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General 

Two programs have been written for the HP 9825 calculator to assist in

measuring, plotting and storing receiver noise temperatures, calibration sig-

nal levels, and receiver gain.

Equipment 

The equipment required is the HP 9825 calculator with the String-Adv.

Programming ROM and the 9862A Plotter - Gen I/0 Extended I/O ROM. The 9862A

Calculator Plotter is used for plotting the receiver noise temperatures. The

receiver output power is measured with an HP 436A Power Meter with Option 022

connected to the calculator with the HP IB Interface 98034A. The power sensor

is the HP 8484A which measures a maximum power of 10 microwatts.

Program Description 

The Receiver Noise Temperature, Calibration, and Gain program uses the

digital power meter to measure the receiver power output with three different

input conditions. These are (1) hot load, (2) cold load and (3) cold load with

calibration signal.

The calculator then computes the receiver temperature

T REC = [(H C)/(A/B 1)] C

where: H is the Hot Load Temperature (Kelvins)
C is the Cold Load Temperature (Kelvins)
A is the Receiver Power Out Hot Load On (watts)
B is the Receiver Power Out Cold Load On (watts)

and D is the Receiver Power Out Cold Load + Cal On (watts).



The calibration signal level is computed as:

T CAL = - C) (D BMA - B)

e4-to I
The gain is calculated from the change in power out divided by the change

in power in.

GAIN = K ÷ 10 log [ (A - B)/[1.38 x 10 -23 x (H - C)(F x 10 6 )] dB

where F is the IF Frequency Bandwidth in MHz

and K is the IF Attenuation in dB.

The program can store the receiver data for T REC, T CAL, and GAIN at 10

different frequencies and then plot and tabulate the data vs. frequency. (See

sample plot.)

The receiver data can also be recorded on tape and then retrieved and

plotted at a later time for comparison purposes. The program updates the file

number each time data is recorded. Up to 150 receiver data records can be

stored on the tape. An alpha-numeric identified must be assigned to each re-

ceiver data record.

The Receiver Data Plot program is used to retrieve and plot recorded re-

ceiver data. The user-selected operations are:

(1) LIST DATA FILE, which prints a list of the file numbers

and the associated alpha-numeric identification;

(2) LOAD DATA FILE which loads the data from a designated

file number on a tape to memory; or

(3) SEARCH DATA FILE which locates the requested file by

using the alpha-numeric identification and loads it

into memory; and
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(4) PLOT which uses the receiver data loaded into memory

to prepare a plot of T REC vs. frequency and tabulate

the GAIN and T CAL for each frequency.

Operating the Receiver Noise Temperature, Calibration and Gain Proram: 

Connect the digital power meter to the calculator using the HP-IB plug

and cable. Turn power meter on and check calibration. Turn the calculator

on  Then insert the tape 8/4/81 RECEIVER MEASUREMENTS. Type g,dp 1 and

press EXECUTE. When the display reads "T HOT (K)?", type the Hot Load

Temperature. Then enter the cold load temperature and the IF bandwidth in

MHz in response to the displays "T COLD (K)?" and "BANDWIDTH MHZ?".

The next section of the program zeros the power meter. The display

reads "Remove power from sensor." After the sensor is disconnected, press

CONTINUE and the power meter zero will be set. Press CONTINUE again if it

doesn't reset the first time "Connect Sensor-Set Level - Press fl" is then

displayed. Connect the power meter to the receiver IF output. The maximum

level the power meter can read is -20 dBm (1 x 10-5 watts). The display

will indicate the power level in watts. To proceed, press special function

key fl labeled LEVEL OK. When the calculator displays "FREQUENCY - MHZ?",

type in the number and press CONTINUE. If you are going to make a plot, the

frequencies must be in ascending order.

The total IF attenuation in decibels is entered when "IF - ATTENUATION"

is displayed. This number is used in the calculation of the GAIN. If the

same IF attenuation is used for a set of measurements, it only has to be

entered the first time it is requested. Press CONTINUE and the calculator

will display "HOT LOAD - CAL OFF". When the hot load is connected to the

receiver input, press CONTINUE. The calculator displays the measured power,

averages 10 measurements, and displays the average. Then it displays
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"COLD LOAD - CAL OFF". Connect the cold load and press CONTINUE. When "COLD

LOAD - CAL ON" is displayed, switch the CAL ON and press CONTINUE. The calcu-

lator prints the frequency and computes and prints T REC, T CAL and GAIN. It

then displays "Select Operation". If you want to repeat the measurement at

the same frequency, press key £2, REPEAT. The calculator goes thru the mea-

surement again. When "Select Operation" is displayed, you can go on the next

frequency by pressing £3, NEXT FREQUENCY. Measurements can be made at 10

different frequencies and are stored for plotting or recording on tape. When

you press the RECORD key, the display is "To Record Data - Enter Identifier".

Type in any combination of letters or numerals up to 15 characters including

spaces. The calculator will then determine the next data file number, record

the file number and the identifier, and record the data.

When PLOT is selected, "Set Up Plotter - Press Continue" is displayed.

Set the lower left and upper right on the paper and press CONTINUE. The axis,

data and labels will be plotted. When "PLOT TITLE" is displayed, the plotter

is in typewriter mode and a title can be added. Push STOP when you are

finished typing. The GAIN and T CAL can be added to the plot by pressing

CONTINUE as indicated by the display. After making the plot when "Select

RECORD or NEW DATA" is displayed, you can record the data on tape by pressing

f4, RECORD or take a new set of measurements by pressing fll, NEW DATA.

Operating the Receiver Data Plot Programs: 

Turn the calculator on. Insert tape 8/4/81, RECEIVER MEASUREMENTS, type

9, press EXECUTE.

When the calculator displays "Select Operation" you can press f6, LIST

DATA, f7, LOAD DATA, or f8, SEARCH DATA.

Selecting LIST DATA gives a printout of Data Files and Identifiers. If
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LOAD DATA is selected, the calculator displays "Data File No,?". Enter the de-

sired data file number and press CONTINUE. The calculator will display

"Data File 'No.' -- 'Identifier Loaded". After the data is loaded into the

calculator memory it can be plotted. The plotting operation is the same as

described in the previous section. The only difference is that the plot is

labeled with the data file identifier.

If "SEARCH DATA" is selected, the calculator displays "Data File Identi-

fier?". When the identifier is entered, push CONTINUE. The calculator loads

the data file list located in file 3, searches the list to find the file

number, and loads the file into the calculator memory. It displays "Data File

-- Identifier Loaded". When "Select Operation" is displayed, the data can

be plotted by pressing key f9, PLOT.

Marking and Recording the Programs on Tape 

Each user should prepare a separate tape to assure that his receiver data

files are not erased. Insert a new tape into the calculator and press REWIND.

The tape will be marked with file 0 of 500 bytes for the special function keys.

Files 1, 2 and 3 will be 5000 bytes for the programs and data file list and

files 4 thru 154, 500 bytes long for the receiver data  When the tape stops,

perform the following operations:

(1) Type mrk I, 500 and press EXECUTE.

(2) Type mrk 3, 5000 and press EXECUTE.

(3) Type mrk 150, 500 and press EXECUTE.

(4) Press REWIND.

When the tape stops, remove it and insert tape labeled 8/4/81 RECEIVER

MEASURMENTS.
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(5) Press LOAD 1 EXECUTE.

(6) Press RUN. (This loads special function keys.)

(7) Press CONTINUE, CONTINUE, CONTINUE.

Remove 8/4/81 tape and insert new tape.

(8) Press RECORD 1 EXECUTE.

(9) Type rck 0 EXECUTE. (This records special function
keys on file O.)

(10) Insert 8/4/81 tape.

(11) Press LOAD 2 EXECUTE.

(12) Insert new tape.

(13) Press RECORD 2 EXECUTE.

(14) Press ERASE EXECUTE.

(15) Press special function key f5, EXECUTE.

This last step loads the proper number into the data file list

(file 3) so that the first data file begins with file 4.

Distribution:
M. Balister
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0: ds p "RECEIVER
• DATA PLOT";
wait 1000

1: din A C101
B[103. CC1 I
0C10] /[1/64:C151

2: dim G/A$C150/
153 ; C$ [15]
ldk 0;sf-3 14;
fxd 0

3: "OPERATION":d
SP "Select Oper
ation";stp

4: "LIST DATA
FILE":ds p "List
Data File";

fxd 0
fxd Oldf 3/

C, A$
6: for X=4 to G;

P r t A$ EX) /X;
next X; SP ..", 2;

to "OPERATION"
7: "LOAD DATA

FILE":
8: ent "Data
File No?" G; if
f 1913; 3to "OPER
AT ION"

9: if 4>G;
10: if G>154;

P -2
11: ldf q, E*3
B(*),CC*3/0[.*],

• N BS
• 12: ds p "Data

File"/G,""/B$5
. "Loaded"; wait

-;-.1 3000; to "OPERA
TION"

- 13: "SEARCH DATA
FILE": • .-

ent "Data
.14.' File Identifier

/ fCS' if f11391•
j 

M P 0

ldf 3,G/A-S;
forX=4 to G

'-'4 " '-'46 if AS =C$;•
X4Gldf A C*3 9

E4.-1 C C*7 0 C*3 f,a0 ,

•

. • •

20: "PLOT":
21: ds p "To Plot
-Set UP Plotter
-Press CONTINUE
"; f •xci 0 tr
20 E13-D C2J

22: scl U/DEN1+
DC23-0 C11 -20/
180.::e U/0/
0 [23-DE1] /10;
p lt DC13 AE11

23: csiz 1/1/
1.2; for X=1 to
N; p 1t CX1 A EX1
/ 2;c p lt -.31-

..3; 1bl "X"
24: c p lt -.71.3;
next X

25: cz-•iz 111/
1.2;for X=1 to
N; p l t 0c::•) 1 0 1 ;

colt -2/ -1; lbl
0 CX) ; next X

26: csiz 1.5, 1/
1.2; p it 0 CH/2]
-10, 1; lbl "MHZ"

27: csiz 1/11
1.2;for ?=0 to
120 b y 10; plt
20 C11-0 C2] VI 1;
cPlt 130; 1b1 Y

28: next if
29: csiz 1.501/

1,,2'1 1t1,,2'1 1t u=ae,1;
cpit 5,o;ibi
"KELVIN"

30: cPlt 3/3;
Ibi 8S;ds p "PLO
I TITLE";ptYp

31: ds p "To Prin
t GAIN&TCAL

.Press Continue"
; stro ;fxd 1

32: csiz .891,
102;Plt

,  1;11)1 "GAIN";
for X=1 to N;

t . ..1 • DE M -14,1• .33: Galt -2,0;
lbl CCX3;next

-')(;11)1 "DE"
'34: csiz .8/1/ -

1.4;Plt U+10,
150;1b1 "FREQ';

•• 
• for X=1 to N;

xDE t1.p1t5011d 

X3 150.1ib1
- D EX) ;next X
36: fxd 1; p 1t U+

'-10/ 145/ I; lb1
;K TCAL"; for X=1

N; p 1t DEX3
• '14511

P t D [ 1,43 •
"',7••,:, 14511; lbl BEM
--• ':'- next X

08 R TI. 

• 39: end
*14133 •A-4,

Cje..

*sf..41

f2: *cont"REPEAT

f3: *cont"NEXT F
REQ."

f4: *cont"PECORD

f5: dinG/A$C150/
151;3+G;rcf3/G,
A$

f6: *cont"LIST 0
ATA FILE"

f7: *cont"LOAD 0
ATA FILE"

f8: *cont."SEARCH
DATA FILE"

f9: *cont"PLOT"

f11: *run u NEW OA
TA"
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Found" ; wait
teoe; P 2
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•- o d e d " wait
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TA TbEwlsriEtt. A-Ract
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• 51
- •
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RirE l uEf KE.Acua.Ek,,
S- ( - 1
0: "This Program

uses the 436A
Power meter to.
Measure Noise
TemPerature":

1: "The Noise
TemPeratureIT
Cal p &Gain are
comPuted by
mesurin g the

2: "out p ut power
chan g es with
hot load,

cold load, 8,
cold load +
cal.":

3: "This tape
has Special
function Keys
file 0;RECEIVER
DATA PLOT file

- 2":
4: "and 150 data

files located
in files 5 thru
155.":

5: "The data
files are autom
aticallY assign
ed and can be
recalled using

6: the Program
in file 2.":

7: ds p "REC NOIS
E TEMP.CAL.&
GAIN";ldk 0;
,sf g 14;wait
1000

8: "NEW DATA":
9: enp "T HOT

(10?"1H;eno "T
COLD (K)?",C;

. c.enP "BANDWIDTH
MHZ?",F;soc 2

.10: dim A[1.0),
7 8E10),CE10],

-• D UO] ti• E15]
e 9 N 3 A4B-oc; •

dev "pmrd".
- 713; rem 7

7

S t P
wrt " p mrd". .

- '21T";fmt 2,3x.
-= f5.0;red "pmrd.

-. 202
"verifY zero

abs(Z)>2;
. 9t0 -Pmz"

wrt "pmrd",
--".9+AI";fmt 3,b;

red"Pmrd.0".2
16: "verif y unze

Z>84I
,9to -1
17: "Preset/ret'

• : urt "pmrd",
- .9D+ v
18: wait 2000;
dso 'Connect ----
.Sensor-Set Leve

-- 1-Pressf 1"; wait
• 2000 -
19: "Pmr":
20: f t 1.1x1b,
7-1x,f5.0,1x,f3.0
21: wrt "Pmrd".
"9A-T";wait
(R=73)4000;red
"Pmrd.1"IRODIE;
PlOtE-tP

22: if P> = 1*le-
5;ds p "OVER
RANGE"; g to -I

23: if not flgl;
,flt 3ids p PI

t –2

24: "NE:1. FREQ."

25: N+I4N:ent
"FREQUENCY-Mhz?
",DEN) ;nt "IF
ATTENUATION?"K

26: "REPEAT":if
fl g 2;cf g 2;gto
"NEW DATA"

27: ds p "HOT
LOAD- CAL OFF'
0.'■A-*P;cf3 1;
sto

28: for X = 1 to
10;wrt ' rd",
"9A-T";wait
(R=73)4000; red
"Pmrd. 1 " R, PIE

29: PlOtE-'frP;if
P>=1e-5;dso
"OVER RANGE
to -I

30: P/10+A4A;
fit 3;dso P;
next X

31: ds p "Ave.Pwr
. Hot Load"111;
wait 2000

32: ds p "COLD
LOAD - CAL OFF"
; 048;sto

33: for X=1 to
10;wrt "Pmrd".
"9A-T';wait
(R=73:4000; red
"Pord.1",R1PIE

34: PlOtE.i*P;if
P>=1e-5;dso
"OVER RANGE";
g to -1

35: ds p PP/l0+
B46;)ext X

36: dso "Ave.Pwr
. Cold Load" 16;

- wait 2000
37: dso "COLD
LOAD-CAL ON";
0404P;sto

38: for X=1 to
10;wrt "Pmrd",

'-9A-T";wait
(R=73)4000;red
NPVIrd.1",R,P3E

39: PlOtE--tP;if
-. P>=1e-5;dso
'. "OVER RANGE"; .

g to -1
- 40: ds p P;P/10+

040;next X .
: 41: dso "Ave.Pwr

Cold Load+Cal"
- wait 2000
, 42: fxd 0;ort
:—FREQUENCY",

DEN3;soc 2;fxd

43: CH -C)/(A/B
-C4AEN3;ort

REC"IIREN3;
• := , SPC 2

•-44: (H -C)(0 -8)/
Y(I-B)46[N3;Prt
t-!-T CAL"IBEN];

.. • sac 2
: 45: K+101og(CA

B)/1.38e -23CH -
Cl(F*101.6))4C[N

46: fxd 1;ort
"GAIN",C[N].
!rn DB";soc 2 -

- 47: dsP "Select
OPeration";stp

48: JMP -1

-

49: "RECORD":dim
CIF1[150{-,

50: ent "14, co
rd Data -En'tker
Identifier".8$:
if not flg13;
ldf 31G,A$

51: if not f1g13
; G+1.'..C;BIH.A$CG]
; rcf.3,G.A$;
rcf GIAC*]1BE*
310E*3,0[*30N,
6$

52: ds p "Select
OPeration";sto

53: jmo -1
54: "PLOT":
55: dso "To Plot
-Set UP Plotter
-Press CONTINUE
";fxd O;sto
20 [1]-012)3U

56: scl U,DEN3+
0E23-D[131-20.
180; axe U10,
0(2)-0E11110;
Pit 0113,Ar1i

57: csiz 1,10
1.2;for X=1 to
Wolt. DCX),AEX]
, 2;colt -.3. -
. 3;1b1 "X"

58: colt - 7 .3;
next X

59: csiz 111.
1.2;for X=1 to
Wolt DEX]$01;
colt -2. -1;lbl
0EX3Inext X

60: csiz 1.5,11
1.2;olt DEN/231
-1011;1b1 "MHZ"

61: osiz 111,
1.2;for Y=0 to
120 bY 10;olt

- 20E13 -0[2].Y$1;
colt 110;lbl Y

62: next Y
63: csiz 1.5.1.
1.2;olt U180,1;
clt 510;lbl
"KELVIN"

64: dso "PLOT
- TITLE";Ptyp
65: ds p "To grin
,t GAIN1TCAL -

- :Press Continue"
- ; stto ;fxd 1
66: csiz .8111

1.2; p 1t U - 14
"GAIN";

X=1 to N;
p it 0CX39-14,

- 67: colt -2,0;
lbl C CX) ;next
X; lbl DB"

- csiz .8,1,
U+101

150;1b1 "FREQ";
: - 7=4for X=1 to N;

OCX39150.1
fxd 0;olt

• DEX3,15091;lbi
OCX3;next X -

70: fxd 1;p1t
' i.10,14591;1b1

TCAL";for X=1
to N;olt DEX).
145,1 .-

_71: Plt '
145.1;1101 6EX2;
next X

72: dso "Select
RECORD or NEW
DATA";sto

73: Jmo -1
74: end
*21659
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A 10 27 30
30 31 43 44
45
F-tr.42 - Cot.1) t-ok ot4

8 10 32 35
35 36 43 44
44 45
TcM- CoLD LAt

C 9 43 43
44 45

Cok.e.t.6 41N-4 CAL
0 10 37 41)
40 41 44
Cx?co..A.,m-i qui 0.AA-140Cakr.

E 21 21 28
29 33 34 38
39

Vikt ta Caulk ( mti Z)
F 9 45
flLE1.40. oc- bArAPTLIZ'

G 49 50 51
51 51 51 51
TemP a r Otst take

H 9 43 44
45

ot`r (‘, ? I
K 25 45

t:›vrc.vizE:ck
N 10 10 25
25 25 42 43
43 44 44 45
46 51 56 57
59 60 66 68
70 1

r•A EP, 1 €A Y'

P 21 21 21
22 23 27 28
29 29 29 30 -
30 32 33 34
34 34 35 35
37 32. 39 39
39 40 40

iucvi" or gqiutt3/41A-Te.
R 21 21 28
28 33 33 38
38

OrFSCI.
U 55 56 5E.
63 66 63 70
TN 0 EX'
X 28 30 33
35 33 40 57
57 57 58 59
59 59 59 66
66 67 67 68
68 69 69 69

'.... 70 70 - 71 71
.?1

. Y 61 61 61
62 -

• 'At C E*E
• 13 14 15

NRRAY

C*) 10 43 43
51 56 57

et$C4A•i
„• U*310 44 44

51 7
G A. ski A A git y

-
12: "Pmz":dsP,
$-''Remove power

. 'from sensor";

•


