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A New 8-12 KMC Voltage -Tuned Sweep Oscillator 
For Faster Microwave Evaluations 

ONE of the tools that has been needed in 
the microwave region has been a flexible 

sweep oscillator. In addition to conventional 
uses, such an oscillator, when combined with 
the proper external components, has special 
value in the microwave region in that it per 
mits rapid wide-range evaluations to be made 
not only of reflection but of gain, attenuation, 
and other network transfer characteristics as 
well. 

The new -hp- 8.2 - 12.4 kmc sweep oscillator 
shown in Fig. 1 has been designed for such ap 
plications and to that end provides any amount 
of sweep width up to 4.2 kmc at a wide range 
of sweep rates. A special feature of the sweep 
is that it is linear over the entire 8.2 - 12.4 kmc 
band. Output power is relatively high â€” a 
specified minimum of 10 milliwatts over the 
complete range â€” so as to be suitable for meas 
urement work. The flexible sweep width and 
rates are obtained by use of a backward wave 
oscillator tube, a tube that has the substantial 

advantage of being voltage tuned. Use of this 
tube also permits the instrument to be capable 
of both amplitude and frequency modulation. 
These modulation capabilities further make 
the instrument suitable for forming into a 
general-purpose swept or non-swept signal 
generator by use of an external calibrated at 
tenuator. 

The flexibility of the new oscillator is in 
dicated in detail by the controls provided on 
the panel (Fig. 1). The main frequency dial 
is a large six-inch dial which is accurate within 
a few percent. An 8: 1 rim drive vernier is pro 
vided for fine frequency adjustment. 

The sweep controls are located at the upper 
right of the panel. The upper control adjusts 
the sweep rate (i.e., rate of change of r-f fre 
quency) in five decade steps from a minimum 
rate of 40 megacycles second to a maximum 
of 400 kilomegacycles second. This range thus 
includes rates that are slow enough (1 sweep 
*i.e., a change in one second of 40 megacycles. 

8.2 KMC 
FREQUENCY 

I2.4KMC 

Fig. 1. lÂ·iew -hp- Model 686 A voltage-tuned sweep oscil 
lator provides c-w, f-m. a-m ami swept outputs over 
8.2 - 12,4 kmc range. Sweep widths as wide as full hand 
can be selected at a wide range of rates to suit measure 

ment conditions. 

Fig. 2. Record of reflection coefficient magnitude of broad 
band and tuned bolometer mount. Such permanent rec 
ords can he made in a minute or two using new sweep 

oscillator with system described in text. 
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A  N O T E  O N  - h p -  G R O W T H  
W e  h a v e  a l w a y s  o p e r a t e d  a t  t h e  H e w l e t t -  

P a c k a r d  C o m p a n y  w i t h  a  r e l a t i v e l y  s m a l l  
b u t  e f f i c i e n t  e n g i n e e r i n g  s t a f f .  A l t h o u g h  o u r  
g r o w t h  h a s  b e e n  r a p i d ,  w e  h a v e  b e e n  a b l e  t o  
b u i l d  o u r  e n g i n e e r i n g  o r g a n i z a t i o n  w i t h  a  
c a r e f u l l y  s e l e c t e d  g r o u p  o f  p e o p l e .  M o s t  n e w  
e n g i n e e r s  h a v e  b e e n  r e c e n t  g r a d u a t e s  f r o m  
o u t s t a n d i n g  e n g i n e e r i n g  s c h o o l s  b e c a u s e  w e  
h a v e  p r e f e r r e d  t o  h a v e  y o u n g  m e n  c o m e  i n  
and  g row w i th  ou r  o rgan iza t i on .  These  peop le  
h a v e  h a d  t h e  o p p o r t u n i t y  t o  s u p p l e m e n t  t h e i r  
f o r m a l  e d u c a t i o n  w i t h  a d d i t i o n a l  c o u r s e s  a t  
S tanford  Un ivers i ty ,  wh ich  is  located r igh t  nex t  
t o  ou r  p lan t .  Th i s  yea r ,  w i t h  t he  i nc reas ing  ac  
c e p t a n c e  o f  n e w  - h p -  p r o d u c t s  a n d  w i t h  t h e  
add i t i on  o f  the  Dynac  o rgan iza t ion  (wh ich  was  
desc r ibed  in  the  las t  i ssue  o f  the  Journa l ) ,  we  
need  to  i nc rease  ou r  eng inee r i ng  s ta f f  a  l i t t l e  
m o r e  r a p i d l y  t h a n  w e  h a v e  i n  t h e  p a s t .  I t  o c  
curs  to  me that  some of  the readers  o f  the -hp-  
Journa l ,  you  men  who  have  spec ia l  i n te res t  i n  
i n s t r u m e n t s  o r  i n s t r u m e n t  s y s t e m s ,  m i g h t  b e  
con temp la t i ng  a  move .  I f  so ,  you  shou ld  know 
t h a t  w e  w i l l  h a v e  s o m e  g o o d  o p p o r t u n i t i e s  a t  
Hew le t t -Packa rd  Company .  We w i l l  have  open  
i n g s  f o r  p e o p . ' e  w i t h  e x p e r i e n c e  i n  c i r c u i t  d e  
s i g n ,  m i c r o w a v e  e n g i n e e r i n g ,  m e a s u r e m e n t  
s y s t e m s  d e s i g n ,  a n d  a l s o  m e c h a n i c a l  d e s i g n  
and  p roduc t ion  eng ineer ing .  

W e  w o u l d  e s p e c i a l l y  b e  g l a d  t o  h e a r  f r o m  
e n g i n e e r s  a n d  t e c h n i c a l  p e o p l e  i n  f o r e i g n  
c o u n t r i e s  w h o  w o u l d  b e  a b l e  t o  c o m e  t o  t h e  
Un i ted  S ta tes  to  Â ¡o in  ou r  o rgan iza t ion .  Wr i te  
d i r e c t l y  t o  B i l l  H e w l e t t  o r  t o  m e  i f  y o u  a r e  
i n t e r e s t e d  i n  a n  o p p o r t u n i t y  w i t h  u s .  

Dav id  Packa rd  

per 100 seconds) for high measure 
ment resolution on even the most se 
lective systems and rates that are high 
enough (100 sweeps per second) to 
provide excellent oscilloscope dis 
plays, as will be described later. 

The lower sweep control is a two- 
part control of which the outer se 
lects in seven steps frequency devi 
ations from 3 me to 4.2 kmc. The 
inner control enables any deviation 
between the fixed steps to be ob 
tained. Deviation occurs from the 
indicated main dial frequency to 

ward a lower frequency and is es 
sentially linear, an important con 
venience for measurement work. 
The linear sweep has been obtained 
by deriving the sweep voltage from 
an exponential RC discharge curve 
which matches the exponential char 
acter of the BWO voltage vs fre 
quency curve. 

The Sweep Selector switch at the 
lower right of the panel provides for 
either recurrent or triggered sweep 
ing.  Triggered operation can oc 
cur either from a signal applied to 
a panel connector or from a man 
ually-operated panel push switch. 
In all cases a sweep out sawtooth is 
provided for horizontal deflection 
of an oscilloscope or X - Y recorder. 
External triggering will occur from 
an external positive signal of 10 
volts minimum amplitude. 

E x t e r n a l  s w e e p i n g  i s  a c c o m  
plished by applying a suitable volt 
age to the BWO helix via the panel 
Helix Mod. terminal. This voltage 
can be a sawtooth, triangular wave, 
sinusoid or other desired wave. The 
modulation characteristic ranges 
from about 0.2 volt/megacyle at  
the low frequency end of the range 
to about 0.5 volt/megacycle at the 
high frequency end. 

The Anode Mod. Selector control 
is provided to permit a variety of 
types of amplitude modulation to 
be obtained. In the Int. position the 
oscillator is square-wave modulated 
at a rate which can be varied from 
400 to 1200 cps by the control which 

S C O P E  0 1  
- l > p -  4 I S A  

RATIO DETER AND RECORDER 

DEVICE TO BE 
MEASURED 

Fig. coefficient transfer setup for measuring magnitudes of reflection coefficient and transfer 
characteristics either in permanent record form or as viewed on scope. 

Fig. 4. Equipment arrangement for meas 
uring reflection coefficient magnitude in 
either permanent form or as viewed on 
meter or oscillator trace. Wavemeters in 
incident arms are used to insert marker 

pips at desired points. 

is concentric with the switch knob. 
In the Pulse position the r-f is biased 
off and can be turned on by a posi 
tive pulse of 10 volts minimum am 
plitude. In the Ext. position the r-f 
level is the same as the normal c-w 
level so that the circuit is prepared 
to be amplitude-modulated by ex 
ternal sine or other common waves. 
A voltage change of â€” 20 volts re 
duces the r-f from rated level to zero. 

Controls and a metering system 
are provided at the left of the panel 
for monitoring the magnet and elec 
trode currents in the tube. Normally 
no adjustment of these is necessary. 

S W E P T  P O W E R  R A T I O  M E T E R S  
As suggested earlier, one of the 

valuable uses for a microwave sweep 
oscillator lies in its ability to permit 
rapid measurements of microwave 
device performance over a range of 
frequencies. The use that usually 
comes to mind is the measurement 
of reflection or VSWR with a re- 
flectometer, but often overlooked is 
the fact that a reflectometer or ratio 
meter is equally valuable for meas 
uring attenuation, gain, and other 
network transfer characteristics over 
a wide range and in rapid fashion. 
The ratio meter system is also ideal 
for measuring the magnitude of scat 
tering matrix coefficients when it is 
-J. K. Hunton and N. L. Pappas. The -hp- Micro- 
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V - Â « I 6 A  R A T I O  M E T E R  
I H  

RECORDER OR SCOPE 

DEVICE 
WHOSE TRANSMISSION 

IS TO BE MEASURED 

Fig. 5. Equipment arrangement for meas 
uring attenuation, gain, isolation or other 

transfer characteristics. 

desired that a transmission-line net 
work be described in terms of such 
coefficients. 

Figs. 4 and 5 show typical meas 
uring setups for measuring these 
parameters with power ratio meas 
uring systems which are formed 
from basic reflectometer compo 
nents. In these setups a small sample 
of the incident modulated power 
from the oscillator is split off by a 
wide-range directional coupler and 
applied to one of a pair of matched 
crystal detectors. The detector out 
put is then applied to one input of 
ei ther the rat io meter or oscil lo 
scope, as described later. 

The main portion of the incident 
power continues down the main 
guide and is applied to the device 
under test. If reflection coefficient 
is being measured, a second direc 
tional coupler is inserted ahead of 
the measured device to return a 
sample of the reflected power to the 
second input of the ratio meter or 
oscilloscope. If attenuation or gain 
is being measured, the second di 
rectional coupler and detector are 
connected at the output of the de 
vice. The ratio meter or oscilloscope 
then displays the ratio of the two 
powers directly, either in terms of 
reflection coefficient or in power ra 
t io in db. When the oscillator is 
swept, then, a continuous indication 
of the quantity being measured will 
be displayed. 

G O - N O  G O  A N D  
P E R M A N E N T  R E C O R D  D I S P L A Y S  
The wide range of sweep rates 

provided on the new sweep oscilla 
tor makes it easy to display compo 
nent performance in either of two 
forms. One form is a rapid go-no 
go oscilloscope indication suitable 
for routine measurements by non- 
engineering production personnel. 
The second form is a permanent- 
record type display obtainable with 
an X - Y recorder. This type of dis 
play is valuable in design work since 
it gives a record for analysis, but it 
is also valuable in many production 
applications where a permanent 
record is desired. Permanent-record 
displays are also simple and can 
easily be made by non-engineering 
personnel. 

Rapid oscilloscope displays are 
obtained merely by connecting the 
output of the incident wave detector 
to the X system of the oscilloscope 
and by connecting the output of 
the remaining detector  to the Y 
system. The oscilloscope display will 
then be a trace (Fig. 7) which at 

1 . 0 0    â € ¢  

8.2KMC 
FREQUENCY 

12.4 KMC 

8.2 KMC 
FREQUENCY 

I Ml 

Fig. 6. Records made of magnitude of 
scattering coefficients of hybrid-tee using 
arrangements of Figs. 4 and 5. Arms I and 
-t are H and E arms, respectively, 2 anil i 
the side arms. Such records can be made 
in only a feu1 minutes. Marker pips are 
from ti'aremeters and can be used to de 
fine frequency ranges of special interest. 

B A C K W A R D  W A V E  O S C I L L A T O R  
TUBES 

The he l i x  t ype  o f  backward  wave tube  
u s e d  i n  t h e  M o d e l  6 8 6 A  i s  a  f o r m  o f  
t r a v e l i n g - w a v e  t u b e  w h i c h  i s  d e s i g n e d  
wi th  emphas is  on i ts  ab i l i ty  to  serve as a  
m ic rowave  osc i l l a t o r .  I n  gene ra l  appea r  
a n c e  t h e  h e l i x  t y p e  8  W O  a n d  t h e  T W T  
a re  much  a l i ke .  Each  cons i s t s  bas i ca l l y  
o f  a n  e l e c t r o n  g u n ,  a  m e t a l l i c  h e l i x  
th rough  wh ich  the  e lec t ron  beam passes  
ax ia l l y ,  and  a  co l l ec to r  e l ec t rode .  An  ex  
t e r n a l  a x i a l  m a g n e t i c  f i e l d  i s  u s e d  t o  

STRANDS OF HOLLOW 
ELECTRON BEAM 

METALLIC TAPE HELIX 

/EQUIVALENT CIRCUIT OF AN 
i ELEMENTAL FEEDBACK LOOP 

preserve beam focus throughout the tube.  
In  each  tube  the  beam becomes ve loc i t y  
m o d u l a t e d  o r  b u n c h e d  a s  i t  t r a v e l s  
th rough the  he l ix  and th is  bunched beam 
then  t rans fe rs  ene rgy  to  the  he l i x  wave .  
In  a  TWT th is  energy t ransfer  is  pr imar i ly  
t o  a  f o rwa rd - t r ave l i ng  he l i x  wave ,  wh i l e  
i n  t h e  8  W O  f  h e  e n e r g y  t r a n s f e r  i s  p r i  
m a r i l y  t o  a  b a c k w a r d - t r a v e l i n g  h e l i x  
wave.  Th is  backward wave then t ransfers  
ene rgy  back  to  the  e lec t ron  beam in  the  
fo rm o f  ve loc i t y  modu la t ion  and  the  tube  
osci l lates. 

The reason tha t  a  8  WO enhances the  
b a c k w a r d  h e l i x  w a v e  w h i l e  a  T W T  d o e s  
not is that  in a 8 WO the hel ix is designed 
t o  i n t r o d u c e  a  p e r i o d i c i t y  i n t o  t h e  a x i a l  
e lec t r i c  f i e l d  t ha t  any  s t rand  o f  t he  e lec  
t r o n  b e a m  ( w h i c h  i s  m a d e  h o l l o w  i n  t h e  
B W O j  s e e s  a s  i t  p a s s e s  d o w n  t h e  t u b e .  
Th is  pe r iod ic  ax ia l  f i e ld  can  be  reso lved  
i n t o  s p a c e  h a r m o n i c s  o r  w a v e  c o m p o n  
en ts  t rave l i ng  i n  bo th  d i rec t i ons  pa ra l l e l  
t o  t h e  h e l i x  a x i s .  T h e  e l e c t r o n  b e a m  v e  
loc i ty  in  the B WO is then made such that  
i t  t rave ls  in  s tep  w i th  one  o f  the  compon 
e n t s  i n  i t s  d i r e c t i o n  a n d  p e r i o d i c a l l y  r e  
in forces i t  a t  the f requency of  osc i l la t ion.  
S i n c e  t h i s  s y n c h r o n o u s  w a v e  i s  o n l y  a  
componen t  o f  t he  f undamen ta l  wh i ch  r o  
ta tes  backward a long the  he l ix ,  however ,  
t h e  f u n d a m e n t a l  i s  t h e  w a v e  t h a t  i s  a c  
t u a l l y  e n h a n c e d  b y  t h e  e n e r g y  t r a n s  
f e r red  f rom the  beam.  In  p rac t i ce ,  some 
s l i p  o c c u r s  b e t w e e n  t h e  b u n c h e d  b e a m  
and the synchronous wave component  so 
tha t  max/mum energy  t rans fer  ex is ts .  

( C o n t ' d  o n  P .  4 )  
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TYPICAL SCOPE TRACE 

Fig. 7. Representation of typical trace ob 
tained when measuring reflection coeffi 
cient magnitude with the setup of Fig. 4. 
Angle formed with the horizontal by 
projection of left point of trace thru 
origin is proportional to reflection coeffi 
cient. Position of left point typically varies 
with frequency because p varies. Mask or 
line drawn on tube face with grease pen 
cil can be used to mark a limit for pro 

duction acceptance tests. 

every point -will form with the hori 
zontal axis an angle whose tangent 

i s  W E z n d  d e t e c t o r  / E  1 s t  d e t e c t o r * '  T h e  d i s "  

play is thus related to reflection co 
efficient, gain, attenuation, or other 
characteristic under investigation. 
For go-no go production work, then, 
all that is required in determining 
whether or not a device is within 
established limits is to draw on the 
M'his assumes that a 20 db forward coupler and a 

10 db reverse coupler are being used. If eÃ§iual value 
couplers are being used, the factor 10 will become 
unity. 

SPECIF ICAT IONS 
-hp- 

M O D E L  6 8 6 A  
S W E E P  O S C I L L A T O R  

R-F 
F r e q u e n c y  R a n g e :  8 . 2  t o  1 2 . 4  k i l o m e g a -  

cyc les  
P o w e r  O u t p u t :  A t  l e a s t  1 0  m i l l i w a t t s  i n t o  

m a t c h e d  w a v e g u i d e  l o a d .  C o n t i n u o u s l y  
a d j u s t a b l e  t o  z e r o  b y  c a t h o d e  c u r r e n t  
c o n t r o l .  

O u t p u t  I m p e d a n c e ;  V S W R  l e s s  t h a n  2 : 1  
O u t p u t  C o n n e c t o r :  X - B a n d  W a v e g u i d e  

c o v e r  f l a n g e  
SWEEP 

C h a r a c t e r / s t i e s :  R F  F r e q u e n c y  c h a n g e  l i n e a r  
w i t h  r e s p e c t  t o  t i m e  a n d  d o w n w a r d  f r o m  
f r e q u e n c y  d i a l  s e t t i n g .  

T r i g g e r i n g :  R e c u r r e n t ;  e x t e r n a l ;  o r  m a n u a l .  
S w e e p  W i d t h :  3  M C  t o  4 . 2  K M C  i n  s e v e n  

s t e p s .  V e r n i e r  p e r m i t s  c o n t i n u o u s  a d j u s t  
m e n t  b e t w e e n  s t e p s .  

S w e e p  R a t e :  4 0  M C / s e c .  t o  4 0 0  K M C / s e c .  
i n  d e c a d e  s t e p s .  

S w e e p  T i m e :  0 . 0 1 0 5  t o  1 0 5  s e c o n d s  f o r  f u l l  
b a n d  s w e e p .  

S w e e p  O u t p u t :  3 0  v o l t  p e a k  s a w t o o t h  
g e n e r a t e d  d u r i n g  f r e q u e n c y  s w e e p .  
A v a i l a b l e  a t  p a n e l  c o n n a c t o r .  

M O D U L A T I O N  
i n t e r n a l :  4 0 0 - 1 2 0 0  c p s  s q u a r e - w a v e  a m  

p l i t u d e  m o d u l a t i o n ;  p e a k  p o w e r  e q u a l  
t o  c - w  l e v e l .  

E x t e r n a l :  A m p l i t u d e  ( a n o d e  m o d u l a t i o n ) ;  
t h r u  d - c  t o  3 0 0  K C  a m p l i f i e r .  â € ” 2 0  v o l t  
i n p u t  c h a n g e  w i l l  r e d u c e  l e v e l  f r o m  
r a t e d  o u t p u t  t o  z e r o .  
F r e q u e n c y  ( h e l i x  m o d u l a t i o n ) ;  p a n e l  c o n  
n e c t o r  c a p a c i t i v e l y  c o u p l e d  t o  h e l i x  v o l t  
a g e  s u p p l y .  

G E N E R A L  
P o w e r  R e q u i r e m e n t s :  1 1 5  v o l t s  5 0 / 6 0  c p s ;  

a p p r o x .  3 7 5  w a t t s .  
D i m e n s . ' o n s :  C a b i n e t  m o u n t :  1 2 ' / i " h  x  

l Â ° 5 / 8 " w  x  1 7 ' / 4 " d ;  r a c k  m o u n t :  1 0 ' / 2 " h  
x  1 9 " w  x  1 7 " d .  

P r i c e :  - h p -  M o d e l  6 8 6 A  ( c a b i n e t  m o u n t )  
S 2 2 6 5 . 0 0 ;  M o d e l  6 8 6 A R  ( r a c k  m o u n t )  
5 2 2 5 0 . 0 0 .  P r i c e s  f . o . b .  P a l o  A l t o ,  C a l i  
f o r n i a .  

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 .  

oscilloscope face a line that corres 
ponds to the maximum reflection or 
other value that can be allowed. By 
observing the oscilloscope while the 
oscillator is sweeping, the perform 
ance of the device under test with 
respect to established limits can be 
quickly determined. 

Performance records in perma 
nent form can quickly be made over 
the full 8.2 - 12.4 kmc range by us 
ing the combination of the -hp- 4l6A 
Ratio Meter with an X - Y or strip 
recorder. For this work the slowest 
sweep of the oscillator is used so 
that even the fastest change in de 
vice response will be substantially 
slower than the response time of 
e i ther  the  recorder  or  the  ra t io  
meter. 

M A R K E R  P I P S  I N  
R A T I O  M E A S U R E M E N T S  
Often  when  making  measure  

ments such as those described above 
it is desirable to have marker pips 
of accurately known and adjustable 
frequency for reference purposes. 
These markers can easily be obtained 
by inserting two wave meters in 
the incident arm of the ratio meter, 
as indicated in Fig. 4. Using the -hp- 
X530A or X532A wave-meters, each 
of these markers can be set to occur 
anywhere within the 8.2 - 12.4 kmc 
range and are known accurately 
within Â±0.1% or bet ter .  Fig.  6 
shows how the marker pips appear 
on a typical recorded measurement. 

C O N S T A N C Y  O F  
O U T P U T  P O W E R  
Provision is made in the instru 

ment  for  s tabi l iz ing  the  output  
power by external means, although 
for ratio meter use this is unneces 
sary since output power variations 
are rated as being not more than 3 db 
over any 250 me range and not more 
than 6 db over the full 8.2 - 12.4 kmc 
range. Stabilization involves a flat- 
response sampling detector, and a 
high-gain amplifier. 

Where stabilization is desired, it 
can be applied to the modulating 
electrode (anode) which is brought 
out to a panel terminal through a 
direct-coupled isolating amplifier. 

The terminal has a characteristic 
such that approximately â€” 0.5 db 
change in r-f output is obtained per 
volt change at the terminal. 

- P. D. Lacy and Daniel E. Wheeler 

B W O ' S  ( C o n t ' d  f r o m  P .  3 )  
A n  a n a l o g y  t h a t  d e s c r i b e s  h o w  r e i n  

f o r cemen t  o f  t he  backward  wave  occu rs  
i s  ind ica ted  in  the  accompany ing  i l l us t ra  
t i o n .  R e p r e s e n t e d  t h e r e i n  a r e  s e v e r a l  
t u r n s  o f  t h e  h e l i x  t a p e  t o g e t h e r  w i t h  a n  
a x i a l  f i l a m e n t a r y  s t r a n d  o f  t h e  e l e c t r o n  
b e a m .  B e t w e e n  t u r n s  o f  t h e  h e l i x  t h e r e  
ex i s t s  an  ax i a l  e l ec t r i c  f i e l d  componen t  
o f  the  he l i x  wave  wh ich  ac ts  on  the  e lec  
t r o n  b e a m .  U n d e r n e a t h  t h e  h e l i x  t a p e ,  
t h i s  f i e l d  i s  m u c h  w e a k e r  t h a n  b e t w e e n  
t h e  t u r n s  s i n c e  a n  e l e c t r i c  f i e l d  c a n n o t  
ex is t  para l le l  to  the  sur face  o f  a  conduc 
t o r .  As  t he  beam t r ave l s  down  t he  t ube ,  
then,  i t  is  exposed to  the he l ix  wave f ie ld  
pe r i od i ca l l y  ra the r  t han  con t i nuous l y .  

Th i s  con f i gu ra t i on  can  be  cons ide red  
to  be  equ iva len t  to  the  feedback  sys tem 
shown in the lower part  of  the i l lustrat ion.  
In  th is  i l lust rat ion the coupl ing capaci tors 
permit  the interact ion that occurs between 
the  be tween- tu rns  E .  f i e lds  and  the  e lec  
t r o n  b e a m .  T h e  u n i l a t e r a l  a m p l i f i e r  i n  
the P-circui t  represents the gain in a short  
l e n g t h  o f  t h e  e l e c t r o n  b e a m ,  a n d  t h e  
t ransmiss ion  l i ne  sec t ion  rep resen ts  the  
p a t h  t h a t  t h e  f u n d a m e n t a l  h e l i x  w a v e  
m u s t  f o l l o w  b a c k w a r d  a l o n g  o n e  t u r n  
o f  the he l ix .  Thus,  a t  some f requency the 
phase  sh i f t  (e lec t ron  t rans i t  t ime)  i n  the  
P-c i rcu i t  (e lec t ron  beam)  p lus  tha t  in  the  
/â€¢-circuit  wi l l  make the section regenera 
t i v e  s o  t h a t  i t  p r o v i d e s  m o r e  e n e r g y  f o r  
t h e  n e x t  s e c t i o n  t o  t h e  l e f t  t h a n  w a s  r e  
ce ived  f rom the  p reced ing  sec t ion  a t  the  
r i g h t .  A t  t h e  s a m e  t i m e  t h i s  e n e r g y  p r o  
d u c e s  a t  t h e  l e f t  t h e  b u n c h i n g  o f  t h e  
beam which is  necessary  to  re in force the 
w a v e  a t  t h e  n e x t  s e c t i o n  t o  t h e  r i g h t .  
W h e n  s u f f i c i e n t  g a i n  Â ¡ e l e c t r o n  b e a m  
dens i ty )  ex is ts  in  the  ^ -c i rcu i t ,  the  cha in  
o f  sec t ions  w i l l  then osc i l la te .  

I t  s h o u l d  b e  n o t e d  t h a t  t h e  c o n f i g u r a  
t i on  shown  can  mere l y  be  cons ide red  to  
be  one  inc rement  o f  a  con t inuous  ac t ion  
that  extends complete ly  around each turn 
of  the hel ix  and throughout  the fu l l  length 
o f  t h e  h e l i x .  I t  s h o u l d  f u r t h e r  b e  n o t e d  
t h a t  b y  c h a n g i n g  t h e  e l e c t r o n  b e a m  v e  
l o c i t y  t h e  o s c i l l a t i o n  f r e q u e n c y  o f  t h e  
'ube is  changed.  The tubes  are  thus  vo l t  
age tunable .  

T h e  a d v a n t a g e s  o f  B W O ' s  l i e  i n  t h e  
' a c t  t h a t  t h e y  c a n  o p e r a t e  o v e r  a  w i d e  
m i c r o w a v e  f r e q u e n c y  r a n g e  a n d  t h a t  
the i r  vo l tage tun ing feature enables them 
t o  b e  s w e p t  a n d  f r e q u e n c y  m o d u l a t e d .  
T h e y  c a n  a l s o  b e  a m p l i t u d e - m o d u l a t e d  

means  o f  an  e lec t rode  (anode)  in  the  
gun.  The tubes thus  o f fe r  a  h igh  order  o f  
' l e x i b i l i t y  a n d  a r e  f r e e  o f  m a n y  o f  t h e  
imi tat ions of  mechanical ly  swept systems 

and k lyst rons.  
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