| ]
L]
| @ |-~
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Program Listings

@1 xlBL!

82 ST07 D h

K} X

a4 Pi

a5 X

8¢ xLBL2

a7 11X

pe  £T+8

#e RCLE

18 x=y? initial or final

11 Rs8 entry?

12 15X

13 RsS *%|)

14 xLBL2

15 RCL?

16 XY

17 87107

e Di-1/D;

19 LN

28 Xy k

21 2

22 X

22 Pi

24 x

23 H

26 §T-¢

7 RS

28 »LPL4

29 ¥

Je : x/k

31 §T+8

32 RS

**'Pprintx" may be |inserted before
"R/S".
REGISTERS

0 1 2 3 4 5
6 7 Di-] 8 1/u 9 .0 A
.2 .3 4 .5 16 17
18 19 20 21 22 23
24 25 26 27 28 29

i
1
!
i

e et A
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BLACK BODY THERMAL RADIATION

Bodies with finite temperatures emit
thermal radiation. The higher the
absolute temperature, the more thermal
radiation emitted. Bodies which emit
the maximum possible amount of energy
at every wavelength for a specified
temperature are said to be black bodies.
While black bodies do not actually exist
in nature, many surfaces may be assumed
to be black for engineering considera-
tions.

lmax1

Black body
monochromatic
emissive power

1 | 1 1 1 1 1

Wavelength, microns
Figure t.

Figure 1 is a representation of black
body thermal emission as a function of
wavelength. Note that as temperature
increases the area under the curves
(total emissive power Eb(o-a?) increases.
Also note that the wavelength of

maximum emissive power ipax shifts to
the left as temperature increases.

This program can be used to calculate
the wavelength of maximum emissive
power for a given temperature, the
temperature corresponding to a parti-
cular wavelength of maximum emissive
power, the total emissive power for all
wavelengths and the emissive power at

a particular wavelength. It can also
be used to calculate the emissive
power from zero to an arbitrary wave-
length, the emissive power between two
wavelengths or the total emissive
power.

EQUATIONS:

where

Anax is the wavelength of maximum
emissivity in microns;

T is the absolute temperature in
°R or K;
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Eb(O—‘a is the total emissive power
in Btu/hr-ft2 or Watts/cm2;

be is the emissive power at 1 in
Btu/hr-ftZ-um or Watts/cm?-um;

Eb(O-A) is the emissive power for
wavelengths less than A in
Btu/hr-ft2 or Watts/cm?;

E is the emissive power for

b(A1-1,)
wavelengths between A; and X,
in Btu/hr-ft2 or Watts/cm2.
c, = 1.8887982 x 107 Btu-um“/hr-ft2
= 5.9544 x 103 Wum“/cm?2
c, = 2.58984 x 10% um-°R =
1.4388 x 10% um-K
c3 = 5.216 x 103 ym-°R =
2.8978 x 103 um-K
o = 1.71312 x 1072 Btu/hr-ft2- °R"=
5.6693 x 10 12 W/cm2-K*
1.731 x 1079 Btu/hr-ft2-°R%
5.729 x 10712 W/cm2-K4

Q
n

exp

REMARKS :

A minute or more may be required to
obtain Eh(g-,) Or Ep(,.-x,) Since the
integrat?én %2 numergcél.z)

Sources differ on values for constants.
This could yield small discrepancies
between published tables and outputs.

REFERENCE:

Robert Siegel and John R. Howell,
Thermal Radiation Heat Transfer, Vol. 1,
National Aeronautics and Space Admin-
istration, 1968.

EXAMPLE 1:

What percentage of the radiant output
of a lamp is in the visible range (0.4
to 0.7 microns) if the filament of the
lamp is assumed to be a black body at
2400 K?

EXAMPLE 2:

If the human eye was designed to work
most efficiently in sunlight and the
visible spectrum runs from about 0.4 to
0.7 microns, what is the sun's tempera-
ture in degrees Rankine? Assume that
the sun is a black body. Using the
temperature calculated, find the frac-
tion of the sun's total emissive power
which falls in the visible range. Find
the percentage of the sun's radiation
which has a wavelength less than 0.4
microns.

SOLUTIONS:

z4ééé.g@ 2102 S.I. constants

b (0 to «)

2,64 wrt (%)

e o g R




18807902, 68 £T01
25898, 48 ST02
s2le.ee sT02
1.71312-89 5704
8.4 ENT?

g.7g +

2.ee =

8.55 nx

RCL3
175
Q483,64 dkx
§T0S
8.48 STG6
a.re 5707
£SB4
4E7RIDG, 56 RkX
&SRz
1285757883 xxx
.88 X
R 3
B.48 STOE
ESE1
1168686, 94 dokk
£se2

ipe.pg  x
£.47 ok

[,
E-\l (2~
g
Le~]

a
2

English constants

mean value

33
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User Instructions
STEP INSTRUCTIONS DA'T'ZS,I,TS KEYS D::\T/:::rs
1 Key in the program l H I
2 Store constants: ‘ ] ‘
2a | English units - 18887982 [ [st0 |[ 1 |
(Btu, ym, ft, °R) 25898.4 | [sT0 || 2 |
5216 | [sT0 || 3 |
or anzizx 1078 | [sto || 4 |
2b | SI units - 5954.4 | [st0 || 1 |
(W, um, cm, °K) 14388 | [st0 || 2 |
2897.8 | [s10 || 3
5.6693 x 10722 | [sT0 || 4
3 For experimental Stefan-Boltzmann constant 1.0105 {STO || X l
instead of theoretical constant | 4 H l
4 To calculate rpax = f(T) IRC—L—I m
TCmbsol)| [« J[ | |PmaxCum)
5 | To calculate T = f()) for which A is lReL || 3 |
max imum A(um) | 2 H | T (°Absol.)
6 To calculate total emissive power T* ISTO ] 5 l
les8 || 2 | |Ebfo to o
7 To calculate emissive power at A T* |STO H 5 |
A [sto || 6 |
less || 3 | [ena)
8 To calculate emissive power from 0 to A, T* ISTO H 5 I
A\ Isto || 6 |
lese || 1 | |Eno to a,)
9 To calculate emissive power from A; to A, T* |STO H 5 |
Ay [sto || 6
*any value of T stored previously is still Ay STO 7
stored and need not be input again IGSB ] L4 | Eb(k1 to A,)




Program Listings
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8! #LBLI 58 X£Y9? 42.001%
gi Ggsg 51 ET0@ yes, increment k
SRS e 52 RCLS
84 ¥LBLS b(0 to 2,) 53 2
a5 e 54 ¥
B¢ STO9 &k Pi
87 sT108R 56 ¥
88 wlBLE 57 RCLI
89 RCLZ 58 ¥
18 RCLS 29 RTM E
1oos 60 *LBLZ b(0 to 1)
12§18 -k /T 61 RCLS
12 2 62 4
14 RCLE &3 vx
15 € €4 PCL4
16 PLLE %) ¥
17 Xz €6 R-E *kE
- &7 ®LBL3 b(0 to «)
18 LSTX )\2 68 RCLI
28 RCLE £9 2
20 x 70 x
22 148 71 P
22 - 72 x
24 £ E} RCLE
25 RCLE ;z_ gx
26 z 7S .
27 RCLE 76 =
28 ¥z 77 RCLZ2
29 = 78 RCLE
w - 79 =
1 ¢ 88 RCLS
21 z
32 RCLE
22 ) &re a2 eX
3; vx £3 !
I 8 -
¥+ g =
17 RCLE g RS E
38 RCLE 87 x¥LBL4
19 = 8¢ [£SRe
PP g3 cT.8 E
oo 9 RCL7 b(0 to x;)
42 RCLE I S§T0E Ao
43 z 92 GSeS
44 ST+9 A 93 RC.2
a4 -
45 PRLLS p .
4£ 2 95 RS **Eb( ¢
47  EEX A tooa,)
48  [CHS
# 3 F*X"Printx" may be irserted before "R/S"
REGISTERS
0 1 ¢ 2 ¢, 3 Cs 4 5 T
& T, 8 _Kcy,/T % sum 0 used 1
2 .3 4 .5 16 17
18 19 20 21 22 >3
24 25 26 27 28 29
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CONSERVATION OF ENERGY

This program converts kinetic energy,
potential energy, and pressure-volume
work to energy. Energy is stored as

a running total which may at any time

be converted to an equivalent velocity,

height, pressure, or energy per unit
mass. The program is useful in fluid

flow problems where velocity, elevation

and pressure change along the path of
flow.

EQUATIONS:

2
Vi Py E, =
5 + gz, +—p +—-—m
Vo

v is the fluid velocity;

z is the height above a reference
datum;

P is the pressure;

E is an energy term which could
represent inputs of work or
friction loses (negative value);

g is the acceleration of gravity;
p is the fluid density;

m is the mass flow rate (assumed to
be unity);

subscripts 1 and 2 refer to up-
stream and downstream values
respectively.

NOTES:

Downstream values should be input as
negatives. However, when an output

is called for, the calculator displays
the relative value with no regard to
upstream or downstream location.

An error will result when the total
energy sum stored in register 8 is
negative and an attempt is made to
calculate velocity.

EXAMPLE 1:

A water tower is 100 feet high. What
is the zero flow rate pressure at the
base? The density of water is

62.4 1b/ftd.

If water is flowing out of the tower at

a velocity of 10 ft/sec, what is the
static pressure?

What is the maximum frictionless flow
velocity which could be achieved with
the 100 foot tower?

If 10000 pounds of water are pumped to
the top of the tower every hour, at a

velocity of 20 ft/sec, with a frictional

pressure drop of 2 psi, how much power
is needed at the pump?

EXAMPLE 2:

An incompressible fluid (p = 735 kg/m )

flows through the converging passage
of Figure 1. At point 1 the velocity
is 3 m/s and at point 2 the velocity
is 15 m/s. The elevation difference
between points 1 and 2 is 3.7 meters.

Assuming frictionless flow, what is the

static pressure difference between
points 1 and 2?

Figure 1.




EXAMPLE 3:

A reservoir's level is 25 meters above
the discharge pond.
generation efficiency, how much power
can be generated with a flow rate of
20 m3/s?

o = 1000 kg/m?
SOLUTIONS:

(1) 25077, 487 ©1
32,17 870

463248 STO
62.40 CSBI

iee, pe LSR3

42,77 wx (psig)

42.66 wx (psig)
£2.48 ELSB!
1@, 8@ CSBZ

ga.21 xx (Ft/sec)
£2.48 GSBI
20,88 GSE2
2.08 £op4
108,00 £SE3

8. 14 ¥x¥ (BTU/1b)
jgees. a8 x

1424.22 ¥x¢ (BTU/hr)

Assuming 85% power

1.88 STOS
sT07

9,8@665 STO:
25.808 GSBI
2.08 CSB2
3.7@ £SE2
-15.88 GSB2
cepe

-52718.82 Wt (Nt/m?)

(3) 1p@¢, 20 GSB!
25.88 CSP2
ESES
245,17 xi¥ (joule/kg)
.85 x

208,39 w0k (5000
20,088 ENT* (Joule/kg)
(kg/s)

1peg. a8 ¥
416782¢.25 xxx (watts)

37
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User Instructions

STEP INSTRUCTIONS DA'T'::::'TS KEYS D:T”AT/::ITS
1. | Key in the program | || ]
2. | For English units: 25033.407 m m
27 | [stol[6 |
4632.48 [_§IQ_J‘ 7 ] 1.00
For S.I. units: 9.80665 | STO J| 6 |
3. | Enter fluid density P ITSI;—I ,T—l 0.00
4, | Enter the following (negative values are | || ‘
downstream values): | J| ‘
Fluid velocity v I—GgB_l T
Height from reference datum z | GSB H 3 ]
Pressure P r GSB J ( 4 I
Energy input E I—G_Sﬂ ’—S—l
5. | Repeat step 4 for all input values | JI ]
6. | Calculate the unknown: I—_I l—T
Fluid velocity lese || 6 || v
Height from reference datum ‘ GSB H 7 l z
Pressure | GSBJ 8 I P
Energy r GSB J D)_l E
7. | For another case, go to step 3, or clear L_lr I
register 8 and go to step 4 0 l STO H 8 I

L]
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Program Listings
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81 %lBL!
B2 STD4
8z 8

g4 ETOR
s RS
B& %LBLZ
87 ENT?
B8 ARS
a9 x

18 2

1 :

12 ETOS
13 #LBL3
14 RCLe
15 x

16 ET03
17 »LBL4
12 RCL?
19 X

28 RCL4
21 z

22 ®LBLS
23 8T+8
24 RS
25 ¥LBLE
26 RCLZ
27 2

i <

22 x
22 7Y
3w R
21 WLBLY
32 ROLE
33 RCLE
4 =
5 RS
36 *LBLE
37 RCLE
3 RCLY
@
48 RCL4
4 x
42 RS
47 ¥LBLS
44 RCLE

o}
Clear T E

+ Vz/z

gz

Kk v

*kk Z

*kk P

*kxkx F

**% "Printx" may b

E inserted.

REGISTERS

Used

Used

rE

17

18

19

20

21 22

23

24

25

26

27 28

29




In the Hewiett-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



