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How to Use This Book
 

The EngineeringApplications solutions book provides sets of keystrokes
and routines to help you solve a variety of engineering, statistics, and
mathematics problems. The routines have been written to provide for easy
use and minimum memory space. This book is to be used with the
HP-32S calculator.

Before you use the solutions in this book, you should be familiar with the
following concepts from the owner’s manual:

m The basics of your calculator —how to perform arithmetic operations,
move from menu to menu, and use the menu keys to do calculations.

m How to use the SOLVE function to solve for a variable.

m How to enter numbers for statistics.

m How to key in and run a program. You may wish to refer to the
Function Index in your HP-32S Owner’s Manual for information on
how to key a particular function into a program.

m How to determine the number of bytes in a program and how to
display the checksum.

Keys and Menu Selection. A key on the calculator keyboard is
represented like this: . A shifted function is preceded by a shift
key, like this: [} . A menu label is represented like this: {SE} .
It is often necessary to go through several menus to obtain the desired
function. For example: [ {=7u} {Fu}.
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Display Formats. The examples in this book show numbers displayed
to four decimal places. You may change the number of decimal places
your calculator displays by pressing [} {F=} and the number of
decimal places desired. If you wish to see the full 12-digit precision of a
number regardless of the display format, press [} ; the full
precision numberis displayed as long as you hold down the key.

Programs. The HP-32S calculator uses single letters to denote program
labels; you have up to 26 labels in program memory. When
keying in the program listings in this book, your calculator will display a
DUPLICAT. LEL error if you use a letter for a label thatis already used
in program memory. To avoid this problem, simply choose a different
letter to designate the label. Be sure to change any or
statements that correspond to the newly-assigned label and make note of
the changes so that when you execute the routine, you specify the proper
label.

When you key in a number having more than three digits in its mantissa,
the HP-32S automatically inserts appropriate commas into the number in
both data-entry and programming modes.

 

# Changing the label name of a program affectsits checksum.

Note

 

Checksum. A checksum is provided for each program listing as a
verification that the program has been keyed in correctly. To view the
checksum, press [} [MEM] {FGr} and scroll through the listing to the
program label you want to check. Press and hold [l to display the

checksum.

Our thanks to Tony Vogt of Oregon State University for developing the
problems and equationsin this book.
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Reactance Chart

This program calculates the resonant frequency, the inductance, or the
capacitance of an LC circuit at resonance given the other two variables.It
also calculates the capacitive and inductive reactances at resonance, which
are equal.

 

where:

L = inductance in henrys.

C = capacitance in microfarads.

[ = resonant frequency in hertz.

X = reactance in ohms.

8 1: Electrical Engineering



Program Listing.

When keying in steps R12 and R13, press 6 and [+/-].
These steps require less memory than keying in —6.

FEl LEL E RElz2 &

REz2 IHFUT F R12 +-—

REz IMFUT L FEi1d4 18

FE4 IHFUT C R1S =

Eas 2 Fle RCL= C

RE& w R17¥ RECL= W

REy = Ri1z 1

FE2 RCL® F Rig -

FEs STO L Fzd ETH

FElg ECLx L Checksum = D2

Ril STO ¥

Flags Used. None.

Memory Required. 30 bytes.

Remarks. The value of C is in microfarads to increase the precision of

the SOLVEfunction.

Program Instructions.

1. Key in program listing; press when finished.

2. Press B {FH} R.

3. Specify the unknown variable by pressing
B {S0LVE} variable.

4. Key in the variable value at each prompt and press [R/S].

5. See the variable for which the program is solving.

6. Press X to see the reactance.

7. For a new case, go to step 3.

1: Electrical Engineering



Variables Used.

L = inductance in henrys.

C= capacitance in microfarads.

F= resonant frequency in hertz.

X= reactance in ohms.

W= 2xf (angular velocity w in radians per second).

Example. Resonant Frequency and Reactance.
Calculate F and X, when L=1.0 mh and C = 0.25 uf.

Keys: Display:

. {FM}  FN=_

R value

. SOLVE _
{z0LvE}

F L?value

[E] 3 C?value

.25 F=10,065.8424

B X X=63.2456

10 1: Electrical Engineering

Description:

Prompts for program
label.

Specifies program R.

Prompts for the unknown
variable.

Starts program R;

prompts for variables
except F.

C must be in microfarads.

Displays the resonant
frequency.

Displays the reactance.



 

Impedance of a Ladder Network

This program computes the input impedance of a ladder network.
Elements are added one at a time from rightto left. The first element
must be parallel. The input impedance may be viewed at any pointin the
ladder as the elements are added.

Given an input impedance of Y, , adding a shunt (parallel) R, L, or C
results in a new input impedance of:

p

Y, + [—1— +j0]
R

1
Yoo = Yt

wL
new U 

  

p

Yio + (0 +jwC)

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

( ¢

 

m

+®+my

 

-1

Yoo = };-+m+fwufl
\

/ -1

1 .1
+ 10 -

Yan [ %a}
    (A

where Z = —)%,— and w = 2nf .
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Program Listing.
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Flags Used. None.

Memory Required. 75 bytes.
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Remarks.

m The program performs calculations using the admittance in cartesian
coordinates but displays the result as an impedance inpolar
coordinates.

m Angles must be consistent with the angular mode currently set in the
calculator.

Program Instructions.

1. Key in the program listing and press when finished.

2. Press N.

3. Key in the frequency and press .

4. Sclect the appropriate element to add:

m Press R to add a resistor.

m Press L to add an inductor.

m Press C to add a capacitor.

5. Key in the value at the prompt and press :

6. Select the appropriate means of adding the element:

m Press P to add the elementin parallel.

m Press S to add the element in series.

7. To add another element, go to step 4.

8. Press Z to see the angle of the input impedance.

9. Press to see the magnitude of the input impedance.

10. Optional: press to continue adding elementsto the ladder.

Variables Used.

R = resistance in ohms.

L = inductance in henrys.

C= capacitance in farads.

Z = magnitude of the input impedance in ohms.

A = input impedance angle.

F= frequency in hertz.

W= 2xf (angular velocity w in radians per second).

1: Electrical Engineering 13



Example: RLC Ladder Network. Find the input impedance of the
following circuit at a frequency of 1 MHz:

 

   

650 pF
| |

G- 11

Z—> $1ooon 120 . H $1oon

O

Keys: Display: Description:

B {CG} Sets degrees mode.

N F?value Inputs frequency.

[E] 6 0.0000

R R?value Addsresistor in parallel
100 0.0100 (first element must be in

P 0.0100 parallel).

C C?value Adds capacitor in series.
650 [E] 12 0.0000

S 0.0014

L L?value Adds inductor in parallel.

120 [E]) 6 0.0000

(XEQ]P 0.0014

R R? 100.0000 Adds resistor in parallel.
1000 0.0010

P 0.0024

Z A=-41.8224 Displays the input
impedance angle.

R/S Z=306.7333 Displays the input
impedance.

14 1: Electrical Engineering



 

Smith Chart Conversions

The distance between a point on a Smith Chart and its center may be
measured using a number of parameters. This program performs
conversions between several of the most commonly used parameters:
standing wave ratio, reflection coefficient, and return loss. It may also be
used to convert between impedance and reflection coefficient.

1+p

-p

SWR = standing wave ratio expressed in decibels.

 o = voltage standing wave ratio =

p = reflection coefficient.

R.L. = return loss.

These parameters are related as follows:

 

o SWR p R.L.

004 J Jk % 1.04 0

404 39 . i

20 .I 903 10

10.4 20 ] T
T -804 2.0

': 15 70: 3.0

SWR = 20logo 1 ] sol
4.0 603 7]

1 T ] 5.04

RL. =20 log— 3o:- 10 504 6.0

P 180 ] 70:

1 403 801
_1+p T 3 9.0]o= 2.04 60 ] ]
1- P 18l 30] 104

- - I3

164 40 . "7
i 201 14 4

144 ] 4

Y 101 20.]
¥ h 25.4

10lo — 403   
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These relationships are perhaps more clearly seen in this sketch:

 

 
   

           
 

AL 14 P
10 20 1-p 20 log o

> —> >

RL p o SWR
< < <

1 o-1 SWR20 log — o-1
9% o+1 10 20

For a system having characteristic impedance Z, the impedance and
reflection coefficient are related by

 

—-1
Z

F'=p X ¢= Z

—+1
Z

and

1+T
Z=2Z =2Z——

% o1-r

where:

I’ = complex reflection coefficient.

p=|T|.

$=&T.

Z = impedance.

Z = |Z|.

= & Z.
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18 RCL C 21 RECL+ H

Gll Bersgy= LG22 CHPLE+

G122 CHMPL=E+ G232 dex*B,

G122 STO A G224 STO F

Gld =d>y G253 =iy

G1S STO B G2s STO M

Gl =dky 27 MIEW M

G171 22 VIEW P

12 - G292 ETH

G129 ECL B Checksum = &425

GzE 1

Flags Used. None.

Memory Required. 130.5 bytes.

Remarks.

m Each routine is independent of the others. Therefore, key in only

those routines that will be used.

m Angles must be consistent with the angular mode currently set in the

calculator.

Program Instructions.

1. Key in the program listings of the routines to be used; press
when finished.

2. For conversions involving real number parameters
(routinesA thru F):

m Key in the variable and select the appropriate routine:

Press A to convert R.L. to p.

m Press B to convert p to o.

m Press C to convert o to SWR.

m Press D to convert SWR too.

m Press E to convert o to p.

Press F to convert p toR.L.

m Optional: continue converting by executing the next routine in
the sequence.

18 1: Electrical Engineering



3. To convert from Z toT:

m Press G.

m Keyin the values at each prompt and press .

m See M; press ; see P.

4. To convert from I' to Z:

m Press H.

m Key in the variables at each prompt and press .

m Sece Tpress ; see Z.

5. For a new case, go to step 2, 3, or 4.

Variables Used.

Z = magnitude of the impedance.

T = angle of the impedance.

P = magnitude of the complex reflection coefficient.

M = angle of the complex reflection coefficient.

C = magnitude of the characteristic impedance.

D = angle of the characteristic impedance.

A, K, B = variables used for intermediate results.

Example 1. Convert a 10 dB SWR to o.

Keys: Display: Description:

10 D 3.1623 Displayso.

1: Electrical Engineering 19



Example 2. Convert a 5 dB return loss to SWR.

Keys:

A

B8
5

B
C

Display:

0.5623
3.5698
11.0528

Description:

Displaysp.
Displays o.
Displays SWR.

Example 3. A 75 (1 system is terminated with an impedance of 53 at an
angle of 41°. Find the reflection coefficient.

Keys:

i {bG}
G

41
53
0
75 [R/S]

Display:

T?value

Z?value

D?value

C?value

M=118.3651

P=0.4107

Description:

Sets degrees mode.

Inputs values.

Displays I'.
Displaysp.

Example 4. A reflection coefficient of 0.35 at an angle of 11° is observed
in a 100  system. Find the impedance.

Keys:

(XEQ) H
11
.35 [R/S]
0 [R/S]
100 [R/S]
R/S

Display:

M?value

P?value

D?value

C?value

T=8.6547

Z=203.8784

20 1: Electrical Engineering

Description:

Inputs values.

Displays angle.
Displays magnitude of
the impedance, Z.



 

Transistor Amplifier Performance

This program calculates several small-signal properties ofa transistor
amplifier given the h-parameter matrix and the source and load
impedances. The properties computed are the current and voltage gains
and the input and output impedances.

 

Zs 1

—> <
—

 

    
 

Vs ] [H] Vs $ZL

'
o -

Definition of h-parameter matrix:

Vi hi hr i 1

io| = |hy ho| |v2

Current gain:

 

i —h
A== !

1 1+ hoZL

Voltage gain:

Vv A.Z

A, = = =2
V1 Zin
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Voltage gain with source resistor:

Input impedance:

Z.'n = h" + h,.ZLA,'

Output impedance:

hi + ZS
Z =

" hohi + hoZg - hyh,
 

Program Listing.

Tal LEL T wel e

Ta2 CLVYAES MoZ Habrda =

Tes 1.812 Amad CHMPLE=

T4 =TO 1 mad STO H

Check=zum = FFE4 HeD =iy

81 LBL # Amoe STO M

IMFUT1 RET =i

IS5 1 AER Y

[ RCL

RCL I RECL+ K

RCL J RCL D

Bty = RCL= L

STO o Hy ¥y =
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FCL G RECL E

RECL+ K Hybgy
FCL H CHMPL=+

RFCL= L STO F
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Memory Required. 164 bytes.
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ECL+ C

FCL= D

Hy by

CHMPL=E-

CHMPLHL=

FCL A

RCL B

Hytmdy =

RCL+ J
w3y

T T - + —

=oy

CHPLE=

k=um

LEL ¥

u,x+9,r

STO R
£y

TH T

=g

HsF*HsE
VMIEW T

YIEM E

FETH

ck=um

FEDD

u
l
{

.‘
l

I m 1 T m

m This program clears all variables stored in Continuous Memory.

m Angles must be consistent with the angular mode currently set in the
calculator.

m To limit the numberof variables, the program uses variable T for the
angle and R for the magnitude ofall of the output results.
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Program Instructions.

-
wh

b
N

=
O
©

-
l
W

1

1.

. Press T.

©®
O
N
G
O

A
W
N

Key in the program listings; press when finished.

Key in the variables at each prompt and press .

See the angle of4; and press .

See the magnitude of4; and press .

See the angle of4, and press .

. See the magnitude of4, and press .

. See the angle ofA,, and press .

. See the magnitude of4,, and press .

See the angle of Z,, and press .

See the magnitude of Z,, and press .

. See the angle of Z,,, and press .

. See the magnitude of Z,,, .

4. For a new case, go to step 2.

Variables Used.

24

A = angle of h;.

B = magnitude of 4;.

C = angle of h,.

D = magnitude of A,.

E = angle of i, .

F = magnitude of k; .

G = angle of h,,.

H = magnitude of h,,.

I = angle of Z,, .

J = magnitude of Z,, .

K = angle of Z,,,.

L = magnitude of Z,,;.

T =angle of4;,A,, Avss Zins Zons -

R = magnitude of4;, A,, Ays ;s Zins Zow -

N, M, O, P, i = variables used for intermediate results.
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Example. Find the small-signal properties of a transistor that has the
following h-parameter matrix with source and load impedances of 1000
and 5000 ohms, respectively.

 

1000 150E -6

| 75 S0E-6

Keys: Display: Description:

B {C0G} Sets degrees mode.

T A?0.0000

B? 0.0000 Inputs values.
1000 C? 0.0000

D? 0.0000

150 [E] 6 E? 0.0000

F? 0.0000

75 [R/S G? 0.0000

H? 0.0000
50 [E) 6 17 0.0000

J? 0.0000

1000 K? 0.0000

L? 0.0000

5000 T=180.0000 Displays angle of4;.
R=60.0000 Displays magnitude of

A;.
T=180.0000 Displays angle of4, .

R/S R=314.1361 Displays magnitude of
A,.

T=180.0000 Displays angle of4 ,, .
R/S R=153.4527 Displays magnitude of

A,,.
T=0.0000 Displays angle of Z,, .

R/S R=955.0000 Displays magnitude of
Zin -

T=0.0000 Displays angle of Z,,, .
R=22,535.2113 Displays magnitude of

Zot -
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Black Body Thermal Radiation

All bodies emit thermal radiation according to their temperature. The
higher the temperature, the more thermal radiation emitted. A black
body is one that emits the maximum possible amount of energy at every
wavelength for a specified temperature. The figure below represents the
black body thermal emission as a function of wavelength.

This program can be used to calculate:

m The wavelength of maximum emissive power for a given temperature.

m The temperature corresponding to a particular wavelength of

maximum emissive power.

m The total emissive power for all wavelengths.

m The emissive power at a particular wavelength and temperature.

Black body

monochromatic

emissive power

 

 L

1 2 3 4 5 6 7 8

Wavelength, microns
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AmaxT =C3

Eb(o—x) = O'T4

27TC1

Eppn=—"70
2 (7T - 1)

where:

Amax = Wavelength of maximum emissivity in microns.

T = absolute temperature in °R or K.

E}(0—y) = total emissive power in Btu/hr - ft? or watts/cm?.

E,, = emissive power at A in Btu/hr - ft?>~um or watts/cm?—um.

¢, = 1.8887982 x 10" Btu— um*/hr-ft? = 59544 x 10° Wum*/cm?.

Co = 2.58984 x 10* um -°R = 1.4388 x 10* um - K.

c3 = 5.216 x 10° um -°R = 2.8978 x 10° um - K.

o = 1.713 x 10-° Btu/hr— f2—°R* = 5.6693 x 10~12 W/cm2 - K,

= 1.731 X 10~° Btu/hr - ft?-°R* = 5.729 x 1012 W/cm?- K%,

Program Listing.

BEEl LEL B Blo 2

BEz2 IWHFUT H BlVY =

Baz IMFUT T Blz w

Bad RCL W Bl =

BES 1~ B20 ECL= H

Bdc ECL= B BE21 STO F

BV ECL+ T B2z VIEW P

BEZ == BE22 ETH

BEa 1 Check=um = 2Z2ES

Big - Edl LEL E

Bll 1-= Edz IMFUT T

BlZ RCL W Egz 4

BElz 5 Edd g~

Bld g™ E&S RECL= =

Bl1S =+ Eds STO E
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Egy WIEM E MET ETH

Edz ETH Checksum = F2C4

Checksum = 1308 TEl LEL T

MEl LEL W TEZ IHMFUT W

MEz IMFUT T TEZ RECL C

Maz ECL TE4 ECL+ W

Wegd RCL+ T TES STO T

WES STO W Tee VWIEW T

WEes VIEM W TEY ETH

Check=sum = CHESZ

Flags Used. None.

Memory Required. 67.5 bytes.

Remarks. The values of the constants differ between sources.

Program Instructions.

1. Key in the program listing; press when finished.

2. Store the constants A, B, C, and S in the appropriate
storage registers.

3. Select the appropriate routine:

m Press W to calculate the wavelength of maximum power
for a given temperature.

m Press T to calculate the temperature corresponding to a
particular wavelength of maximum power.

m Press E to calculate the total emissive power.

m Press B to calculate the emissive power at a particular
wavelength.

m Key in the variables at each prompt and press .

m See the variable for which the program is solving.

4. For a new case, go to step 3.
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Variables Used.

T = temperature.

W = wavelength.

E = total emissive power.

P = emissive power at a given wavelength.

A = constant c; .

B = constant ¢, .

C = constant c5 .

S = constant o.

Example. If sunlight has a maximum wavelength of .550 pum, what is the
sun’s temperature in K? Assume the sun is a black body. What is the
total emissive power and the emissive power at \,.,? What is the
emissive power at A = 0.400 um (ultraviolet limit) and 0.700 um (infrared
limit)?

Keys: Display:

5.9544 (E] 3 A
1.4388 [E] 4 B
2.8978 [E] 3 C
5.6693 [E] 12

S
T W?value

.55 T=5,268.7273

E T?5,268.7273

E=4,368.7009

B W?0.5500

30 2: Mechanical Engineering

Description:

Stores constants.

Displays temperature.

Displays the total
emissive power.

Correct value already
stored in W.



R/S T75,268.7273

R/S P=5,222.8745 Displays the emissive

power.

B W?0.5500

4 T75,268.7273

R/S P =3,964.8581 Displays the emissive
power.

B W?0.4000

7 T75,268.7273

P=4,593.4033 Displays the emissive
power.
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Ideal Gas Equation

Many gases obey the ideal gas law at high temperatures and low
pressures. This program calculates any one of the four variables of the
ideal gas equation when the other three are known.

where:

PV = nRT

P = pressure.

V = volume.

n = number of moles.

R = Universal Gas Constant.

T = absolute temperature.

Table 2-1. Values of the Universal Gas Constant

 

 

     

V:fl:,e Units of R Uor;lit,s Units of V Uol;l;-s

8.314 N-m/g mole-K N/M2 m3/gmole K
83.14 cm3-bar/g mole-K bar cm3/g mole K
82.05 cm3-atm/g mole-K atm cm®/g mole K

0.08205 liter-atm/g mole-K atm liter/g mole K
0.7302 atm-ft*/lom mole°R atm ft3/lbm mole °R
10.73 psi-ft3/lbm mole-°R psi ft2/lbm mole °R
1545 psf-ft3/Ibm mole-°R psf ft3/lbm mole °R
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Program Listing.

GEl LEL & GES RCLx= W

Az IMFUT F GEY RCL H

GEs IMFUT W G183 ROL= R

GE4 IMFUT H G111 RCL= T

GES IMFUT E 1z -

GEe IMFUT T 512 RETH

GEY ECL F Checksum = &3C5

Flags Used. None.

Memory Required. 19.5 bytes.

Remarks. Value ofR must be compatible with units of P, V, and T.

Program Instructions.

1. Key in program listing; press when finished.

2. Press B {FH} G, then specify the unknown variable by
pressing [} {S0LVE} variable.

3. Key in the variables at each prompt and press .

4. See the variable for which the program is solving.

5. For a new case, go to step 2.

Variables Used.

P = absolute pressure.

V = volume.

N = number of moles present.

R = Universal Gas Constant.

T = absolute temperature.

2: Mechanical Engineering 33



Example 1: Pressure. If 1.2 moles ofair are enclosed in 40,000 cm? at
1500 K, whatis the pressure in atmospheres?

Keys: Display: Description:

] {FH} FN=_ Prompts for program
label.

G Specifies program G.

] SOLVE _ Prompts for the unknown
{z0LvE} variable.

P V?value Starts program G;
40000 N?value prompts for variables
1.2 R?value except P.
82.05 T?value

1500 P=3.6923 Displays the pressure.

Example 2: Specific Volume. What is the specific volume (ft*>/l1bm)
of a gas at a pressure of 3 atmospheres and a temperature of 540°R? The
molecular weight is 32 Ibm/lbm-mole.

Keys: Display: Description:

B SOLVE _ Prompts for the unknown
{z0LvE} variable. (It is not

necessary to redefine
the program label
being executed since
it was defined in
the last example.

vV P?value Starts program G;
3 N?value promptsfor the variables
32 R?value except V.

.7302 T?value

540 V=4.1074 Displays specific volume.
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Conduit Flow

This program solvesfor either the average velocity or the pressure drop
for viscous, incompressible flow in conduits.

For laminar flow (Re < 2300):

f =16/Re

For turbulent flow (Re > 2300):

where:

 

V = average velocity.

AP = pressure drop.

L = conduit length.

D = conduit diameter. If the conduit is not circular, use an

equivalent diameter defined by:

Cross Sectional Area
D, =4X———

Wetted Perimeter

e = surface irregularity.

Re = Reynolds number; Re = DV / v.

v = fluid kinematic viscosity.

p = fluid density

f = Fanning friction factor.

Kp = sum of fitting factors.
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Table 2-2. Fitting Coefficients

 

 

Fitting K

Globe valve, wide open 75-10
Angle valve, wide open 3.8
Gate valve, wide open 0.15-0.19
Gate valve, 3/, open 0.85
Gate valve, !/, open 4.4
Gate valve, !/, open 20
90° elbow 0.4-09
Standard 45° elbow 0.35-0.42
Tee, through side outlet 1.5
Tee, straight through 0.4
180° bend 1.6
Entrance to circular pipe 0.25-0.50
Sudden expansion (1-Ay,/Ag)**
AccelerationfromV = 0to V =V,ance 1.0   *A,, is the upstream area and A4,, is the downstream area.   

Table 2-3. Surface Irregularities

 

 

    

Material e (Feet) € (Meters)

Drawn or smooth tubing 50x10°6 1.5%x10°
Commercial steel or wroughtiron 1.5x104 46x10°
Asphalted cast iron 40x104 1.2x10%
Galvanized iron 50x104 1.5x104
Cast iron 83x104 25x10*
Wood stave 6.0x10%to 1.8x10%to

3.0x10°3 9.1x104

Concrete 1.0x103to 3.0x10%to
1.0%x 102 3.0x10°3

Riveted steel 3.0x10%to 9.1x10%to
3.0x102 9.1x103
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Program Listing.

LEL

IMFUT E

INFUT [

IMFUT ¥

INFUT E

IMFUT L
}..-

F

T
J
o

0
0
O
o

v k
'

] n
o
D

0
=
]
I

L

e 1
o
l

IMFUT K

IHFUT S

IMFUT P

RCL E

FCL+ D

e L
U

(
]

G
b

e
k

e
k

e
k
b
b

e
k

e
k

e
k

e
k

— T o
0

O
T
O
e

Q
0
o

q
—

] I
— -
t

=
—

o
l

A
D
R

- m

Flags Used. None.

Memory Required. 121 bytes.

% b
[
= e

o
o
y ™

i o
o

c=um = H1ES

EL D[

=STO F

D
D

L
[x

(]

-

=
J
o

0
0
[
o
=

D

3 [n
]

e
l r r

FECL+ [

CL K

=
o
o

1
T

T
T

a
0

o
=
s
N

[
-
e
D

=
T
T

g
+

11 RCL W

12 =2
O1=s =

14 RCL F

015 RCL= =

Dle -

17 ETH

Checksum = 1220

LEl LEL L

Lez 1a

L&z ECL+ E

Lad GTO D
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Program Instructions.

1. Key in program listing; press when finished.

2. Press i {FH} C, then specify the unknown variable by
pressing [} {=0LVE} variable.

3. Key in the variables at each prompt and press .

4. Sce the variable for which the program is solving.

5. Optional: Press [ R to see the Reynolds number.

6. Optional: Press | F to see the Fanning friction factor.

7. For a new case, go to step 2.

Variables Used.

V = average velocity.

P = pressure drop.

L = conduit length.

D = conduit diameter.

E = surface irregularity.

R = Reynolds number.

B = fluid kinematic viscosity.

S = fluid density.

F = Fanning friction factor.

K = fitting coefficient.
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Example: Pressure Drop. A 60-meter pipe has three 180 degree

bends (Ky = 3 x 1.6). The fluid is water(v = 9.3 x 10~7 m?/s, p = 1000
kg/m?®). The pipe diameteris 0.030 m and the surface roughness is 3 X
10~* m. If the average velocity is 3.20 m/s, whatis the pressure drop in
Pascals? Whatis the Reynolds number? Whatis the Fanning friction
factor?

Keys:

a {FH}

C

B (SOLVE//]
{=0LvE}

P

3 [E] 4 [+/-] [R/S]
.03 [R/S]
3.2 [R/S]

9.3 [E] 7 [+/=]) [R/S]
60 [R/S)
4.8 [R/S]

[E] 3 [R/S]

@ (VIEW] R

B VIEW] F

Display:

FN=_

value

SOLVE _

E?value

D?value

V?value

B?value

L?value

K?value

S?value

P=418,351.2590

R=103,225.8065

F=0.0096

Description:

Prompts for program
label.

Specifies program C.

Prompts for the unknown
variable.

Starts program C;
prompts for variables
except P.

Displays the pressure
drop.

Displays the Reynolds
number.

Displays the friction

factor.
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Static Equivalent at a Point

This program calculates the two reaction forces necessary to balance any
given two-dimensional force vectors, provided the vectors act through the
same point. The direction ofthe reaction forces must be specified as an
angle relative to an arbitrary axis.
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Equations:

R, cosf) + Rpcosby = YF cos¢

R, sinf; + Rysinfy = YF sing

where:

F = magnitude of each known force.

¢ = direction of each known force.

R, = first reaction force.

6, = direction of R;.

R, = second reaction force.

6, = direction of R, .

Program Listing.

SE1 LEL = A1Z IMFUT E

SEH2 CLVARS H1Z SIH

SE2 IMFUT H ARz@ STO B

Checksum = CC90 A21 LAST=

A1 LEL A Az2 COS

A2 IMFUT T Az2 STO D

AEZ2 IMFUT F Azd4 RECL A

AEd4 RCL T AzS RECL= E

A ECL F Aze RCL D

AHE BHar#dy= A2V RECL= Y

AEY STO+ = AzE —

ARS =<y RH2% RECL A

AE2 STO+ Y Az28 ECL= [

A1E [SE H AZ1 RCL C

A1l GTO A AZ22 RCL= E

R1z2 IHFUT A H2Z2 -

AlZ SIH AZd4 +

Rid4 STO A A2S STO R

A1S LAST= Az YWIEW R

Hie COS H2V LAST=

H1V STO C A== RECL C
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AZ9 RCLx Y SR
A48 RECL A4S STO B

A41 ECL= H Ad4e WIEW E

A42 - H47¥ ETH

H4Z =<>y Checksum = &850

Flags Used. None.

Memory Required. 75 bytes.

Remarks.

w This program clears all variables stored in Continuous Memory.

m A positive value of force (tension) points away from the origin; a
negative value (compression) points toward the origin.

m Angles must be consistent with the angular mode currently set in the
calculator.

Program Instructions.

1. Key in the program listing; press when finished.

2. Press S.

3. Key in the variables at each prompt and press .

4. Sce the first reaction force, then press .

5. See the second reaction force.

6. For a new case, go to step 2.

Variables Used.

N = number of known forces.

T = angle of each known force.

F = value of each known force.

A = direction of the first reaction force.

B = direction of the second reaction force.

R = value of the unknown forces R, and R, .

D, X, Y, C = variables used for intermediate results.
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Example 1: Balancing a Single Vector. Find the reaction forces in
the following diagram:

Keys:

(XEQ] S
1 R/S]
135 [R/S]
75 [R/S]
30 R/S]
270

R/S

Display:

N?0.0000

T70.0000
F?0.0000
A?0.0000
B?0.0000

R=61.2372

R=83.6516

 

Description:

Inputs known values.

Displays the first
reaction force.

Displays the second
reaction force.
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Example 2: Forces in a Bridge Truss. Find the reaction forces in
structural members AE and CE. Assume pin connections atthe joint.

 

 

 

120 Ib €— Ry >
D E A

Keys: Display: Description:

S N?0.0000

2 T70.0000 Inputs known values.
45 F?0.0000

100 T?45.0000

180 F?100.0000

120 A?0.0000

B?0.0000

135 R=-21.4214 Displaysthe first reaction
force.

=-100.0000 Displays the second
reaction force.
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Composite Section Properties

The mechanical properties of a constant cross section member composed
of a finite number of rectangular elements can be computed by adding the
contribution of each rectangular region individually. This program uses
this principle to calculate the area of a section, the moments of inertia
about the specified set of axes, the moments ofinertia about an axis
translated to the centroid, the moments ofinertia of the principal axes,
and the angle of rotation between the translated axes and the principal

axes.

 

 

Agi = Ax; Ay,

A =A81 +A82+A93+ M +Am

me'Asi
3_—= 1=1

A

n

YYoidsi
— _ i=l

A

Iy = Y%0iY0idsi LGy=1y-AxYy
i=1

n A '.2

Iz=2[y&+ Y ]An II'_‘Iz_A—y_2

t=1 12

n Ax.2

Iy=zx3,+ > A, L=1,-A%x?
1=1

J =1, +1,

 

Iy, = Lcos? + L-sin’ + L-5sin24

L, = E-cos’p + I-sin®$ + L5-sin2¢
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E width of a rectangular element.
£ Il height of a rectangular element.

Ay = area of an element.

A = total area of the section.

x = x-coordinate of the centroid.

y = y-coordinate of the centroid.

Xo = Xx-coordinate of the centroid.

Yo = y-coordinate of the centroid.

I, = moment of inertia about the x-axis.

I, = momentof inertia aboutthe y-axis.

J = polar moment of inertia about the origin.

I, = product of inertia about the origin.

I = momentof inertia about the x-axis translated to the

centroid.

L = momentof inertia about the y-axis translated to the

centroid.

I = product of inertia about the translated axis.

¢ = angle between the translated axis and the principalaxis.

I, = momentof inertia aboutthe principal x-axis.

I, = momentof inertia aboutthe principal y-axis.

J4 = polar moment ofinertia about the principal axis.
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Program Listing.
v. 1
5
0

LEL =

CLYARS

IHFUT H

ck=um = CC30D

LEL U

IHFUT

IHFUT

IHFUT

IHFUT

=I

STO B

STO+ H

RCLx Y
g sTO+ D

11 RCL =

1z RCL= B

s STO+ C

4 RCL Y

s -

e ECL T

Hi7 =¢

is 1z

i =

=@ +

21 RCL= E

22 STOo+ H

22 RCL =

=g =

Lz2S RCL
UZE w2

N !
=

o
T
L
e

0
3

e
l

o
=
T
O
[
e

i
T

o
t

o
ol

1
l

d
b

1l
- ew
al
le
’

—
0
=

o I
l

o
o

wv
el
e’

e
l

en
al
e’

o
o
0

=
]

v 1z
Hhza =

U249 +

=8 RCL= B

=21 sTO+ I

=2 +

== sTo+

o
l

o
o

=
]

—
_

H
a

0
R
N

L

4 RECL F
C

FCL =

L= Y

FCLx E

STO+ F

DEE H
GTO

RCL

RCL= [

RCL+ H

STO @

RCL

FECL+ A

YIEW H

=

VIEW ®

x B

RCL D

FECL+ H

STO Y

WIEM %

% B

" RCL® H
+.=

FCL H

YIEMW H
+

- STO H

F4

FECL= H

+.=

FCL I

VIEW I

YIEMW

YIEW F
+
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Ul =70 I

¥z RCL H
UsEs STO J

@4 WIEW H

17D =iry

de WIEW I

UEy STo+

= )

UFs STO D L RCL 5

S8 RCL @ L =IN

21 STO P W1l =®

=2 VYIEW P W12 RECL= [

23 ==07 Wiz -

=4 cTo o Y14 ECL+ H

a5 < Y15 STO H

v 1w Wig WIEW H

= W17 RCL- J

ss = Wig +e-

=2 ATHH W19 STO I

P 15
0

1
5 LEL ¥

STO G

WIEW 5

—- 1
l

15
0

T
1'

:?
1

Jo
o

0
3
[

SIH

RECL® F

+.7=

o
l_"

ffl
1

i

o
L
U
R

) 1 o
1
=

o
D

0
0
—

—
_
—

Wad MIEW I

W2l MIEW W

sz +-- Va2 RTH

Check=sum = H4E& Check=sum = &2E7

Flags Used. None.

Memory Required. 175.5 bytes.

Remarks.

m This program clears all variables stored in Continuous Memory.

m For a given origin, the polar moment of inertia is constant regardless
of the angular rotation. Therefore, /- is equal to J4 .

m It is possible to obtain a negative value for the product of inertia.
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Program Instructions.

1. Key in the program listing; press when done.

2. Press S.

3. Key in the variables at each prompt and press .

4. Scc the results as they are displayed and press .

9. For a new case, go to step 2.

Variables Used.

X =xy andx .

Y=yxandy .

S = Ax; .

T = Ay; .

H=1,I;and.

I=1I,L, and L.

J=JandJ,.

P =1y, L.

A = total area of the entire section.

G = angle between the translated axis and the principal axis.

N = number of sections.

D, C, B, Q = variables used for intermediate results.

Example 1: Rectangular Section. Calculate the section properties
of the following cross section:

y

A

 

 » X  
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Table of Inputs

 
X |y AX Ay

2|115| 4 3
 

      

Keys: Display: Description:

S N?0.0000

1 X70.0000 Inputs known values.
2 Y?0.0000
15 S70.0000
4 T?0.0000

3 [R/S A=12.0000 Displays area.
X=2.0000 Displaysx .
Y =1.5000 Displaysy .

R/S H=36.0000 Displays 7, .
|=64.0000 Displays 7, .
J=100.0000 Displays J .

R/S P =36.0000 DisplaysI, .
H=9.0000 Displays L- .
I=16.0000 Displays L.

R/S P=0.0000 Displays 17 -

G=0.0000 Displays ¢ .

H=9.0000 Displays I, .

R/S J=25.0000 Displays J;.

Example 2: Composite Section. Calculate the section properties of
the following section:
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Table of Inputs

 

 

 

       
 

X AX Ay

115|115 6 1

211 6 2 12

31|17 1 10 2

Display: Description:

N?0.0000

X?70.0000 Inputs known values.
Y?0.0000
S70.0000
T?0.0000
X75.0000
Y?11.5000
S76.0000
T71.0000
X?1.0000
Y?6.0000
S$72.0000
T?12.0000

A=50.0000 Displays area.
X=3.8800 Displaysx .
Y =4.6600 Displaysy .
H=1,972.6667 Displays I,.
1=1,346.6667 Displays I, .
J=3,319.3333 Displays J .
P =629.0000 Displays I,,, .
H=886.8867 Displays L .
|=593.9467 Displays L .
= —275.0400 Displays I- .

G=30.9814 Displays ¢ .
H=1,052.0261 Displays I.
1=428.8072 DisplaysL.
J=1,480.8333 Displays ;.
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Soderberg’s Equation for Fatigue

This program calculates any one ofthe six variables in Soderberg’s
equation for fatigue when the otherfive are known. Soderberg’s equation
is shown graphically in the figure below.

       

  

Experimental Failure Line

N )/Failure Point

N Working Stress Line

. for FS =1

Design Line

with FS >1

 

   
 

FS

<« sy

Equation:

f&p_=smmc+smin+K Syp Smax ~ Smin

S 2 Se 2

where:

Sy = yield pointstress.

s, = endurance stress from reversed bending tests.

Smax = Maximum applied stress.

Smin = Minimum applied stress.
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K = stress concentration factor.

ES = factor ofsafety.

Program Listing.

a1l LEL S =1z +

a2 IMFUT Y =14 -
SE3 IMPUT E =15 RECL A
S@E4 IMPUT A 16 RECL- B
SAS IMPUT EB Z17 z

SEe IHPUT K =518+
SEF IMPUT F 219 RCLx Y
SE2 RCL Y ZZ8 RCLS E
SE9 RCL+: F =21 RCLx K
518 RCL A i -
511 RCL+ E S22 RTH
=1z 2 Checkzum = C930

Flags Used. None.

Memory Required. 34.5 bytes.

Remarks.

m Soderberg’s equation is valid for ductile materials only.

m Fatigue effects are magnified in corrosive environments.

Program Instructions.

1. Key in the program listing, pressing when finished.

2. Press B} {FH} S, then specify the unknown variable by
pressing [} {S0OLYE} variable.

3. Key in the variables at each prompt and press :

4. Sce the variable for which the program is solving.

5. For a new case, go to step 2.
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Variables Used.

Y = yield pointstress.

E = endurance stress.

A = maximum applied stress.

B = minimum applied stress.

K = stress concentration factor.

F = factor of safety.

Example. Whatis the maximum allowable applied stress if the minimum
applied stress is 15,000 psi?

Sy = 80,000 psi.

s = 30,000 psi.

K =1.5.

FS =20.

Keys: Display: Description:

B {FH} FN=_ Prompts for program
label.

S value Specifies program S.

B SOLVE _ Prompts for the unknown
{z0LvE} variable.

A Y?value Starts program S;
80000 E?value prompts for variables
30000 B?value except A.
15000 K?value
1.5 F?value

2 A=25,000.0000 Displays the maximum
applied stress.
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Mohr’s Circle for Stress

This program calculates the 2-D Mohr’s circle for stress from equiangular
or rectangular strain gage data or directly from known stresses.

 

Configuration

Code
 

Type of Rosette Rectangular Delta (Equiangular)
 

 

 

  

 

 

Tmax

o . 1
P | Strains |—rincipa i ) [e, + € %S

€1, €

v + V2(e, — )7+ 2(ep — €) ]| FVe+2~) + A~ )’ ]

Center of

Mohr Circle E(e, + € E(e, + &+ €)

1+ 5 2(1—v) 3(1 —v)
2

Maximum —E— E

Shear Stress 2(1+v) 3(1+v)
 

X V2(e, — €)” + 2(ep — €)°

 

 

X V2(eg — €)? + 2(ep — €)F + 2ec — )’
 

Orientation

of Principal

Stresses A itan_l [Zeb—ea—ec]

2 € — €  1. { V3 (e —€) }
—tan —_—

2 (2611 — € EL')  
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v

Stress State Principal Stresses

1
2 —

= [u_] + 72 2

S _— J

1 2

% I |
s
‘ :

T = TSIN207
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Program Listing.

K
N
b LEL I

IHFUT

IHFUT &

IHFUT

IHFUT

IHFUT

L E

m

o Jo
o
0
[
l

Do
o
n

=
b
b
b
b
b
e
e
b

A

W
X

B
N

K
7

v
b
=
l
b

)
i
)

1
)

I+
3
=

D - |

o
D

o
]

I11 =70

I12 RCL E

I1z2 1

I14 RCL+ W

I12 +

Ile STO

I1¥ RCL

I12 RCL

I19 RCL

IZ28 RETH

Checksum = 3144

FEl LEL E

FE2 SEQ I

FEz ECL+ H

Fag 2

e
m

o

ea
l

T
T

i
e

i

m
m
m
m
m
M
m
i
m
&
3
3
3
0
3

T
l

o
S
T
S

T
N
e

0
0
o

o
=

0T
o
0

0
0
-

1 v c 1l - - T I

] T

I
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Eiz +

Eid4 RECL H

E1S GTO M

Check=um = ZHG

SE1 LEL =

Bz IHRPUT

= IHFUT

4 IHFUT =

&

- I
l

1

0
7

— L
o

o
o
1
T

0
T

T
T
T
T
O

0
T

0
T
0

Checksum = F293

Mal LEL M

MEz STO L

Maz +

Mad 2

MES =+

MEs STO=

MEvy RECL- L

MES RES

MET gy =+d.

Mlg sTO= R

M1l =<>y

Mi1z =2

Miz =+

Mid4 STO G

M1S RECL E



Mle ECL+ Mz3 SIH

M1V STO U M28 LAST=

Miz WIEM L M1 Cos

Mi2 ECL J M22 RCL= R

M2a ECL- R M22 RCL+ J

M21 STO L Ma4 STO F

M2z WIEW L M25 VIEW F

M2z YIEW R M2s R4

Mz24 VIEW G M27 RECL= E

M2 IHFUT W Ma2 STO T

M2e ECL+ G Mz2 YIEW T

M27 2 M4 ETH

Mz2a = Checksum = D251

Flags Used. None.

Memory Required. 142.5 bytes.

Remarks.

m Tensile forces are considered positive, compressive stresses negative.

m This program calculates the principalstresses for a two dimensional

stress state only. A knowledge ofthe stresses in the z-direction is
necessary to determine the overall maximum and minimum stresses.

m Angles must be consistent with the angular mode currently set in the
calculator.

Program Instructions.

1. Key in the program listings of the routines to be used; press
when finished.

2. Select the appropriate routine:

m Press E if equiangular strain gage readings are known.

m Press R if rectangular strain gage readings are known.

m Press S if stresses are known directly.

3. Key in the variables at each prompt and press .

4. Sce cach result as it’s displayed. Press to display the next one.

5. Optional: At the prompt, key in rotation angle W and press to
obtain the normalstress at that orientation; press again to sce
the shearstress.
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Variables Used.

60

A = g,

B = g45 oOr g,

C = gy OF g9,

E = Young’s modulus.

V = Poisson’s ratio.

X = normal stress on the x -face, 0.

Y = normalstress on the y -face, o,

S = shear stress, 7,,.

U = maximum principal stress, o;.

L = minimum principalstress, 0.

R = maximum shearstress, 7, .

G = clockwise angle from the specified x -axis to the
maximum principal axis.

W = arbitrary angle counterclockwise from the specified x -axis, S.

P = normal stress at angle f.

T = shearstress at angle 5.

J = variable used for intermediate results.
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Example 1: Equiangular Strain Gage. An equiangular rosette

strain gage measures the following strains:

& = 180 .
€60 = 200 M.

€10 = -290 M.

Find the principalstresses and their orientation. The material properties
are E = 30 x 10° psi and v = 0.3.

Keys: Display: Description:

B {pi} Sets degrees mode.

E E?value Begins equiangular
rosette routine.

30 [E] 6 V?value Inputs strain gage
3 A?value readings.
180 [E] 6 B?value
200 [E] 6 C?alue

290 El 6

U=8,675.1358 Displays o, .
L=-6,103.7072 Displays o5 .
R=7,389.4215 Displays 7, -

R/S G=31.0333 Displays 6 .
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Example 2: Known Stresses. The stresses acting on an element are
shown below (all stresses are in MPa).

Uy =-20

v - Txy =30
 

   
-—

A

—)ax=75

Find the principal stresses and their orientation, and the stresses on the
face of the element oriented 45° counterclockwise from the x -axis.

Keys:

(XEQ] S

30 [R/S)
20 (+/-] [R/S]
75
R/S

D
[

(
|
2

N
S

n
|

»
»
|
»

/

S
0 \
U
"
l

9
= N
S

n

Display:

S?value

Y?value

X?value

U=83.6805

L=-28.6805

R=56.1805

G=-16.1378

W?value

P=57.5000
T=47.5000
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Description:

Begins stress routine.

Inputs stresses.

Displays o, .
Displays o, .
Displays 7,-
Displays 6 .

Inputs angle.

Displayso.
Displays 7.



 

Field Angle Traverse

This program calculates the coordinates ofa traverse, the total horizontal
distance traversed, and the enclosed area (for a closed traverse). The user
must input the northing and easting ofthe starting point, the reference
azimuth, and the direction and distance from each point in the traverse to
the next point. The direction may be input either as a deflection right or
left or as an angle right or left. The distance may be inputeither as a
horizontal distance or as a slope distance with a zenith angle.

HD = SD sin(ZA4)

Ni,1 =Ny + HD cos(AZ)

Ey,1=Er + HD sin(AZ)

LATy = Ny, = Ni

DEP, = Ei,, - E;
n 1 k-1

Area = Y LAT,; —2—DEPk + Y, DEP;
k=1 J=1

where:

N,E = northing, easting of a point.

k a current point.

n = number of pointsin the survey.

AZ azimuth of a course.

HD = horizontal distance.

SD

ZA

slope distance.

zenith angle.
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Program Listing.

Fal LEL F

Faz SF @

Faz CLVARS

Fad IHFUT H

Fas IMFUT E

Fao IMFUT F

4 I a.,
..

o
t

L
l

A
l

B !o180

9+

STO F

STOP

sum = 1CC1

LEL A

IHPHT A

M
T
M
T
T

Y
]

T
o
u
D

o
o

-
T
T
=
=

T
T
I
D

T
M

2
T

U
e

0
0
[
e

l'[
l
=

I a
0

T
I

[
y

L1
4

o
0

In
]

=Tn F.

ck=um = 127

LEL [

IMFUT [

+HE

STO+ F

STOF

ck=zum = B25F

LEL =

IHFUT

IMFUT

+HF

T i — i~ + -

-
3

N
o
|;

T_
j|
[
=

l'[
r

3
3
T
T

KN
15 =
4

™

o
3 N

—
e

o
-

T
1
T

‘
T

(
]

!

J
u

]"_
.Eu
—

v'[
l

i =
]
0

K
N

2
!

Flags Used. Flag 0.

Memory Required. 98.5 bytes.
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H1S RECL+

Hig =

H1v STO+

HiZ RCL &

HiZ% STO+

Hzg YWIEHW

Hz1 “YIEW

HZ2z “IEHM

Hzz YIEHM

Hz24 ETH

Check=um
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T
a
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m
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Remarks.

m This program clears all variables stored in Continuous Memory.

m Right angles and deflections are positive; left angles and deflections

are negative.

m This program requires the calculator to be set to degrees mode;
angular inputs must be in degrees-minutes-seconds (D.MS) format.

m The program uses zenith angles to calculate the horizontal distance
from slope distance. If you are using vertical angles rather than zenith
angles, convert the vertical angle to a zenith angle by using:

zenith angle = 90° - vertical angle.

(Remember to convert D.MS input to decimal degrees before

subtracting from 90.)

Program Instructions.

1.

2.

3.

Key in the program listing and press when finished.

Press F.

Key in N and press ; key in E and press ; key in F and

press .

. Select the appropriate routine to input the direction:

m For an angle right or an angle left:

m Press A.

m KeyinA.

m If angle left, press :

m Press .

m For a deflection right or a deflection left:

m Press D.

m KeyinD.

m If deflection left, press .

m Press .
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5. Select the appropriate routine to input the distance:

m For a horizontal distance:

m Press H.

m Keyin4 and press .

m See N and press .

m Sec E.

m For a slope distance with zenith angle:

m Press S.

m Key in S and press .

m Key in Z and press .

m See N and press .

m Sce E.

6. When the final distance and angle have been keyed in, press

to see 7.

7. Press to see R.

Variables Used.

N = the northing of each point.

E = the easting of each point.

F = reference azimuth away from the starting point.

angle change of direction.

= deflection change of direction.

= horizontal distance.

zenith angle.

= total distance traversed.

A

D

H

S = slope distance.

Z

T

R = enclosed area.

X
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Example: Field Angle Traverse. Find the coordinates of each point,
the total distance, and the area enclosed for the following field:

86°01'39”

  

   
100°24'55”

DL>~

2

311°39'55”
REF AZ

113'34'55”

      
) ;//DL

,-"100°45’59”
’ HD = 124.000

HD=177.966    

 

N 150.000Begin
E 400.000
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Keys: Display:

0 {0G}

F N?0.0000

150 E20.0000
400 F?20.0000
311.3955 491.6653

A A?0.0000
113.3455 293.5819

H H?0.0000
177.966 N=224.5150

E=561.6150

D D?0.0000
100.2455 -100.4153

S $?0.0000
161.88 Z20.000
86.0139 N =356.5285

E =468.5999

A A?113.3455
87.3559 267.5997

H H?161.4911
203.69 N=232.3373

E=307.1498

D D?-100.2455
100.4559 ~100.7664

H H?203.6900
124 N=149.9048

E=399.7829

T=667.1471
R=26,558.8326
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Description:

Sets degrees mode.

Inputs starting point data.

Displays N..
Displays E,,.

Displays Ns.
Displays E.

Displays N.
Displays E,.

Displays N;.
Displays E;.

Displays total distance.
Displays area.



 

Statistics
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t Statistics

This program performs t statistics calculations for either paired statistics
or for two means.

Paired t Statistics

Given a set of paired observations from two normal populations with
unknown means g, and p:

Yi V1 Y2u ' n

let:

D; =x; -y

-

£D? - (ED;)?|2
s =

b n-1

The test statistic

t = 2 vn

Sp

hasn - 1 degrees of freedom (df ) and can be used to test the null
hypothesis Hy : py = po.
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t Statistic for Two Means

Suppose {xy, X3, ..., X,,} and {yy, yo,..., ys,} are independent random

samples from two normal populations having means y; and y, (unknown)
and the same unknown variance o°.

To test the null hypothesis H: u; — po = d, where d is a given number,
use the following equations:

| I >
|

1
.
0

.
8

< I >
| \g =

.‘ | | | ~<
| | a

1
[1 1][2&2“"15—2*"2}’{2‘"23’-2 2
_ =

n, no n1+n2—2

You can use thist statistic, which has the t distribution withn; + ny, — 2
degrees of freedom (df ), to test the null hypothesis H,
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Tdd 1 T4 YIEW T

T45 + T8 VWIEW F

Tde SORT T21 ETH

T47 + Checksum = RAVIC

T42 STO T

Flags Used. None.

Memory Required. 120 bytes.

Remarks.

m This program clears all statistical data stored in Continuous Memory.

m The two routines are independent of each other.

Program Instructions.

1. Key in the programs to be used; press when finished.

2. For paired t statistics:

m Press P.

m Keyin N and press .

m Key in eachX and press ; key in the corresponding Y and
press .

m See the results as they are displayed. Press to display the
next result.

3. For t statistics of two means:

m Press T.

Key in H and press :

Key in each x -value and press .

When all ofthe x -values have been entered, press .

Key in eachy -value and press :

When all of the y -values have been entered, press to
calculatethe test statistic 7.

m Press to calculate the degrees of freedom.
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Variables Used.

X = x-value of a pair of observations.

Y = y-value of a pair of observations.

N = number of paired values.

D = average difference, D.

S = standard deviation, sp.

F = number of degrees of freedom, df .

H = null hypothesis difference, d.

T = test statistic.

A, B, C, J, K, L = variables used for intermediate results.

Example 1: Paired Observations. Calculate the test statistic and
degrees of freedom of the following data pairs for the null hypothesis

 

Ho:p = pa.

X | 15 169 153 17 19.1 153

y| 18 193 17 203 197 18

Keys: Display: Description:

P N?value

6 X?value Inputs values.
15 Y?value
18 X?15.0000
16.9 Y?718.0000
19.3 X?716.9000
15.3 Y?19.3000

17 X?15.3000
17 Y?17.0000
20.3 X?17.0000
19.1 Y?20.3000
19.7 X?719.1000
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15.3 [R/S]
18 [R/S]

Y?19.7000

D=-2.2833
S=0.9908
T=-5.6450
F=5.0000

Displays D .
Displays sp .
Displays ¢.
Displays df .

Example 2: Two Means. Calculate the test statistic and degrees of
freedom ofthe following data for the null hypothesis Hy : p; = po .

 

X | 86 109 112 91 103 121 107 100 97

y |93 101 111 117 105 97 99

Keys: Display: Description:

T H?value

0 0.0000

86 1.0000 Inputs x -values.
109 2.0000

112 3.0000

o1 4.0000

103 5.0000

121 6.0000

107 7.0000
100 8.0000

97 9.0000

9.0000
93 1.0000 Inputs y -values.
101 2.0000

111 3.0000

117 4.0000

105 5.0000

97 6.0000

99 7.0000

T=-0.0801 Displays .
F=14.0000 Displays df.
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Chi-Square Evaluation

This program calculates the value of the xZ statistic for the goodnessoffit
test using the equation:

X2= n_g&_:f§li «U =,,__1)

=1 El

S Il the observed frequency.

o I; the expected frequency.

If the expected values are equal:

Y O; )
E =E; = for alli 

n

then:

n 2052

X2 - E O;‘ 2 Oz

Program Listing.

a1l LeL U i1 WIEW C

82 @ D12 ETH

a2 7O O Checksum = S29C

dagd THFPUT H E@l LEL E

Check=sum = B3CZ Edz CLZ

el LEL [ Egz IMFUT H

LEz IHFUT 0O Checksum = 222E

a2 IMFUT E EEl LEL K

LEd4 RCL O Eaz IHMFUT O

@S RECL- E EEz E+

LBEL =2 Eed DSE M

bE¥ RCL+ E EES GTO K

LEz STO+ EEE

a2 DSE H EEy E=t

18 GTO D EEs =
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EES Ew E1s =

Elg + Ele STO E

11 LAST= E17 WIEW E

klz - K12 ETH

12 STO C Checksum = ZIZFF

k14 WIEMW C

Flags Used. None.

Memory Required. 55.5 bytes.

Remarks.

m This program clears all statistical data stored in Continuous Memory.

m The two routines (the unequal case and the equal case) are
independent of each other.

Program Instructions.

1. Key in the program listing; press when finished.

2. Seclect the appropriate routine:

m Press U if the expected values are unequal.

m Press E if the expected values are equal.

3. Key in the variables at each prompt and press .

4. After all data is input, the x? value is calculated and displayed.

5. For a new case, go to step 2.

Variables Used.

O = observed frequency.

E = expected frequency.

C = X2

N = number of data pairs (unequal case) or values (equal case).
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Example 1: Unequal Expected Frequencies. Find the x° statistic
for the goodness offit for the following data set:

 

Observed | 8 50 47 56 5 14
Expected | 9.6 46.75 544 825 9.15

Keys: Display: Description:

U N?value

6 O?value Inputs values.
8 E?value
9.6 078.0000

50 E?9.6000

46.75 0750.0000

47 E?46.7500

51.85 0?47.0000

56 E?51.8500

54.4 0756.0000

5 E?54.4000

8.25 075.0000

14 E?8.2500

9.15 C=4.8444 Displays x2.
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Example 2: Equal Expected Frequencies. The following table
shows the frequencies observed in tossing a die 120 times. x2 can be used
to test if the die is fair (df=5). Assume that the expected frequencies are
equal.

i | 1 2 3 4 5 6
Observed | 25 17 15 23 24 16
 

Keys: Display: Description:

E N?value

6 O?value Inputs values.
25 0?25.0000

17 0?17.0000

15 0?15.0000

23 0?23.0000

24 0?24.0000

16 C=5.0000 Calculates and
displays x°.

The value of x? for df=5 and 5% significance ~ is 11.070. Since 5.00 is
less than 11.070, no statistically significant differences exist between the
observed and expected frequencies.

* See page 438 of J.E. Freund’s Mathematical Statistics, 2nd edition.
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F Distribution

This program evaluates the integral of the F distribution:

u
v +uvy| —-1fv

oo I‘[—12] y? [—1]
2 Vo

Q(x)=[ T
’ %1 Vo v 2

F(—|T|—=||1+—
[ 2 ] [ 2 ] [ V2 y]

where x > 0 and v; and v, are the degrees of freedom, provided either v,
or v, is even and both are greater than two.

N
T
R
S

 

 

f(x)
A
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The following series are used to evaluate the integral.

If v, is even:

Y

Q(x)=t7 [1+%(1—t)+

vo(vg +2) (g + vy - 4)

l/2 (V2 + 2)

1-¢t)2+ ---(1-1)
] 

 

If v, is even:

Q(x)=1‘(1-t)—2— [1+———

vy +2) 0 Vgt—4)

24 (v - 2) (1-¢) ®

A 5192;121t2+ ...
2 2:4

] 
 

where:

Program Listing.

Fal LEL F

Faz CF &

Fas IMFUT A

Fag4 IHFUT E

Fas IHFUT =

Fae ECL= H

Favy RCL+ B

Fas RCL+ B

Fag 1o

Flg sTO T

Fi1l1 ETH
Checksum = 4[De3

E&l LEL E

24+ (v - 2)

Va

vy, + X

EG@z SF G

Edz RCL H

Ead4 RCL E
EQS STO H

EBS =iy

EQY =STO E

Esz 1

E@gs RCL- T

Elg STO T

Checksum = ZFFE

a1l LEL D

LEz |

LEas STO I
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Lad 1 F15 RCL+ B

Las STO K Fle =

Cae STO H FI7¥ STO K

ey RCL A F12 SToO+ H

LEs 2 F12 ECL H

LEs - Fza RCL- I

Llg 2 F2l ==a7

11 =+ Fzz GTO F

L1z STO H Fzz RCL B

Check=sum = 9RG1 Fz24 2

FEl LEL F 25+

Faz 1 Fze RECL T

FE2 STO+ I F27v =iry

Fed4 ECL- T F2o g™

FES RCL= K Fz2% ECL= H

Fog 2 Fza 1
Fav RCL I F21l =<rxy

FEZ g* F3z2 F27? @

FEa + P33 -
Fig RCL I Fa24 STO 0@

Fi1 1 F25 VIEW @

Fi1z - F2& RTH

Fiz Zz Checksum = 5194

Fid =

Flags Used. Flag 0.

Memory Required. 103.5 bytes.

Program Instructions.

1. Key in the program listing; press when finished.

2. Press F.

3. Key in the variables as they are prompted for, pressing after
each entry.

4. Select the appropriate routine to calculate Q (x):

m Press E if v, is odd and v, is even.

m Press D if v, is even and v, is odd.

m Press D if both v, and v, are even.

5. For a new case, go to step 2.
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Variables Used.

A = v,

B = v,

X =x.

Q=0(x).
T, I, K, H, N = variables used for intermediate results.

Example 1. Calculate Q (3.92), where v; = 9 and v, = 6.

Keys:

(XEQ] F
9 R/8)
6 R/S)
3.92 [R/S]

(XEQJ E

Display: Description:

A?value

B?value Inputs values.
X?value
0.1453

Q=0.0552 Displays Q (3.92).

Example 2. Calculate Q (1.85), where v, = 4 and v, = 16.

Keys:

(XEQ] F
4 [R/S)
16 [R/S]
1.85 [R/S)

XEQ) D

Display: Description:

A?value

B?value Inputs values.
X?value
0.6838

Q=0.1687 Displays Q (1.85).
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Analysis of Variance (One Way)

One way analysis of variance tests the difference between the population
means of k treatment groups. Groupi (i =1,2,...,k) hasn;
observations. Treatment groups may have equal or unequal numbers of
observations.

n

Sum; =Y of observationsin treatment groupi = Y x;;
7=1

Eoo 2 =17=1

Total SS = Y] ¥ x2 - ]

i=1j=1 E n;

1=1

"-i 2 £ om 2

K E Xiy E Z Xy

Treat SS = Y =t

)

|%

=1 ng’
Z s

t1=1

Error SS = Total SS - Treat SS

df, = Treatdf =k -1

k
df o = Errordf = Y, n; — k

1=1

Treat SS
Treat MS = ————
rea Treat df

Error SS
E MS = ————rror Error df

k
= —————;:2:%‘; (withk — 1and Y] n; - k degrees of freedom)

1=1
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Program Listing.

LEL H
CLYARS

IHPUT K

=TO

k=um = BI95E

LEL L

CLa=

CLE

STOF
©
ah

STO =

YIEH

STO+

o=t

STO+ B

mn

2 STO+ H

L1 Z=

[

L1Z nm

Lige =+

L1V STO+ C

Liz DSE

L12 GTO

Lza ECL

L21 ECL

I i
J
o
O
[

T
o
D

T
S
T
P
I

T

1

r
r
r
r
r
r
O
r
r
r
r
r
r
r

T
T
T
D

I
T

F
e

O
3
o
=

T

I
O
3

=
T

o
0

o
o
]

- —
-

[
t
=

m
r

I

Flags Used. None.

Memory Required. 73.5 bytes.

L22 =

- W
[
0

o—

T

I

s

T .
T

0

- [
o

o
=

B
D
l
O
0

D
0
o
G
O

Q
g

0
l
[

o
D

0
0

=
g
I
O
e
O
o

o
0

OO

r
r
r
r
r
r
r
r
o
r
r
o
r
o
r
r

- + [
=

L4z
L
L4
Checlk=sum = Bd44

STO D

VIEW [

RCL H

RECL- K

STO D

VIEW [

=STO F

YIEM F

FTH

Remarks. This program clears all variables and statistical data stored in

Continuous Memory.

4: Statistics 85



Program Instructions.

1. Key in the program listing; press when finished.

2. Press A.

3. Key in K (the number of treatment groups) and press [R/S].

4. Key in each observation and press .

5. Press when all of the observations in the treatment group
have been entered.

6. See the sum and press .

7. See the treatment degrees of freedom (df ;) and press .

8. See the error degrees of freedom (df ;) and press .

9. See the F ratio (F).

Variables Used.

86

K = number of treatment groups.

S = sum of observations in a treatment group.

D =df,anddf,.

F = F ratio.

J, A, B, N, C = variables used for intermediate results.
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Example. Find Sum,, Sum,, Sum,, df |, df 5, and F for the following:

 

J
N\]1 2 3 a 5 &6
1 10 13 12 15 17

2 8 10 12 13 11 9

3 8 9 12 7

Keys: Display: Description:

A K?0.0000 Prompts for number of
treatment groups.

3 0.0000
10 1.0000 Inputs observations in
13 2.0000 first treatment group.
12 3.0000

15 4.0000

17 5.0000

R/S S=67.0000 Displays Sum,;.

R/S 0.0000 Inputs observations in
8 1.0000 second treatment group.
10 2.0000

12 3.0000

13 4.0000

11 5.0000

9 6.0000

S=63.000 Displays Sum,,.

0.0000 Inputs observations in
8 1.0000 third observation group.
9 2.0000

12 3.0000

7 4.0000

S=36.0000 Displays Sums.

D=2.0000 Displaysdf ;.

D=12.0000 Displays df ».

R/S F=4.5700 Displays F'.
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Binomial Distribution

This program calculates the probability of a value falling within a

specified range of values, that is, the cummulative distribution Y]p (x), in
z=B

a binomial distribution. It also calculates the mean, the variance, and the

standard deviation of the distribution, and can be used to find the value of

each term in the distribution.

n

wherex =0,1,2,..and r < 1.

Program Listing.

BEal LEL B Y12 g™

Bez CLYVARES Y13 LAST=

Baz IMPUT H Y14 RECL H

Bad IWFUT Y15 =iy

Bao IHFUT Cris b=

; i - I
m
A

—
_

=
J

1
T

T 1
2
0
1
5
0

1
L

1
T I

1

2 TOF

k=um = &AS1 Y21 STo+ P

LEL Y Yz ISG B

1 Yoz GTO Y

F

F

F

I

w
3
=
y

[a
n ]

vl
le

’

— ui
t

1
T

STO+ B Y| oS

=
T

A
R

15
0

1
5

:CL- R W24 WIEW P
CL M YES ROL M
Ol E Y26 ROL% R
P YEF STO M

VEE 1
u Y29 ROL- R

-
=
l

=
l
=
l
m
m
o
m

™
T

U
Y

o
y
I

A

T
2
o

O
l
o
=

o
u
T

o
o

=
]

STO W

SRET=
=
T

e
t

G
3
0
3
o
o

=

—
A
1
3

T — m

[
=
=

5
0
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oSTO S PEE VMIEM S

4 VIEW M 73T RTH

3 NMIEM W Checksum = 2013

Flags Used. Flag 0.

Memory Required. 77 bytes.

Remarks.

m This program clears all variables stored in Continuous Memory.

m The upper and lower limits of the range are inclusive (B <x <A4). If
the limits are exclusive or noninteger values, round the lower limit to
the next highest integer and the upper limit to the next lowest integer.

m The limitsA and B have no effect on the mean, variance,

and standard deviation.

m An invalid data error will result if B < Qorif4 > n.

Program Instructions.

1. Key in the program listing; press when finished.

2. Press B.

3. Key in the variables at each prompt and press .

4. Optional: To see each term of the distribution, set flag 0; press
to continue execution.

5. See each result as it is displayed and press .

6. For a new case, go to step 2.
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Variables Used.

N = number of events.

R = probability of the occurrence ofa single event.

A = upperlimit of the range.

B = lower limit ofthe range.

P = probability of a value falling in the range.

M = mean.

V' = variance.

S = standard deviation.

Example 1. A fair coin (r = 0.5) is tossed 10 times. Whatis the
probability that at least seven heads will occur? Find the mean, variance,
and standard deviation.

Keys: Display: Description:

B {CF}O value Clears flag 0.

B N?0.0000

10 R?0.0000 Inputs values.

5 B?0.0000

7 A?0.0000

10 P=0.1719 Displays probability.
M=5.0000 Displays mean.
V=2.5000 Displays variance.

R/S S=1.5811 Displays standard
deviation.
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Example 2. Find the terms of the binomial distribution withn = 5 and
r = 0.75.

Keys:

o {sF}0

(XEQ] B

5 R/S)
.75 [R/S]
R/S

;
M

o
)
e w

0
|

|3
0|

|3
0|

[
0

S
I
S

I
S

I
S

|
|
|

|
|
N

2 S
| w

Display:

value

N?0.0000

R?0.0000
B?0.0000
A?0.0000

0.0010
0.0146
0.0879
0.2637
0.3955
0.2373

Description:

Setsflag to display each
term of distribution.

Inputs values.

Displaysp (0).
Displaysp (1).
Displaysp (2).
Displaysp (3).
Displays%p 4).
Displaysp (5).
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Poisson Distribution

This program calculates the probability of a value falling within a

specified range of values, that is, the cummulative distribution Y]p (x), in
z=B

a Poisson distribution. It also calculates the mean, the variance, and the
standard deviation of the distribution, and can be used to find the value of

each term in the distribution.

e~)

x!
 p(x)=

wherex =0,1,2,...and A >0

Program Listing.

FEl1 LEL F all ™

FEz CLVARS mlz o=

Fez IHPUT awlza F57 @

FEgd IHFUT a1l4 STOR

FEfi IMFUT STO+ F

1 HEA awle IS B

a1V GTO =

STD+ E awls WIEW P

-ksum = dehe A1% RECL L

LEL = AoE STO M

RCL L a2l STO W

_' aod SRET

2% STO S

24 VIEW M

Aeo MIEW W

Aee VMIEW

aev BTH

Checksum =

m

X
!

1
T

I ;
:
:

i
n

m
T
™

L
l

T
M
o
T

™ b
™ I
t

1
5
0

I:
I

o
3
O
o

T
0
D
]

a - m

 

— m

1 1

® 1

n
1 I:
r'
l

3

o
—

I
|
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!
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o
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1
o
D
o
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l
|
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| m w
0

m I

=
1
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I
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T k
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Flags Used. Flag 0.

Memory Required. 60.5 bytes.

Remarks.

w This program clears all variables stored in Continuous Memory.

m The upper and lowerlimits of the range are inclusive (B <x <A). If
the limits are exclusive or noninteger values, round the lower limit to
the next highest integer and the upper limit to the next lowest integer.

m The limitsA and B have no effect on the mean, variance,

and standard deviation. 4 must be <999, B must be > 0.

Program Instructions.

1. Key in the program listing; press when finished.

2. Press P.

3. Key in the variables at each prompt and press .

4. Optional: To see each term of the distribution, set flag 0; press
to continue execution.

5. See each result asit is displayed and press .

6. For a new case, go to step 2.

Variables Used.

L=\

A

B

upper limit of the range.

lower limit ofthe range.

P = probability of a value falling in the range.

M = mean.

V = variance.

S = standard deviation.
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Example 1. For a Poisson distribution with A = 2, find the probability
that 0 < x < 2.5; also find the mean, the variance, and the standard

deviation. (Remember that the Poisson distribution deals only with
integers. Therefore, the only x valuesin this range are 1 and 2.)

Keys:

B (FLAGS] {CF} O
(XEQ] P
2 [R/S]
1 [R/S)
2 [R/8)

/

20
|

|
0

S
~ n
|

R/S

Example 2. Find thefirst six terms (from x
distribution with A = 3.

Keys:

B {sF} 0

(XEQ] P
3 [R/S]

m
i

2 | n

20
|

|
0
|
|
0
|

|
2

S
I
S

S
N

S
N

|
|
|

|n
]
N

2 S
N w
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Display:

value

L?0.0000

B?0.0000
A?0.0000

P=0.5413

M=2.0000

V=2.0000

S=1.4142

Display:

value

L?0.0000

B?0.0000
A?0.0000

0.0498

0.1494

0.2240

0.2240

0.1680

0.1008

Description:

Clears flag 0.

Inputs values.

Displays probability.
Displays mean.
Displays variance.
Displays standard
deviation.

0 tox = 5) of the Poisson

Description:

Setsflag to display each
term of distribution.

Inputs values.

Displaysp (0).
Displaysp (1).
Displaysp (2).
Displaysp (3).
Displaysp (4).
Displaysp (5).
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Triangle Solutions

This program may be used to find the sides, angles, and area of a plane
triangle.

 

A3 33 A2

In general, the specifications of any three of the six parameters of a
triangle (three sides and three angles) is sufficient to define a triangle
(the exception is that three angles will not define a triangle).
This program will handle all five cases:

Three sides (SSS).

m Two angles and the included side (ASA).

m Two angles and the adjacent side (SAA).

m Two sides and the included angle (SAS).

m Two sides and the adjacent angle (SSA).

Thelast case listed (SSA) may result in two solutionsto the triangle. This
program will calculate both solutions.

If the three known input values are selected in a clockwise order around
the triangle, the output values will also follow a clockwise order.
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Program Listing.

LEL H

IHFUT

IHFUT

IHFUT

FCL A

RECL

Wy =*H, 1
B

RCL E
o B

I
I

[
T
N

N
o

D
0
[
e

T
I

o
L
I
I
1
D

I
D
I

T
T

0
o
T
T

o
L
o

0
0
0
o

T
W
0

0
0
=
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0
D
o
l
A
T

|
) r
r

m
&
I

o
=

1 — m

1
)

3
I

I
I T

",
|'
_T
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.

I

GTO K

“k=um = SIEVZI M
m
o
o

i

I
Tl
T

b
k

e
k

e
k

e
k

e
k

e
k
b

e
k

e
k

cn
[x

(]
b r m - m

2 IMFUT F

= IMFUT A

4 IHFUT E

o ECL F

SIH

FCL E

FECL+ F

SIH

Bll RCL® R

EBilz STO

Bliz GTO K

Check=sum = SDRE

Ccal LEL C

2 IMFUT H

= IMFUT E

H2d4 IMFUT D

A
U

m
M
m
M
M
m
M
m
M
M
m
M
m
m
M
m
o
m
o
m

=
0
T
T
T

0
0
T

w
0

0
3

=
)
T

T
1
T
o 0
A i — + m

5
o
o

o
0
=

|

'
t

-
=
T
T

e o
y
J
— 1 ]

C12 GTo K

Checksum = D12A

E&l LEL E

Eaz CF 2

IHFUT A

IHFUT C

ECL H

RCL

may

=F 2

IHFUT [

SIH

Ell RCL+ H

Elz =

Ei1z ASIH

Eld RCL+ D[

E1S HER

Eilc STO

E1V REQ

Elz ECL

E13 =EX

B2l STO

E21 RCL+ [

E22 RER Z

22 5STo B

E24 GTO K

Check=sum = FEZE

LBl LEL D

ez IMFUT H

LCEz IMFUT B

1
1
o

T
T
T
T

e
O

m
i
m
m
i
m
i
m
m
i
m
m

i
=
1

o
0

0
-
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M
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LEd IHFUT C

Checksum = ZRET

Eel LEL K

Fez RCL B

ECL H

E‘l 1 I‘_':“-_-J §

RCL- C

+-T
T
N

O
l

2 1
T

L

Ly =+ s ™

STO E

miy
STO D

FCL+ E

HER 7
STO F

K14 SIH

K15 =

F.le ECL® A

-
.

V
o
l

v o

o
D

T
-
]

b
b

e-
T
T
T
W

T
N
T
e

™
=

T
S
T

S
T
T
e
T

S
T
T
T

T i
l

1
5
0

b
e
t

1 1
[

Flags Used. Flag 2.

Memory Required. 154.5 bytes.

Remarks.

EL7 2

Eils =

E19 STO G

E2a YWIEW

E2l WIEM

B2z VIEH

E22 VIEW D

k24 YIEW E

E25 VIEW F

E2e VIEW G

E2V RETH

Check=um

Z81 LEL 2

ZEZ2 COs

cHID +—

B4 ACOS

ZEHS ETH

Checksum = 329B

2
M
I

1
0

[a
n ]

M 2

® Angles must be consistent with the angular mode currently set in the
calculator.

m Routines A through E are independent of each other. Therefore, key
in only those routines that will be used. Routines K and Z must be
keyed in to use any of the five routines.

m The triangle notation used by this program is not consistent with
standard triangle notation; in other words, 4, is not opposite S ;.

m The accuracy ofthe solution decreases for triangles containing
extremely small angles.
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Program Instructions.

1. Key in the programs to be used; press when finished.

2. Select the appropriate routine:

m Press A if three sides are known (SSS).

m Press B if two angles and an included side are known
(ASA).

m Press C if two angles and an adjacent side are known

(SAA).
m Press D if two sides and an included angle are known

(SAS).
m Press E if two sides and an adjacent angle are known

(SSA).
3. Key in the variables at each prompt and press .

4. Sce each result asit is displayed. Press for subsequent results.

5. If flag 2 is displayed on the calculator screen while executing routine
E, a second possible solution exists. Press and return to step
4 to see the second set of results.

Variables Used.

A = Sidel.

angle,.

side,.

= angle,.

sides.

angles.

Q
"

=
o
a
w

I

the area.
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Example 1: Three Known Sides. A farmer uses three sections of
straight fence to enclose a field. The lengths are 100 feet, 120 feet, and
150 feet. Find the area enclosed and the angles formed.

Keys: Display: Description:

B {05} Sets degrees mode.
(XEQJA A?value

100 C?value Inputslengths.
120 E?value

150 A=100.0000 Displays S,.
B=85.4593 Displays4 .

R/S C=120.0000 Displays S, .
D=41.6497 Displays 4, .
E=150.0000 Displays S5 .

R/S F=52.8910 Displays 45 .
R/S G=5,981.1684 Displays area.

Example 2: Two Possible Solutions. Given two sides and a
nonincluded angle,solve for the triangle.

S, =225
52 = 375

A2 = 31.30

 

 

Second Solution
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Keys:

o {oG}
XEQ

225

37.5
31.3[R/S]

R

2 ~ 2

D S
~ »

D S
~
»
n

D S
~
w
n

2|
||

|3
}

|3
|

|2
D

L
S
S

I
S

I
S
S

N
|

||
||

|0
|»

»n

D S
~
n

/S

E

Display:

A?value

C?value

D?value

A=22.5000

B=88.7184

C=37.5000

D=31.3000

E=43.2984

F=59.9816

G=421.7695

A=22.5000

B=28.6816
C=37.5000
D=31.3000
E=20.7860
F=120.0184
G=202.4757

Description:

Sets degrees mode.

Inputs values.
Flag 2 is displayed.

Displays S ;.

Displays 4,
(first solution).
Displays S5.
Displays A ,.
Displays S 5.
Displays A4 5.
Displays area.
Displays S ;.
(second soution).

Displays4.
Displays S 5.
Displays A4 ,.
Displays S 3.
DisplaysA 5.
Displays area.
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Derivative of a Function

This program calculates the derivative of a function at a given value. The
function must be defined by a separate program label.

f'(x)zf(X+5)_f(x_5)
26

Program Listing.

el LEL [ 1o ECL =

LBz IHMPUT i Cle ECL- Y

LEz IHPUT X D17V RERCL

LE4 AES iz RCL £

DED ==@7 L1z -

LEs LOG L2E +o—

Lay IR 021 RCL= Y

LEz 4 L2z 2

LEs - L2z +

Lig 18* D24 =STO D

L1l STO Y L2 VIEW [

12 RECL+ = L2e RETH

L1z WEQCL Checksum = Z80DF

14 =STO 2

Flags Used. None.

Memory Required. 39 bytes.

Remarks. The program defining the function must place the value of
the function in theX-register.

Program Instructions.

1. Key in the program listing; press when finished.

2. Key in the program that defines the function. The program should
take the value in the X-register as input and leave the resulting
value of the function in the X-register as output.

3. Press D. When the prompt i?value is displayed, specify the
function by entering the number between 1 and 26 corresponding to
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the program label (in other words, 4 = 1, B = 2, and so on), then

press .

4. Key in the X-value where the function is to be evaluated and press

to display the derivative at that value.

5. For a new point, go to step 3.

6. For a new function, go to step 2.

Variables Used.

D = derivative of the function.

X = the value at which the derivative of the function is evaluated.

i = the index variable, used to specify the label of the program
that defines the function.

Y, Z = variables used for intermediate results.

Example. Iff(x) = 3in(x? - 1), find df/dx whenx = 1.5.

First, enter the program for the function:

Fal LEBL F FEs LH

Faz =2 Foe =
Faz 1 Fay =

Fag4 - Fas ETH

Checksum = ZFJE

Then follow these keystrokes:

Keys: Display: Description:

D i?value Prompts for number
corresponding to
program label that
defines the function.

6 X?value Prompts for value where
the derivative of the

function is to be

evaluated.

1.5 D=7.2000 Displays the derivative of
the function.
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Linear Interpolation

Numericalrelationships are often available in the form oftables. This
program uses a straight line approximation to estimate a y -value given a
correspondingx -value. Two pairs ofx - and y -values of the relationship
must be known.

[)’1~ )2
y = — - +X -xz] (x —x1) +y,

Program Listing.

L&l LEL L L1l =

LE2 IWMPUT = Liz RCL =

Laz2 IHFUT H Liz RCL- A

Lad4 IMFUT E [

LES IMPUT C LiS RCL+

Lae IWFPUT D Li& STO Y

Lavy ECL C Liv¥ WIEW ¥

Las RCL- [ Li=s FTH

Las RCL H Checksum = S9&CF

Lig ECL- B

Flags Used. None.

Memory Required. 27 bytes.

Remarks. The approximation is most accurate when one of the
tabulated x -valuesis greater than the desired x -value and the other
is less.

Program Instructions.

1. Key in the program listing; press when finished.

2. Press L.

3. Key in the variables at each prompt and press .

4. Sce the y -value approximation.

5. For a new case, go to step 2.
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Variables Used.

X = the x-value not found in the table.

A = the x -value of the first pair of tabulated values.

B = the x -value of the second pair.

C = the y-value ofthe first pair of tabulated values.

D = they -value of the second pair.

Y = the correspondingy -value approximation.

Example. The saturation pressure of steam at 110°F is 1.2763 psi, and at
120 °F it is 1.6945 psi. What is the saturation pressure when the
temperature is 113°F?

Keys: Display: Description:

L X?value

113 A?value Inputs known values.
110 B?value
120 C?value
1.2763 D?value

1.6945 Y=1.4018 Displays approximation
of the saturation

pressure.
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Circle Determined by Three Points

This program calculates the center (x,,y) and radius (r) of the circle
defined by three noncollinear points.

r?=(x —x¢?+ (y - yo)?

Program Listing.

s v
]

LEL ©
IHPUT
IHFUT
IHFUT
IHFUT
IHFUT
IMFUT F
ECL A

SToO- ¢

STO- E

RCL E
STO- 0

STo- F

RCL O &

RCL C 42 CHPLA+
Wy ¥y C42 Byrddy =

5TO X C4d RCL E
=3 C45 RCL A
=10 T Cde CHPLH+
FLL F C47 STO X
FCL E D48 =iy

md4s STO Y

WIEK
VIER
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P
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0
0

=
]
I

T
1

I"
.:

~ I
Gl
-

i Iu 1

1
o

1
[

1
[ Uy =*Hy -

T|

24 RCL- T

1 J n [x
]

i [ i

1

o
n
o
o
n

C25 =4ry YIEW E

C26 Bar+ds.= FETH

4
T
y
)

2
T
0
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0

e
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Flags Used. None.

Memory Required. 79.5 bytes.

Remarks. A divide-by-zero error occurs if the three points are collinear.
The program modifies the variables that store x4, y4, X3, and yg; so if you
repeat the program, you must reenter these values.

Program Instructions.

1. Key in the program listing; press when finished.

2. Press C.

3. Key in the x - or y -coordinate (4 through F) at each prompt and
press .

4. After the y -coordinate ofthe third point is entered (with [R/S]), the
x -coordinate of the center of the circle is displayed.

5. Press and see the y -coordinate of the center.

6. Press and see the radius ofthe circle.

7. For a new case, go to step 2.

Variables Used.

A = the x -coordinate ofthe first point.

B = the y-coordinate of the first point.

C = the x -coordinate of the second point.

D = the y -coordinate of the second point.

E = the x -coordinate of the third point.

F = they -coordinate of the third point.

X = the x -coordinate of the center ofthe circle.

Y = the y-coordinate of the center ofthe circle.

R = the radius ofthe circle.

T, Z = variables used for intermediate results.
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Example. Find the center and radius of the circle defined by the points
(1,0), (2,4.5), and (—4.4,3).

Keys: Display: Description:

C A?value

1 B?value Inputs coordinates.
0 C?alue
2 D?value
4.5 E?value

4.4 F?value

3 X=-0.9775 Displays the x -coordinate
of the center.

Y=2.8005 Displays the y -coordinate
of the center.

R/S R=3.4283 Displays the radius.
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Step-by-Step Solutions for Your
HP-32S Calculator
 

Engineering Applications contains a variety of programs, examples, and
solutions to show how you can easily solve your engineering
problems.

B Electrical Engineering

Reactance Chart * Impedance of a Ladder Network ¢ Smith Chart
Conversions ¢ Transistor Amplifier Performance

B Mechangical Engineering

Black Body Thermal Radiation * Ideal Gas Equation ¢ Conduit Flow
* Static Equivalent at a Point « Composit Section Properties
* Soderberg’s Equation for Fatigue

B Civil Engineering

Mohr’s Circle for Stress e Field Angle Traverse

B Statistics

t Statistics ¢ Chi-Square Evaluation ¢ F Distribution ¢ Analysis of
Variance (One Way) ¢ Binomial Distribution ¢ Poisson Distribution

B Mathematics

Triangle Solutions ¢ Derivative of a Function ¢ Linear Interpolation
* Circle Determined by Three Points
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