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A DIGITAL RADIOMETER 

J. Ray Hallman

Described herein is a new modular system providing many modern features and
improvements over the present system which is entirely analog and hence limited
to only elementary computational functions such as simple gain modulation bal-
ancing and analog subtraction for the Dicke switch mode while occasionally also
providing for short term integration features. The new digital system does all
of this but also many complex computations are performed in real time as well
as using novel digital techniques for gain modulation Dicke switching, thus pro-
viding very stable and reliable operating characteristics.

The Digital Standard Receiver Mark III has been tested at the 300-foot with
the host data taking DDP-I16 computer. All interface is complete. Only the
DDP-116 programs need completion before the radiometer system can be released
for observer runs.

The digital receiver comprises two major subsystems which may be thought of
as three or four subsystems, as shown:



oil!: 1

Processor

Display

Data
Integrators

and
Switch

Timing
Generator

2

Miscellaneous
CPU Hardware

The CPU is presently a Hewlett Packard 9825A which provides all control and
processing functions for the system as well as the data display function.
The miscellaneous hardware comprises digital Dicke switch and integrator
functions as well as a timing generator providing control of the receiver
front-end and digital-to-analog converters for up to eight channels of strip
chart displays.

HP 9825A CPU ............... ....$ 9,900

Miscellaneous Hardware ...... 3,000

$12,900

A system can be built around a Varian V77-400 computer as follows, offering
a throughput input improvement from 333 ms to better than 100 ms per data
point for a full 4-channel receiver system:

V77-400 CPU ................ ....$ 9,305
Miscellaneous Hardware OOOOO 3,000
TEC CRT Terminal ................. 2,500
2 DC 300 Tape Drives ........ ..... 1,100
3 Interface Cards .................. 500

$16,405

The HP system is more easily programmed but the V77-400 Varian is much faster,
easily offering a 10 Hz throughput. Both systems are capable of displaying
the following for 4-channel receivers as well as sending switch power data to
the host computer:

1. Switch power in °K
2. Normalized gain
3. System temperature °K
4. Sensitivity (measured) °K
5. Sensitivity (theoretical) °K
6. Digital data to host (integer)
7. Gain balancing constant
8. Raw data counts (integer)
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The Digital Integrator/Switch Module 

This is the main electronics unit including the integrator and Dicke switch
functions as well as eight digital to analog outputs (for chart records) and
interfaces for the CPU (HP 9825A) and host data taking computer (DDP 116) and
switch driver logic functions.
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System Operation 

The system wakes up automatically when the power is applied to all devices simul-
taneously if one condition is met: The program tape must be inserted in the
reader slot with the record tab enabled, As power is applied, this start up
sequence occurs:

1. The system program is loaded from file "0" with execution
beginning at line 0.

2. The system program directs the following sequence:

A. System parameters initialized.

B. Selected parameters are loaded from tape.

C. The special function keys are loaded from tape.

D. The hardware is initialized.

E. The gain balancing phase is executed (if called for).

F. The data acquisition phase commences.

Verifying System Normal Operation 

Following the completion of the above sequence, the operator may verify the
proper connection of the radiometer system by depressing the "CRS" special func-
tion key f 6 which displays the raw counts for the cal, ref, and sig phases.
Normally, finite, non-zero integer values are shown with approximately 106
counts/second of integration time. The VCO is capable of 5 MHz output full
scale but normally operates about 10-20% of full scale as indicated by the panel
meter with selector on A, B, C, or D for any of 4 channel total power indica-
tions. The meter is connected to the output of a frequency to voltage converter
which is digitally selected to 1 of 4 frequencies inputs from the above-mentioned
VCO's. In the "CRS" values mentioned above normally C > S > R. If this is not
true, the cal or switch signals may be inverted or the wrong logic type (TTL or
3C).

Reinitializing the System 

At any time the radiometer control parameters may be altered by depressing the
upper case function key f 12 (init) and entering the appropriate values as called
for in the displays. If you wish to leave a parameter unaltered then only the
"continue" key should be depressed, thus skipping to the next parameter request.
Permanently depressing the continue key will skip to the end of the parameter
request sequence ending with beeps as the calculator re-enters the gain balancing
phase. Depressing the f 17 key labeled "rcv bal" will cause the gain balancing
phase to be re-entered directly. This may also be accomplished by the host com-
puter via the "OCP" control line,
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New Scan Sequence

When the host data taking computer executes the "new scan" OCP, the following
sequence occurs:

1. The present scan is terminated following the present integra-
tion data acquisition phase with this data sent to the host
computer,

2. The "FIFO" buffer interface is reset a few milliseconds later
to make ready for a new "header" sequence.

3. The 47 word (maximum) header is transmitted to the host.
Termination is caused by the device going "not ready".

4. The 4 word (maximum) switch power (sync det output) data
sequence commerces, for the duration of the scan.

5. Some eroneous data interrupts may occur during the above 4 step
sequence due to the hardware period generators being altered
during switching between gain balancing and data acquisition
phases. This is easily detected by the host computer by testing
if data is ready after the interrupt. If the device is not
ready following an interrupt, it is assumed eroneous.

Analog Monitor 

The front panel has the panel meter monitoring function with selector switch
allowing the total power of any of the 4 channels to be monitored as mentioned
above. Also, the eight D/A converter (chart recorder) outputs may be monitored
by selection of "CRO" to "CR7".

Ext Time Base Generator (Slave Mode) 

Normally the internal timing generator function is used in radiometers but,
ocasionally it is necessary to allow another receiver system to assume control
of radiometer timing. This is required in spectral line work (A/C receiver
system provides timing) and VLB where timing is slaved to the video recorder
head switch intervals. This and other slave applications may be accomplished
by setting the front panel timing generator switch to "EXT" and connecting the
cal, Dicke switch, and blanking signals appropriately to "TTL" sources. For
"3-C" logic levels adapters are inserted in these lines that interpose the
pairs to reverse polarity of the optically isolated inputs to the digital re-
ceiver system.

Several programs are now described as an aid in understanding the system opera-
tion from both the user's and programmer's standpoint. Each program is organized
in "modules" and may be modified functionally by altering a specific module.
The "control" module is generally not modified unless the digital receiver hard-
ware has been modified.

See special section on page 74 for more on the slave mode.



Pro ram Descri tion: "Gain Balancin Switched with Cal"

The "gain balancing switched with cal" program is the general purpose observing
program developed for use with the digital standard receiver in a four phase
configuration using from 1 to 4 channels.

The system may be "cold started" by turning the power on after a tape is in-
serted into the tape drive slot. After the system is running with the "switch
power" being displayed, new operating parameters may be entered after depressing
the "upper case" fo key (f12) which starts the "constants entry" phase. After
this phase, the system returns to the data acquisition phase displaying switch
power. Depressing the "CRS" function key (f6) causes the display to indicate
the raw counts C, R, and S. This is used in starting up the system, to deter-
mine at a glance if the switch signals (sig/ref, cal, etc.) are connected
properly. If they are, generally the "C" value is largest, "S" next, and "R"
is smallest.

As mentioned above, the program passes through several phases during normal
execution.

Step
Number Program Phase

0-10 1. Initialization

11-37 2. Gain Balancing

38-52 3. Calculation Loop

53-60 4. User Data Display

61-81 5. DAC Output

82-86 6. Host Data Output

92-104 7. Hardware Control

105-152 8. Radiometer Parameters Input

153-161 9. Radiometer Data Input

162-164 10. I/O Error
165-182 11. Radiometer Parameters Print

183-207 12. Header Data Output

208 13. End

Each program phase is executed in the sequence as shown in the block diagram.
(Same program phases are actually subroutines which occur in two or more
positions in the program sequence.)



Initialization

Header Data Output

Hardware Control

Radiometer
Data Input

Hardware Control

Gain Balancing

Hardware Control

Radiometer
Data Input

Calculation
Loop

User
Data Display

Radiometer
Parameters Input ?

PROGRAM: "GAIN BALANCING SWITCHED WITH CAL"

BLOCK DIAGRAM

8

_DAC Output

•
Host Data Output Print 'em ?

•
. Radiometer
Parameters Print

New Scan
Flag Set?

I/O Error ?

* Routine entered via HP calculator system monitor
when an error is detected.

End
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Gain Balancing
Calculations 

11: "NFW ALPHA":
12: dsp

CAIN BALANCING
NOW"

13: Jor 1=1 to R
14: for 0=1 to N

15: A4NEI50.140EI
5 E1

16: next
1 • : 0411CI: 4F [I]
18: next
19: 043;14J
28 .3 • • • I •• • J. e-

7
r* 5 e 5

1000_/4P)4M;
eil sb ":ONTRO[
04F

21:
RCVR"

22: for 1=1 to R
23: ( CEI]-1-SEI I 1 ••

R 1:1] 4A CI]
24: 1: E I [I]
Hr

> 25: FHA/TEI:14Kr.
T

2 E.: E R 3 E I

27: SCI]Tri]/
I
.CELI-SE.13:1 R

28: 2PB[I]f(P-
U)F(WEIJK4P/
1000)4I[I]

29: flex:... I
30: K 4 11;9sb "CON

TROL"
31: rc • 135FIE*-J5

B F[*] I E*".1
1"... *-J5TE*"..1 0,1 *

5 P !. F.! 0 5 !.
-r r-01515n5L

33: if R= 248;
• sb "HEADER"

33: if A#2;04F;
.lt. o "LOOP"

34: SPC
35 for T.L =1
R;fsd 0;prt
"Channel ":,I;
fxd 47=prt
R = "5AER+1 -I];
e t I

el. •SPC "

Program Lists 

"Gain Balancing Switched with Cal"

"nrcnrt.im.r u

* I 7513
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"CONTROL":1.
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Host Data
-Output Phase 

DAC Output
(Chart Recorders) 

t. ( 1 (174 r..1;.:
- ;;;:.

I 2

82: "NO CH 2":
8:3: f r I t o R
84: ED [R+1-1.]:/

R +1- 4X i
71:::: 7

327005wtb 155

85: wt • 1550
86: next.  823

7 1 ;• Q

" EH ALPHA"
if = I ;

NE.1.1 ALPHA"
s q : "LOOP
9171:
91
* .4597

New Scan Now ?

if D-32768;
X<3271=,7;wth
X;9to +2

6 wtb 15517=
inttXCEAH[R-
K=R-1])+1364

98: wtb 155P-1
99: wtb 155P-1
100: :i t. h 15516:38
4F+I.R -1)4096+
513+256+171

I 01 kot. c +
3+1

182: : t 553:3+
1. 0:3 r e t
104;
*10590
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Radiometer

Parameters

Input

Phase

1 05: "INIT":dsp
"INITIALIZE
SFr) - -2CH,CRSR
MODE"

i n::: R ent.
"HOO MANY RCVR
CHANNELS IN
USE?",R.

1 A7: if R<1;prt
"MUST HAVE  AT
LEAST I RCVR
CHANNEL!";spc
2;9to "R"

108: if R>=4;Prt
:: ..j: RE THAN 4
FC-..: VR CHANNELS
NOT ALLOWFD!";
SPO 27.9to "R"

109: "P":ent
"DICKE SWITCH
PHASE PERIOD
IN MS?"!.Flif
f19.13=0sf9Ci

110: if P<1;Prt
"JFHT AT LEAST

I' S PHASE PERI
03"; ... p c 2;.gto
" P"

.11: if P>32768;
p rt "PHASE PFR1
On > 32768 MS
NOT ALLOWED!";
SPC2:49t0

112: "117.1.":ent
3LANKING TIME

MS?
if f1,313=0;

1nt(4096171/P) "* U

cf
,

E1 A

114:: if f190=1;
i nt(40960/P)40;
of9

if 0>4095;
p• t " PLANKING
M65T < PHASE

PERIOD";s p c 2;

116 if 0<0;prt
Fil.WING TIME

0 NOT ALLOWED
;

•
PO 2;9t0

117: " M nt
"HOW MANY SAMPL
ES/THITGRATIO
" 01

118: if Viilprt
"MUST BE AT
LEAST I SAMPLES
/INTEGRATION";

2 ; t0 "M"
119 if M>256;
2564M;fxd 0;
Pit. "MAX VALUE=
256";s p c 2

120:
"RCVR BAL. TIME
(SEC)="5_;intf..1.
000L/4P)41-/1000
4K

121: if mt. (250L.
/P)<1;fxd 3;
p rt "MIN Rx
BAL. TIME (SEC)=
" P/250....pc 2;

• t "L"
122: if int(250L
/P)>256;fxd 3;
p rt "MAX Rx
BAL. TIME="5

2;9t— "

123: if K#....;K4L;
fxd 3; p rt "ACTU
Al. BAL TIME
LASPO 2

124: "N":ent
"DELTA Fiffleas
SUMATION TIME?
SEC " -1-

125: int(100
4MP)4N

126: if N.C.72;
3;beep;Prt

MIN SUMMATION
TIME="=.4MP2/
1000,"SEC";9to.N.

127: if N>50
beeP; p rt "MAX
SUMATION TINE="
, 4MP50/1000=,
"SECOND:Su:IV:0
"N"

128: if T#4MPN/
1000;4MPN/10004
T;beeP;fxri 3;
p rt "ACTUAL
SUMATION TIME="

*27962

1.02

= 13 5

0T/

fxd

"PFn
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Radiometer

Parameters

Input

Phase

(Continued)

139: ent "WHAT
CAL *K FOR

CHANNEL 1?"5
-[R]

17=n: if R-1>0;
ent "WHAT IS
CA_ *K FOR CHAN
NEL 2?"!,TER -1]

131: if R-2>0;
•nt "WHAT IS

CAL *K FOR CHAN
WEL 3?"5TER -2]

' 3 2- if R-200;
Ent "WHAT is
CFL *K FAR CHAN
NEL 42" ... TIR -3]

1 33: e•t "B:INDWI
(

•
Hz) FOR

1-1-4 R KI N F L 1 ?",

fis13=0
; W[R]le64WER]

17:4: if R -1>n;
:rt. "RANDWIEITH
( IHz) FOR CHANN

$?"5WER-1]
135: if. R-1>O!'.
if. f1913=0;W[R

ER-I]
136: if R-3>0;
ent "RANAWIDTH
flHz) FOR CHANN
E_ 3?",WER -2]

nIT
if fl-E113=0;W[R-
2.1:e64WER-2]

138: if R-3>0;
ent "PANDWIDTH
( MH7) FOR CHANN
EL 4?"WER-3]

139: if R-3>0;
if. f1913 = WER-
::: 11.....64WER-7:]

*20411

140: •nt "CRSF
0=? CH1--SWI Thr •-•

H POWER",SCW.
if N..313=0;35.5
/X11]4X1:1]

141: ent "CRSF
1=2 CH1--GAIN"
5 XE2flif •1913=

17“.35.5/XF234SE2

143: ent "CRSF
2=? CH1--T
SYS",XE3];if
f1913=0;25.5/
X[3]...*S[3]

143: ent "CRSF
3=2 CH1--DELTA
T"5XE4];if

•
fi.g13=0:1:25.5
XE4:14X[4]

144: ent "CRSF
4=2 CH2--SHITC
H POWER"5XC5];
if f1913=025.5
/X[5]4XL5]

145: ent "CRSF
5=? CH2--GAIN"

f1.913=
0;25.5/SE6:14X[6

146: ent "CRSF
6=? CH2--T
SYS"5XErnif
f1913=0;25x5/
X[7] 4X[7]

147: ent "CRSF
7=? CH3--nELTA
T",SE8];if

T 1913=025.5/
XES:14XES]

148: ent "DIGITA
L OUTPUT SCALF
FACTOR!. ie: 1=
*K!. 10= *Kx71.0"

149: ent "INIT
VALUES PRINTED,

ENT 1!. CONT A
15P: if A=1:4,3cdo

"I , IT PRINT"
15:, .:E t. o "NFW

PHA"
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81-rdh(15)453

REI]-1-rdb(15
768-Frdb(15)

rdb(15)*
8+rdb(15)4C

next I
rdb(15)43
ret

' 1 /0 ERROR"

i65 INIT PUN -
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Radiometer
Parameters
Print Out /—>

I/O Error
Recovery

153: ' REAL' RCVR"
: for I=1 to F.!

154: rdbi. 15)*
:32763+ rdb f. I 5 4F.:
CI]

f 121; d s P
"INPUT/OUTPUT
ERROR - -Iine"
ernbeep;94B;

1 o "1 OOP"

:

166: fxd OFISPC.

16(: Prt " NUMBE
R OF RCVR CHANN
FIS="5R;....Po

16a: p rt "SWITCH
PERIOn INNS

="IFIspc
169: fxd 4;prt

"BLANKING TIME
MS ="!.P0/4096

; SPC

170: fxd 0;prt.
"SAMPLES/INTEG!
ATION="01;sPc.

171: fxd 3;prt
". SAMPLE PERIOD

( SEC)="54MP/
1000;.E.pc.

172: fxd 3;prt
"RCVR BAL. TIME

( SEC)="5(4P/
117100)intU000_/
4F 1

173: fxd 3;Prt
"FIFLTA T)Neas
SUMATION TIME
( SEC)="y4MPN/
1000;...po

174: for 1=1 to
FeAfxd
"Channel ",I;
f.xd 4; p rt "CAL=
"5TER+1-ILInext

175: SPC 2
• ;S: for 1=1 to
k;fxd 01Prt
"Channer5i=

..f xd 4;prt
5 HER-1-1-I]fle6;

.1-i ext
177: SPC 2
178: for 1=1 to
8;fxd 0;Prt
"FOR CR"51-1;
fxd 5;Prt "CRSF
="525.5/SEI];
next

179: SPC ; fxd 4;
Prt. 'DIGITAL
OUTPUT SCALE
FACTOR="5E

180: 24A;E.Pc.
131: ret
182:
*1845

Radiometer

<'
 Data Input
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Header
Data

Output 

Special
Functions
Key List

183: "HFADER":if
• i95=1;c • 9 5;

rE.t.
184: wtb 155E
185: wtb 155K
186: wtb 1551.
187: wtb 155M
188: wtb 155N
189 wtb 1550
190: wtb 155P
191: wtb 15Q
192: wtb 155R
193: wtb 15!1S
i94 iitb 155T
195: for 1=1 to

F:
196: wtb 155AER+
1-I]

197: wtb 155BE•+
1-I]

198: wtb 155GER+
i T 1

199: wtb 155HIR+
1-1.]

200: wtb 1551ER+
1-1.]

201: wtb 155([R+
1-I]

202: wtb 155T[R+
1-I]

203: wtb 155UER+
1-13

204: wtb 15, ii
1-I]lle6

305: next
206: ret
307:
*2927

MCC/ 2551978
Ra y Halloan

I ist k

*I4•

fl: *if R>1;24j

f:72: R>2;a4j

f3:

f4 i *0 4 8 •

3 P

f6: *14.B

*242,

fR: *..34R

f9: *44B

flO: *548

fil: *642.

f12: *74•

f15: *prt - r
5"0="505 : U=

f17: *1-tA

f21:

f23: MaY
2551978 RaY
Hallan";spc2

L
i
OU

g
 tNu End

*21151
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NHFRFR OF RrVR
CHANNELS= A

SWITCH PERIOD IN
MS = 10

BLANKING TIME
MS = 0.9985

SAMPLES/INTEGRAT
ION=

SAMPLF PERIOD
1.000

.... R AL TIME
! SEA = 2.AAA

2C_TA SUM
F - I ON TIME (SEC)

10.000 -.

Chonnel
CAL= 15.2000
Chan- 2

15.2000
:hannel 3
:AL= 1 5.2000
Mannel

15.2000

Channel
B1,1= 61.3.001.30
"2. hannel 2
RH= 60.0000
:hanne l 3
Rki= 60.0000
Chonnel
3W= 60.0000

This typical

print out is

obtained when

"1" is entered

for print out

of radiometer

parameters

during

"Radiometer

Parameters

Input Phase".

,Note: The cals

and bandwidths

are shown equal;

however, they

may all be dif-

ferent, for

different channels.

FOR CR
CRSF= 10.00000
FOR CF.:
CRSF= 0.10000
FOR CR 2
CRSF= 25.00000
FOR :Fe. 3
CRSF= 6.00000
FOR CR
CRSF= 10.00000
FOR CR 5
CRSF= 3.1.001.317.1
FOR CR
CRSF= 25.00000
FOR CF: 7
CRSF= 6.00000

0 1 C I TAL OUTPHT
SCALE FACTOR=

1 000.0000

Ckannel
.7= 4:la 4

Chonnel
S•R= 1.4258
Channel
S•R= 1.4216
Channel
S•R=



A lid
B [4]
C [4]
D [4]
E I
F [4]
G [4]
H [4]
I [4]
• [
K [4]
L
FL [4]
N [4, 10
O [
P [4]
Q [4, 10]
R [4]
S [4]
T [4]
U [4]
3 [
W [4]
X [8]

Flag 0
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

Gain mod constants
Tsys offsets
Cal phase raw count 00
Switch power in counts

(C S)0
Relative gain
AT meas
AT theo

Scale factor counts/°K

Statistics Data Array
11 11

Statistics Data Array
ft

Ref Phase Raw Count ---
Sig Phase Raw Count 02
Cal Value in °K

. 0T in Ksys

Channel bandwidth
Chart recorder scale factors

Constant entered

Skip header if cold start

Constant entered
Error inhibit
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Program Title: "Gain Balancing Switched with Cal" 

Internal Constants List

A If A = 1; re balance
B User display selector
C Statistics data array index

IT 77 t If

E Host data scale factor
F If F = 1; reset Fifo buffer

I For I loops (init seq)
J User data channel select
K Rx balance time factor

It ft 11 It

M No. of samples/integ period
N No. of samples in statistics
O Blanking time parts
P Phase interval in msec
Q Blanking time in msec
R No. of rx channels active
S Status input
T Summation time for statistics

V

X Buffer register
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CALCULATIONS IN ENGLISH!

PROGRAM NAME: "GAIN BALANCING SWITCHED WITH CAL"

RADIOMETER PARAMETERS INPUT 

Step No. 

Blanking
4096 x Blanking Time 

113/114 0 = Time = Integer
Dicke Switch Phase Period

Parts

4 x Dicke Sw Phase Period
i

1000 x Rcvr Bal Time

Minimum Rcvr Dicke Switch Phase Period x 4 
121 Bal Time 1000

Maximum Rcvr Dicke Switch Phase Period x 4
256 x=

122 Bal Time 1000

Number of
Samples for

120 K = Gain Balance = Integer
Integration )

4 x Dicke Sw Phase Period 
1000

Number of Samples
125 N = for Statistics Integer

Table

1000 AT)
meas 

Summation Time

(
Number of Samples Dicke Switch
per Integration

x 
Phase Period x 4)

Minimum AT)
meas126

Summation Time =

Maximum AT)meas
127

Summation Time =

2 x Number of Samples per Integration x Dicke Switch Phase Period x 4

1000

50 x Number of Samples per Integration x Dicke Switch Phase Period x 4

1000

Dicke Switch
Actual Summation 41c*

128 T = Time for AT Phase Period

25.5 Counts per Volt 140 CRSF = X(i) -
X(i)

RADIOMETER PARAMETERS PRINTED:

Number of Samples Number of_Samples
Der Integration for Statistics Table,

1000

NOTE: For 8-bit D/A converters full scale count is 255.

169 Blanking Time = 
Dicke Switch Phase Period x Blanking Time Parts 

4096

1000

Integer

Dicke Switch

172 Receiver Balance Time = Phase Period 
x 4

1000 /

(1000 x Receiver Balance Time 
Dicke Switch Phase Period x 4

Number of Samples
for Statistics Table173 1ST) SummationSummation Time

Number of Samples
per Integration 

1000

Number of Samples per Integration x Dicke Switch Phase Period x 4
171 Sample Period

Dicke Switch
4

Phase Period



Receiver
Bandwidth Integration Phase Period

Samples per x Dicke Switch x
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RADIOMETER DATA INPUT:

Note: The data input sequence is repeated from 1 to 4 times as required for the number of
active receiver channels.

154 R = Reference Switch Phase Raw Count = First Input Transfer x 32768 + Second Input Transfer

155 S = Signal Switch Phase Raw Count = Third Input Transfer x 32768 + Fourth Input Transfer

156 R = Reference Switch Phase Raw Count = ) from + Fifth Input Transfer x 32768 + Sixth Input Transfer

154

157 Cal Switch Phase Raw Count = Seventh Input Transfer x 32768 + Eighth Input Transfer

GAIN BALANCING PHASE:

1000 x Receiver Balance Time 
Dicke Switch Phase Period x 4

Gain Modulation Constant = Cal + Sig 
Ref

Cal - Sig 
Samples! Integration

Cal Value in Counts per 0 1( = 
Cal Value in °K

R = Gain Balanced Ref Count = Gain Modulation Constant x Ref Count

B = System Temp Offset Values for Charts Sig Counts x Cal Value °K
Cal Counts - Sig Counts

2 x Dicke Switch Phase Period x System Temperature

[(sensitivity) Dicke Switch Blanking) x
Phase Period Time

1000

CALCULATION LOOP:

The Adjusted,41

	

	 = Number of Receiver Channels + 1 - Channel Data Display Select ConstantChannel Number

43 R = Gain Balanced Ref Count = Gain Modulation Constant x Ref Count

Cal Counts + Sig Counts - Ref Counts 44 D = Switch Power in Counts =
2 x Number of Samples per Integration

45 G = Normalized Gain Cal Counts - Sig Counts 
Cal Value in Counts x Number Samples per Integration

Sig46 U = System Temp in °K = Counts x Cal Value in °K
Cal Counts - Sig Counts

47 = Sum of Square of Switch Power = (Switch Power x Switch Power)

1

20

23

24

25

26

27

F = Cal Value in Counts =

= Samples per Integration = Integer

= Counts

NOTE: Values in counts.

Theoretical
28 I = AT
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48

• 

Last Value of Switch Power Squared = (Switch Power x Switch Power)D

49 P = Sum of Value of Switch Power = Switch Power

1

50
QD

• 

Last Value of Switch Power

• 

(Switch Power)D

51 H = AT measured =

1 
E (Switch Power)

(E Switch Power)2)

USER DATA DISPLAY:

54 Switch Power in °K
Switch Power in Counts 

• Scale Factor in Counts/°K

in CountsT) in
57 AT measured in °K = 

Scale Factor in Counts/°K

Switch Power in Counts 
60 Switch Power Digital Output = Host Data Scale Factor x

Scale Factor in Counts/°K

D/A CONVERTER DATA OUTPUT:

61 CR1 = X = Integer (Chart Recorder Scale Factor #1 x Normalized Gain) + 128

D/A Converter Chart Recorder Switch Power in Counts
63 CRO & CR1 = X = Scale Factor x  + 128 + 256 x CR1

Composit Output #0 Scale Factor Counts per °K

AT)meas 
66 CR3 = X = Integer Chart Recorder Scale Factor #3 x

Scale Factor in Counts/°K
+ 128

D/A Converter Chart Recorder T + 128 + 256 x CR3
68 CR2 & CR3 X = Scale Factor x sys

sYsloffset
Composit Output #2

72 Similar to 61.

74 Similar to 63.

77 Similar to 66.

79 Similar to 68.

But for receiver "B" channel.

NOTE: In the program only channels A and B have data sent to
chart recorders.

HOST DATA OUTPUT:

Host Data Scale Factor x Switch Power 
Scale Factor

84 Host Data = X

HEADER DATA OUTPUT: NOTES ON THE HEADER PHASE:

204 Bandwidth Generally, subscripted array variables that have (R + 1 - I)= = W/10 6 MHz ,
as the subscript may instead be A(X), B(X), etc., with
X = R + 1 - I being calculated at the start of the phase.

Also some values (i.e., T , AT)meas) may be stale or bad if a new scan is ordered when the telescopesys
is off source or being slewed to a new one. This problem is fixed by calculation during the previous
gain balancing phase and stored as separate constants for reading at header transmit time.



Initialize Bal Rcvr

Ch 1 Ch 2 Ch 3 Ch 4 Alpha Digital Out

CRS Sw Power Rel Gain T sys AT meas AT theo
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Special Function Keys:

Shown above is a copy of the function keys bezel overlay for the program titled:
"Gain Balancing Switched with Cal". The channel keys labeled Ch 1 - Ch 4 (fp -
f 3 ) allow selection of the particular channel for which data is to be displayed.
The other lower case keys direct which data is displayed:

Key Displayed Data 

f4 - Gain Modulation Constant, Alpha

f 5 - Digital Output (Host Data Raw Count)

f6 _ CRS Raw Count for C, R, and S

f7 _ Switch Power (Synchronous Detected Power)

f8 _ Relative Gain

f9 _ System Temperature

flO _ AT)meas (measured sensitivity)

fll 6:r)theo (theoretical sensitivity)

The upper case (shift) keys provide only two useful functions: Initialize the
radiometer parameters 

(f12) 
and the receiver balance function (f17).
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11P9825A Input Data Format: 4qh., 4 Ch System Mode

R [ 1] Mq 3 	S

[ 2J (1) 3 LS

[ (P2
MS

[ 4] (1)2 LS

[ 5] 4i MS

[ 6] (1) 1 LS

[ 7] (1) 0
MS

[ 8] (I) 0 LS

{ 9] (1) 3 MS

[10] (1) 3 LS

[11] (1) 2 MS

[12] (1) 2
LS

[13] cI i MS

[14] ch, LS

[15] (1) 0 MS

[16] (I) 0 LS

[17] (P3 MS

[18] (1) 3 LS

[19] (1) 2 MS
[20] (1) 2 LS

[21] cj 1 MS

[22] (Pi LS

[23] (I) 0 MS

[24] (Po LS

[25] (1) 3 MS

[26] 4)3 LS

[27] (1) 2 MS

[28] (1) 2 LS

[29] (I) 1 MS

[30] (1) 1 LS

[31] (PO MS
[32] (Po LS

[33]

• CHAN 'D/

- -- CHAN 'C'

... CHAN 1B'

• • • CHAN 'Al

Receiver Status (15 normal) 14 Ch A OVLD, etc.
13 Ch B OVLD
11 Ch C OVLD

7 Ch D OVLD
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The input data format above, for the 4 channel, 4 phase mode requires that 33
16-bit data words be transferred to the processor, If the system is repro-
grammed to the 3 channel mode, only 25 words are necessary, thus eliminating the
Chan "D" group (R[11 - R[8]) where the input data block would then start with
R[9].

If this hardware is set up into a 4 channel, 3 phase mode, then all 4)3 inputs
would be eliminated from the block with all data moving up to fill in the blank
slots vacated by the ch inputs, thus requiring only 25 words, Of course, a
1 channel, 1 phase system requires only 3 words input or 2 words input if status
is not wanted.

Output Data Format 

Word Address
Function Counter State 

Start : Blanking Time 10
Period Phase 0 9
Period Phase 1 8
Period Phase 2 7
Period Phase 3 6
Mode Control (Note 2) 5

Start 2: CRO & CR1 4
CR2 & CR3 3
CR4 & CR5 2
CR6 & CR7 1

Host Data 1
Host Data 2 0

(Note 3) Host Data 3 0
/ Host Data 4 0
k_ Host Data N 0

NOTE 1: If CTIA) is set, the cal signal is sent during the next 4) 0 . When
CTIA1) is reset, the cal signal is turned off after the next cpo.
If CTIA) is pulsed, you get cal for the next (Po period only. This
is true if the "2048" bit of the mode control is zero. If this
bit is set, i.e., if 2048 is added to the mode control output value,
then the cal operation is changed from the above "pulsed" operation
to continuous operation which lasts during the entire switch cycle.

NOTE 2: The "mode control" output word has the format shown:
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Function X F C 2 C 1 P X M 1 Mo S 7 S 6 S 5 S i  S 3 S

1 8 4 2 1 5 2 1 6 3 1 8 4 2
Value added 6 1 0 0 0 1 5 2 4 2 6
to mode con- 3 9 9 4 2 2 6 8
trol output 8 2 6 8 4

4

- Fifo Buffer Reset

- Number of Channels - 1

- Number of Phases - 1

57 — So - Number of Integration Cycles
per Interrupt Generated

- Pulsed/Continuous Cal Control Bit

NOTE 3: If CTL1 set, sequential data from "Start 1" as shown.

If CTL1 is reset, sequential data output seating from Start 2 as shown.

NOTE 4: All data is binary integer at the 16-bit I/O interface connector but
specified from the HP9825A keyboard in decimal.

Header Data Format:

The following information is transmitted, via the header, to the host data taking
computer at the start of scan, except during cold start:

Header Data Block Sequence:

Designation Parameter 

Host data scale factor
Receiver balance time factor
Receiver balance time in seconds
Number of samples/integration period
Number of samples in statistics summation

0 Blanking time parts
q) Interval in msec (all equal phase periods)
Blanking time in msec.
Number of receiver channels in use
Status input
Summation time for statistics data

Ai Gain modulation factor for Channel 1
B i Initial system temperature offset for Channel 1
G i Relative gain for Channel 1
H i Measured radiometer sensitivity for Channel 1
I

i Theoretical radiometer sensitivity
K i Radiometer data scale factor counts/°K
T i Cal value in °K
Ui System temperature in °K
W

I Channel bandwidth

2 1
 So

Continued --



HOUSTON PRINTER

MODEL 8230

OPT 003
( ONLY I REQ'D FOR

DEVELOPMENT WORK)
••■■•■..1

I

KEYBOARD To, CONTROLLER

( ASCII)

"TIT.

r _
CRT DISPLAY

TELESCOPE

OPERATORS

CONSOLE

( OPTIONAL)

r -
I

I
CRT DISPLAY

ANN
ARBOR I
TERMINALS
K2480D I
MAYBE

CONTROL

SWITCH & CAL. RCVR. SWITCH

CONTROL OUTPUTS

SQUARE LAW

ANALOG

VCO'S

4 REM

FREQUENCY

ANALOGS

V

CHART RECORDERS

( UP TO 8 CHANNELS)

*POWER ON START

PROGRAM LOAD
PARAMETERS IN IT

TAPE DRIVE

ONE OR 2 UNIT

READ / WRITE

4CHANNEL 4 PHASE

DIGITAL INTEGRATOR

DICKE SWITCH GEN.

W
STATUS

pCONTROLS

PROCESSOR 4-

UNIT V77-400

VARIAN DATA MACHINES
••■•■•■11,

K(S-aR)4cH,

SYNC. DET. OUT

(DIG EQUIV)

RAW

COUNTS
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Designation Parameter

A2 	Gain modulation constant for Channel 2
B2	Initial system temperature offset for Channel 2
G2 Relative gain for Channel 2

REPEATS THROUGH ALL CHANNELS ABOVE.

NOTE: All data in the header block is transmitted in binary 16-bit, 2's
compliment format. An error "G3" and line number 184-204 will be
displayed if the data value is out of range -32768 to +32767.

The Suggested Varian V77-400 Minicomputer Based Digital Radiometer System 
Configuration and Fortran Program:

The present digital receiver CPU (HP9825A) may be replaced with more powerful

but less easily programmed Varian V77-400 processor system as shown:

10. SWITCH POWER

NORMALIZED GAIN

SYSTEM TEMP

SYSTEM SENSITIVITY (CALCULATED)

SYSTEM SENSITIVITY (MEASURED)

HOST DATA

TAKING COMPUTER

DOP116/MODCOMPIE

•■■■■•■=.11.

,

NATIONAL RADIO ASTRONOMY
OBSERVATORY

.

TITLE:

DIGITAL STANDARD RECEIVER

WITH EXTERNAL PROCESSOR
r
OSGN.BY: J.R.HALLMAN DATE: 1 978
APPO.BY: DR.ey: T,M.

, DWG. NO. S 2-567-0 FIG. 1

+ THE RECEIVER SYSTEM HAS BEEN FULLY TESTED WITH

THE HP 9825 CALCULATOR AS THE PROCESSOR WITH

ARITHMETIC PROGRAM LOOP TIME 300 ms

THE PROGRAMS HAVE BEEN TESTED ON THE VARIAN

WITH LOOP TIME 50 ms

* IT WOULD BE NICE TO HAVE POWER ON RESTART

CAPABILITY WHICH MAY BE ACHIEVED WITH EITHER
THE VARIAN BATTERY MEMORY BACK UP OR A

SMALL AUTOMATIC SVB SYSTEM CONTROLLER
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The introductory notes at the front of this EDIR draw some comparisons of the
two systems. Reproduced next is the Fortran/Varian compatible program equiva-
lent of the HP9825A program:

PAGE "1

1.

4
5

7

9
It?)
11

1.
1":3

4

13

19
;?(21

2E.r,

••••• •••• .••••• ••••■ •••••• •••••

DIMENSION C( 4
D MENS I 0 N Ft(
D E MENS I ON 4
WRITE (0,99)

99 FiV671FIT -
DO i , 4

( I )
1f( I ) = 5
F )=I (2)06.)
F :(I )= I.
F

T( I )=21. ., 5
1,1( )= E

X( t + 4 : 1 = 2 1.21
1 t; CONT I NUE

P = 1. 5 t:21
R=4
M=I

1, 5;7:T5i.:7;
= 5

Ni1=25
TI=5.
EE=11.
FL=5 „

NOTE: This test Fortran equiva-
lent of the 9825A system
executes on the V77-400
in 42 seconds from the
last write operation at
line 61. This is a
42 msec loop time for
calculations!

), D I: 4 ) E r. 4 ),t3( 4 ),  RA: 4 ), Si: 4 ), LI ( 4 )
4 ), EH( 4,50 ),P( 4 ), OC 4 -5 7 1-1

4 ),F ( 4 ),FK( 4 ),T( 4 ),I4( 4 ), XI: 8)

.,...itifizi - iJiW:4Fie-F4(7.7-3FITTifi-IED WITH CA!...

••■••• •••••

••••.

•••••. •••••

4c.1

B8=2.
CONIR (10,KP,IRpIM)

NE1,1 ALPHA:
! RiTE ( 0,98)
r-5 ;11, - `-.1
DC (..fi 1 :7- 

, ,
!;)

: D
5 N YUF.'

 I

30.
-

 - - - - - - - - - - - - - - - - - - - - - - - - - - - - -	 ••••• • r• • rr••• • • • •••• • • . r • • r• •••• • •

N EiiLAIC I N!G N 0 )

..• • •... •....
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41 20 CONTINUE
42 I D=0
43 JJ=I -

44 KK=IM
4E5 I M= 1., F. I X( 1 (2)00 . if-7 L/FLOAT( 4W1 P ) )  - - - - - - -
4G CALL UONTR (.. IO, IF',IR, Itl )
47 CALL RDERCV ( FZ,S,C, I S, IR )
48  - - - - - - - - - DO 30 1=1, I R .....
49 -1:7,i iri-3;i:"..(Y-13-1-- t it :,../ R( i ..,

50 F t: I )= ( Ct: I )— I ) ) s' F LOA I( IN )
51  - - - - - - - - - FKC I )=Ft: I )/M: I )

--7----,---
- 52 rIA I ,I =Pli, I :I i Rt,

53 '13( I )=E.,;( 1 )4iTt: I )/( C( I )--S( I ) )
54 30CONT I HUE• —  - - - - - - - - - _--__—
55

Im=u________________________  - - - - - -

SG CALL CONTR t: 1 0, I P, IF, IM )
57  - - - - - - - - - WRITE _t: 0,97 )( A t: I ),E( I ),17 1: 1 ),FIC 1 ),FK( 1 ),T( 1 ), W. 11 ),1=1, IR )........  

- 58 97 FORMAT (7F1G.7) ----
59 WRITE (0,9G) IP,IR,IM,I0,GICI,NN,TTFEErFL
GO SG FORMAT ( 414,F14.7,14,3F1G.17
G

)
-- ,- -

1

o 1
:

— D 50  IITI:T:1666___________________  - - - - - - - - - - - - - -

G2 50 I REST=324-1
G3 I D=ID+1 
G4 I F (TD—NN+1) 51 1E1) ----
G5 55 iD=i
Ge 5G CALL RDRCW ( R,s,c,is,rR) 
G7 IF (BB-1) 58,57,,58
G8 57 CONTINUE
G9 58 DO GO I=trIR
70

D( I )=( 1 )-f- f,'.3( )--. R( 1 )
72 G( 1 )=( C:(  1  )--S( I ) )/ F ( I )
73 0( I )=`-3( I -5P:T( :1 ,1 ( ifi7:1- 3: !-V, I 1)-
74 F1( I )=FM( I )--FN( I , ID )+DC I AD( I )
75 FN( I  I D )=1)( I )ii1:1 ( I )

p(1)=PTI)-76i7T;r5-57!:5 rn
77 QC I ID ) 1=t)( I )

W. I )=',30,RI( C FM( I )—P( I ).WP( I )/FLOAT( NN ))/FLOAT( NN-1 )_________ .M• _________.
73 GO CONTINUE
80 I F (BB) G4,C.-% 3,G4
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...I. .1..

81 63 CONTINUE
82 G4 IF (BB-21) G6,65,6G
83 65 CONTYRIOE:—
84 GG IF (BB-3.) G8,G7,68
85 67 CONTINUE.
8G G8 IF CJW-7.4:5-776-170
87 G9 CONTINUE
88 70 - - - -I F (BE-5.) 72,71,72
89 71 coNTITIOE-----
90 72 IF (BB—G.) 74,73,74
Si -7, CONTINUE
92 74 IF (B.-77-7-5- 77.67—
51 3 75 CONTINUE
94 eG I F (BB- ) 77,77

MY,

95 77 DO 140 U111,211=1 2
9G I X= I F I Xi. X( 2 '. 1 1{,i ( G( I R)-1 )+128 a )
97 I F ( I;2;-127 ) /21,121,120
98

120 ix.lx_ _______________

95 121 I N= I F I X( X( 1 )i.ND( I R )/FK( I R )4-128 a )÷25Giti I X
100 I F ( FLOAT( I '.: )+32768 a ) 124 ,./ 24,122 ---- ----  - - - - - - - ---
101 122 IF' 1.: FLorm IX )-32767 a 123,123,124
102 123 I OUT= I X
103 GO TO 125
104 124 i OUT=0
1 05 125 I X= I F I X( X( 4 )1H( IR )/FK( I P. ) )1-128
10G IF ( IX-127 ) 127,1 27,'.7,1.2(3--,, -----  - - - - - - - - - - - - - - —  - - - - - - - - - - - - -
1 7 12G '17::;IF. ---------
le. A 127 I X = 1 F I X ( X ( 3 ) :4 ( U ( I R. ) — B ( I R ) ) ) +128+25 G Mii I X

.,...........109  I. F_( FLOAT( 1;' :-; )+1276A a ) 130,130,12P.  - - - - - —  - - - - - - - --
110 1 2i!. IF F. -I F '.3.-" ii:T. '257"I35.-----------
111 1. 25 MI= I X
' -.'L i. ,;.. GO  70 131

-7 , •
------_-__---- - --- ----

i •i 3 1 3(2I In:F:5--
114 131 CONTINUE
• 15 140 CONTINUE
lib 150 CONTINUE
• 17 STOP

7.1 END
EN' 7 RY/COMMON BLOCK NAMES •
C:1 04361 R



EXTERNAL NAMES
002722 F $14R
002772 E ND
ei I G3 E $DO
121 02570 E CONTR
(21 04114 L. IF I
0(341.22 E FLOAT
0(2. 4027 E QN
(?, 1 04 

• 

b
0 3035

E $011
E RDROV

c 24 1 25 E K
03 IF L..

002 7 G G :T.; I* 3
752 E

• 'J43 5 R ;-
004(372 E: TO 41

04 171 T
- Ti2 1 TABLE

0(21 4 1 75 P. 000001
(21 04 ‘.157 R 012:
c)042: 25b 00 Y./
00002 R
0 C.

/ R
"T!

(-) 0 0 et 32 R
0 0 C.,

•

R Ft.
M..1-,1 R

E..;

T:4\

F
F K

00:572
- co 

7.7

b 4. r

0 (3 
1
;12 R

1)01

s

•

i? R
Ot; t

te.

;F:. 2 R.
r. (:',1 1

71 7 :3 r Cl
1
1
1
.

1 552 R
1 5 G 2 P.

...•
t 3 R

001. G42 R

3

F N
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...

001G52 R X
002722 F $14R
(30 4t e 4 R Ø tn.
oe 702 R SS
002772 E S.ND
0(2)20r:32 R
00417G R
004201 R 040300 000000

7
17 f5,171-/ cif:

.
 L-1/2

0 . etc, R :It; ••
. 0042.0.4 .R Q' 41 1. 7 ooei

- CIN Al, • ,.. •
IT? 0- 420 '7 R. 042575 1.2301,-.01;.'41
0042 . 0G R 00 'I G •• • : •

— — 7 174 — — *:-ci d- 0 0 1 . (24
ø t2 4212 P. 001 G. 20
004 3 14 F.'. 041 15 0
004213 P001
00421 '7 R 045111 0174(210.
00421• R 001G40

MM.

004P22 R 041320 000000
004221 R 001 G50
004224 R OOIG GO

!?©4i;:, E.. D 0
004227 F tr
@0422:G  R 000-2.2G
004230 R

R
004233 R I O
004232 R
00423 P. 00
004234 P. 0407 2 (TI 000000
004241 R NN
00424 (.?" F! 0010011
004242 R
004244 R E
00424G R
004250 I
004253 P. A C-1

004251 R C."1. 0 0 II 0 000000
(1::, 0 1.

..•
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•••• •••• •

PAGE

0(21 4757 R B
0134255 R 040500 000000
002570 E COHlh

004262 R 1?/ 7 (2i

(2, 04 1? C.:: 3 R 0)0
01 042(34 R K 14.

el 4 114 E I F I
•

004122 E FLOA
, 21 042 G 5 R S2 0
004023 7 E $011

E T;01.1
004 2 G7 r $2 1

071035 E 'IF?, r
0 1:4; I R

f.; R 30
0 qi 4272 R :$1 0
0, 044:73 R 000000
004274 R $1
004275 R 000050

;',7 1.21 4 7 7 R 000040
00 A 3(21 0 . R $1 3
(2c4 I 25 El —T617.
004301 R 41; 2
(21 041 t? ..1 3 E It; 01.,
(31r7:14. :303 R

1 0 7 5 R
0043 613 R- 7.7 E

41*

1.1, 12 , 1 . 73(? 7 P. 11; 1 5
r

00'4'. 752 E. : S
G2 P. (7.1

el R. I I
CP.. (71 (4 . 31,...; R 0017 r; 0

003013 R 50
004312  R IREST

004311 R 000040
003034 R 5G
003031 R
003057 R
003057 R 57
003501 R G Cdi
004313 R 000011)
O t 4;j4 R 000030
(21 047115 R (3000G (21
003473 E SORT
121 0431 G R 0(2.1 155 1:::‘
04317 R $2 5

003520 P
003 F.-; 20 R

•R
003534 R 5
004323 R 040540 000000
003550 R G8 .
0071550 R
004325 R 040700 00012100

f21 3564 R G9
(.:.:1 03G R
1.1) s

C.1 04-327 14: 040740 121(21000o
et 03 GI. 4 R 74 

(-14 P. 73
004331 R 0407GO 0000E40
003G :7,10 R 76
003G30 R 75

004333 R 041100 000000
003 G 42 R
el 04154 R 140
004. 335 R /III
0 q1 4341 R I 

0043.::1 R 042100 nol000n4 .4 Tr 4.'t

00 41. 7.1 3 G R 001 G94

002153 R
0022'257 R

/002225 R
004261 R

.1... .0.

••••

N

■•••

I.••■•

0(.1 43 f? $a b
R4
G :3

.0. ...I. MO
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PAGE 8 31/03/78

004342 R 000177
001710 R • 21
1.0".• MM. •■•••

003704 R 120
004343 R 000400
004072  E SHM
004344 R 00165E'
004345 R 044100 000000
004007  R 12
00376G R 122
004347 R 043777 077600
004002 R 1 23
øc l 43E41 R jOUT
(3040 I 2 R i2
c. 43S4 R 000200
130471'52 R 11: 2 2
004(357 R 127
021 4(353 R 12P
130 ,1- r7i5F. R 001 E356
004151 R 130
C.), 04133 R 128--------
00435G R 077777
004144 R 129
004154 P. 131

■■•••• 1.01.

004171 E $St
0 ERRORS COMPILATION COMPLETE
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I C
SUBROUTINE CONTR (10,IPpIR,IM)

3 1 A=2+1
4 1 8=32+2+1

1C10
--6 SW MN •,

7 I E=IP-1
1F=IP-1

•

9
to IH=(1R-1)#4096+512+25G+IM-1
11 I J=324-241
12 I K=32+1
13 RETURN
14 END

EN1RY/uOMMON BLOCK NAME!..J
000131 R CONTR
EXTERNAL NAMES

 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .MONS1,10.

0 00002 E SSE
0000G9 E $HM

IiECL TABLE
0'0 4;21 111 R 000001
000112 R 00.0002
1 00004 R I 0
t0000s P [1--f
10000G R I R
1 00007 R I M

— 600002 — E $SE
•••• M.. .0..

00.0113 R
000115 R IB

— 600114 R
00011G R I C
000117 R I D

0.40

000120 R I E
(:!! 00121 R I F
000 .1 22 . R I G

•■•■■•

fo (z. 1 1. 26 R
009123 R 010000
000124 R 001000

.7  - - - - - - - - - - - - - -
EZ

I
 0 

1 ,, rf 5 R (21 0 tal 400
00 r71 0G5 E SHM

PAGE 2 31/03/78

000127 R I J
000130 R I K

0 ERRORS COMPILATION COMPLETE

a...



' .... PAGE • 1 31/03/78

4
5

7
8

SUBROUTINE RDRCV (XR,XS,XC,IS,IR)
DIMENSION x17:T.

-21: 5717.:§F:i5;RUZ -5 -
DO 80 1=1,IR
XR(1)=32768.w1.4.1000.

3: ) 7.. xr“.1 ) +327G8. t 4.
1
 eel)

XC(r)=3278A,#1.463000.

9 ..80 CONTINUE
10 1.F1,,,=15
11. RÉ:tURN

... 12 END
- ...• NTRY/COMMON BLOCK NAMES

000175 R RDRCV
EX T ERNAL NAMES
01 02i r,02 E SSE
00130 E SOM
000133 F $OK
000142 F •$D0
SYMBOL TABLE 

-605T -17,-556661
100004 R XR
• 00005 R XS

•• 0000(4 R XC
100007 R I S
10 ,-,1 04 0 E R
(00

1A,U4E SSE
000141 R 80
000157 - - - - - - - - - - - - - - - -R
000164 R 044106-656-655--
000162 R 040300 000000
000166 R 042575 000000
000160 R 177776
000161 R $1
000130 E $QM

,0001„7",., E SQR
00017 0 R 042775 000000
000 i 72 R 043135 060000
00(:)147 E $D0
000174 R 000017

PAGE 2 31/03/78

0 .. ERROkS-COMPiLATIOV COMPLETE
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Slave Mode using an External Timing Generator:

The programs will support this "slave mode" with alterations required only to
the radiometer data input "program module". Generally, it is only necessary
to realign the data from the integrators 4)0-4)3 so that the right value is sent
to the right input to the calculation routines, i.e., the cal count 00 must
go to the C[I] input to the computations, etc. If external timing, one other
phase may have the cal integration value, for example, depending on the timing
relationships and logic conventions of the external timing generator (see p. 74).

Noise Tube Measurement using the Thermal Cal Unit:

The automatic thermal cal unit test set described in EDIR 11103 may be connected
to the digital receiver system for fully automated measurement of cal values by
connecting the Thot /Tcold BNC control cable to the "CRO" D/A converter output
at the back of the digital receiver. After making ready the "Test Tcal using
Thermal Cal Unit" program and executing cold start procedures the system will
measure and print out the value of the unknown cal operating with the radiometer
system. Follow the set up instructions in EDIR #103. The calculator display
shows the program phase in progress. This sequence occurs:

Cold Start: Rcvr Bal

Wait Vh
ot

Data
Vhot

Wait
Vcold

Data V
cold

Wait
Vcal

Data
Vcal

Print Out
Tcal 

Value

Wait
Vhot

Data
Vhot

Data
Vcal

Print Out
Tcal 

Value

Repeat
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Start
AUTOMATED CAL TEST SYSTEM

OPERATIONAL FLOW CHART

Program
Initialization

Hardware
Initialization

Gain Balancing

Measure V
hot

Measure V
cold

Measure V
cal

V

Compute Vcal

V

Update User Display

DAC Output

V 

Radiometer
Parameters
Input ?

V 

Input
Radiometer
Parameters

• Print 'em ?

Print
Radiometer
Parameters
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Program Lists:

"TestTcal using Thermal Cal Unit"

Load Function Keys

AP 1.- 0

Ra y Hallffian

idf
5 F5K5L5M5N505
5 O5R5T5U5V5W5
5 757E*1

Er. a ldk 13
- ,

 14J;n4A;s4B;
4P;n4rn

;

 

9sb "CONTROL"
0 a

9: "NEW ALPHA":
4 0 ; 17...

1
 
4
41 ; 

1
2
1 4 r

11: wtb 1550
12: wtc 155:743-Frn
13: dsp

GAIN RALANCING
F:

 sf.g
15: K41]..19......b "GET

DATA"
16: cf9
17: .g sb "READ

RCVR"
18: N4G; .g sb "GET

DATA
19: for 1=1 to R
21.71: C [I] /E.: [I] 4A E

Ti
31: next I
32: rcf 135A[*]5

"1:hannel"5I
fxd 4;prt
R= A[Rti-I];
next

26: SPC 2;17.14A
27:
*31008

GainBalancing

Start 

Program
Initialization 

Record
Parameters 

Load
Parameters 1-2. K,L,M5N,05

PO5R5T,U5VW5
Y5Z5ZE*.]

23: if A#2;U4A;
9to "THOT"

•
4: sPCInitialize

25: for toHardware 
RAfxd 0;Prt



Measure IT
hot

Compute Tcal

." 1
K 4 G

DATA"
53: "COMPUTE":
54: for 1=1 to R

C(Z-Y)/04E11
-VEI])4KEI]

56: KIMX[I]-
VEIII).4TEI]

57: next
53: if f1•2=0;

... for '1=1 to R;
p rt "Tcal=",
TER41.-Iflnext
I;SPC

59:
60:9.to "THOT"
61:
*1868

OT":-14D;

38

• "

•

	TCOLn":0-iFn;
14W

38: sf 9
• K4G;9sh 'GET

DATA
40:
41: L-,u5 .9.sb "GET

:ATA".
42: for..I=1 to R

(131.13-ACI1R[
I U/FinALM(P-
0)4VEI1

44: ri Pxt
45:

46: "TCAL":040;
34,1;14r0

47: L41".“ .9.sb "GET
nATA"

48: for 1=1 to R
49: ( C[I]-A[I]E:[

Ti ..":517.:1 0111 ( Fs -
LT.! ) 4

513: n X • I

4 rel

*21684

62: "GFT ORTA":
6:3 . : for .1.=1 to

Integrate R214BEIJ4C:Eill
Input . Data next I

64: for H=1 to G
65: .atc 15532+r0
66: 9.sb "READ

F: C:
67: for 1.=1. to R
'68: B M+R[ TI. ] 4 E:[

I];C: M+S[.T.] 4 C: [
I]

69: f. SEN-RETAFIC
I /51..7.10 • sF -

Measure V
cal 

[
70: I
71: if A=1;04A;

9to "NEW ALPHA"
*1654?

Measure V
cold



72: JJ R=.0;fxfi
44.cis "GAIN
MOnLLATOR CCrET
="5.FIER-Fl-j),

73: if 8=1;fxd
0;risP "S=",E.ERt
I -)1,"R=",PER+
I -J] ,J

74 if
47.ds p : V
col d•= (volts
5VERA-1-A,J

75: if R=3;fxd
4;fis p "
hot = (volts).
WCR+I-J115,

76: if B=4;fxd
4;ds p "
Gal = (volts)",
XCR4.1-J3,j

77: if R=F;;fxd
4;cisP "
Gal = T1RA-1-
... ],"(*K)",J

If B=7;84B;
9,to "INIT"

*23026

.1

39

79: R # 8 ; .73 t o

8
80: if W=0::..fxd

4 :5' d s P "GAIN
VODULATOR CONST

81: if fl.;1=0;
if W=1;fxd 4;
dsP "data V
cold = (volts)",
YCR+1-J3,J

82: if
..1_._.j:

User if W=1;fxd 4;• ••
W

••
P 3. t. V

Display cOld= (volts)",
YER-F1-A,J

Phase 83: if fig1=0;
if W=2;fx ri 4;
d s P "do. t  O. V

hot  = voitSJ" 5

YERA-1-j],j
34: if f1.7.11=1;

if W=2;fxd 4;
ds p "wait V
hot = (volts)",
Y[R+1-A,J

85: if f1s1=0;
if W=3;fxd 4;
fi c. P "fiata V
cal = (voltsi",
Y[RA-1-J],j

86: if f191=1;
if 4=3:4fx3 4;
dsP "wait V
cal = (colt.
Y[RA-1-J3

87: wtb 15,D
*11319
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Calculate D/A
Converter

Chart Recorder
Outputs 

Hardware Control

88: 04S; if R>1;
inti.(25.5/Z[3])
Y[R-1]KER-1])+
1284X

89: if X>127:1X-
2564X

90: (25:5/••Z[2] s.?
DRAK[R]+1.28+
256S4X

• 1: if D-32768;
if X<32767;wtb

+•
92: wtb 15,0
93: 04X; if

I. (25.5/7 [5] )
[ F.! -3] K. [ R -3] +

1 R 4
94: if X>I27;X

2564X
95: if R>2;(25.5

/Z[4])Y[R-2]KER
-2]+128+256X4S

96: if D-3276R;
if X<32767;wth
1 X;9to +•

97: wth 15,0
93: next H
99: r e t
* .34251

100:
101: "CONTROL":
102: wtc 15,2+r0
103: wtc 15,32+
2+r0

104: wtb 15,0
105: wtb 15,P-1
106: wtb 15,P-1
107: wtb I 5 F'-'
108: wtb 155P-1
109: wtb 15,(R-

1)4096+2n4RE+0+
256+M-1

110: wtc 15,32+
2+03

111: wtc 1.55::=2+
re=

112: ret
113:
*22497
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114::
1.1 5.:••

".140W flfilT-.1.-RCVR
CHANNF_S..IN
US'E?"541?.

116:•i.f..R.t;prt
" m1c. f . : H .FIVE AT
LEAST . 1:-RCVR
CHANNELf7:4..=.pc'
2::.•g to "R."

117: if S)4:4Prt
"MORE JHAN
RCVR CHANNELS

ALLOWED!";
SPC "R.".

1 1 0
.

"
1-

"
. --, ,t •

" DICKE SI --ITCH •
FREOLENCY IN
H2?"5F;if f1.7.413
=0;sf.g...0- •

119:•int(1000/
2F)4P

' 20: if P<1;prt
"SWITCH FREI) >
50QHz NOT ALLOW
E.D!";spc'2;.gto

if P>10000;
prt "WANT SWITC
H :REHENCY •
. 0001 HZ SPC
2;9t0
23:
"RLAHvING TIME
I N MS? "5Q

if f1..g13=0;
int(40960/PH2O;
c

•
s. 0

124: if. fl..g0=1;
l nt(40960/P)40;
cf.g

125: if 0>4095;
p rt "BLANKING
TIME MUST BE <
PHASE PERIOD";
=. PC.

126: if 0<0;:r-t..
"BLANKING . TIME
• 0 NOT ALLOWED

" ; SP0 3;9t0

127: if R=1;int(
100/2P)4M

128: if R=2;inti.
150/2P)411

129: if R=3;intf.
200/2P)4M

130: if R=4;inti.
250/2P) 4M

131: if M< M4M
132: "U":ent

"RCVR BAL TIME
( SEC)="51.flint(1
0001J/2PM)2PM/
10004X

133: int(1000U/
2PM4N

134: if in. (500U
/P)<1;fxd 3;
p rt "MIN Rx
RAL TIME (SEC)=
"5P/500=1s p o 2;
9t0 " U"

135: if X44-U;X41j;
fxd "ACTU
AL RCVR BAL.
TIME (3EC)="51J;
*.z. P 1... 47.

136: "T":ent
"INTEGRATION
TIME (SEC)=1-;
m t. (1000T/2PM)2
PM/10004X

137: int(1000T/
3PM)4I

138: if jilt. (500T
/P)<1;fxd 3;
p rt "MIN INT
TIME (SEC)="5P/
500!Is p c 3;9to

139: "V":ent
"WAIT TIME (SEC
) ="5Y;int(1000V
/3PM)2PM/1000.*X

140: int(1000V/
2PM)4K

141: if int(500V
/P)<17.fxr-I 3;
Prt. "MIN WAIT
TIME (SFC)= P/
500; ....Pc 2.;•to

143: ent C' old
= ?"5Y

144: Ent.. "T hot
5 4..

145: ent "CORREC
TION FACTOR=?"5

146: ent "CRSF
2 = ? CH1--SW
POWER (*K/V)",
2C2]

147: if R>1;ent
"CRSF 3=? CH2-
-SO POWER (*K/
V)"5.7.:[3]

148: if R>2;ent
"CRSF 4=? CH3-
-SW POWER (*K/
V)"5.2[4]

149: if R>3;ent
"CRSF 5=? CH4-
-5311 POWER (*K/
V)"572.-[5]

150: ent "BIT
VALUES PRINIFF15

ENT 15 CONT A
151: if A=1;9sb

"INIT PRINT"
1 53: •.9to "NEW

ALPHA"
153:
*5492

Radiometer

Parameters

Input

Phase
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Radiometer
Data Input 

.Print Out
Radiometer
Parameters 

I 54: "READ RCVR"
:for 1=1 to R

1 55: rdb(15)*
32768+rdb(15)4R
Ei]

1 51;: rdb(15)*
3271;8 r b I )
r I :1

157: next
153: rdb(15)4R
159: ret

Ci
*31512

161: "INIT PRINT".

162: fxd COSPC
163: p rt " NUMBE

R . OF RCVR CHANN
ELS="NR;spc

164: fxd 3;Prt
"SWITCH FREQUEN
CY IN Hz=",F;
SPC

165: fxd 3;Prt
"BLANKING TIME

MS ="NP0/4096
sPC

166: fxd 0;Prt.
"M="5M;spc

167: fxd 3;Prt
"SAMPLE PERIOD

( SEC)=",2MP/
1000;cPc

168: p rt "RCVR
BAL. TIME ( SEC
) ="0.2P/1000)in
t(1000U/2P);
SPC

169: Prt "INTEGR
ATION TIME
(SEC)=",(2P/
1000)int(1000T/
2P);sPc

170: p rt "WAIT
TIME (SEC)="1
(2P/1000)int(10
00V/2PhIsPc

171: fxd 2;prt
"I cold ="!.Y;
SPC

172: p rt "T hot
="!.Z;sPc.

173; p rt "CORREC
TION FACTO
R=",C;sPo

174: for 1=2 to
R+1

175: fxd 121;Prt
"FOR CR",I;fxd
5; p rt "CRSF=",
72 [I]

176: SPC
177: next
178: 24A;sPc
179: ret
180: end
*4420

End
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Radiometer
Parameters
Print Out 

WIMPER
CHANNELS=

S[.1ITCH FREIDIPHr'
I N 1-1-7-

RIANKINF4 TIME
TIS = Axj19:::

;MPLE PERIOD

ROVR BAF

7r
.
DATTflm TiMP: : : : :

TIME ( SEC
12A.nAA

cold 19.70

= :7= 4.75

_u-f.RECTION
FACTOR= A.99

FOR CR 2
- 5.00000

APril 21, 1978
RaY Haliftah

I ist k

f0: *14j

fl: *if R>1;24A

f2: *if R>2; 24J

f3: *if R>3;44j

f4: 4.17.1 4B

f5: *84B

fl;: *14B

f7: *248

f8: *34B

f9: *44B

fIA: *cf9

fll: *64B

f12: *74B

f15: * p rt uP=" F
"1D=" "0-=" ri

f17: *1•A

Special
Functions
Key List 

>

Chonnel I f21: *rck12
R/R= 1.1;292

f22: *sf9 2

21, 1978- Ra
Y fiall-m.d.n spo;
SPO
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Internal Constants List 

Program Title: "Thermal Cal Unit" 

Simple Variables Assignments 

A If A = 1, rebalance receiver A [4] a (Gain Bal Factor)

B Display Selector B [4] E R[I]

C Correction Factor C [4] Z S[I]

• DAC " " Output Thot/Tcold common D

E Cal Control: Continuous = 1
Pulsed = 0

F Dicke Switch Frequency

G Integ Const for "Get Data" SRT

H For I Loops Init Seq

I For I Loops Init Seq

J Chron Data Display Slector

K No. of M's per Data PA (Wait) K [4] Scale Factor °K/Volt
T -T

hot cold 
x

 -V
C

Vhot cold

L No. of M's per Data PA (Data)

M No. of Samples/Integ Period

N No. of M's per Data Pt (a)

O Blanking Time (Parts) 0

Interval in ms = ch)
Q Blanking Time in ms

R No. of Receiver Channels in Use R [4] Ref Rcvr Input (Raw Count)

S Status S [4] Sig Rcvr Input (Raw Count)

T Integration Time in Sec T [4] T

cal
U Receiver Bal Time in Sec

3 Wait Time in Sec V [4] V

cold
W Automatic Display Control: W [4] V

hot

1. Tcold
2. T

hot
3. T

cal

X DAC Out Buffer X [4] V

cal
Y T

cold

 *K Y [4] Switch Power in Volts

Z T
hot

*K Z [8] CRSF's

RO - Cal on/off control: 1 - on.

0. Gm const



cal

Tot Power

(Switch Power)

T -Thot cold 
Tot Counts x Counts - Counts

hot cold

A typical chart record thus obatained is as shown:

-Tr

ra411111 , „1111

MIN

45

Automated Cal Test System Equations 

The following equation gives the value of Teal, from EDIR #103 which is solved
by the automated Tcal measurement system: II C TI is a correction factor explained
in the EDIR.

Thot 
T

cold 
V Ti
hot cold

A chart record of total power can be made from the D/A converter outputs CR2 and
CR3 for channels 1 and 2. The output is machine calculated by the following
relationship:

Scale: 5°K/inch
5°K/volt

= 19.70°KT

cold
T =3475°K
hot

Calculated T 15.2°K
cal
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Initialize Bal Rcvr

Special Function Keys 

• s
ilo 11110

Ch 4 AlphaCh 3 Auto Display

* Rck 12 Print Off Header/Date

46

Print On

The special functions key overlay is reproduced above. If it is misplaced, you
may pencil a new one onto a blank provided from the supplies drawer. The chan-
nel keys Ch 1 - Ch 4 (fo - f3) allow selection of the particular channel for
which data is to be displayed. The other upper/lower case keys direct which
data is displayed:

Key Displayed Data 

f 
4
 _ Gain Modulation Constant, Alpha

f5 _ Auto Display = Current Data of Measurement

f6 _ RS Raw Count for R&S

f 7 _ V
cold 

- Last integrated value

f8 _ Vhot -- Last integrated value

f 9 - V -- Last integrated value
cal

flO _ Print On - Enable T
l
 log

ca

f11 - 
T

cal 
- Last Integrated Value

f12 _ Input New Radiometer Parameters

f17 _ RE Balance Radiometer

f21 - Record Current Function Keys (not used here)

f22 _ Print Off - Inhibit T
cal 

Log

f23 _ Prints Author/Date of Program

Noise Adding Radiometer:

Although this hardware is complete, a program for this mode has not been developed
and is left as an exercise for the user.



8 ChannelsSTANDARD

RCVR
DIGITAL

SYS

	 Analog Monitor of
VCO Data

4 Channels

SIR

Cal .... • • • • • • • •

• • OOOOO

• . •

Interrupt Data Taking Computer
at Telescope Site

INTERRUPT HOST COMPUTER

HOST DATA 32-16 BIT WORDS
(UP TO 614)

RECEIVER
DATA
(SQ. LAW
DET. OUT-
PUTS)

4 channels

VCO

Ext Cal ....

Ext Blanking .

IPower Supplies

)1. Analog Channels to
Chart Recorders

Display Status LED's

Up to
(1) 1 - (P4

Signals
Blanking ..

Int/Ext Ref Sw..

Ext S/R

KB HP 9825
CALCULATOR

Readout

Printer

Display Data on
Command via

Live KB and Display
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FIGURE II:  DIGITAL STANDARD RECEIVER MODEL III
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Electronic Circuits Discussion:

The digital receiver system is constructed of 10 electronic circuit cards, 9
of which are contained in the main hardware module, and one is located in the
host computer main frame. The block diagram (Figure II) shows the layout, as
integrated into the system.

The front panel is loaded with lights that show the status of (left to right)
external timing generator inputs, internal timing generator signals operating
by NRAO definitions (S/R, cal, blanking) four phase switch signals 4) 0 - (P3,
the four VCO clipping indicators, and two CPU status indicators showing "CPU
Data Dump" failure and "CPU Busy". Also there is a toggle switch for selec-
tion on internal or external timing generator inputs, a meter and selector
which indicates the analog total power outputs of the four VCO coupled detected
inputs and the eight D/A converter outputs designed to drive chart recorder with
250 unit indications.

The rear panel contains connectors that interface any signal indicated by the
front panel indicators to any of four logic senses, two for TTL, two for 3C,
Elco connector interface with various panels, CPU's and data taking devices.

Of the 9 circuit cards in the box, there are 6 different types as now described.

Card 1: "Integration Period and Blanking Generator"

The card #1 schematic shows the timing divider along the top with multiplexed
control inputs from the four ranks of latches providing the period definition.
The 12-bit blanking generator at the top right drives the miscellaneous format-
ting logic at the lower right. Part of the int/ext timing generator selector
switch logic is at the lower left.
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Card 2: "Digital Integrators"

A complete 4-phase integrator system for one channel is constructed on card 1.
The counters are 28 bit binary with latch buffers to enable the CPU to take
data anytime during an integration period without interrupting counting (inte-
gration).

The schematic #2.567-2 shows the integrator card with the 4-phase digital
switch (upper left), the Tri-State multiplex gates along the top that connect
the counter latch outputs to the CPU input buss according to the address se-
lect lines "DARA", "DARB", and "DARC", which connect the four 30-bit counters
to the 16-bit buss in 8 words when raw count data is read from the receiver to
the CPU. The bottom half of the page shows the latches (74175) and counters
(74197) in four groups of alternate rows. The counters are always enabled to
count the VCO input which occurs under control of the 7442 decoder (digital
switch 3E) in the upper left. When the integration period ends the data is
transferred from the counter to the latches after which the counters are reset
for a new count sequence. Data may then be read from the latches at anytime
during the next integration period.
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Card 3: "Analog Output"

The analog output card contains the eight D/A converters and latches providing
analog outputs (0, 10 V) to chart recorder or to control external devices such
as the thermal cal unit of EDIR #103 or noise tube switches (as alternate con-
trol facilities).

Drawing 2.567-3

The 8-bit D/A converters are connected to the CPU output buss in pairs requiring
four 16-bit words to completely define the analog outputs. One -10 V reference
is required (lower middle of page) common to all eight DACts.
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Card 4: "HP 9825A I/O Control"

The card #4 logic directs the input/output data transfers between the digital
receiver and HP 9825A calculator.

Drawing 2.567-4

Input data transfers are handled under control of counters at the top left of
the schematic which directly control the Tri-State multiplex gates on the in-
tegrator cards. The CPU output buss is buffered by the logic in the upper
right. The buffers in the middle of the page drive the host computer inter-
face card #7 located in the host main frame.

IC-1E is the output data transfer counter which is set to a count of ten (if
CTL1 is low) to allow output from the CPU to assign the timing generator
period, blanking, and modes for the system. When CTL1 is high, the counter is
preset to 4 which skips the above controls, only allowing outputs to the DAC's
and host data taking computer.

The lower left shows the samples/integration counter that allows several Dicke
switch cycles to occur before flip-flop 6-D indicates data ready, allowing in-
put data to transfer to the 9825 CPU. The number of switch cycles/integration
is set by the preset value in the counters 4A and 4B. If 0 is preset, then
data is ready after each switch cycle.

The "cal" (noise tube) control logic is at the lower right and may be either
pulsed or continuous cal depending on the state of the flip-flop 7D-6. The
cal during cpo when pulsed is selected by bit DO-11 from the mode control word
from the calculator.
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Card 5: "Miscellaneous Interface"

As the name implies, this is the "leftovers" card. It is everything that will
not fit on the rest of the system cards. It has the optical isolator circuits,
Tri-State input buss buffer for the CPU, VCO clipping indicators (which operate
when the frequency exceeds 5 MHz), and the VCO monitor meter driver which uses
the frequency to voltage converter made from IC-3A (one shot) and gate 5A. The
schematic is on the next page.

Drawing 2.567-5

The circuits along the top buffer the external timing generator inputs using
optical isolators. The ones along the right buffer the VCO signals using 100 0
differential and 50 Q to ground transmission line techniques.
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Card 6: "Panel Interface and 3C Output Drivers"

The card #6 is simple interface circuits for the front panel indicators and
the TTL to 3C level converters. Also, in the upper left corner is the other
part of the int/ext timing generator selector switch logic. The drawing is
on the next page.
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Wire Lists and Tables:

The system interconnections is listed next where all connections between the
circuit cards themselves, the front panel indicators, and rear panel I/O con-
nectors are shown.

Abbreviations:

Slot

(+) Logic True Sense

(-) Logic False Sense

NC No Connection

BNC Coax Connector on Rear Panel

CRO Chart Recorder Output

H I/O - Host I/O Connector (Elco)

Calculator I/O (Elco)

3C 0, -6 Logic Levels

TTL - 0, +5 Logic Levels

- Phase

INB

-

 Input Buss (DDP-116)

ADB - Address Buss (DDP-116)

DO

-

 Output Buss (HP 9825A)
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0 P1 P2

33
S8-31 \0 c!) 35

0 0 0

0

S
A 	S B 	To Pin

510-71 510-72 S10-75

I

- Meter

S8-1

0

71

Notes:

1. Use ribbon cable to wire front panel.

2. Use 50 ohm coax to wire Ch A, Ch B, Ch C, and Ch D.

3. Run common ground to red only LED's and BNC's that are not isolated.

4. Run twisted pair to BNC's that are isolated.

5. VCO monitor switch is 2 pole switch wired binary for SA (2°) and SB (2').

A third pole (wafer) is connected to selected analog inputs.

6. For int/ext switch: NC

7. Connect notch side of following LED's to gnd (PO, (1) 2, (1) 31 cal

during (Po, ext cal, ext blanking, int blanking, VCO clip A, B, C,

and D.
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ELCO CONNECTOR LIST FOR BOX/RACK/DRAWER Digital Receiver
Host

CONNECTOR: DESIGNATION I/O Data; TYPE 38  PINS

SMALL KEY , LARGE KEY 1 PANEL E , CABLE  P 

Pin To Function Pin To

A S9-5 DO-00 u

B S9-21 DO-08 v

C S9-7 D0-01 w

D S9-23 DO-09 x

E S9-9 DO-02 Y

F S9-25 110-10 z

H S9-13 DO-04 AA 

J S9-31_ DO-12 BB

K S9-15 DO-05 CC 

L S9-33 DO-13 . DD

M S9-17 DO-06 EE

N S9-35 DO-14 FF

P S9-19 DO-07 HH 

R S9-37 DO-15 JJ

S S9-60 Hd  Strob KK

T S9-58 Hd Strob LL

U S9-53 R  Fifo MM

3 S9-55 R Fifo  End NN

V/ S9-65 PIL 09 Set 56
End Pin
20 X S9-94 PIL  09 Set —>

—>
Pin

NC Scan 

S10-82 Scan 

AA a BNC #1 Cal 

BB b BNC #2 Cal

CC c
59-11 DO-03

DD d S9-29 DO-11

EE e Spare

FF

HH h

JJ j

KK k

LL 1 Spare

MM m Spare 

NN n Spare 

PP p Spare 

RR r _Spare

SS s 59-1 Gnd

Function

Spare

Spare

Spare

Spare

TT t S9-2_ __Gni_
End Abbreviations:
38 —> Ex: S25-22 I J9-MM
Pin Slot 25, Pin 22 I Elco J9, Pin MM.

Elco Connectors: J1, J2, J3, etc.
Slot Connectors: Si, S2, S3, etc.
Pin No. 's -3, -X, -B,
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Digital Receiver Interface to DDP 116

Name From Elco Name From

Ground
37
38

+5
2 Ground

-18
+5
-18

4
5 ADB 10

• ADB 13
ADB 14

ADB 11 ADB 15
7
8

ADB 12 A ADB 16
INB 01 S6-17 INB 10 S6-26

9 INB 02 la -

 _., 46
INB 12
INB 13

INB _p _az____
2810 INB 0 .3 19

11 INB 04 20_ 29
12 INB 05 21 INB 14 30
13 INB 06 S6-22 INB 15 S6-31
14 PIL09+ PIL 09-
15 ACK09+ S ACK09-

, 16
' 17 INB 08

S6-2 OCP-
• OTP-

18
19

DRL- MSCL -
INB 09 INB 16

•s-08 DO-1820 DO-00
21 01 09 09 D
22 02 02

03
I 10 10 F

23 03 11 11 DD
24 04 04 59 12 12 J
25 05 05 13 13
26 06 06 61

.
14 

DO-15 •

14
DO-15D0-07 62

63 Hd Strob HD Strob • T
V
X
Z
BB

30
I 64

65
I.

R Filo 

PIL 09 Ser
-57-a—n

 R Fifo
PIL 09 Ser
SE-575.
MT

I
£II Scan

IV

33

Cal MT
-5 V DC) GND

+5
TT

34 Ground
35 Ground +5

FRONT
(Socket Side)

* single ended signal

- = Return )
on twisted pair+ = Signal )

BACK
(Wire Wrap Pin Side)
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External Timing Generator Operational Mode:

Finally, a word should be written about the external timing generator mode of
operation where the integrator switch signals are provided from an external
source.

	-O. Status Bit

Square
Law De-
tected-
Analog VCOA>-------
Input Four

Blanking
Posi-

(One of four shown) Switch tion

Digital

Switch

Four
Integrators 

-----* Counter (CA)

Aw Counter (CB)

 Counter (CC)

 Counter (CD)

B1 B2

Blanking • )0. Data Ready Trigger

Ref Cal

Blanking c S/R
t Input 5 zswitewswitch,

Simplified System Functional Diagram

The four integrators are sequenced by a 4-position digital switch which re-
quires a 2-hit control input (Bl and B2) and a blanking control signal to
preclude integration during the noise transients that occur after switching
in the radiometer. The 2-bit signal is labeled on the back panel BNC's as
"SIR Switch" and "Cal Switch". These inputs may be connected to any control
signal generator with a blanking interval generator triggered when either Bl
or B2 or both change state and lasting the required interval until the tran-
sients settle.

The status of the "cal" signal is present as a value of "16" or "0" read in
the status word (last word in data input block to CPU).

Programming may have to be done to make the data input 4)0, (P2, and q)3

interface correctly to the "S", "R", and "C" raw counts expected by the
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calculation loop. They may be rearranged and/or eliminated as required by
the 2-bit input timing. Also, the mode control word setting the number of
phases must be dealt with. If you are not sure, set the 4-phase mode (same
as the "Gain Balancing Switched with Cal" program). Lastly, toggle the
front panel Int/Ext T.G. switch to Ext position.

Conclusion:

It is hoped that the user will recognize the usefulness and potential power
that may be contributed to radiometry by a system such as that described in
this EDIR. If properly understood and Utilized, a significant improvement
in reliability and stability should be afforded our present receiving systems
as well as the contribution of new and useful modes of operation, noise add-
ing radiometer, for example. The programs may be modified at any time to
achieve your custom application, i.e., new calculations may be added or over-
layed upon the existing calculation loop. The program can be stripped down
with the bells and whistles eliminated, thus allowing much improvement in
data throughput. This present system operating with 4 channels in 4-phase
mode will update the host data taking system and chart recorders 3 times per
second while the 10 times per second data rate may be achieved in only switch
power for 4 channels being sent to the host and chart recorders. The opera-
ting system may be programmed to automatically inhibit certain features as the
integration period is directed below certain minimum values. The "Thermal Cal
Unit" program has good improved handling of the integration time versus Dicke
frequency and minimum integration time assignments. See the radiometer param-
eters input phase listed herein for possible incorporation of some of these
features into the "Gain Balancing Radiometer" program. These features are
more favorable from a human engineering standpoint.

Credit is due many individuals where discussions have occurred regarding this
project. There is not space to mention all, but special thanks to Rick Fisher,
Ron Weimer, Craig Moore, and Sandy Weinreb.
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September 26, 1978

DIGITAL STANDARD RECEIVER TESTS AND PROGRAM MODIFICATIONS

J. Richard Fisher

In August and September 1978 the digital standard receiver was tested for

compatability with the DDP -116 on-line computer at the 300-foot telescope, and

a number of changes were made to the receiver's HP 9825A calculator program.

Most of the tests were performed. with the 2 channel, 4 phase load switching pro-

gram, but 4 channel, 4 phase and 4 channel, 2 phase programs were also tried.

The latter included only the calculations necessary to send the synchronously

detected data to the DDP 116 to determine the minimum integration period that

could be used with this receiver.

A magnetic tape cartridge labeled "DSR Programs 15 Sept. 1978"

the following program files:

File 0: Contains only one statement to direct calculator to
current program in use on power-up. Now it reads
"ldp 2".

File 1: Original EDIR #188, page 9 program.

File 2: Two channel, 4 phase load switching program with
necessary modifications to File I.

File 3: Same as File 2 but with some channel indices re-
versed for better efficiency and a few extraneous
special function keys erased.

File 4: Four channel, 4 phase load switching program.

File 5: Four channel, 2 phase load switching program for
minimum integration time.

File 6: Same as File 3 except that gain modulator constants
(Alpha) are entered through the keyboard and are not
changed at the start of each scan.

contains



Page 19: The theoretical sensitivity (AT) equation is
to read

correc ed

1000

Samples per Dicke Switch Blanking
Receiver Inte ration Phase Period Time
Bandwidth x

4

x System Temperature
I AT x

C+S
2S

: Same as File 4 except that gain modulator constants
(Alpha) are entered through the keyboard and are not
changed at the start of each scan.

File 11: Special function keys for Files 3, 4, 5, and 7.

File 12: Special function keys for Files 2 and 6.

File 13: Stored receiver data from last gain balance.

The minimum integration period usable with the File 2 program is 0.200. The

shortest integration for the File 5 program depends on the number of channels

in use: I channel, 0.042; 2 channels 0?054; 3 channels, 0?078; and 4 channels,

0?100. There are no chart recorder outputs in this program but one or more of

these might be substituted for the display without much sacrifice in speed.

File

The following is a list of program and format changes. Page numbers refer

to EDIR #188.

Page 17: Internal variables U, V , Y , and Z and array varia
E ] are now in use.

Page 21: Seven special function keys were added:

- Provides for changing gain modulator constants
from keyboard. Applies only to Files 6 and 7.

f18 - Bypass gain and system temperature calculations
if no cal signal is available.

f 19 - Restores gain and system temperature.

f20 - Stops gain and system temperature renormalization
at the start of every scan so the functions can
be followed over a long period of time. Normali-
zation can be reinstated by pressing f l9 "w/cal".

fi



Page 21 continued):

f21 - Restores chart recorders to normal operation
after setting scale with f 22 or f23.

Puts zero volts on chart recorder outputs for
aligning pens.

f23 - Puts ten volts on chart recorder outputs for
aligning pens.

Page 23: A word is added to the host data group to tell the DDP
116 how many words (N + 1) are being sent to the DDP 116
with the first one containing the value N (# of channels).

Page 24: The header block sequence was modified to improve the
resolution of many of the small numbers which must be
transmitted , as integers, and to add or modify a couple
of words needed by the DDP 116 program. The new header
format is as follows:

Value Des cri tion

Number of words to follow

Host data scale factor (counts/K).

Receiver balance time factor (number of switch cycles).

L x 100 Receiver balance time (centiseconds).

4PM Integration period (milliseconds).

2PM + 185 Delay from the middle of the integration period until the in-
terrupt is sent to the DDP 116 to indicate that the data are
in the FIFO register. This value must be determined for each
different program since it depends on computation time.

f22

Blanking time parts (4096 x Blanking Time/Phase

Phase period (milliseconds).

Blanking time (milliseconds).

Number of receiver channels in use.

Period)

Input status word. (Bits 00 through 03 are counter overflow
flags, normally "1" with no overflow; bit 05 = "1" indicates
start scan pulse received from DDP 116).

Summation time for statistics data (sec).



Gi x 1000

H I x 1000

Ii X 1000

(decikelvins)System temperature for channel 1

bandwidth (tenths of MHz)-Channel

Gain modulation factor for channel 2 times 103

etc., for as many channels as used.

Value Description

Al x 1000 Gain modulation factor for channel 1 times 103.

B l x 10 System temperature for channel 1 (decikelvins).

Relative gain for channel 1 times log

Measured output rms fluctuation for channel 1 (millikelvins).

Theoretical output rms for channel 1 (millikelvins).

V/F counter scale factor for channel 1 (cmints/K).

T1 x 100 Calibration noise source for channel 1 (centikelvins).

The following changes were made to the program listed in Pages 9-15 of

EDIR #188. The number on the left is the original number of the line modified

or the original line number before any added lines. Note that the new line num-

bers in File 2 are different from the originals because of additions and dele-

tions.

8: Added 0 Z and 1 F to initialize cal/no cal, chart recorder
calibrate and FIFO reset parameters.

20: Moved 0 F to line 21 since, to execute gsb "CONTROL" must
be the last thing on the line.

24: Added Z 1 and Z -1 test to bypass gain calculation if cal
is disconnected or if renormalization is to be bypassed.

27: Added Z 1 and Z * -1 test to bypass system temperature calcu-
lation if cal is disconnected or if renormalization is to be
bypassed.

28: Corrected theoretical rms equation.



to DDP 116 only

46: Added Z 1 test to bypass system temperature calculation
when cal is disconnected.

51: Corrected
around (N

53, 54, 55, 56, 57, 58: Adde d gto "J" to save time doing unneces-
sary tests.

61: Added "J" label.

measured rms
- 1) term.

equation by adding missing parentheses

J. Coe
M. Damashek
D. Schiebel

B. Stobie
B. Vance
R. Weimer

61 through 81: Corrected test and write statements to eliminate
interference of chart recorder values in the same word under
overflow conditions.

63, 68, 74, 79: Added Z > 1 test to write zero or 10
chart recorder channels when called for.

82: Added wtb 1
1 15, R to write the number of channels in the DDP 116

data.

84, 85: Changed data overflow response.

105: Added 2 ÷ B as part of line 32 change.

140 through 147: Added units to displays.

148: Changed "digital data scale factor" (in counts per K) to "digital
data full scale (°K)" by analogy to old standard receivers.

183: Added wtb 15, 32639, 32639, 32639, 32639, 1I+9R to step through
chart recorder words and write the number of header words to be
transmitted to the DDP 116. This sends all chart recorder pens
to center scale when the header is transmitted.

195 through 205: Reversed channel index incrementing to save computation
of index for every array variable.

186, 187, 188, 196, 197, 198, 199, 200, 202, 203, 204: Changed header
word scale factors to improve accuracy of integer word values.

187, 196, 197, 198, 199, 200, 201, 202, 203, 204: Included tests for
out-of-range header values to prevent hangups due to transmission
error.

Distribution:
File 2.567
M. Balister
W. Brundage
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