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RUN 

GET-SLPF'LTR 
RUN 
LPF'LTR 

PROGRAM F'OR THE DESIGN OF' A LOW PASS F'ILTER 

WHAT IS THE DESIRED CHARACTERISTIC IMPEDANCE IN OHMS ?50 

WHAT IS THE DESIRED CUTOF'F' F'REQUENCY IN HZ ?IE+06 

HOW MANY ATTENUATORS ARE DESIRED IN THE STOP BAND ?1 

WHAT IS THE F'REQUENCY FOR ATTENUATOR NUMBER ?1.5E+06 

0c------------- 50 
I 
I 
+-------- 8.48821E-03 
I 
I 

MH + 

> '1.21324E-02 

+-------------- 6.36620E-03 

> 1.38891E-02 

+-------- 2.31254E-03 

> .010106 

+-------- 8.48821E-03 
I 
I 
0c------------- 50 

MH + 

MH + 

OHM LINE ------------->0 
I 
I 

1.90986E-03 MF'D ----------+ 

MH 

MF'D ----------------------+ 
I 
I 

MH I 

4.14509E-03 

MH 

1.90986E-03 

OHM LINE 

I 
I 

MFD ----------+ 

MFD ----------+ 

------------->0 

TERMINATING SECT'S GIVE MAX. ATTEN. AT 1.25000E+06 HZ 
IN ADDITION TO THOSE SPECIFIED ATI 
1.50000E+06 HZ 

DONE 



TITLE: 

DESCRIPTION: 

INSTRUCTIONS: 

SPECIAL 
CONSIDERATIONS: 

J~CKNOWLEDGEMENTS: 

SCIENTIFIC AND ENGINEERING APPLICATIONS (500) 

CONTRIBUTED PROGRAM.BASIC 

CONVERTS ENGLISH TO METRIC, METRIC TO ENGLISH 
METRIC 
36635 

This program converts 19 metric measurements into their equivalent English 
measurements and vice versa. 

If the user responds "Y" or "YES" to the prompt, INSTRUCTIONS?, the 
program prints out a table of the 19 metric measurements, and assigns 
each conversion a number. The user then enters his choice. An entry 
of "20" to the "choice" prompt terminates execution of the program. 

None 

Terry Von Gease 
HP, Data Systems 
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RUN 

RUN 
METRIC 

INSTRUCTIONS 1Y 

+ TO CONVERT ~ROM 
- TO CONVERT TO 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1 
12 
13 
14 
15 
16 
17 
18 
19 
20 

INCHES 
~EET 

YARDS 
MILES 
SQUARE INCHES 
SQUARE ~EET 
SQUARE YARDS 
ACRES 
CUBIC INCHES 
CUBIC ~EET 
CUBIC YARDS 
QUARTS 
GALLONS 
OUNCES 
POUNDS (MASS) 
POUNDS (~ORCE) 

P.S.I. 
HORSEPOWER 
BTU 
END THE PROGRAM 

YOUR CHOICE 11 

ENTER THE VALUE IN INCHES 112 

TO 
~ROM 

MILLIMETERS 
METERS 
METERS 
KILOMETERS 
SQUARE CENTIMETERS 
SQUARE METERS 
SQUARE METERS 
HECTARES 
MILLILITERS 
CUBIC METERS 
CUBIC METERS 
LITERS 
LITERS 
GRAMS 
KILOGRAMS 
NEWTONS 
KILOPASCALS 
KILOWATTS 
KILOJOULE 

12.0000 INCHES 304.8000 MILLIMETERS 

YOUR CHOICE 1-1 

ENTER THE VALUE IN MILLIMETERS 1304.8000 

304.8000 MILLIMETERS 

YOUR CHOICE ?16 

12.0000 INCHES 

ENTER THE VALUE IN POUNDS (~ORCE) 156 

56.0000 POUNDS (~ORCE) = 249.0880 NEWTONS 

YOUR CHOICE 1-9 

ENTER THE VALUE IN MILLILITERS 110 

10.0000 MILLILITERS 0.6102 CUBIC INCHES 

YOUR CHOICE ?20 

DONE 



TITLE: 

DESCRIPTlor~: 

INSTRUCTIOINS: 

SPECIAL 

SCIENTIFIC AND ENGINEERING APPLICATIONS (500) 

CONTRIBUTED PROGRAM BASIC 

MICROWAVE PARAMETERS CONVERSION 
MICRO is a series of seven short programs for converting microwave 
parameters. 

MICRO 
36062 

The user, after entering the program and typing RUN, selects the program 
he desires by first asking for a listing of the program catalog and then 
typing in the appropriate code number to retrieve that program. 

After calling for the desired program, that program will then ask for the 
necessary input(s) to be typed in. 

CONSIDERATIONS: None 

ACKNOWLEDGEMENTS: 
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RUN 

GET-SMICRO 
RUN 
MICRO 

TYPE I IF YOU WANT PROGRAM CATALOG. 
TYPE 0 IF YOU DO NOT. 
'?I 
I=CALCULATE MISMATCH UNCERTAINTY IN DB BASED ON TWO VSWRS. 
2= CONVERT RHO~ VSWR~ OR RETURN LOSS TO OTHER TWO PARAMETERS. 
3= DB TO PERCENT ERROR CONVERSION OR VISA VERSA. 
~=SIGNAL SEPARATION. 
5=THEORETICAL NOISE LEVEL. 
6=CONVERT Z AND THETA TOI 

I.RESISTANCE AND REACTANCE 
2.NORMALIZED R AND X 
3.REFLECTION COEFFICIENT AND ANGLE 
~.REFLECTION COEFFICIENT CRHO) 

VOLTAGE STANDING WAVE RATIO 
RETURN LOSS 

7=SMITHCHART - CONVERT RHO AND ANGLE TO RAND X. 
PROGRAM NUMBER11 
VSWRI?I.I 
VSWR211.5 
PLUS DB= .0823 
MINUS DB=-.0831 

PROGRAM NUMBER12 
TYPE 1~2~ OR 3 IF INPUT IS RHO~ VSWR~ OR R.L. 
?3 
R.L.160 
RHO= .001 

PROGRAM NUMBER13 

VSWR= 1.002 

TYPE 1 OR 2 IF INPUT IS DB OR PERCENT'?1 
DB13 
PERCENT VOLTAGE + ~1.2539 PERCENT POWER + 99.5265 

-29.2055 -~9.8813 

PROGRAM NUMBER1~ 
FIRST VECTOR QTY CDB)'?6 
SECOND VECTOR QTY CDB)110 
DBCA)= 20.6789 DBCB)= 7.7717 

PROGRAM NUMBER15 
BANDWIDTH CHZ) VALUE'?IE+06 
SCDBM)=-113.8~3 

PROGRAM NUMBER16 
Z150 
ANGLE?36.9 
R= 39.98~6 X= 30.0206 
CHARACTERIST!C IMPEDANCE?50 
RCN)= .799692 XCN)= .600~12 

REFLECTION COEFF. ANGLE 
.3336 90 

PROGRAM NUMBER17 
RHO?33 
ANGLE'?90 
RCN)= .8036 XCN)= .5952 
CHARACTERISTIC IMPEDANCE'?50 
R= ~0.180~ X= 29.7593 

PROGRAM NUMBER199 

DONE 

VSWR 
2.0013 

RETURN LOSS 
9. 53~9 



TITLE: 

DESCRIPTION: 

INSTRUCTIONIS: 

SPECIAL 
CONSIDERATIONS: 

ACKNOWLEDGEMENTS: 

SCIENTIFIC AND ENGINEERING APPLICATIONS (500) 

CONTRIBUTED 

MIXER SPURIOUS RESPONSE PROGRAM 

PROGRAM BASIC 
MI XSPR 
36064 

This program was written to aid in the identification and source of residual 
responses. The program applies the general equation for mixing to each 
converter and calculates the frequency where the spurious response will 
occur on the tuning dial. In addition, the harmonic numbers and frequencies 
involved are printed so that filter requirements can be determined. 

See Attached 

None 
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MIXER SPURIOUS RESPONSE PROGRAM 

TO USE MIXSPR: 

1) All DATA statements should be entered, in the order shown below, with line numbers below 

(less than) 500. 

2) First of all, decide how many mixers in a chain of conversions you wish to analyze. Gener­

ally this will be for. one mixer, but up to three cascaded mixers can be checked automatically. 

10 DATA X x = NO. OF MIXERS 

3) Next, the frequencies (GHz, MHz or kHz units) of the signal LO and IF are entered with 

harmonic numbers as integers: 

20 DATA Sl, J1 

Sl Input signal to mixer 

J1 Highest harmonic of input signal 

30 DATA F3, F4, K1, 11 

F3 = Lowest first LO frequencey 

F4 = Highest first LO frequency 

K1 = Highest harmonic of first LO 

11 = First intermediate frequency 

4. If more than one mixer, enter the following: 

40 DATA F5, K2, 12 

50 DATA F7, Fa, K3, 13 

F5 = Second LO frequency 

K2 = Highest harmonic of second LO 

12 = Second intermediate frequency 

F7 = Lowest third LO frequency 

Fa = Highest third LO frequency 

K3 = Highest harmonic of third LO 

13 = Third intermediate frequency 

5) The program will ask for which frequency units (GHz, MHz, kHz) you are using. The units you 

respond with should be consistent with your input data and will be used in printing the output. 

RUN 
EXAMPLE 1 

The residual responses are desired for the following case where a 140 MHz La signal is present in a 

mixer in addition to the normal swept LO. The usual receiver band for signals is from a to 100 MHz. 

Harmonic numbers are represented by J1 and K1. 



Signal 
140 MHz 
Jl = 7 

The input data is entered: 

10 DATA 1 (no. of mixers) 

20 DATA 140, 7 (signal) 

Mixer 

Swept LO 
200-300 MHz 
Kl = 3 

30 DATA 200, 300, 3, 200 (swept LO and IF) 

Or data may be entered in a more compact form: 

10 DATA 1, 140, 7, 200, 300, 3, 200 
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NOTE: An upper frequency of 300.1 MHz is used in the example following to prevent computer round-off 
error from masking the spurious response at 100 MHz. 

GET-~;MIXSPR 

1~ DATA 1,14~,7,20~,3~~.1,2,20~ 
RUN 
MIXSPR 

UNITS:? (GHZ,MHZ,KHZ)?MHZ 

NUMBER OF MIXERS = 1 
Sl= ].40 J1= 7 F3= 2~~ 
K1= ~I 11= 20~ 

LO SIG LO MHZ SIG MHZ 

1 3 22~ 42~ 
2 2 48~ 28~ 
2 5 5210 70~ 
3 3 6221· 42~ 
3 4 76~ 56~ 

3 5 9~~. 7~ra 
3 6 64~. 84~ 
3 7 78~. 98~ 

DONE 

F4= 3~~.1 

SPUR MHZ 

2~ 
4~ 
521 
6.66669 
53.3333 
121~. 

13.3334 
621.~21ra1 

The output shows that responses were calculated for one mixer with an input signal, Sl = 140 MHz 

(highest harmonic = 7), a swept LO from 200 MHz to 300 MHz (highest harmonic = 3), and an IF at 

200 MHz. 

Spurious responses will occur on the receiver dial over a 0 to 100 MHz range. The first line in the 

table indicates tnat a residual response (SPUR) will occur at 20 MHz if the LO and signal (SIG) fre­

quencies of 220 MHz and 420 MHz are allowed to mix (420 MHz - 220 MHz = 200 MHz IF). These fre-

quencies correspond to the fundamental and third harmonic of the LO and SIG, respectively, and are 

printed in the left two columns. 
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The spurious responses are printed out in the order of ascending harmonic numbers 07 the LO and SIG. 

This corresponds approximately to the amplitude order of the responses, since higher harmonic pro-

ducts generally have greater conversion loss. These responses are suppressed in a receiver through 

careful filter and mixer design. 

EXAMPLE 2 

Two mixers are analyzed in the following: 

1 s t mi xer 2nd mi xer 

no 

~~ ~I ~ 
signals 200 MHz 

IF 

1 st LO 
200-300 MHz 
K1 = 3 

Input the data as: 

10 DATA 2, 0, 0, 200, 300, 3, 
I 

Two mi xers·-~ 
------ I I I 

I I I 

I I 
I I I 

I I No input signal-- J 

I I 
1st LO lowest frequency _J I 

1st LO highest frequency ____ J : 
I 

Ma x. 1 s t L 0 h a rmo n i c - - - - - - - - - ..J 

200, 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 

1st IF frequency---------------J 

150, 

2nd LO frequency - - - - - - - - - - - - - __ .J 

7, 

I 

I 
I 
I 

. I Max. 2nd LO harmonl c - - - - _ - ___________ oJ 

2nd LO 
150 MHz 
K2 = 7 

50 
I 
I 

2nd IF frequency- - - - - - - - - - - - - - - - - - - - - ~ 

RUN! 

10 DATA 2,~,~,~,2~~,3~~.1,3,2~~,15~,7,5~ 
RUN 
MIXSPR 

UNITS? (GHZ,MHZ,KHZ)?MHZ 

NUMBER OF MIXERS = 2 
Sl= ~ J1= ~ F3= 2~ 
K1= 3 I1= 2~~ 
F5= 15~ K2= 7 I2= 50 

F4= 3~~.1 

~ 50 MHz 
IF 
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RESIDUAL SPURIOUS RESPONSES 

FIRST MIXER 

1ST 2ND 1ST LO 2ND LO SPUR 
LO LO MHZ MHZ MHZ 

1 3 25~ 45~ 5~ 
2 2 5~~ 3~~ 5~ 
2 4 4~~ 6~~ ~ 
2 5 55~ 75~ 75 
3 3 65~. 45~ 16.6667 
3 4 8~~. 6~~ 66.6667 
3 6 7~~. 9~~ 33.3334 
3 7 85~. 1~5~ 83.3334 

SECOND MIXER 

1ST 2ND 1ST LO 2ND LO SPUR 
LO LO MHZ MHZ MHZ 

1 1 2~~ 15~ ~ 
1 2 25~ 3~~ 5~ 
2 3 5~~ 45~ 5~ 
2 3 4~~ 45~ ~ 
2 4 55f1 6~f1 75 
3 4 65f1. 6~~ 16.6667 
3 5 8~~. 75~ 66.6667 
3 5 7~~ 75~ 33.3333 
3 6 85~. 9~~ 83.3333 

DONE 

Although the response frequencies at first look redundant, you will' notice that they come from 

different harmonics of the LOis. For example, a residual at 50 MHz can come from any of four separate 

mixing processes. 

The first line in the second mixer output shows the zero frequency response generated by 1st La feed-

through into the 200 MHz IF. 

EXAMPLE 3 

Consider the case of a converter where a mixer is operated with a fixed 47 MHz La which sees a swept 

input signal from 45 to 55 MHz. 

45 - 55 MHz 
Swept 
Si gna 1 

47 MHz 
fixed La 

As far as the mixing products are concerned, signal and La ports may be reversed . 

SIG 

. ~ ·1 
3 MHz 47 MHz IF 

Jl = 3 

LO 
45 - 55 MHz 
Kl = 3 
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The spurious response readout is always referred to the lower edge of the receiver band. In this case, 

the signal is swept from 45 MHz to 55 MHz, so that the lower band edge is 45 MHz. Add this to line 

776 in the program as shown and proceed as before: 

I 
776 R = R - A1 + 45 

10 DATA 1, 37, 2, 45, 55, 3, 3 

RUN 

776 R=R-A1+45 
1~ DATA 1,47,3,45,55,3,3 
RUN 
MIXSPR 

UNITS? (GHZ,MHZ,KHZ)?MHZ 

NUMBER OF MIXERS = 1 
Sl= 47 J1= 3 
K1= 3 11= 3 

LO SIG LO MHZ 

1 1 5~ 
2 2 97 
2 2 91 
3 3 144 
3 3 138 

DONE 

F3= 45 

SIG MHZ 

47 
94 
94 
141 
141 

F4= 55 

SPUR MHZ 

51ll 
48.5 
45.5 
48 
46 

The desired response is in the first line of the table at 50 MHz. However, other responses at 48 and 

48.5 MHz are very close to the 50 MHz IF and can be troublesome on a spectrum analyzer display if the 

filtering does not reject these. 

CONCLUDING REMARKS 

$MIXSPR is completely general in that it will handle any of the six combinations of signal, local 

oscillator, and intermediate frequencies. Shifted responses, e.g. a 1st LO translated by a 2nd LO and 

then mixed with 3rd LO, are not handled automatically for the case of three mixers. However, an easy 

check on a one-mixer-at-a-time basis (as in Example 3) will provide this information. 

It is suggested that harmonic numbers for the oscillators be kept to 10 or less on the first ~un of the 

program, Slnce the number of residual responses generally increases rapidly with harmonic number. Search­

ing above the harmonic number of 15 for that un-explainable response usually means that it is coming 

from some other mixing process. 

The procedure of injecting all of the oscillators (be sure to include calibration oscillators, etc.) 

separately in each mixer and checking for shifted responses will locate all of the residual responses. 

In-band, spurious responses may be checked in a s imil ar manner. 



TITLE: 

DESCRIPTION: 

INSTRUCTIONS: 

SPECIAL 
CONSIDERATIONS: 

SCIENTIFIC AND ENGINEERING APPLICATIONS (500) 

CONTRIBUTED PROGRAM BASIC 
SUNRISE-SUNSET PREDICTOR 

SUNSET 
36180 

The program computes the Greenwich Mean Time (or as an option, standard 
zone times) of sunrise and sunset phenomena for each day of a chosen 
week for a given latitude and longitude. The output for each day gives 
the morning time of the beginning of astronomical, nautical and civil 
twilights. The time and azimuth of sunrise are then given. The azimuth 
angle is given in standard form for astronomy: the angle is measured from 
the north (zero) through each (90°). The evening line gives the times of 
the ending of the respective twilights. Thus in the last line, the time 
and azimuth of sunset appear last. Reading "backwards" we obtain the 
end of civil twilight, nautical twilight, and astronomical twilight. 

It is suggested that the user create his own version of the program by 
retyping two or three lines: 

194 LET L3 = (latitude in decimal degrees) 
195 LET L4 = (longitude in decimal degrees) 

If zone time is desired instead of GMT, retype line 193 entering the 
appropriate value of Z from the table below. For example, to obtain 
Eastern Standard Time the line becomes 

193 LET Z = 5 

Time Zone 
Central European 
E a s te rn (U. S . ) 
Central (U.S.) 
r~ountain (U.S.) 
Pacific (U.S.) 
Alaska (Juneau) 
Alaska (Fairbanks) 
Hawai i 

Z for Standard Time 
-1 
5 
6 
7 
8 
8 

10 
10 

Z for Daylight Time 
o 
4 
5 
6 
7 
7 
9 
9 

Data may be provided in lines 9000-9900 as pairs glvlng the starting day 
(Sunday's date for the desired week) and the month (1 through 12). If 
data are not provided, the program will request input. After each execu­
tion the program loops back for new data or input. If a DATA statement is 
used, entering 99,99 for the last data pair will terminate the run. 

Astronomical constants in the program are correct for the year 1972 
but the program will give times for any year within 50 years of 1972 
correct to about two minutes. Execution time without EAU is about 15 
seconds per day of output. If single terminal BASIC is used with 8K 
the matrix package must be deleted. 

A row of stars appearing in the output indicates that the event does not 
exist. At northerly latitudes the various twilights may not occur in 
summer and above the arctic circle. Neither sunrise nor sunset will 
occur in late June. 

ACKNOWLE[)GEMENTS: David E. Laird 
Cincinnati Country Day School 



SUNSET, page 2 

RUN 

l.IST-l 93" 195 
SUNSl::T 

193 l.ET Za 5 
194 l.ET 1.3=39.1849 
195 l.ET 1.4=84.329 

l.IST- 9'''''1J" 9999 
SUNSET 

RUN 
SUNSET 

TWIl.IGHT PHENOMENA FOR WEEK 

FOR STATION l.ATITUDE 39.1849 
IN TIME ZONE 5 

ASTRONOMICAl. NAUTICAl. 
HR MIN HR MIN 

SUN 
MORNING 5 12 5 44 
EVENING 20 16 19 45 

MON 
MORNING 5 15 5 42 
EVENING 20 20 19 48 

TUE 
MORNING 5 12 5 44 
EVENING 20 21 19 49 

WED 
MORNING 5 11 5 43 
EVENING 29 22 19 51 

THUR 
MORNING 5 9 5 41 
EVENING 20 23 19 52 

FRI 
MORNING 5 -; 5 39 
EVENING 20 25 19 53 

SAT 
MORNING 5 6 5 38 
EVENING 20 26 19 54 

OF MAR 19 TO 25 

AND l.ONGITUDE 84.329 DEGREES 

CIVIl. RISE/SET AZIMUTH 
HR MIN HR MIN DEGREES 

6 15 6 42 89.8 
19 14 18 47 270.3 

6 18 6 40 89.3 
19 17 18 51 271J.7 

6 15 6 42 88.9 
19 18 18 52 271".2 

6 14 6 49 88.4 
19 19 18 53 27J.7 

6 12 6 39 87.8 
19 20 18 54 272.2 

6 1 1 6 37 87.3 
19 21 18 55 272.7 

6 9 6 36 86.8 
19 22 18 56 273.2 



TITLE: 

DESCRIPTION: 

INSTRUCTIONS: 

SPIECIAL 
CONSIDERATIONS: 

ACKNOWLEDGEMENTS: 

SCIENTIFIC AND ENGINEERING APPLICATIONS (500) 

CONTRIBUTED PROGRAM BASIC 
'~C.PL 

THERMOCOUPLE TABLE PACKAGE 
T-CPL 
36654 

This package consists of seven programs: 

Tt- CPL 

UCPL2 

TYPElEj TYPE-tK 
TYPE"tS 
TYPE:<T 

TC-DAT 

Produces a table of the ET characteristic for any of the four 
thermocouple types. The table can be generated for any temper­
ature range and with a correction for any reference junction 
temperature. The table is generated by applying a cubic spline 
fit to fixed point data of the International Practical Temperature 
Scale of 1968. The program also prints the thermopower (first 
derivative) and second derivative values of the function. 

Produces a temperature corresponding to the millivoltage input. 
This program also includes provisions for correcting for any 
desired reference temperature. 

These programs contain the data for the above programs. 

This program prints the data in a form convenient for editing 
or checking. 

GET the desired program. (T-CPL, T-CPL2, or TC-DAT) 

APPend the data program appropriate to the type of thermocouple used. 
(TYPEcE, TYPE~K, TYPE?S, or TYPEtJ) 

RUN -- the programs are then self explanatory. 

References: 
R.K.ADAMS & R.L. SIMPSON Tern erature Its Measurement & Control in Science 

& Industry. (Instrument Society of America, Pittsburgh, 1972 
Vol. 4, Part 3, p. 1603. 

Attempts to run T-CPL2 for values of thermocouple output very close to 
zero millivolts may result in underflow warnings. 

Step sizes of less than .1 deg. C may result in rounding errors in T-CPL 
unless some program changes are made. 

Richard A. Milewski 
Raytek Inc. 
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RUN 

GET-TtCPL 
APP-TYPE"T 
RUN 
TtCPL 

INPUT RErERENCE JUNCTION TEMPERATURE IN DEGREES C 
?0 
INPUT TABLE STARTI ENDI AND STEP 
12513010.5 

CALIBRATION TABLE rOR TYPE 

RErERENCE 

DEGREES C 

25 
25.5 
26 
26.5 
27 
27.5 
28 
28.5 
29 
29.5 
30 

DONE 

GET-TeCPL 
APP-TYPE'tE 
RUN 
T='CPL 

.JUNCTION AT 0 

MILLIVOLTS 

.992385 
1.01279 
1.03321 
1.05366 
1.07~13 

1 .09 ~62 
1 .. 1513 
1.13566 
1.15621 
1 • 17679 
1.19738 

T THERMOCOUPLES 

DEGREES C 

THERMOPOWER 

~. 078 58E-02 
~.08286E-02 

~.0871~E-02 

~.091~IE-02 

~.09568E-02 

~.09995E-02 

~. 1 0 ~2 I E - 02 
~.108~7E-02 

~. 112 72E-02 
~.11697E-02 

~. 12121 E-02 

2ND DERI VATI VE 

8.57160E-05 
8.5625IE-05 
8.553~IE-05 

8. 5~~32E-05 
8 • 53 523 E - 0 5 
8.5261~E-05 

8.51705E-05 
8.50796E-05 
8.~9887E-05 

8.48978E-05 
8. ~8069E-05 

INPUT RErERENCE JUNCTION TEMPERATURE IN DEGREES C 
10 
INPUT TABLE STARTI ENDI AND STEP 
1-1001300150 

CALIBRATION TABLE rOR TYPE E THERMOCOUPLES 

RErERENCE .JUNC TI ON AT 0 DEGREES C 

DEGREES C MILLIVOLTS THERMOPOWER 

-100 - 5.2 ~003 ~.53355E-02 

-50 -2.78356 5.26479E-02 
8 0 5.8~502E-02 

58 3.04~75 .06325 
100 6.31603 6.75116E-02 
150 9.78534 7. 1 1389E-02 
200 13.~177 7.~0357E-02 

250 17.1768 7.62212 E- 02 
380 21.0321 7.79175E-02 

DONE 

2ND DERI VATI VE 

I. 6~079E-04 
1.30714E-0~ 

1.01376E-8~ 

9.06139E-05 
7.98517E-05 
6. 52~07E-05 
5.06297E-05 
3.82025E-05 
2. 96~68E-05 



GET-T~CPL2 
APP-TYPI!:~E 
RUN 
T~CPL2 

INPUT RE~ERENCE JUNCTION TEMPERATURE IN DEGREES C 
?0 
INPUT MILLIVOLTAGE 
? 12.4 

186.18~; DEGREES C 

INPUT MILLIVOLTAGE 
?11.7 

DEGREES C 

INPUT MILLIVOLTAGE 
?8.377 

DEGREES C 

INPUT MILLIVOLTAGE 
?6.316 

DEGREES C 

INPUT MILLIVOLTAGE 
?-2.31 

DEGREES C 

INPUT MILLIVOLTAGE 
?-11 

-11 OUT O~ TABLE RANGE 
INPUT MILLIVOLTAGE 
?-9.2 

DEGREES C 

INPUT MILLIVOLTAGE 
? 
DONE 

GET-TC-tDAT 
APP-TYPEtK 
RUN 
TCi,DAT 

CUBIC SPLINE PARAMETERS ~OR TYPE K THERMOCOUPLES 

x Y Z 

-270 -6.45779 1.79999E-04 
-252.87 -6.41667 2.31446E-04 
-195.802 -5.82572 1.80462E-04 
-78.~76 -2.86961 1.09880E-04 

0 0 5. 12 750E-05 
100 4.0945 -6.56060E-06 
122.37 5.0204 -3.80096E-05 
156.634 6.411196 -1.82532E-05 
231.968 9.4195 2.34117E-05 
327.502 13.3516 6.33419E-86 
~19. 58 17.2214 6.47652E-06 
660.37 27.4621 -7.81672E-06 
961.93 39.7798 - 1 .05"'06E-05 
186 .... 43 ... 3.757 -1.35854E-05 
1372 5 .... 877 -1.19100E-05 

DONE 

T -CPL ~ Page 3 
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GET-TCtDAT 
APP-TYPEU: 
RUN 
TCt.DAT 

CUBIC SPLINE PARAMETERS ~OR TYPE E THERMOCOUPLES 

x Y Z 

-21O -9.83521 ~.59999E-04 

-252.81 -9 .1~~85 3.10183E-04 
-195.802 -8.1169 2.3821<4E-0<4 
-18.416 -4.22151 1. <41~3E-04 

II ° 1.01316E-0<4 
10O 6.31603 1.98511E-05 
231.968 15.8088 4.12880E-05 
321.502 23.1856 2.<49409E-05 
419.58 30.5142 1.02601E-05 
660.31 49.9 <401 -1.08928E-05 
961.93 13.496 -1.99891E-05 
1OO0 16.3581 -1.92100E-05 

DONE 



TITLE: 

DESCRIPTION: 

INSTRUCTIONS: 

SPECIAL 
CONSIDERATIONS: 

ACKNOWLEDGEMENTS: 

~~ltNlltlL ANU tN~lNttKIN~ APPLICATIONS (500) 

CONTRIBUTED PROGRAM BASIC 
COMPUTES AND PLOTS THE RADIAL PART OF HYDROGEN-LIKE 
WAVE FUNCTIONS 

WAVFN 
36733 

This program computes and plots the radial part of hydrogen-like wave 
functions. 

The student inputs the nuclear charge (Z) and the principal (N) and 
azimuthal (K) quantum numbers. 

Scaling limits can be modified by changing lines 101 and 111. 

None 

Dr. Leonard Soltzberg 
Simmons Coll eqe 
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RUN 

RUN 
WAVF'N 

MAX. DISTANCE FROM NUCLEUS?4 
DESIRED INTERVAL?15 
ENTER Z .. N .. L 
Z=?1 
N=?2 
L=?0 
YMIN= -.248692 
YMAX= 1.83181 

• 1 
• 1 
• 1 
• 1 
• 1 
• 1 
• 1 
• 1 
• 1 

1 
1 

DONE 
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