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* Inspired by-
 Conversations with Kent Britain, WA5VJB.
« Central States presentation by Kent O’Dell, KA2KQM.

* The need for another NTMS antenna range for
VHF/UHF/10/24 GHz and higher.

* Acquisition of multiple HP415E from Bob Stricklin.

« Crystal detector and load resistor loaned by Mats and
later acquired myself.
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* For the source 10 GHz signal, modulate a
Gunnplexer with Arduino “bias chopper” at 1 KHz to
match HP415E audio requirement.

« This will leverage the higher stability of a
crystal/resonator on the Arduino board. Other
alternatives were considered.

« Nano/Uno pin 9 drives common MOSFET directly
(IRLZ44N)

« Build two separate power supplies with a 12v input
and Sv output (Arduino) and 9-10v output @ 350-400
mA (Gunnplexer).
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Table /. Operating Specifications of the Microwave Associates
10-GHz Gunnplexer.

I-F OUTPUT

MIXER GUNN OSCILLATOR

Figure 1-5.
Exploded drawing of the Gunnplexer cavity, ferrite circulator, and mixer
diode (drawing courtesy kham radio magazine).

Rf center frequency

Rf power output

Tuning: mechanical
electronic

Temperature stability
Power output variation

Frequency pushing
Noise figure
Power requirements

Gunn supply voltage
Gunn current
Varactor voltage

Rf connector
Operating temperature

optional (10.250 GHz
desired)

15-40 mW

+100 MHz minimum
60 MHz minimum
-350 kHz per degree C
less than 6 dB with

temperature
15 MHz per volt maximum
12 dB maximum

+ 10 Vdc
500 mA maximum
+1 w0 +20 Vdc

mates with UG-39/U flange
-30 to +70 degrees C
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Component
Count: 21
Ref Qty Value Cmp name Footprint
A1 1 Arduino Arduino Nano/Uno
C1,C3 2 10-22 uF UCB1C100MCL1GS
C2,C4 2 0.1uF Chip
D1 1 LED LED
Screw_Terminal_01x0

J1 1 12v DC input 2

Gunnplexer
J2 1 connections Conn_01x02
Q1 1 IRLZ44N IRLZ44N TO-220
R1, R2, R4 3 220R
R3 1 1K R
R5 1 10k R
R6 1 4.7k R
RV1 1 1k R_Potentiometer 1
RV2 1 5k R_Potentiometer_1
TP1 1 Oscilloscope TestPoint_Probe
U1, U2 2 LM317_TO-220 LM317_TO-220 TO-220




Program for Arduino [Synmus

// 1 kHz squa
// Drives

void| setup()

re wave on pin @ (Timerl, hardware CTC toggle)
gate to chop the Gunnplexer bias for AM

{

pinMode(9, OUTPUT); // OC1A
noInterrupts(); do notdisturb
TCCR1A = 0O;
TCCR1B = 0;
TCNT1 = 0; . . g
P Timer reglster writes
OCR1A = 999; /] 16MHz / (2%8%(999+1)) = 1000 Hz
TCCR1B |= (1 << WGM12); // CTC mode
TCCR1B |= (1 << CS11); // prescaler = 8
TCCR1A |= (1 << COM1AQ); // toggle OC1A on compare match
interrupts(); return to normal

}

void loop() {
// nothing

}

to do — the timer runs the output in hardware
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Timer1 hardware
CTC toggle vs. bit
banging loop.

Dedicated hardware
Driven straight from
crystal/resonator
counts

Resets automatically
Not in the “loop”
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* 10 GHz output being detected - using SA and
diode detector. Frequency was approx. 10,225 MHz.

« Confirm HP415E is detecting 1 KHz signal

— meter movement fluctuates in relation to signal strength input
to crystal detector/load resistor

« Check the power switching waveform
through the MOSFET to Gunnplexer —

oscilloscope traces

- Validate linearity
 Initially use attenuators (Service Manual procedure)
« Set up antenna range and test 10 GHz antennas
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* PIN diode in the waveguide/cavity— varies waveguide loss
directly via RF impedance modulation rather than touching the
bias supply at all. Pro: doesn't load the Gunn diode's DC
characteristics, often faster/cleaner edges. Con: needs the PIN
diode and its own drive circuit, physically intrudes into the
waveguide.

 Mechanical chopper (a motor-driven slotted disk interrupting
the beam, or a vibrating reed) — genuinely old-school, predates
solid-state modulation entirely. Pro: dead simple concept, no
electronics touching the RF source at all. Con: mechanical
wear, limited/imprecise frequency control, audible noise, size.
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* Direct bias modulation via a simple multivibrator or 555
timer — chop the Gunn supply but without a microcontroller —
an astable 555 could produce a similar square wave but the
frequency stability point: a 555's RC-timed oscillation drifts with
temperature and component tolerance, where the
Timer1/crystal-referenced approach doesn't — a concrete,
measurable advantage shown with scope data: 995-1000Hz,
repeatably, across dozens of captures.

« Varactor/voltage tuning port for FM rather than AM —
different modulation type entirely, not a fair substitute for what is
needed, but worth a mention for completeness.
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SIGLENT M 500us/ Delay:0.00s .
f Sa 1 ]

CH1 Curr 7.00N 1;|t

Pk-Pk = 4.88Y Max = 5.04Y Min = 160.00mY Ampl = 4.48Y
Edge CH1
o Base = 320.00mY Mean = 2.60V Cmean = 2.60V g

Cotd = 2.24Y RMS = 3.43V Crms = 3.4 £ AC
FPRE=3.57% ROV =3.57% RPRE = 3.57% 0.0y

Prd = 1.00ms & +Width = 501.85us “Width = 498 50us 1 11
X 2.00v/

Rise = 60.00ns all = 23.86us Bwidth = 6.50ms +Duty = 80.17% Sl
: -5.56Y

-Duty = 49.83% Delay = -3.00ms T@L = 3.00ms

LLLL.LLL

Measure ltern C urrvnt Mean Min Max f'_td [Iv C nuut
Rise[1] 6.41us z FII'In 7
Fall[1] 23 -_uL.u.:. 55.40us 1 4hm
CH1 Rise[1]=60.00ns F [1]::2:,.:.c.u~_‘
] BWY Limit Adjust i ; Next Page
Full Coarse ( g Page 1/2

Hardware timer output: 5 V logic, 50% duty, 999.65 Hz, no CPU
involvement.

13
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SIGLENT LTEN M 100us/ Delay:0.00s

Sa s500MSals

Curr 700kpts

Gate is high, MOSFET
is turned on.

Gate falls.
1

1X  2.00V/
-1.00v
11X 2.00v/

-1 96“"-"’

Return node
climbs for 500 usS. Return node pulled
to ground. Gunn

diode fully biased

MEASURE

CH1 - MOSFET Gate CH2 - Gunnplexer return node

14
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MOSFET gate vs Gunnplexer
return node ZOOMED

SIGLENT M 100ns/ Delay:0.00s f =999 552Hz

Sa 500MSals

g A P s sl il

Curr 700kpts
Edge
4 AC
0.0v
DC1M

1.00%/
-1.08V

1.00W/
-980mY

MEASURE

CH1 - MOSFET Gate CH2 - Gunnplexer return node

WWW.NTMS.ORG
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SIGLENT

CH1
Pk-Pk = 2.48V
Top = 10.16Y

Stdev = 372 41mVY

FOY = 100.00%
Léx = 10.00V
Prd = 1.00ms
Rise = 154 82us
-Duty = 11.48%

Measure ltem
Rise[1]

o Fall[1]
CH1

Coupling 4

DC

WWW.NTMS.ORG

54 82us

Rise[1]=154

M 500us/ Delay:0.00s

Max = 10.40V
Base = 9.04V
Cstd = 371.62mV
FPRE = 21.43%

Freq=999.61Hz
Fall = 128.00ns
DHH“ =-3.22ms

Current Mean Min

12.75us 2.00ns

37 S 3.00ns

Fall[1]=128
Adjust

Full Coarse

BWY Limit

v

Min = 7.92V

Mean = 9.98V

RMS = 9.99V

ROV = 21.43%
+Width = 885.57us

Bwidth=6.17ms

T@L = 2.89ms

aae

Max Std-Dey
4 41ms 162.11us
6.08ms 401.80us

00ns

Probe
1Y
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Curr 7.00

Ampl = 1.12V
Cmean = 9.98Y
Crms = 9.99V 25

Edge

RPRE = 100.00%

Width = 114.82us
+Duty = 88.52%

Count
1085
1082

Next Page
Page 1/2

AC
0.0v
DC1M

2.00v/
-10.16Y

16
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SIGLENT W 500us/ Delay:0.00s f =999 574Hz

= v Sa 1.00GSals

ol Curr 7.00Mpts
Pk-Pk = 3.92V Max = 3 FilZI"- tin = -320.00mY Ampl = 3.28Y

. i _ S Edge CH1

Top = 3.44Y Mean = 2.30V ~ 0y age -

Stdey = 1.43V L,-;:m =1.43V RMS = 271V Crms =27 £ AL

FPRE = 2.44% ROV = 2.44% RPRE=12.2 0.0y

Freq = 999.41Hz +Width = 648.51us ‘Width = 352.08us ‘1 .
Fall = 143.76us Buwidth = 6.35ms +Duty = 64.81% 12 2.00v/
) 572V

Delay = -3.34ms T@L = 3.00ms

Measure Itern  Current Std-Dev Count
Rise[1] 766.00ns L..:E.u;. _) I_!I_In- 4.41 ms 116.20us 2118
Fall[1] 143.76us 486 .06us 3 6.99ms 1.08ms 2115
CH1 Rise[1]=766.00ns F.:ll[1]=14 3.76uUs
Coupling « BWY Limit Adjust Probe Next P
DC Full Coarse O Page

WP e Mer
LEHz Ormia madulation PCD

WWW.NTMS.ORG



SIGLENT

CH1
Pk-Pk = 36.00mY
Top =-79.20m"
Stdey = 9.83mY
FOV = 13.04%
L@x = -88.80mY
Prd = 993.29us

Rise = 188.13us

14

M 500us/ Delay:0.00s

Max = -64.00m"
Base = -97 60mY
Cstd = 9.89mY
FPRE=8261%

Freq = 1.00kHz
Fall = 127 b7us

Delay = -2.96ms

) 4

Min = -100.00mY
Mean = -88.64mY
RMS = 89.19mY
ROV =7391%

+Width = 409.69us
Bwidth = 65.40ms
T@L = 3.00ms

Ampl = 18.40m"
Cmean = -88.69mYV
Crms = 89.24mV

RPRE = 13.04%

-Width = 588.60us
+Duty = 41.04%

North
Texas
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Sa 1.00GSals
Curr 7.00Mpts
Edge

5y AC

0.0%
1 DC1M

1% 20.0mv¢
51.6mY

SANANANNS

asure ltemn  Current Mean Min Max Std-Dey Count
Rise[1] 188.13us  96.24us 600.00ps  436.01us  158.00us 527
Fall[1] 127 B7us 45.72us 600.00ps 200.02us 525
CH1 Rise[1]=185.13us Fall[1]=127.67us
Jd a BW Limit Adjust Probe
Full Coarse 1X

Next Page
Page 1/2

18
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SIGLENT M 500us/ Delay:0.00s

CH1
Pk-Pk = 216.00m" Max = 116.00m" Min = -100.00m% Ampl = 184.00mY

b 4

Curr 7.00Mpts
Edge

Top =92.00mY Base = -92.00mY Mean = -224 420 Cmean = -141.38uY
Stdev = 67.06mY Cstd = 67.12mV RMS = 67.06mY Crms = 67.12m¥/ £ AC
FOV = 4.35% FPRE = 6.52% ROV = 6.52% RPRE = 4.35% 0.0V
L@ = 0.00yY

Prd = 1.00ms Freq = 999.61Hz #Width = 491.97us Width = 508.43us "
Rise = 241 79us Fall = 247 82us Buwidth = 6.52ms +Duty = 49.18% T 100w/

M 090 a = - B -158mY
-Duty = 50.62% Delay = -2.98ms Té@L = 2.99ms

Measure Itemm  Current viean Max Std-Dev
Rise[1] 241.79us 15.3 2.00ns ) 202.9%us
Fall[1] 247 B2us 316.82us 99ms 872.30us
CHA1 Rise[1]=241.7%us Fall[1]=247.582us
Coupling BYW Limit Adjust Probe Next Page
e Full Coarse 1X Page 1/2

19
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Fig. 1. New -hp- Model 415C SWR Meters being used in

swept-frequency set-up to check directional coupler perform-

ance on broadband basis. Variable bandwidth of new SWR

Meter permits sweep rates fast enongh to achieve continuous

oscilloscope display. New Meter is transistorized and bas no-

blind-spot “expand” feature to facilitate high-resolution attenua-
fron measurements,

HEWLETT-PACKARD

) JOURNAL

TECHNICAL INFORMATION FROM THE hp: LARORATORIES VO'. ‘3' No' ].2

3LISHED BY THE HEWLETT-PACKARD COMPANY, 1501 PAGE MILL ROAD, PALO ALTO, CALIFORNIA SEPT. - OCT., 1961



The HP415E SWR Meter §§

 An audio device.
« AC voltage voltmeter.

 Narrow bandwidth with a 1 KHz bandpass
filter.

* High gain amplifier with relative gain
controls.

 Requires other equipment to actually
measure SWR.

T
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* Requires a 1 KHz audio signal at input.

* This can be produced by a crystal detector
demodulating an RF signal.

* The crystal detector along with a load resistor
operates on the square-law principle which
the HP415E is designed to use.

e The Meter does not deal with RF.

* The crystal detector covers a range of RF
frequencies.

N N s o
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* A crystal detector follows a square-law

response at low input power levels - (typically

below -20 dBm or 10 uW), whose output voltage is proportional
to the square of the input signal amplitude.

 This behavior comes from the nonlinear |-V characteristic
of the diode operating in its nonlinear region.

e A sgquare law graph plots output voltage (or current)
versus input signal amplitude (or power).

 Curve shape: For small input amplitudes, the curve is

quadratic, so it rises steeply with the square of the input
amplitude.

R N s
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500.0 v
y ” 4 s 4
’ ”
’ v
50.0 = >
/: {'
_ LBS”*/ / LBSD
E 50
= / v
: i ‘,/’,/’/,//”
- Square
W:;';zm // law loaded
0.05 / /
0.0 /
8 0 0 2L 1 :

Input power (dBm)

Figure 6. Typical detector square-law response

Square-law response

For many reflection and transmission measurements it is desirable to use the
detector in its square-law region where its output voltage is proportional to the
input RF power. As shown in figure 6, the LBSD typically operate within 0.5 dB
of square-law from the tangential signal sensitivity (TSS) level up to -18 dBm.

By specifying Option 423B, 847xB/C-002, a specially selected loading resistor
is provided which extends this square-law region to approximately 8 dB with an
associated decrease in sensitivity as shown in figure 6.
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Where the detectors leave the square-law line

Deviation from ideal square law (dB)

N, '\
\ )
2 ’\0 \. o o
\0\ o e ======3:._._:\.—/ .\.—.—.
L) ®
\.\. ° 070/ .\ / .\!\ e,
ideal square law X\. . ._.,._.42&:3’" -\7 ¢ *Se—s T
[ o—o>o—-§i ————————— e—o=0 o—.—_—. —————— 0 === e — - . 0<. ———————
oo / Nee
*1 dB (range-switch / scale-end scatter) '—'—'§==: ’\.
=2 below about —60 dBm the readings flatten into noise, so they sit above the line
e KM5PO 8470B
e KD5FZX 160358A
-4

-70 —-60 -50 —-40 -30 =20
Signal generator output (dBm)

Ideal line: slope 1 dB/dB, anchored to each detector’s median level from —40 to —58 dBm.
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Raw meter readings: each range gives a short straight segment
KM5PO 8470B KD5FZX 160358A
range 50 range 40 range 30 range 20 range 10 range 50 range 40 range 30 range 20 range 10

0 > °
E o/‘ 0/ /0 /. ./ ° /o /
TD / ° z 4 2
& 2 .i / J j! . // /’ ! !
E iy / / i g / / /
= / / / / / / / / /

4 ‘/ ® / / ./ l.’ d 4 d °
e o/ / ’ > / Vol /
.g ..l ./ ! / /. 09 ." / / ./ Q/.
R R A N A A Bl A 1
— / ’ ./ [
S ! / / / / / /‘/ /‘/
17 ]/ I 7 17 [/
S R [

10 3 : : ‘ / /

! ! d é
12 -70 —-60 -50 —-40 -30 =20 -=70 —-60 -50 -40 -30 -20

Signal generator output (dBm) Signal generator output (dBm)

Each 10 dB range step re-zeros the meter, so the raw data looks like a sawtooth. Adding the range back (Figure 1) joins the segments.
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Crystal detector response through the HP 415E
. . -~
-10 near noise floor square-law region upper end _ KM5PO 8470B
Zoot
_eZ* o7 KD5FZX 160358A
/.‘"'./".
@ ()
.’.:o,::,./
o - °
—20 ,._/’./:/
L //./
—_ ' -~ ,.
% ./.// ./.
= A
+ /./ < R
=) /./ )
g 30 ol o
g o= - ./'/.
[ Vad ./
o /0/ ./
i ”
Q ‘A;»» o
© ® ./.
o P 7
o —-40 Pad a”*® ;
e //0 e ideal square law
= -3 7 (slope 1 dB/dB)
© Z, ;‘, U
(0] /’/. /
[odt 4//’/ _®
P ./.
L) ./
=50 0st”  _e—e”
.,o/—o . ¢
= - —
) g.—.’
-¢==5=:_'—:5.‘.
_- - e KM5PO 8470B
—-60 -7 e KD5FZX 160358A
”~
-70 —-60 -50 —-40 -30 -20
Signal generator output (dBm, 10 GHz, 1 kHz AM)

Output = —(415E range + dB reading); 0 dB = full scale on the 0 range. Shaded: noise-limited (left) and upper end of the range (right).

WWW.NTMS.ORG
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The service manual details the following tests:
« Sensitivity

 Noise

 Range accuracy

« Expanded range accuracy

* Input frequency

« Bandwidth

. e m PA4A
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 With a 1 kHz voltage applied directly to the input (audio
oscillator, no detector), the voltage must change by 20 dB, a
10:1 ratio, to move the meter 10 dB.

With RF through a square-law detector, a 10 dB RF change
moves the meter 10 dB.

 The range dial is marked 0 to 60 in 10 dB steps, which
translates to 0 to 120 dB of voltage gain at 1 kHz. Each dial
step adds 20 dB of voltage gain (*10).

 Audio test: feed a 1 kHz sine wav from an audio oscillator
straight into the input, approx. 5 V peak to peak. Adjust the
audio oscillator gain for a full-scale (0 dB) reading. Add 10 dB of
attenuation, a voltage ratio of 0.316. The meter reads 5 dB.

R N s o
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Al INPUT SELECTOR ASSEMBLY A2 RANGE / A3 CIRCUIT BOARD ASSY (Part i oF 21 A2 RANGE /
PR e A e T EXPAND ASSY 10V oM ) T EXPAND ASSY
(PART | OF 4) ¥ TPART 2 OF 4)
e i e
|
{ s l B l .
o @3 ||, L4 . @) Hel .
ol | e (LU A )
| | Tie wii @ |
122 { ":; )
‘ \ @< ' pa | REFERCNCE DESIGNATIONS
[E3) ) i oeed & WO PREFIX | Al ASSY A3 ASSY
n ° a8 | a4 aici-cy
ne
| ST ROy
2 | o 16,52+
o @ | s i e
"3 ’ i ? 3,43,33 AZ ASSY A4 AssY
(820 EXTH M-8 [AdRLZ
| -_’Eo | | © E i :z:-l ns-’
nr2
| a | | l
I s yen ‘ . 3 ::‘ : {*
2).3% ] | : ,I : .
et o er3v oM i L | rerempece o€ 35ceaions ¥ i 0UTLIED (- - ) ; : v ‘
| wge| et sccuaricaores: | AEni e METATES P! SO G e 4 B 7
aTx 15 AW DESIGNATIONS OF OTHER COUPONENTS ARE e .
L J‘ COWPLITE A5 SHOW ! )
— s s ‘ .
i - > '®‘ n' °v :(:slml
l;)
30 e - $ b i K p
L e [‘_‘" i
e - A4 POWER SWITCH N
: (PANT 3 OF 3) s
L — —xa3
! .
. W );g?—vvo azs2
NG 7, & Ve ol g i,
' x
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1 oo ' nOYES =
—q ' 1. SEE FIGURE 8-9
' ez '
1 100 '
' 1}
reie ¥
Lowen ) [€D)
7
b e T T e e

COPYMINT 1843 BY MEWLLTT PACKARD CO
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COPYRUMNT 1983 BY WEWLET
AT T B TR CACWT

HP415E schematic pt 2

A3 CIRCUIT ASSY (paar 2 o7 3)
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A2 RANGE/

EXPAND ASSY
(PART 4 OF 4)
=

(PART | OF 4)

(T3

[y

REFERENCE DESIGMATIONS

A4 POWER SWITCH ASSY

FowER)

NO PREFIX | A2 ASSY A3 ASSY
A2RS -6 A3CI10-29
A232 A305-13
A3ICAY

ASmiT-80

o Ttea 0
AMIPIN T
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Wein — Brldge Clrcmt
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# 5a
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Balanced

BRIDGE
STABILITY
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1891: Max Wien invents the bridge for measuring impedance. Its R-C
network has a phase shift that passes through zero at exactly one
frequency.

1938: Larned Meacham uses a light bulb to stabilize a bridge oscillator.
This is the precedent.

1938 to 1939: Bill Hewlett applies the bulb to a Wien-bridge audio
oscillator, which becomes the HP 200A. It’s built in David Packard’s Palo
Alto garage and is HP’s first product. The circuit is the subject of Hewlett's
1939 Stanford thesis and HP'’s first cited patent (US 2,268,872). The 1939
IRE paper is credited to Terman, Buss, Hewlett and Cahill.

1939 to 1940: Disney buys eight custom 200Bs for the sound of Fantasia.

1950s to 1990s: The 200CD (5 Hz to 600 kHz) becomes a standard lab
instrument.

1960s: The same bridge idea goes into the 415 SWR meters. My 415E
schematic is copyrighted 1965.




The HP-200B

North
Texas

|—NTMS

Microwave

Society

A Deal with Disney: HP 200B Oscillator

ENLARGE ©

Disney HP 200B and Fantasia

% f X

SHARE THIS PIECE OF HISTORY »

Date: ca. 1939

Modified versions of Hewlett-Packard’s 200A oscillator for specific applications
went into production almost simultaneously with the 200A itself. Perhaps the
most famous modification was the 200B, a custom-designed product for Walt
Disney Company. Disney ordered eight of them for use in the audio production
of Fantasia, most famously in the installation of Fantasound, a pioneering
surround sound system Disney placed in select theaters for the film's release. It
was the beginning of a working relationship with Disney that would continue
throughout Hewlett-Packard's history.

TAGS:

19305 =+ 1939 =+ 200B <+ DISNEY * FANTASOUND -+ FILM <+ OSCILLATOR

(C)HPCA



https://www.hewlettpackardhistory.com/item/a-deal-with-disney/
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1. Place the source antenna (horn or similar) on the ground, with
cardboard, Eccosorb, or another non-reflective material
underneath.

2. Connect the signal generator to the source antenna and
configure the power source as needed.

3. Configure the signal generator:

1. Frequency: 1296.100 MHz
2. Output: 10 dBm

4. Position the receive reference antenna approximately 100 feet

from the source.

5. Connect the detector diode and attenuator to the receive
reference antenna.

N N s



North
Texas

Setting up the Microwave M wrws

Microwave

R a n g e3 Society

6. Use the HP415E to verify a flat field (<=1 dB variation) at the
receive end.

* Mark the center of the field on the ground.

7. Record the baseline reading (approximately -2 dB on the -30 dB
scale). Objective: Standard horn and AUT gain within 10 dB ish.

8. Replace the reference antenna with the antenna under test.

* Move the antenna up/down and left/right to obtain peak
reading.

* Do not move forward or backward remain at the marked ground
location.

9. Calculate gain relative to the reference antenna.
10. Record the results.

N N s
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902 MHz 100 ft 61.23 dB
1296 MHz 100 ft 64.38 dB
2304 MHz 100 ft 69.38 dB
3400 MHz 100 ft 72.76 dB
5760 MHz 100 ft 77.34 dB
10368 MHz 100 ft 82.44 dB
24192 MHz 100 ft 89.80 dB
47088 MHz 100 ft 95.59 dB
76032 MHz 100 ft 99.75 dB

122350 MHz 100 ft 103.88 dB
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Source transmit power: +10 dBm

Source horn gain: +15 dB

EIRP: +25 dBm

Path loss: -88.44 dB = Received power -63.44 dBm

Receive antenna gain (AUT): +30 dB (previously
measured value)

Final received level: -33.44 dBm




(Known) Reference horn gain
(Set) Reference level at HP415E
Replace Ref horn with AUT
HP415E receive level of AUT

AUT calculated gain

Example range calculations g7
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20 dB
2 dB on 30 dB scale

2 dB on 20 dB scale
(requires switching dB
scale knob)

Ref 20 dB +10 dB = 30 dB




Next steps &

« Add 24 GHz capability
« Add a useful VHF band capability. 1296 MHz?

* Create a standard Gunnplexer modulation PCB
board

— Research alternative PICs (ATTINY85, others)
« Use KiCad to create gerbers, order boards

N N s



4.
S.
6.
7.
8.

North
Texas

References [N

Microwave

Society

. The Gunnplexer Cookbook by Bob Richardson W4UCH/2, 1981 (see

KMS5PO if you need a copy)

Keysight 423B, 8470B, 8472B, 8473B/C Low Barrier Schottky Diode
Detectors — Data Sheet,

https://xdevs.com/doc/HP Agilent Keysight/5952-
8299%20423B,%208470B,%208472B,%208473B%20C%20Low%20
Barrier%20Schottky%20Diode%20Detectors%20-
%20Data%20Sheet%20¢c20140715%20%5B6%5D.pdf

Central States VHF Society Proceedings - Central States VHF
Society Antenna Range Procedures Antenna Range Procedures
Author: Kent O’Dell, KA2KQM Date: June 08, 2026

HP 200A, Wikipedia

Wien bridge oscillator, Wikipedia

The 200-A: Hewlett-Packard’s First Product, SMECC

HP 415E notes, prc68.com

HP Journal, September 1961
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