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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-116 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:



Miscellaneous
CPU Hardware
I
Data Integrators
Processor and
Switch
COntrol
Displ Timing
isplay Generator

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 v vveveceanonnas . $ 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 ..vvvevncnns ceceeae $ 9,305
Miscellaneous Hardware ........ 3,000
TEC CRT Terminal ...ceeececssnes 2,500
2 DC 300 Tape Drives ....ecee.n 1,100
3 Interface Cards ..eceeeess . 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)



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 "P" with execution
beginning at line @.

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 fg which displays the raw counts for the cal, ref, and sig phases.
Normally, finite, non-zero integer values are shown with approximately 108
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
30).

Reinitializing the System

At any time the radiometer control parameters may be altered by depressing the
upper case function key fj, (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;7 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.



New Scan Sequence

When the host data taking computer executes the '"mew 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 'mot 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.



Program Description: '"Gain Balancing 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" fg 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 (fg) 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. Useerata 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. 1I/0 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.
(Some program phases are actually subroutines which occur in two or more
positions in the program sequence.)
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* Routine entered via HP calculator system monitor

when an error is detected.
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This typical
print out is
obtained when
"1" is entered
for print out
éf 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.
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Program Title: "Gain Balancing Switched with Cal"

Internal Constants List

A If A= 1; re balance A [4] Gain mod constants
B User display selector B [4] Tgyg offsets
C Statistics data array index C [4] Cé¥ phase raw count §
D " " " " D [4] Switch power in counts
E Host data scale factor E []
F If F = 1; reset Fifo buffer F [4] (C - S)g
G G [4] Relative gain
H H [4] AT meas
I For I loops (init seq) I [4] AT theo
J User data channel select J [ ]
K Rx balance time factor K [4] Scale factor counts/°K
L " n " n L [ ]
M No. of samples/integ period M [4] Statistics Data Array
N No. of samples in statistics N [4, 10] " " "
0 Blanking time parts o []
P Phase interval in msec P [4] Statistics Data Array
Q Blanking time in msec Q [4, 10] " " " 6, + 0,
R No. of rx channels active R [4] Ref Phase Raw Count -—-— ———/—
S Status input S [4] Sig Phase Raw Count @, 2
T Summation time for statistics T [4] Cal Value in °K
U U [4] T in °K
v v o[ sys
W W [4] Channel bandwidth
X Buffer register X [8] Chart recorder scale factors
Y Y
Z Z
Flag O Constant entered
1
2
3
4
5 Skip header if cold start
6
7
8
9
10
11
12
13 Constant entered
14 Error inhibit
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CALCULATIONS IN ENGLISH!

PRoGRAM NAME: “GAIN BALANCING SWITCHED WITH CAL”

Step No.

113/114

120

121

122

125

126

127

128

140

169

171

172

173

RADIOMETER PARAMETERS INPUT

0 - ilmdng e 4096 x Blanking Time
& Dicke Switch Phase Period

Parts

Number of
K = 2:?p1§:1for = Integer 1000 x Rcvr Bal Time 4 x Dicke Sw Phase Period)

n ance nteg 4 x Dicke Sw Phase Period 1000

Integration
Minimum Rcvr - Dicke Switch Phase Period x 4
Bal Time 1000
Maximum Revr _ 256 x Dicke Switch Phase Period x 4
Bal Time 1000

Number of Samples 1000 AT) Summation Time
N = for Statistics = Integer feas

Table Number of Samples Dicke Switch % 4

per Integration Phase Period
Minimum AT)meas 2 x Number of Samples per Integration x Dicke Switch Phase Period x 4
Summation Time 1000
Maximum AT)meas 50 x Number of Samples per Integration x Dicke Switch Phase Period x 4
Summation Time 1000
. __Dicke Switch Number of Samples . Number of _Samples

Agtual Summation _ 4 X_Phase Period per integration for Statistics Table,

T = Time for AT =
1000

CRSF = X(i) = 25.5 Counts per Volt NOTE: For 8-bit D/A converters full scale count is 255.

X(1)

RaD1OMETER PARAMETERS PRINTED:

. . _ Dicke Switch Phase Period x Blanking Time Parts
Blanking Time = %4096

Number of Samples per Integration x Dicke Switch Phase Period x 4
1000

Sample Period =

Dicke Switch

4
_ Phase Period 1000 x Receiver Balance Time
Receiver Balance Time = 1000 x Integer | ke Switch Phase Period x 4
Number of Samples Number of Samples x Dicke Switch
AT)meas s tion Time for Statistics Table per Integration Phase Period

1000



154

155

156

157

20

23

24

25

26

27

28

41

43

44

45

46

47

19

RADIOMETER DATA INPUT:

Note:

[l

The data input sequence is repeated from 1 to 4 times as required for the number of

active receiver channels.

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

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

Reference Switch Phase Raw Count = R)from + Fifth Input Transfer x 32768 + Sixth Input Transfer
154

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

GAIN BALANCING PHASE:

1000 x Receiver Balance Time

M = Samples per Integration = Integer Dicke Switch Phase Period x 4
0 = Gain Modulation Constant = Cal R:f EES NOTE: Values in counts.
= . Cal - sSig
F = Cal Value in Counts Samples/Integration
_ ° _ Cal Value in Counts
K= Counts per 'K = .7 Value in °K
R = Gain Balanced Ref Count = Gain Modulation Constant x Ref Count
_ _ Sig Counts x Cal Value °K
B System Temp Offset Values for Charts Cal Counts - Sig Counts
Theoretical 2 x Dicke Switch Phase Period x System Temperature
I = AT =
(sensitivity) Dicke Switch _ Blanking x Receiver X Samples per _ Dicke Switch 4
Phase Period Time Bandwidth Integration =~ Phase Period
1000
CaLcuLATION Loop:
The Adjusted
Channei Number Number of Receiver Channels + 1 - Channel Data Display Select Constant
R = Gain Balanced Ref Count = Gain Modulation Constant x Ref Count
D = Switch Power in Counts = Cal Counts + Sig Counts - Ref Counts
2 x Number of Samples per Integration
. Cal Counts - Sig Counts
G =
Normalized Gain Cal Value in Counts x Number Samples per Integration x 2
. Sig Counts x Cal Value in °K
U = System T °K =
ystem Temp in °K Cal Counts - Sig Counts
N
M =

Sum of Square of Switch Power = E: (Switch Power x Switch Power)
1
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48 ND = Last Value of Switch Power Squared = (Switch Power x Switch Power)D
N
49 P = Sum of Value of Switch Power = E: Switch Power
1
50 QD = Last Value of Switch Power = (Switch Power)D
51 H = AT measured = >
V———-—N]’_ T (Z (Switch Power) - & Swit;h Power)

User DATA DisPLAY:

Switch Power in Counts

3 '] (-] —
S4 Switch Power in °K Scale Factor in Counts/°K
AT)meas in Counts
ry o
37 AT measured in °K Scale Factor in Counts/°K
60 Switch Power Digital Output = Host Data Scale Factor x Switch Power in Counts

Scale Factor in Counts/°K

D/A CoNVvERTER DATA QuTPUT:

61 CRL = 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 + 128

Scale Factor in Counts/°K

D/A Converter Chart Recorder

68 CR2 & CR3 = X = Scale Factor X Tsys - Tsys)offset LR
Composit Output #2
72 Similar to 61. . But for receiver '"B" channel.
74 Similar to 63. :
: NOTE: 1In the program only channels A and B have data sent to
77 Similar to 66. : chart recorders.
79 Similar to 68.

Host DaTta QuTPuT:

84 Host Data = X = Host Data Scale Factor x Switch Power
Scale Factor

HEADER DATA QUTPUT: : NoTEs oN THE HEADER PHASE:

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

sys’ AT)meas) may be stale or bad if a new scan is ordered when the telescope

is.off sour?e 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.

e es ee ®

204 Bandwidth = W = W/10° MHz

Also, some values (i.e., T



Special Function Keys:
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Initialize

Bal Revr

OIGI®

Ch 1 Ch 2 Ch 3

Alpha

Digital Out

SIOIOI®

SI®

Sw Power

Rel Gain T sys AT meas

AT theo

Shown above is a copy of the function keys bezel overlay for the program titled:
The channel keys labeled Ch 1 - Ch 4 (fp -
f3) allow selection of the particular channel for which data is to be displayed.
The other lower case keys direct which data is displayed:

"Gain Balancing Switched with Cal''.

o

f10
f11

Displayed Data

Gain Modulation Constant, Alpha

Digital Output (Host Data Raw Count)
CRS Raw Count for C, R, and S

Switch Power (Synchronous Detected Power)

Relative Gain

System Temperature

AT)
AT)

meas

theo

(measured sensitivity)

(theoretical sensitivity)

The upper case (shift) keys provide only two useful functions:
radiometer parameters (f;,) and the receiver balance function (f;7).

Initialize the
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HP9825A Input Data Format: 4¢, 4 Ch System Mode

A

R [ 1] ¢, - MS
[ 2] ¢3 LS
[ 3] ¢ MS
[ 4] ¢2 LS
) ) S P <+« CHAN 'D!'
[ 6] 4, LS
[ 7] ¢0 MS
[ 8] ¢g LS 2
[ 9] ¢3 MS h
[10] ¢3 LS
[11] ¢ MS
[12] ¢ LS 5 ... CHAN 'C'
[13] ¢, MS
[14] 4, LS
[15] 0o MS
[16] o LS
[17] 43 M5 )
[18] ¢35 LS
[19] 4, MS
[20] b2 LS ) ... CHAN 'B'
[21] 4, MS
[22] 4, LS
[23] g MS
[24] %9 LS
[25] 63 MS |
[26] ¢35 LS
[27] 0o MS
(28] 02 LS ) - oy
[29] o7 MS
[30] 4, LS
[31] 4y MS
[32] o LS
[33] 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[1] - 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 ¢3 inputs
would be eliminated from the block with all data moving up to fill in the blank
slots vacated by the ¢3 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 1: 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 0
{ Host Data 2 0
(Note 3) { Host Data 3 0
l Host Data 4 0
. Host Data N 0

NOTE 1: If CTL¢ is set, the cal signal is sent during the next ¢y. When
CTL¢ 1is reset, the cal signal is turned off after the next ¢g.
If CTL¢ 1is pulsed, you get cal for the next ¢g 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:



Function * X F Cp, (; S3 S, S; Sy

| | |
| | I
——— 18 4l2 1 5 2/1 6 3 18 4 2 1
Value added 6 1 O | 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
F - Fifo Buffer Reset
CoCy ~ Number of Channels - 1
Mi1Mo — Number of Phases - 1
S7 = Sgp — Number of Integration Cycles
per Interrupt Generated

P - Pulsed/Continuous Cal Control Bit
NOTE 3: If CTL1l set, sequential data from "Start 1" as shown.
If CTL1l is reset, sequential data output seating from Start 2 as shown.

NOTE 4: All data is binary integer at the 16-bit I/0 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
E Host data scale factor
K Receiver balance time factor
L Receiver balance time in seconds
M Number of samples/integration period
N Number of samples in statistics summation
0 Blanking time parts
P ¢ Interval in msec (all equal phase periods)
Q Blanking time in msec.
R Number of receiver channels in use
S Status input
T Summation time for statistics data
A Gain modulation factor for Channel 1
B1 Initial system temperature offset for Channel 1
Gy Relative gain for Channel 1
Hj Measured radiometer sensitivity for Channel 1
I Theoretical radiometer sensitivity
K3 Radiometer data scale factor counts/°K
T, Cal value in °K
U System temperature in °K
Wi Channel bandwidth

Continued --
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Designation Parameter
Ay Gain modulation constant for Channel 2
Bo Initial system temperature offset for Channel 2
Go 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.
displayed if the data value is out of range -32768 to +32767.

An error "G3" and line number 184-204 will be

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:

SWITCH & CAL.
CONTROL OUTPUTS

SQUARE LAW
ANALOG

veo's
4 REQ'D.

- — — — /™"
HOUSTON PRINTER | ANN
MODEL 8230 | ARBOR |
DPT 003 CRT DISPLAY TERMINALSI
(ONLY | REQ'D FOR | ni#ggb
DEVELOPMENT WORK) ] I | cRT o1sPLAY f——ss swiTCH POWER
r——- I TELESCOPE NORMALIZED GAIN
OPERATORS SYSTEM TEMP
KEYBOARD CONTRO
I sciny ™ LLER | CONSOLE SYSTEM SENSITIVITY (CALCULATED)
l I (OPTIONAL) SYSTEM SENSITIVITY (MEASURED)
e
RCVR. SWITCH RAW l
CONTROL TOUNTS
4CHANNEL 4 PHASE T PROCESSOR K(S-ah) 4ch HOST DATA
FREQUENCY _ | DIGITAL INTEGRATOR UNIT  y77-400 ST | TAKING COMPUTER
| - DET. DDP 116 /MOD COMP IL
ANALOGS DICKE SWITCH GEN. [ SCONTROLS | VARIAN OKTA MAGHINES | ji oo’

CHART RECORDERS
(UP TO 8 CHANNELS)

% THE RECEIVER SYSTEM HAS BEEN FULLY TESTED WITH
THE HP 9825 CALCULATOR AS THE PROCESSOR WITH

ARITHMETIC PROGRAM

LOOP TIME = 300ms

THE PROGRAMS HAVE BEEN TESTED ON THE VARIAN
WITH LOOP TIME X 50 ms

TAPE DRIVE
ONE OR 2 UNIT
READ / WRITE

¥ POWER ON START
PROGRAM LOAD
PARAMETERS INIT

* 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

NATIONAL RADIO ASTRONOMY
OBSERVATORY

TITLE:

DIGITAL STANDARD RECEIVER
WITH EXTERNAL PROCESSOR

DSGN.8Y: J.R,HALLMAN]oATE: 1978

APPD.BY: DR.BY: T, M,

OWG. No. 5 2-567-0 FI6.1
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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:

1

2 RIMENSION CE¢‘!“E£JWEiﬂWLE£§W~P
3 ENETON FACES  FRT A B8N TP 45, 4l
4 DIMENSION Q041,804 3. F(a),Flidi,FK

5 HRITE (2,333

TTTET T T T TSS T FORAAT (33K GATN BALANCING EHITCHED TWITH CALYT T
v 0012 I=l,d4

i KO O=ge, . .
in W [ v=mm NOTE: ihls tgsthFoggggz equiva-

- oM T ent of the system

"’"TZT'“"""'-'I'@“&%?I“_“?E'L: """"""""""""""" executes on the V77-400 -

o in 42 seconds from the

last write operation at

line 61. This is a T

42 msec loop time for

calculations!

USSR GAS Sats Atar AR 0 AR SUA BRAS ABA SRS PR AS AW TATA AR SAMR SIS AATA SRS ATAY TAAS SRR SA%P RN BARE ANAR AMR Atih WS AAW AT U GAN T4S SIS ARSS SARS VA% TASS WSS AMAT WP WS BASe Yad S woe

B

-
[ i 45 B

1 o423 i

~:

IR

P

SEENS BR VYT EAN B ASAR A5 E 58 BE AV I SV HR SV i B AT
1 g

L4r AT b Mk akss asa L2 Sk FIA0 Maws iaw ASRA LikA SAAA Leka SASE SSAA BAAF Ji4 AbLA LAAF BN ALAR BACA WaSe AMLP SAAS TAsh AAGR SAAs SALN MIAD 1101 Mase MM MIN AT Bai M

YIH BALAMCIHG MOWD
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PAGE 2 31/03/78

a1 20 CONTINUE

42 e
TTRTTTTTTTTOUsyT T

a4 KK= 1M

45 [M=IFIXC1GRA. ¥FLAFLOATCARIP Y
TTEETTTTTTTTEALLEONTRTUIGV IRV IR, MY

47 CalL RDRCW (R,5,0,1%,IR)

48 DO 3B i=i,.IR
B AUTI=ECRCTNFECTIO/RCIY 7T

50 FOD =CCOL 0=50 1) )/FLOATCIM )

5E ROTIEATTI®ROTT

53 BO L I=SC I OMTCL 1/CCCT 3-S50 T )0

54 B0 CONTLMUE
T

56 CALL CONTR (I10,IP,IR,IM)

57 WEITE (0,973 ACIY,BOLY,FOLY,FICII,FRCE,TCI Y, HOIT ), I=1,0R)
SUEETTTTUBFRGRNMAT (FEIE T UTUImTSoSmssesssmemssmmm st

5 MRITE (@,96) IP,IR,IM,10,G0,NN,TT EEFL

~, K el .
r~:lF1‘:7,. ]
o s s 200 st o e i e e e e e o S A S o S S S8 A o RS o T VO S e O S A Sl SN A S o0 b W 1 Bt S

f-r-"

DO 150 ?Er-i,nﬁnﬁ
50 [REST=32+1

a
] R
@ 296 FORMAT (414,F14.7,1¢
1

- S TSR I iy A 1= 1 0 -
65 55 ID=i .
56 56 _CALL RDRCY (R,S,C,15,IR)

e - Soat it Saat Son St Geas Ban Bade AL e Bbe et ek SNG4 WAL Mats 4604 S Mien TeAs S4B MM Biad has Sens St Mams Mher Ses MAek et WAAs SOUH A Ahas Taes SRS Seil b WAl Sams Rees S MeAs AP MM SAAH SAAL SAAS ST SES NNS AR TAAs Sese Sane LAY Vet B0 Beas Rias Wiee Sas Soes aas Shee Sene tem W

&7 IF (BEB-1.) 58,557,558
a3 57 CONTINMUE
&2 58 DO 692 I=1,.IR . -
TTEeT T T RETI=ACTIOERI Ty~~~ - - rrrrrrrmmm e R
71 DCId=CCCI ST »~ROT 2242,
7B GUIISCCCII=SCIDYRCLY
TE VT =80T Tl /0000 =201 )
T FMCI 2=FMOL YFNCE,ID DO T DT )
K= FMNCL, Y0 =00 ] )LD
B T A et T A .10 1 5 1 T 25
77 QUL ,IDM=DCI
T HO D X=S0RTOCFMO T 3=~RCIDIRPC I DIAFLOATONN I I/FLOATO NN=1 )

e e S ot o bmas S Seae o hah Somh Amd ade Aem Gheh Neds ek Soet is bs Wid Saae Sakp Biad Mes S0 A BiAS AMAE Saas Baas Sash Ml es: Ve N Beas Gees BAS SeMd A Ares bem Meas SRS WASs Bass M Badd Sas AAS Al SaA GMS AP AN Mams S00) NS SH Veas Goas Mok GALS MMM Geai ina MU Bevs Saee ees |

79 5@ CONTIMNUE
ae IF (BR) 64,863,641
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PAGE 3 31/03/743
81 63 CONTINUE
32 64 IF (BE-Z.) BR,B5,66 _
- 85 CONTINUE ~—~~~ 7 TTTTTTTTTTTT T
a4 66 IF (BB-3.) 3,657,683
a5 67 CONTINUE
- AT IF (BE=47777B,88,70 T TTTTTTTTTTTTTTTTTT
87 63 CONTINUE
88 FO_IF (BE~G.) 72,71,7:
TTERTTTTT F S oL
90 72 IF (BE-G.) 74,73,74
51 73 _CONTIMNUE
TTeETT T 74 IF (BE-7 N 76,758,786 T TTTTTTTTTTTTTTTTTTTT
93 75 CONTINUE
94 76 IF (BB=8.) 77,77,77
B T & v T W L - -
9B IX=IFIXCXCR 08GO IR -1, 04128,
g7 IF (Ix-127) 121,121,129 _
TT8ATTTTHZe IR=IX=EEs T TTTTTTTTTTToTTTTTTTTTTTTTTTT T
89 121 IX=IFIXCACH OKDC IR D/FKC IR 4128 . 34256% X
100 IF (FLOATCIX+3276R.) 124,124,122
BT TIEETTFCRLOATC TN IS55767 Y 185,185,184 ="~
102 123 10UT=1X
103 Go To 125
T{e4 124 ioUT=e T TTTTTTTTTOTTTTTTmmmmmmmmmmmmmn
105 125 IX=IFIXCXC4 0%H IR D/FKC IR Y 1+128
1085 IF_(IX-127) 127,127,126
B - - B e
03 127 ;ﬁ~*r1xcwr3}%IUx[ﬁ)»BcIR|)>+1ha+h<am1>
109 _(FLOATCIX)+32768. ) 130,132,128
116 1237 IF -“*3”{‘alfﬁﬁffﬁéww“"’”“""'“"“""””“‘“”*“'"
11 {29 1OUT
152 :
Ti{iE T30 It_(l!_,lTwM‘“-““__“— T mmmmmmmm e m e e e e
114 131 CONTINUE
115 142 CONTINUE
TTTeT T T TiER CONTIMUET T T oomTm e
117 STOP
114 END
EHT oK NAMEST T T T TTTTTrmmmmmmmmmmmmee

¥/COMMON BL
1
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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 ¢p—¢3 so that the right value is sent
to the right input to the calculation routines, i.e., the cal count (¢g) 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 #103 may be connected
to the digital receiver system for fully automated measurement of cal values by
connecting the Tp,/T.,1q 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: Revr Bal

Wait
at Vhot
Dat
ata Vhot
Wait VCold
Data VCold
Wait VCal
D
ata cal
Print Out T Value
cal
Wait Vhot
D
ata Vhot
¥
D
ata Vcal
Print Out T Value
cal

Repeat
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Internal Constants List

Program Title:

"Thermal Cal Unit"

Simple Variables

H O o = >

A L4 H @B @ =

= < 131 nwwWw o "W o =z 2

If A = 1, rebalance receiver
Display Selector

Correction Factor

nmn
’DAC Output Thot/Tcold common
Cal Control: Continuous =1
Pulsed =0

Dicke Switch Frequency

Integ Const for "Get Data'" SRT
For I Loops Init Seq

For I Loops Init Seq

Chron Data Display Slector

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

No. of M's per Data PA (Data)
No. of Samples/Integ Period
No. of M's per Data Pt (o)
Blanking Time (Parts)
Interval in ms (¢g = ¢7)
Blanking Time in ms
No. of Receiver Channels in Use
Status
Integration Time in Sec
Receiver Bal Time in Sec
Wait Time in Sec

Automatic Display Control:
0. Gm const

1. Tcold
2. Thot
3. Tcal

DAC Out Buffer

*
Tcold K

%*
Thot K

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

= < cdH®nwWoWo =z R &

(4]
[4]
[4]

[4]

[4]
[4]
[4]

[4]
[4]

[4]
[4]
[8]

o (Gain Bal Factor)
I R[I]
L S[I]

Scale Factor °K/Volt =
Thot -t

Vhot -V

cold
cold

Ref Revr Input (Raw Count)
Sig Rcvr Input (Raw Count)

Tcal

Vcold

Vhot

Vcal

Switch Power in Volts

CRSF's
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Automated Cal Test System Equations

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

T -~ T
L= Ve -V, x Vhot - Vcold x C
ca a )on Catlofs hot cold

T

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:

Thot ~ Teold

Counts hot Counts cold

Tot Power =  Tot Counts X

(Switch Power)

A typical chart record thus obatained is as shown:

I

s !
[RER T {]

Scale: 5°K/inch

5°K/volt
= °
TCold 19.70°K
— o
Thot = 34.75°K

Calculated T = 15.2°K
cal
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Special Function Keys

Initialize Bal Revr
Alpha | Auto Dlsplay
* Rck 12 Print Off Header/Date
cold Vhot al Pr1nt 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 - £3) 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

if - Gain Modulation Constant, Alpha

fs - Auto Display = Current Data of Measurement
fg - RS Raw Count for R&S

f, - Vcold - Last integrated value

fg - Vhot -- Last integrated value

fq - VCal -- Last integrated value

f19 - Print On - Enable Tcal log

f11 - Tcal - Last Integrated Value

f12 - Input New Radiometer Parameters

f17 - RE Balance Radiometer

fo; - Record Current Function Keys (not used here)
fo0 - Print Off - Inhibit Tcal Log

fo3 - 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.
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Display Data on
Command via
Live KB and Display

T

HP 98 2 5 5 Readout
CALCULATOR ——s Printer
1

KB —

Interrupt Data Taking Computer
at Telescope Site

RECEIVER \ VY > INTERRUPT HOST COMPUTER
DATA 4 4 chamels % HOST DATA 32-16 BIT WORDS
DET. OUT- ~— o > (UP TO 64)
PUTS) vco »
Up to STANDARD 8 Channels_) Analog Channels to

O = by v, 4 RCVR Chart Recorders
. Tenald  DIGITAL

anking ....... P S|
S/R tiiinnnnnnn. <] SYS » Display Status LED's
Cal cieveennnnes < ‘
Int/Ext Ref Sw.. — ] 4 Channels o Analeg MemiborcE
Ext S/R ecceees —_— VCO Data
Ext Cal ....... —

I Power Supplies

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 ¢g9 - ¢3,

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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to 32 sec and a

Drawing 2.567-1

1 msec steps up

The following drawing is a complete tim
capable of blanking time resolution o

mable phase periods in
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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 DAC's.
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Card 4: '"HP 9825A I/0 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 CTLl1 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 O 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 ¢ when pulsed is selected by bit D0-11 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 §
differential and 50 @ 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.



59

9—196-25 oN oma

LEEXETI A8 0ddV
8 L6T 3ive] NVNTIVH U [ Aa'Nosa
o 10y W9/ 0
SUIAING 1N4LA0 O~ IOVINILNI TINVY ER] ™
¥IAI393Y QHYONVLS VL1910 <3711 vw“n g 5 [13] a 43 03
AHOLVAN3SE0 T
ANONOY 1SV 0IQvy¥ TVNOILVY
PIgNI 14508 149
x_ M\
Sl- = gl-
| 2% ONIYNYIE P
¢ WNINNYIS [Ig T £ it 3 aeinL|€ | 0l
LWNT—Y LN ININVIE
S+ Yol i+ NI
]
sevm sely G-
€ o@ | + 9
9NINa 1v9 [g8] s<aim £ 09
\ A NF ‘N_ ININg
0! a1+ )

SELYNI

|

8-
20 Vg
%06 [s8——<3im o
9 - rr—A— ¢0g
- NG
yol s+

SELDNI SELYNI
m_-l.a gi-
€
9¢ *0 [g9] 9% <6 [Ir}—
\(
Yol
SELY NI
S+ =
] +.||_|
a8 %0 [62 9 1h £
9 A 29
)
gl+ Yol
SELINI SELNI
e
1 ) T
2t '6 [81] ¢ g [A— (I \
E— \( o w - N \<|.|V m
Yol it Y0l
9 ©
6 A
Yol

SELONI

GELYNI

9061 - e
10|
| T [eem
N9 I
kg —
. 17001 ]
%“Nm ,+ ! .h. +.H 001/98]
b0As? /3|
i | J
"ol
20AS1+ ® @ sl+

1XIN V)

(1n8) I 1X3



60

1~196:25 oN "oma
‘N'L:aeua] A8 0ddV|
:31va] NYNTTVH'U'T7A8'N9sa

Lo I dHOIOON

UNY 911400 0L ¥NIT 1nd1N0
43AI3038  QUVONVLS WLI910 :31ai2

A¥OLVAN3ISE8O
ANONOYLSY 0/GVY TVYNOILYN

[J]]

L%
081
nel— [oe] €] -

YINIT RS AZI
PESNI w
S| be
N9 mw 7 H —> N
37 0¢ @ w
[01] 69 T T
A mm * S+

901430

900 420

— 430

6% 1 = JYVJ LNOC

91-¢1 =S101S NId9I

¥2-11"21-01‘8-2 = SI0TS NId B
ayvy 40 LNOW4

§¢ O— - |
0L o— NNOJD -0 9¢
oss]oces|ozes]ozes] covr[covs] covecovs
L1 181 |61 J02 {12 jce |€¢ (¢

vivL| L2bL]0zbL] 1PEE[1vEE]1WEE|IbEE
17og| ik
]
62201 |1l _fel |¢I bl |SI f9I
yrigg k= VL] S0vL] vor[ vovL] vobr] vovd [ vov
+*-
¢ 1¢ |b JS |9 |L |8

| " _o__ 1t] sLi0
— 8
0L 5 0b] vi8ay

901 420

- 60114 [5p
4604 [o1}—

vMae y |
08)pcc ISTE

e A

'
[]
2l
o
) H }
1] 8} 9
el- 0N G+
——
NMOHS SV

SIPEE ¥N04 01
YIM0d LIINNOD

bobL

w
m

NYIS
LLEN

The drawing shows

The circuits of card #7 are constructed on a Cambion card.

Also, an

This host interrupt and

the Fifo memory which is buffered on both its inputs and outputs.

address decoder is shown at the upper right corner.

reset logic is at the lower left.
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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/0 con-
nectors are shown.

Abbreviations:

S - Slot

(+) - Logic True Sense

-) ~ Logic False Sense

NC - No Connection

BNC - Coax Connector on Rear Panel
CRO - Chart Recorder Output

H I/0 - Host I/0 Conmector (Elco)
C ~ Calculator I/0 (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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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 swi#ch wired binary for SA (2°) and SB (2').

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

S$8-31
o % o o %o
o] (o] (o} (o]
o)
o "o
o ©

S
A To Pin
S10-71 $10-75

6. For int/ext switch: NC

7. Connect notch side of following LED's to gnd ¢g, ¢1, ¢2, ¢3, cal

during ¢g, ext cal, ext blanking, int blanking, VCO clip A, B, C,

and D.
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ELCO CONNECTOR LIST FOR }_’OX/RACKI/_ID‘I;’\;WER Digital Receiver
o
CONNECTOR: DESIGNATION 1/0 Data; TYPE ; 38 _ pINs
SMALL KEY 1 , LARGE KEY 1 ; PANEL _E , CABLE_P
Pin To Function Pin To Function
A S9-5 DO-00 u
B 59-21 DO-08 v
c S9-7 DO-01 w
D $9-23 DO-09 X
E $9-9 DO-02 y
¥ S$9-25 DO-10 z
H S9-13 DO-04 AA
_S9-31_ DO-12 BB
K S$9-15 DO-05 cc
L S$9-33 DO-13 . DD
M _§9-17 DO-06 EE
N $9-35 DO-14 FF
P S$9-19 DO-07 HH
R 59-37 DO-15 33
S $9-60 Hd_Strob KK
T _89-58_ Hd Strob LL
U 59-53 R Fifo MM
v §9-55 R Fifo End NN
ey W $9-65 PIL 09 Set ;‘:n
20 X S9-94 PIL 09 Set —
Pin ~ y _NC____ Scan
Z $10-82 Scan
AA  a BNC {1 Cal
BE b BNC #2 E:_i_
cc c S9-11 DO-03
DD d 59-29 DO-11
EE e Spare
FF f Spare
HH h Spare
JJ j Spare
KK |3 Spare
LL 1 Spare
MM m Spare
NN‘ n Spare
PP p Spare
RR 1 Spare
Sss s S9-1 Gnd
TT t S9-3 Gnd
?;d__> Abbreviations: Elco Connectors: J1, J2, J3, etc.
Pin Ex: S25-22 J9-MM Slot Connectors: S1, S2, S3, etc.

Slot 25, Pin 22

Elco J9, Pin MM

Pin No.’s -3, X, -B,
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Digital Receiver Interface to DDP 116

Name From " Eleco Name From

1 Ground 36 +5

2 Ground 37 +5

3 -18 38 | -18

4 39 | ADB 13

5| ADB 10 40 | ADB 14

6 | ADB 11 41 | ADB 15

7 | ADB 12 42 | ADB 16

8 INB 01 | S6-17 43 | INB 10 S6-26

9 INB 02 18 .. 44 INB 11 27
10 | INB 03 19 45 | INB 12 28
11 | INB 04 20 46 | INB 13 29 |
12 | INB 05 21 47 | INB 14 , 30
13 | INB 06 S6-22 48 | INB 15 S6-31
14 | PIL09+ 49 | PIL 09-
15 | ACKO09+ 50 | ACKO09-
16 INB_Q7 S6-23 51 | OCP-
17 | INB 08 S6-24 52 | OTP-
18 | DRL- 53 | MSCL-
19 INB 09 S6-25 54 | INB 16
20 D0-00 D0-00 A 55 | DO-08 DO-18 B
21 01 01 C 56 09 09 D
22 02 02 E 57 10 10 F
23 03 03 cc 58 1L 11 DD
24 04 04 H 59 12 ' 12 J
25 05 05 K 60 | 13 13 L
26 06 06 M 61 | 14 14 N
27 | D0-07 D0--07 P 62 | DO-15 DO-15 R
28 | Hd Stroh S 63 | Hd Strob HD Strob T
29 R Fifo U 64 | R Fifo | R Tifo \'
30 " PIL Ser W 65 | PIL 09 Ser | PIL 09 Ser| X
31 Scan Y 66 | Scan TScan Z
32 Cal AA 67 | Tal Cal BB
33 | -5V DC ss 68 | GND TT
34 Ground 69 +5
35 Ground 70 +5

FRONT BACK
(Socket Side) (Wire Wrap Pin Side)
\ ) —

> -

* Single ended signal
- = Return)

+ = Signal ) on twisted pair
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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.

Square Four
Law De- Integrators
tected-
Analog VCO A D F— cCounter (cA)
Input Four
Blanking Posi- [ Counter (CB)
(One of four shown) Switch > tion
B
Digital Counter (CC)
Switch |2 Counter (CD)
¢——P Status Bit
Bl B2
Blanking ® 3 Data Ready Trigger
A A
Ref Cal
EBlanking; % S/R %gCal g
Input Switch) (Switch

Simplified System Functional Diagram

The four integrators are sequenced by a 4-position digital switch which re-
quires a 2-bit 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
"S/R 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 bo> ¢1, ¢2, and ¢
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.



NATTIONAL RADIO ASTRONOMY OBSERVATORY

Supplement to EDIR #188

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" contains

the following program files:

File

File

File

File

File

File

File

0:

1:

2:

4

5:

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

Original EDIR #188, page 9 program.

Two channel, 4 phase load switching program with
necessary modifications to File 1.

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

Four channel, 4 phase load switching program.

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

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.



File 7:

File 11:
File 12:

File 13:

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.

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

Special function keys for Files 2 and 6.

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: 1 channel, 0?042; 2 channels O§054; 3 channels, 0?078; and 4 channels,

0100. 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.

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

to EDIR #188.

Page 17:

Page 19:

Page 21:

Internal variables U, V, Y, and Z and array variable
E [ ] are now in use.

The theoretical sensitivity (AT) equation is corrected
to read

+
2 x System Temperature X C+$
I = AT = 28
1
Samples per x Dicke Switch _ Blanking % 4
Receiver Integration Phase Period Time
Bandwidth

1000

Seven special function keys were added:

f13 - Provides for changing gain modulator consﬁants
from keyboard. Applies only to Files 6 and 7.

fi1g — Bypass gain and system temperature calculations
if no cal signal is available.

f19 - Restores gain and system temperature.

fop — 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 figq "w/cal".



Page 21 (continued):

fo1 - Restores chart recorders to normal operation
after setting scale with f55 or fo3.

fo2 - Puts zero volts on chart recorder outputs for
aligning pens.

fy3 - 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 Description

11 + 9R Number of words to follow in the header.

E Host data scale factor (counts/K).

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.

0 Blanking time parts (4096 x Blanking Time/Phase Period).

P Phase period (milliseconds).

Q Blanking time (milliseconds).

R Number of receiver channels in use.

S 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).

T Summation time for statistics data (sec).



Value Description

A; x 1000 Gain modulation factor for channel 1 times 103.

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

G; x 1000 Relative gain for channel 1 times 103.

H; x 1000 Measured output rms fluctuation for channel 1 (millikelvins).
I; x 1000 Theoretical output rms for channel 1 (millikelvins).
K3 V/F counter scale factor for channel 1 (counts/K).

T; x 100 Calibration noise source for channel 1 (centikelvins).
U; x 10 System temperature for channel 1 (decikelvins)

Wy x 10 Channel 1 bandwidth (tenths of MHz).

A> x 1000 Gain modulation factor for channel 2 times 103,

etc., for as many channels as used.

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.



32: Changed "if" test to if A > 1 to send header to DDP 116 only
on scan start.

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

51: Corrected measured rms equation by adding missing parentheses
around (N - 1) term.

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

61: Added "J" label.

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 V values to
chart recorder channels when called for.

82: Added wtb flS, 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, 11+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 J. Coe : B. Stobie
M. Balister M. Damashek B. Vance
W. Brundage D. Schiebel R. Weimer
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