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New Coaxial Couplers for Reflectometers, 
Detection, and Monitoring 

Coax ia l  coup le rs  w i th  f la t tened response and h igh  d i rec t i v i t y  
faci l i tate swept- type measurements of  several  k inds.  

ACCURATE reflectometer measurements in co 
axial systems were made practical by the develop 
ment of suitable directional couplers at Hewlett- 
Packard ten years ago.1 Not only were these 
couplers useful in reflectometer applications be 
cause of their octave frequency response and high 
directivity, but their accurate coupling and low 
SWR made them attractive for other applications 
as well, such as for accurate attenuation or as 
take-offs for frequency and power monitoring. 

Three new series of coaxial couplers, all with 

better directivity and flatter frequency response, 
have now been developed at -hp- to meet the 
needs of a variety of applications, including re- 
flectometers, power and frequency monitoring, 
and detection. One type is a high-directivity 
coupler with a frequency response that is con 
stant within Â±0.3 db over an octave band of 
frequencies. The second type, more appropriately 
known as a directional detector, is a combination 
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Fig. 1. Flat frequency response of new -hp- Directional Couplers 
and Detectors is especially advantageous in closed-loop power- 
leveling systems, such as in the swept-frequency evaluation of 
coaxial filter frequency response being made here by -hp- design 
engineers Larry Renihan (left) and Auber Ryals. Directional De 
tector, which supplies error signal for automatic leveling loop, 

senses RF power right at point of measurement. 
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Fig. 2. Coaxial Directional Coupler -hp- Model 
796/3, shown at left and in schematic form above, 
has high directivity, insertion loss of only about 
'/4 db, and SWR of 1.15 throughout range of 960 to 
2110 Me. Model 797 D is for frequency range of 

1900 to 4100 Me and 798C is for 3.7 to 8.3 Gc. 

of the new directional coupler and 
a  diode detector  e lement  that  is  
mounted directly on the coupler 
arm, as shown in Fig. 7. The com 
bination of detector and coupler in 
one package improves accuracy in 
closed-loop power leveling set-ups 
by eliminating the ambiguities that 
exist when a connector intervenes 
between detector and coupler. 

The third new coupler is a dual 
directional-coupler, combining two 
directional couplers back-to-back in 
a single package for reflectometer 
applications. This arrangement is 
one that also eliminates some con 
nector mismatches by combining 
the couplers in one package. In ad 
dition, the dual directional couplers 
have  h igh  d i r ec t iv i ty ,  40  db  in  
those units which cover the 215 to 
1900 Me portion of the spectrum 

+0.16db 

-0.16db 

1.9Gc 
F R E Q U E N C Y  

COUPLING = -20 log E3 /Ei 
OUTPUT COUPLING =-20 log E3/E2 

DIRECTIVITY =-20logE3/E3 

and 30 db in those that are for 1 900 
to 4000 Me. The high directivity re 
duces SWR errors to very low levels 
in reflectometer measurements. 

D I R E C T I O N A L  C O U P L E R  
The new direct ional  couplers  

(Fig. 2) are useful for monitoring 
microwave power, particularly in 
power-leveling applications where it 
may be desired to use either a ther 
mistor or barretter connected to the 
auxiliary arm. 

When monitoring power in swept- 
frequency applications, the most sig 
nificant source of errors is usually 
the frequency response of the cou 
pler. Although the finite directivity 
of the coupler may contribute other 

*  D e f i n e d  a s  t h e  r a t i o  o f  p o w e r  i n  t h e  a u x i l i a r y  a r m ,  
w i t h  i n p u t  p o w e r  a p p l i e d  i n  t h e  f o r w a r d  d i r e c t i o n ,  t o  
t h e  p o w e r  i n  t h e  a u x i l i a r y  a r m  w h e n  t h e  s a m e  i n p u t  
p o w e r  i s  a p p l i e d  i n  t h e  r e v e r s e  d i r e c t i o n  ( s e e  F i g .  4 ) .  

Fig. 3. Output coupling 
(ratio of forward power 
out  of  main and auxil  
iary arms) of 797 D Di 
r e c t i o n a l  C o u p l e r  i s  
within Â±0.2 db of mean 
coupling across octave 

band of frequencies. 

Fig.  4 .  Def ini t ions  of  
coup l ing ,  ou tpu t  cou  
pling, and directivity. E, 
is  input voltage,  E,  is  
voltage out of main arm, 
and E, is voltage out of 
auxiliary arm. E': and 
E', are voltages out of 
i n p u t  a n d  a u x i l i a r y  
arms respectively with 
voltage E, applied in re 
verse direction to main 
arm output. In all speci 
fications, matched loads 
a re  cons idered  t o  be  
connected to outputs. 

4.1Gc 

errors, these assume negligible pro 
portions for moderate standing- 
wave ratios if the directivity of the 
coupler is high. 

Errors are thus reduced by the 
very flat frequency response of the 
new -hp- Directional Couplers. The 
coupler design holds frequency re 
sponse variations to less than Â±0.3 
db over more than an octave band 
by division of the coupling arm into 
two coupling elements in series. The 
elements have different coupling 
values so that the power coupling 
curve has the form: 

k,sin2 (/?]) -f k.sin- (2/3\) , 

where /?! pertains to the electrical 
length of the elements. By manipula 
tion of k, and k,, related to the cou 
pling of the individual elements, the 
coupling curve has been shaped into 
an equal ripple function in the de 
sired band, as shown in Fig. 3. This 
curve, incidentally, represents the 
output coupling (ratio of output 
power to Â¡lower in the auxiliary 
a rm)  ra ther  than  the  more  com 
monly specified coupling factor (ra 
tio of input power to power in the 
Â¡Hixiliary arm) . Output coupling re 
lates the power sensed at the aux 
iliary output directly to the actual 
power delivered to the system, as 
defined in Fig. 4. 

The new directional couplers are 
especially useful as take-offs for 
power or frequency monitoring in 
RF systems. They can tolerate input 
powers up to 50 w CW. Fig. 5 shows 
one application in which the cou 
pler serves a double purpose as a 
power monitor take-off and as a 20- 
db attenuator for sensitivity meas- 
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urements. The couplers can func 
tion either with crystal detectors or 
with power measuring equipment, 
such as the -hp- Model 478A Co 
axial Thermistor Mount and Model 
431 B Power Meter. 

DIRECTIONAL DETECTOR 
The new Directional Detectors 

are directional couplers with diode 
detectors installed directly on the 
coupler arms (Fig. 7). Not only does 
this arrangement remove the am 
biguities that arise when there is a 
connector between coupler and de 
tector, but it also allows the two 
elements to be tested and specified 
as a unit. 

The detector element in the Di 
rectional Detectors is the same semi 
conductor diode assembly devel 
oped for the exceptionally flat -hp- 

Model 423A Crystal Detectors.2 < 
As shown in Fig. 6, the combination 
of coupler and broadband detector 
in one unit achieves very good fre 
quency response. 

Three of the Directional Detec 
tors use the same coaxial configura 
tion as the new Directional Cou 
p le r s .  The  X-band  Di rec t iona l  
Detectors, however, are hybrid de 
vices  that  use a  double-stacked 
compensated waveguide coupler 

'  R u s s e l l  B .  R i l e y ,  " A  N e w  C o a x i a l  C r y s t a l  D e t e c t o r  
w i t h  E x t r e m e l y  F l a t  F r e q u e n c y  R e s p o n s e , "  H e w l e t t -  
P a c k a r d  J o u r n a l ,  V o l .  1 5 ,  N o .  3 ,  N o v . ,  1 9 6 3 .  

3  Lawrence  Ren iÃ±an  and  Robe r t  P r i c ke t t ,  "New  Wave  
g u i d e  C r y s t a l  D e t e c t o r s  w i t h  F l a t  R e s p o n s e , "  H e w l e t t -  
Packard Journa l ,  th is  issue.  

Fig. 5. Receiver sensitiv 
ity measurements uses 
- h p -  M o d e l  7 9 6 D  D i  
rectional Coupler to at 
tenuate RF power 20 db 
below level indicated by 
power meter connected 

to main output. - h p - 7 9 6 D  
D I R E C T I O N A L  C O U P L E R  

- h p -  4 7 8 A  
T H E R M I S T O R  M O U N T  

â€¢0 16db 

Fig .  6 .  Frequency  re  
sponse of typical 787D 

Directional Detector. 
- 0 . 1 6 d b  

1.9Gc 4.1Gc 

F R E Q U E N C Y  

to  obta in  f la t  coupler  response  
throughout X-band (Fig. 12). One 
of the X-band detectors is for use in 
coaxial systems and has transition 
sections that match the waveguide 
sections to coaxial connectors at 
both  ends .  The  o ther  one  has  a  
coaxial input but uses a waveguide 
cover flange for the output connec 
tor.  This configuration is useful 
when a monitor is required for a 
waveguide system driven by a signal 
source with coaxial output. 

P O W E R  L E V E L I N G  
A Directional Detector can serve 

as a power take-off for leveling the 
output of a sweep oscillator, as illus 
trated by the application shown in 
Fig. 8. This use of a detector exter 
nal to the sweep oscillator makes it 
possible to maintain constant power 

V  

at some selected point in the exter 
nal system, regardless of the char 
acteristics of cables, connectors, or 
other devices between the RF source 
and the Directional Detector. 

If the device at the output of the 
coupler is poorly matched, the flat 
ness of leveling is influenced by the 
coupler directivity. For instance, a 
terminating impedance that has an 
SWR of 1.5 has 14 db return loss 
(ratio of incident to reflected pow 
er) and this is added to the direc 
tivity of the Directional Detector 
to obtain the ratio of forward to 
reflected power in the auxiliary arm. 
If a Model 786D Directional Detec 
tor were used, for example, the 30 
db directivity of this device would 
bring the total to a 44 db ratio of 
incident to reflected power in the 

O  VIDEO 
LOAD 

<e- ^< 
Fig. 7. Diode 786D Directional Detector and equivalent schematic. Diode 

detector is in sealed capsule easily replaced without special tools. 
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Fig. 8. Measurement set-up for supplying power in swept 
frequency measurements. Model 786D Directional Detector 
senses RF voltage level and supplies corresponding dc volt 
age to ALC input of  sweep generator.  Even with a load 
SWR of 2, power variations at main arm output of detector 

are less than Â±0.5 db. 

Fig. 9. Reflectometer system using -hp- Model 776D Dual 
Directional Coupler. Forward auxiliary arm monitors RF 
level and supplies feedback signal to level sweep generator. 
Reverse auxiliary arm monitors reflected RF and supplies 
vertical signal for scope. Scope is calibrated for SWR by 
use of  zero (short)  or inf ini te  (open) impedance loads 

(for details, see -hp- Application Note 61). 

auxiliary arm. This results in an er 
ror of only 0.62% in the voltage at 
the load. Thus, high directivity in a 
coupler or directional detector is im 
portant for measurement accuracy. 

R E F L E C T O M E T E R S  

A coaxial reflectometer system 
using one of the new Dual Direc 
tional Couplers is shown in Fig. 9. 
In reflectometer systems, the source 
of the most significant errors is the 

finite directivity of the couplers, 
rather than the frequency response. 
Since both forward and reverse arms 
of the new Dual Directional Cou 
plers have identical coupling varia 
tions with respect to frequency, the 
variations are self-cancelling and do 
not affect the VSWR reading. The 
frequency response of the forward 
coupler, which is in the automatic 
leveling loop, causes the power vs. 

frequency characteristic of the main 
line to be "pre-emphasized thus 
compensating for the frequency re 
sponse of the reverse coupler. 

The directivity required to pre 
vent addition of significant amounts 
of forward power to the reflected 
signals in the reverse coupler, for 
various values of SWR, is shown in 
Table I. The directivity of the new 
Models 774D through 776D is 40 
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Fig. 10. Family of new -hp- Dual Directional Couplers 
and schematic diagram (below). From top to bottom, 
they are: Models 774D (215^50 Me), 775D (450-940 
Me), 776D (940-1900 Me) and 777 D (1900^000 Me). 

db, a directivity that results in S\VR 
ambiguities of only 1.02 and that 
provides an accuracy in reflectom- 
eter applications approaching that 
obta ined with  t ime-consuming,  
point-by-point slotted line measure 
ments. Directivity of the higher fre 
quency Model 777D is 30 db, re 
sulting in SWR ambiguities of less 
than 1.06. 

The two couplers  in  the Dual  

Directional Couplers (Fig. 10) are 
made up of single elements for high 
est possible directivity and for re 
duction of transition discontinuities 
to a minimum. The coupling curve 

T A B L E  I .  C O U P L E R  D I R E C T I V I T Y  R E Q U I R E D  
F O R  M E A S U R I N G  A  G I V E N  S W R  

Fig. 11. Directivity of typical -hp- Model 776D Dual 
Directional Coupler. 

of a single element is of the form 
k sin j31, so that the coupling varies 
about 1.3 db across an octave band. 
The coupling variations of both 
arms of the new dual directional 
coupler, of course, are self-cancel 
ling in reHectometer applications. 

SWR 
Measured 

>1.05 
>1.03 

Coupler 
Directivity 
required 
> 3 0  D B  
> 3 5  D B  
> 4 0 D B  

MECHANICAL CONSIDERATIONS 
All three types of couplers are 

housed in rigid, cast aluminum bod 
ies (except for the hybrid waveguide 
types). The precision type-N con 
nectors are of stainless steel for max 
imum wear resistance in applica 
tions requiring frequent connect- 
disconnect cycles. 

( C o n t i n u e d  o n  P a g e  8 )  

â€¢ 5 â€¢ 
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N E W  W A V E G U I D E  C R Y S T A L  D E T E C T O R S  
W I T H  F L A T  R E S P O N S E  

LJ NTIL recently, accuracy in fast, 
repe t i t ive  microwave  swept  f re  
quency measurements was limited 
by the frequency response of avail 
able crystal detectors. Frequency re 
sponse variations of Â±2 db across a 
waveguide band of frequencies were 
typical of the best crystal detectors 
formerly available. 

Now, a new series of waveguide 
crys ta l  de tec tors  provides  a  f re  
quency response that is better than 
Â±0.2 db up to 1 0 Gc and Â± 0.5db up 
to 18 Gc. High accuracy is now pos 
sible in fast, swept-frequency meas 
urements that use oscilloscope dis 
play, allowing transmission-loss and 
SWR to be read directly from t lie 
oscilloscope graticule. With such 
measurement set-ups, results not 
only are accurate but they also are 
fast, enabling on-the-spot evaluation 
of component adjustments. 

Frequency response variations in 
the new crystal detectors, the -hp- 

424 Series, are less than Â±0.2 db 
across each waveguide band up to 
10 Gc. Across X band (8.2-12.4 Gc) , 
the frequency response variations 
are less than Â±0.3 db and across M 
and P band (10-18 Gc), less than 
Â±0.5 db. In addition, the response 
of any two of the new detectors is 
so nearly identical that selection for 
matched pairs ordinarily is not nec 
essary, although matched pairs can 
be selected for the most exacting 
applications. 

The flat frequency response is 
also advantageous in peak and rela 
tive power measurements and for 
systems using closed-loop power lev 
eling. Furthermore, the new detec 
tors have improved square law char 
acteristics which, along with the flat 
frequency response, assures accurate 
measurements throughout the band 
in reflectometer applications. 
*  A p p r o p r i a t e  s c a l e s  t h a t  c a n  b e  a f f i x e d  d i r e c t l y  t o  
t h e  C R T  a r e  s u p p l i e d  w i t h  H e w l e t t - P a c k a r d  A p p l i c a t i o n  
No te ,  No .  61 ,  "Leve led  Swep t -F requency  Measu remen ts  
w i t h  Osc i l l oscope  D i sp lay . "  

Fig. achieves Set-up for swept frequency measurements in waveguide achieves 
flat couplers response with new crystal detectors. Tandem couplers in 
automatic leveling (ALC) loop assure leveling accuracy commensurate 
with response of new detectors. Letters on diagram refer to correspond 

ing curves in Fig. 3. 

S W E P T  F R E Q U E N C Y  M E A S U R E M E N T S  

Frequency response as flat as that 
achieved by the new crystal detec 
tors means that other sources of 
error in measurement set-ups as 
sume increased importance. The 
dominant source of errors now be 
comes the inevitable frequency re 

sponse of the waveguide couplers, 
and this can be compensated for by 
appropriate arangement of the cou 
plers .  One such arrangement  is  
shown in Fig. 1. Here, the frequency 
response of the 3-db coupler's main 
arm is the inverse of the auxiliary 
arm, as shown by curves "c" and 

-  :  

F i g .  2 .  T y p i c a l  f r e  
quency  response  o f  new 
- h p -  M o d e l  X 4 2 4 A  
W a v e g u i d e  C r y s t a l  D e  

tectors. 

-0.4 

' !  

Fig.  3 .  Net  frequency 
response (curve "a") of 
two directional couplers 
in tandem, as in Fig. 2, 
varies less than Â±02 db 
by mutual compensation 
of frequency response 

curves. 

Tandem Couplers 

10DB Coupler 
(Auxiliary Arm) 

3DB Coupler 

FREQUENCY (Gc) 

â€¢ 6 â€¢ 
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Fig. through Series of seuen detectors matches waveguide sizes from S through 
P bands. Diode elements are in sealed capsules, easily replaced without 

special tools or soldering. 

"d" of Fig. '5. The 3-db coupler thus 
(ompensates for the frequency re 
sponse of the 10-db coupler and 
power variations are thereby held 
to within a few tenths of a clb across 
the band. 

Mismatch errors are minimized 
by use of the new detector with 
high-quality couplers. An -hp- 752C 
Coupler with a 424A Detector pre 

sents a SWR of only 1.05 to the 
main guide. 

DIODE DETECTORS 
The flat response of the new wave- 

Hiiide detectors is achieved primar 
i ly through use of an -hp- devel 
oped diode, the same one used in 
the new Coaxial Crystal Detectors1 
1  R u s s e l l  B .  R i l e y ,  " A  N e w  C o a x i a l  C r y s t a l  D e t e c t o r  w i t h  
E x t r e m e l y  F l a t  F r e q u e n c y  R e s p o n s e , "  H e w l e t t - P a c k a r d  
J o u r n a l ,  V o l .  1 5 ,  N o .  3 ,  N o v .  1 9 6 3 .  

Fig. 5. Optional load resistor is matched 
to individual detectors Â¡or square law 
conformance within Â±0.5 db from low 
leve l  up  to -  50  mv  peak  ou tpu t  (a t  
24 C). Sensitivity of detector with load 

resistor is typically 0.1 mu/nw. 

and in the new -hp- Directional  
Detectors.2 The diode presents a 
broadband impedance match to a 
coaxial line by means of a 50-ohm 
resistive film on the outside surface 
of the diode cartridge. The point- 
contact rectifying junction is thus 
physically close to the terminating 
i esistor and it appears to the coaxial 
line as a high impedance shunting 
the resistor.  A nansiiion section 
matches the coaxial section to wave 
guide; the resulting SWR is less 
than 1.35 in S through X bands, and 
Ic ss than 1.5 in M and P bands. 

Low output resistance and low 
capacitance combine to give the de 
tectors good pulse characteristics. 
The detectors therefore arc useful 

( C o n t i n u e d  o n  P a g e  8 )  

'  Rober t  P r i cke t t ,  "New Coax ia l  Coup le rs  fo r  Re f lec tom-  
e t e r s ,  D e t e c t i o n  a n d  M o n i t o r i n g , "  H e w l e t t - P a c k a r d  
Journa l ,  th is  issue.  

S P E C I F I C A T I O N S  

- h p -  M O D E l  4 2 4 A  W A V E G U I D E  C R Y S T A L  D E T E C T O R S  

M o d e l  
S 4 2 4 A  
G 4 2 4 A  
J 4 2 4 A  
H 4 2 4 A  
X 4 2 4 A  
M 4 2 4 A  
P 4 2 4 A  

F r e q u e n c y  
( G c )  

2.6 
3.95 
5.3 
7.05 
8.0 

10.0 
12.4 

3.95 
5.85 
8.2 

10.0 
12.4 
15.0 
18.0 

Â » .  Resp.- 
(db) 
Â±0.2 
Â±0.2 
Â±0.2 
Â±0.2 
Â±0.3 
Â±0.5 
Â±0.5 

Sensitivity 
( i n t o  >  7 5 k )  

L o w  L e v e l  H i g h  
( m v  d c  L e v e l !  
, .  w  c w )  ( m w )  
> 0 . 4  
> 0 . 4  
> 0 . 4  
> 0 . 4  
> 0 . 4  
> 0 . 3  
> 0 . 3  

< 0 . 3 5  
< 0 . 3 5  
<0.35 
< 0 . 3 5  
< 0 . 3 5  
< 0 . 5  
< 0 . 5  

F O R  A L L  M O D E L S :  

O U T P U T  I M P E D A N C E :  1 5 k  m a x . ,  s h u n t e d  b y  a p p r o x i m a t e l y  1 0  p f .  

D E T E C T O R  E L E M E N T :  S u p p l i e d .  

M A X I M U M  I N P U T :  1 0 0  m w ,  p e a k  o r  a v e r a g e .  

N O I S E :  < 2 0 0  n \ i  p k - p k ,  w i t h  c w  p o w e r  a p p l i e d  t o  p r o d u c e  1 0 0  m v  
o u t p u t .  

O U T P U T  P O L A R I T Y :  N e g a t i v e .  

O U T P U T  C O N N E C T O R :  B N C  f e m a l e .  

M a x .  
S W R  
1.35 
1.35 
1.35 
1.35 
1.35 
1.5 

N o m .  O D  ( i n . )  
3  x  l ' / 2  

2  x  1  

F i t s  W a v e g u i d e  S i z e  
( E I A )  

W R 2 8 4  
W R - 1 8 7  

1 1 / 2  x  %  W R  1 3 7  
l ' / 4  x  %  W R  1 1 2  

1  x  ' / 2  W R  9 0  
0 . 8 5 0  x  0 . 4 7 5  W R  7 5  
0 . 7 0 2  x  0 3 9 1  W R 6 2  

E q u i v a l e n t  
F l a n g e  

U G  5 3 / U  
U G - 1 4 9 A / U  
U G - 3 4 4 / U  
U G  5 1 / U  
U G - 3 9 / U  

C o v e r  F l a n g e  
U G 4 1 9 / U  

P r i c e  
$175.00 

165.00 
165.00 
155.00 
135.00 
250.00 
175.00 

1  A s  r e a d  o n  a  4 1 6  R a t i o  o r  4 1 5  S W R  M e t e r  c a l i b r a t e d  f o r  s q u a r e  l a w  d e t e c t o r s .  

P r i c e s  f . o . b .  f a c t o r y .  
D a t a  s u b j e c t  t o  c h a n g e  w i t h o u t  n o t i c e .  

O P T I O N S :  
0 1 .  M a t c h e d  p a i r .  F r e q u e n c y  r e s p o n s e  c h a r a c t e r i s t i c s  ( e x c l u s i v e  

o f  b a s i c  s e n s i t i v i t y )  t r a c k  w i t h i n  Â ± 0 2  d b  f o r  S - ,  G - ,  J  ,  a n d  
H - b a n d  u n i t s ,  Â ± 0 . 3  d b  f o r  X - b a n d  u n i t s ,  a n d  Â ± 0 . 5  d b  f o r  
M -  a n d  P - b a n d  u n i t s .  A d d  $ 2 0 . 0 0  p e r  u n i t .  

0 2 .  F u r n i s h e d  w i t h  m a t c h e d  l o a d  r e s i s t o r  f o r  o p t i m u m  s q u a r e  
l a w  c h a r a c t e r i s t i c s  a t  2 4 Â ° C  ( 7 5 ' F ) , -  <  Â ± 0 . 5  d b  v a r i a t i o n  
f r o m  s q u a r e  l a w  f r o m  l o w  l e v e l  u p  t o  5 0  m y  p e a k  o u t p u t  
w o r k i n g  i n t o  e x t e r n a l  l o a d  > 7 5 k .  S e n s i t i v i t y  t y p i c a l l y  
>  0 . 1  m v / ^ w  w h e n  l o a d  r e s i s t o r  i s  u s e d .  A d d  $ 2 0 . 0 0 .  

0 3 .  P o s i t i v e  p o l a r i t y  o u t p u t .  N o  a d d i t i o n a l  c h a r g e .  

t  I n p u t  r e q u i r e d  t o  p r o d u c e  1 0 0  m v  o u t p u t .  

â€¢ 7 â€¢ 
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N E W  C O A X I A L  C O U P L E R S  
( C o n t i n u e d  f r o m  P a g e  5 )  D E S I G N  L E A D E R S  

Fig. 12. Directional Detectors for X- 
band consist of three waveguide sec 
tions with coupling holes between both 
interfaces. Coupling to bottom section 
"drains" enough energy to flatten fre 
quency response of directional coupler 

formed by top and center sections. 

A C K N O W L E D G M E N T S  
Much of the development work 

on the Directional Coupler and Di 
rectional Detectors was performed 
by Auber Ryals and Lawrence Reni- 
han.  Also,  Richard Harmon con 
tributed to the development of the 
Dual Directional Couplers. 

â€”Robert Prickett 

W A V E G U I D E  D E T E C T O R S  
( C o n t i n u e d  f r o m  P a g e  7 )  

for peak power measurements on 
short RF pulses, using a sensitive 
oscilloscope to read the detector out 
put. 

Detector sensitivity is greater than 
0.4 mv dc per  microwatt  of  CW 
input power (0.3 mv/^w in M and 
P bands) ,  a  three t imes improve 
ment over previous waveguide crys 
tal detectors. Uniform square-law 
response is maintained up to an in 
put power level of â€”20 dbm (5 mv 
out). With some sacrifice in sensi 
tivity, square-law response can be 
ob ta ined  over  a  much  wider  dy  
namic range, up to 50 mv peak out 
put, by use of an optional matched 
video load (Fig. 5). 

These new detectors represent an 
advance in the state of the art of 
broadband ins t rumenta t ion  and  
bring new simplicity and accuracy 
to many microwave measurements. 

â€”Robert Prickett and 
Lawrence Renihan 

R o b e r t  J .  P r i c k e t t  

B o b  P r i c k e t t  j o i n e d  - h p -  i n  1 9 5 7  
a s  a n  R  a n d  D  E n g i n e e r  a n d  s i n c e  
t h a t  t i m e  h a s  b e e n  c o n c e r n e d  w i t h  
t h e  d e s i g n  o f  a  n u m b e r  o f  - h p -  
w a v e g u i d e  c o m p o n e n t s ,  i n c l u d i n g  t h e  
422  K -  and  R -band  C rys ta l  De tec to r s ,  
t h e  4 8 7  T h e r m i s t o r  M o u n t s ,  t h e  3 6 2  
F i l t e r s ,  t h e  7 5 2  C o u p l e r s ,  a n d  t h e  
9 3 8 A  a n d  9 4 0 A  F r e q u e n c y  D o u b l e r s .  
H e  h a s  b e e n  P r o j e c t  S u p e r v i s o r  f o r  
t h e  n e w  w a v e g u i d e  D e t e c t o r s  a n d  t h e  
new  Coax ia l  Coup le r s  and  D i rec t i ona l  
Detec to rs .  

B o b  h o l d s  a  B E  d e g r e e  f r o m  V a n -  
d e r b i l t  U n i v e r s i t y  a n d  b o t h  a n  E E  
a n d  M S E E  d e g r e e  f r o m  M I T .  H e  i s  a  
m e m b e r  o f  t h e  I E E E  a n d  c u r r e n t l y  i s  
c h a i r m a n  o f  t h e  S a n  F r a n c i s c o  c h a p  
t e r  o f  t h e  I E E E  G r o u p  o n  M i c r o w a v e  
T h e o r y  a n d  T e c h n i q u e s .  

L a w r e n c e  R e n i h a n  

L a r r y  R e n i h a n ,  a  g r a d u a t e  o f  t h e  
C a l i f o r n i a  S t a t e  P o l y t e c h n i c  C o l l e g e  
w i t h  a  B S  d e g r e e ,  j o i n e d  - h p -  i n  
1 9 5 0 .  W h i l e  a t  - h p - ,  L a r r y  h a s  b e e n  
r e s p o n s i b l e  f o r  t h e  d e s i g n  o f  t h e  K -  
a n d  R - b a n d  W a v e g u i d e  P r o b e  C a r  
r i a g e  ( M o d e l  8 1 4 B ) ,  S l o t t e d  L i n e  S e c  
t i o n s  ( 8 1 5  S e r i e s ) ,  a n d  S l i d e  S c r e w  
T u n e r s  ( 8 7 0  S e r i e s ) ;  a l s o  t h e  X 9 3 0  
W a v a g u i d e  S h o r t i n g  S w i t c h ,  t h e  9 0 6 A  
S l i d i n g  C o a x i a l  T e r m i n a t i o n ,  a n d  t h e  
n e w  4 2 4  S e r i e s  W a v e g u i d e  C r y s t a l  
D e t e c t o r s .  H e  a l s o  c o n t r i b u t e d  t o  t h e  
d e s i g n  o f  t h e  c a v i t i e s  i n  t h e  M o d e l s  
6 2 6 A  a n d  6 2 8 A  S H F  S i g n a l  G e n e r a  
tors .  

A T O M I C  T I M E  A D O P T E D  
F O R  W W V B  

T h e  N a t i o n a l  B u r e a u  o f  S t a n d a r d s  
h a s  a n n o u n c e d  t h a t  t h e  n e w  i n t e r n a  
t i o n a l  u n i t  o f  t i m e  i s  n o w  b e i n g  b r o a d  
c a s t  b y  N B S  L o w  F r e q u e n c y  S t a n d a r d  
B r o a d c a s t  S t a t i o n ,  W W V B .  T h e  n e w  
t i m e  u n i t ,  t h e  a t o m i c  s e c o n d ,  w a s  
a d o p t e d  b y  t h e  1 2 t h  G e n e r a l  C o n f e r  
e n c e  o n  W e i g h t s  a n d  M e a s u r e s  i n  O c t o -  
b s r  1 9 6 4  a n d  t e m p o r a r i l y  d e f i n e d  a s  t h e  
t i m e  i n t e r v a l  s p a n n e d  b y  9  1 9 2  6 3 1  7 7 0  
c y c l e s  o f  t h e  t r a n s i t i o n  f r e q u e n c y  b e  
t w e e n  t w o  h y p e r f i n e  l e v e l s  o f  t h e  a t o m  
o f  C e s i u m  1 3 3  u n d i s t u r b e d  b y  e x t e r n a l  
f i e l d s .  T h i s  s t a n d a r d  r e p l a c e s  t h e  e p h e -  
m e r i s  s e c o n d ,  a d o p t e d  i n  1 9 5 6 ,  w h i c h  
w a s  d e f i n e d  a s  1 / 3 1  3 5 5  9 2 5 . 9 7 4 7  o f  
t h e  t i m e  t a k e n  b y  t h e  E a r t h  t o  o r b i t  t h e  
s u n  d u r i n g  t h e  t r o p i c a l  y e a r  1 9 0 0 .  

T h e  n e w  t i m e  u n i t  i s  b r o a d c a s t  o n  
W W V B  a s  o n c e - p e r - s e c o n d  a m p l i t u d e -  
m o d u l a t e d  t i m e  p u l s e s  r e p e a t e d  e v e r y  
6 0  k c  o f  t h e  c a r r i e r .  A c c o r d i n g l y ,  t h e  
W W V B  6 0 - k c / s  c a r r i e r  i s  n o w  m a i n  
t a i n e d  w i t h o u t  o f f s e t  a n d  w i t h i n  a  t o l  
e r a n c e  o f  Â ± 2  x  1 0 "  w i t h  r e s p e c t  t o  
t he  U .  S .  F requency  S tanda rd ,  a  ces i um-  
b e a m  r e s o n a t o r .  

A l t h o u g h  W W V B  n o  l o n g e r  h a s  t h e  
1 5 0  p a r t s  i n  1 0 I C  f r e q u e n c y  o f f s e t  t h a t  
i t  h a d  d u r i n g  1 9 6 4 ,  N B S  p l a n s  t o  p e r i  
o d i c a l l y  a d j u s t  t h e  W W V B  1 - s e c o n d  t i m e  
p u l s e s  s o  t h a t  t h e y  a r e  w i t h i n  a p p r o x i  
m a t e l y  0 . 1  s e c o n d  o f  U T 2 ,  a  t i m e  s c a l e  
b a s e d  o n  t h e  e a r t h ' s  r o t a t i o n .  

N B S  s t a t i o n s  W W V ,  W W V H ,  a n d  
W W V L  w i l l  c o n t i n u e  t o  b e  o f f s e t  - 1 5 0  
X  1 0 "  f r o m  t h e  U .  S .  F r e q u e n c y  S t a n d  
a r d  d u r i n g  1 9 6 5 ,  a s  t h e y  w e r e  i n  1 9 6 4 ,  
a n d  a r e  t h u s  i n  c l o s e  a g r e e m e n t  w i t h  
UT2. 

T I M E  P H A S E  A D J U S T M E N T S  
T h e  m a s t e r  c l o c k s  a t  t h e  N B S  s t a t i o n  

w e r e  r e t a r d e d  1 0 0  m i l l i s e c o n d s  ( 2 0 0  
m i l l i s e c o n d s  a t  W W V B )  o n  1  J a n  6 5  b e -  
c a u s 3  o f  c h a n g e s  i n  t h e  s p e e d  o f  t h e  
e a r t h ' s  r o t a t i o n .  T h i s  a d j u s t m e n t  i s  i n  
a c c o r d  w i t h  a n  i n t e r n a t i o n a l  a g r e e m e n t  
t h a t  s y n c h r o n i z e s  w i t h i n  1  m i l l i s e c o n d  
t h e  t i m e s  o f  e m i s s i o n s  o f  L I T  s i g n a l s  
f r o m  t h e  U .  S .  a n d  o t h e r  c o u n t r i e s .  
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