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Many tests ax d double checks cre made on RCA tri- 
color kinescopes during production. Here, a skilled 
techniyian at the company's Lancaster, Pa.. plant 
electrcnically checks phosphor -dot brightness as 
the tunes approach the end of the production line. 
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UTC products are the most copied in the world. This is only natural, since we 

mai-ltain he largest laboratories anc engineering staff in our field. However, 

copying akne cannot provide the measure of uniformity and reliability inherent 

in UTC units. To provide for the ma>irrum in quality and reliability, continuing 

programs of qua ity control and quality mprovement are constantly maintained in 

our laboratories. 
WHAT MAKES 

A 

sig 

TPANSFORMER 

FAIL? 
Illustrated 

are a few views of the UTC Reliability 
Lab- oratory in action... 

finding the answers. 

Qual tative micro analysis. Jibraten stress analysis. 
iurque testing 

of standard assemblies 

inals 
;,u check. 

Chemical sortinn analv7inv 

afirwi., 
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o.` eissec-ed units calibration to primary standards. 

Blot plant run 
on enc4sulat ng material. 

Pilot plant hycrogen annealing. 
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of col I, heat, and altitude. 

IS THIS PROVEN RELIABILITY MID UNIFORMITY 

IN THE COMPONENTS OF YOUR EQUIPMENT? 

A large aircraft company... "our vendor analysis for past year (thou- 

sands of tests) shows zero rejects." 

A large electric company... "Consistent quality has placed you as our 

#1 source ..are grateful for the aid you have given our own quality 

control staff." 

A large military electronics company... "Switching from former vendor 

to UTC has saved us 18% of transformer and filter cost by reducing 

manufacturing costs." 

A large instrumentation company... "We haven't had one field failure 
in fifteen years' use of UTC parts *." 

Over 100,000 units. 

Corros on testing 
on insulat ng materials. 

klon -destructive qua ity 
contrcl by x -ray. 
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IMA MICROWAVE 
radio-retny communication 

and remote cortrol 

Cutaway or Sunray remote-controlled station pump room. Pneumatically 
operated pump-discharge motor valve and controller are in background 

What makes SUNRAY's unattended booster stations tick? 
Sunray Oil Corporation's 960-mc 
RCA Microwave system makes them 
"tick" by remote control. Three un- 
attended booster pump stations have 
stepped up the capacity of Sunray's 
97-mile refinery-facilities pipeline 
between Sunray Village (Duncan) 
and Allen, Oklahoma, by as much as 
25%-without requiring bigger pipe. 

RCA "dish" antennas "beam" 
highly concentrated radio signals 
from one relay station to the next ... 
carry impulses which start, stop, and 
control "boosters" as required. Elec- 
trically driven valves function auto- 
matically at each booster station. 
Should equipment fail, station shuts 
down automatically . . . pumps stop 
. . . suction and discharge valves 
close. And "boosters" can be oper- 
ated locally if desired. 

Microwave for i/M channels, too 

Telemetering equipment at Sunray's 
two regular stations records per- 
formance of "boosters" from data 
received via Microwave. It charts a 
continuous record of suction and 
discharge pressures-plus kilowatt- 
hours of power being used-in front 
of the operator. Microwave radio 
impulses cause signal lights to indi- 
cate when booster station equipment 
fails, tower lights go out, or emer- 
gency generators go into operation. 

To start a remote-controlled 
booster station, attendant at control 
station checks discharge pressure at 

his console, adjusts pumping rate to 
get optimum by-pass pressure for 
starting, then presses a start button. 
This closes a relay at the "booster." 
Relay causes a suction valve in sta- 
tion manifold to open and permits 
fluid to enter pumping unit. When 
valve is full open, it activates a switch 
which starts pump motor. When 
pump reaches normal operating 
speed, manifold discharge valve 
opens, and station is on the line. 

Shutting down "boosters" 

When operator pushes stop button 
at his console, this immediately re- 
verses starting procedure, and iso- 
lates the "booster" from the line, in 
stand-by status. 

In addition to remote control and 
supervisory functions, RCA Micro- 
wave provides as many voice and 
teletype channels as needed-and 
does it with a minimum of frequency 
space. It employs readily available 
tubes and familiar circuits which are 
easy to service. It can be intercon- 
nected with telephone lines and 
switchboards. 

RCA service available 

If desired, RCA supervises survey, 
construction and installation-offers 
a complete single-soarce, single- 
responsibility service. And remem- 
ber, only RCA can provide the 
nationwide service facilities of the 
RCA Service Company. 

Operator at control console At 

regular pump station also con- 
trols remote stations. Telemeter 
charts provide continuous rec- 
ord of both local and remote 
station operation over 24-hour 
period 

It emote -st ation control EL ilding 
contains radio cabinet (.1ight); 
cabinet for relays, switches and 
starting equipment (center); 
controls for local operation 
(left). Stand-by generator is in 
background 

For more information, mail coupon below. 

\ RADIO CORPORATION of AMERICA 
COMMUNICIMONS EQUIPMENT CA mnas N. N.J. 

Dept. 157G, Building 15-1. 

Without obligation on my part, please send nie your free 
booklet on: 

ID A Booster Station Microwave System 
Pushbutton Operation of Boosters 

Name 

Title 

Company 

City Zone State 

Have an RCA representative get in touch with me. 
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forecast your electron tube 

inventory movement 

with greater accuracy 

IT TAKES FORESIGHT AND GOOD PLANNING On the part of com- 
munications men to avoid unbalanced equipment maintenance 
inventories. This is especially true in the case of operators of 
fixed and mobile equipment where components such as elec- 
tron tubes are vital to the continued operation of transmitters 
and receivers. 

Your RCA Tube Distributor can help you to forecast your 
electron tube requirements with greater accuracy by applying 
the RCA Tube Inventory Maintenance Plan to your specific 
operation. This plan will help you to reduce overstocks yet 
maintain a streamlined inventory of tubes at all times. 

Not only will you be able to set up accurate reserve stocks 
under the RCA Tube Inventory Maintenance Plan, but your 
RCA Tube Distributor will be in a better position to back up 
your requirements with his convenient local supplies, and to 

service your tube needs with greater 
efficiency. 

There's nothing for you to sign ... 
nothing to buy, to get the plan 
started. Why not phone your RCA 
Tube Distributor today. Set up a 
date to put the RCA Tube Inven- 
tory Maintenance Plan into oper- 
ation. 

Inventory Control Cards and Visi- 
ble Record Binder show records of the 
day -to -day status of each tube type. 

RADIO CORPORATION of AMERICA 
ELECTRON TUBES HARRISON, N.J. 

of RADIO & TELEVISION NEWS 

INCLUDING 

Tl T, 
&RADIO & Communication 

ENGINEERING Engineering 

Edited by H. S. RENNE 
and the Radio & Television News Staff 

VOLUME 22 NUMBER 7 

Editor and Asst. Publisher 

OLIVER READ, D. Sc., WIETI 

Managing Editor 

WM. A. STOCKLIN, B. S. 

Technical Editor 

H. S. RENNE, M. S. 

Assistant Editor 

M. C. MAGNA 

Art Editor 

FRANK SAYLES 

Draftsmen 

ALBERT A. GANS 
JOSEPH A. GOLANEK 

Advertising Manager 

L. L. OSTEN 

Midwest Ad, Manager 

JOHN A. RONAN, JR. 

Western Adv. Manager 

JOHN E. PAYNE 

ZIFF -DAVIS PUBLISHING COMPANY 

WILLIAM B. ZIFF (1898 -1453) FOUNDER 

Editorial and Executive Offices 
366 Madison Ave., New York 17, N. Y. 

President 
B. G. DAVIS 

Vice- Presidents 

H. J. MORGANROTH 
M. H. FROELICH 

Secretary Treasurer 

G. E. CARNEY 

Circulation Manager 

M. MICHAELSON 

BRANCH OFFICES 

CHICAGO (1): 64 E. Lake St. 

LOS ANGELES (14): 900 Wilshire Blvd. 

RADIO -ELECTRONIC ENGINEERING is published 
each month as a special section with a limited 
number of copies of RADIO & TELEVISION NEWS, 

and is available by subscription only. 

(Average Paid Circulation Over 28,000) 
Copyright 1954 by Ziff -Davis Publishing Company 

(All Rights Reserved) 

RADIO- ELECTRONIC ENGINEERING is published monthly by Ziff-Davis Publishing Company, William B. Ziff, Chairman of the Hoard (1948 -1953) at 84 E. Lake St.. 
Chicago 1. III. Application for entry as second class matter pending. SUBSCRIPTIONS: Subscribers to Radio -Electronic Engineering automatically receive Radio & 
Television News. RATES: one year -U. S. and possessions. and Canada $8.00: Pan-American Union countries $6.50; all other foreign countries $7.00. SUBSCRIP- 
TION SERVICE: All communications concerning subscriptions should be addressed to Circulation Dept. 64 E. Lake St., Chicago 1, 111. Subscribers should allow at 

least four weeks for change of address. 



Eimac Klystro n Report 

Power gain of one million 

5kw power output at 650mc 

X561 
four cavity 

klystron 

Apow gain of one million times, 60db., in CW 
operation at 650mc has been registered by the Eimac 
X561 four cavity cascade type amplifier klystron. With 
only a signal generator driver supplying 5 milliwatts 
input, the X561 delivers 5kw RF power output. This 
amazing performance is obtained with complete stabil- 
ity at 38.;:; efficiency. The X561 incorporates the exclu- 
sive Eimac klystron power amplifier features of practi- 
cal design, light weight, ceramic tube cavities and 
external tuning circuitry. Other Eimac klystron advance- 
ments include sturdy reflex klystrons for use in con- 

EITEL- McCULLOUGH, INC. 
SAN BRUNO CALIFORNIA 

ditions of severe shock, vibration and sustained 
acceleration at frequencies to 9600mc., as well as 

high power klystron amplifiers for UHF -TV. 

For a thorough question and answer discussion 
of klystrons, write our Technical Services 
department for a free copy of the 20 -page book- 
let, "Klystron Facts." 

^" THE WORLD'S 
LARGEST TRANSMITTING TUBE 

MANUFACTURER 
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P.O. Box 2839, 
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RADIO-TELEPHONE SCHEMES 

In more than fifty countries Pye V.H.F. Radio -Tele- 

phones are providing an economical and reliable means of instan- 

taneous communication between fixed points, between mobile 

units, and between fixed points and mobile units. Over two -thirds 

of the equipment in use in Great Britain alone has been produced 

by Pye. The Pye Systems Department will be pleased to advise 

you on your communications schemes whilst Pye agents and 

representatives overseas will demonstrate, install and maintain the 

equipment. 

QP 
Telecommunications 

Pye Canada, Ltd., 
Ajax, 

Ontario, 
Canada. 
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Pye -Electronic Pty., Ltd., 
65 Park Street, 

Abbotsford, Melbourne, 
Victoria. Australia. 

Pye Ireland, Ltd., 
Manor Works, 

Dundrum, Dublin, 
Eire. 

Pye Radio& Television (Pty.)ktd., 
P.O. Box 10648, 
Johannesburg, 
South Africa. 

P Y E L I M I T E D C A M B R I D G E E N G L A N D 
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AERIAL 

RECONNAISSANCE 

FOR MICROWAVE 

SURVEYS 

Fig. 1. Aerial photographer with camera 
and view finder installed in an airplane. 

By MARC SHELDON and L. A. DICKERSON 
Microwave Services, Inc. Lockwood. Kessler & Bartlett, Inc. 

THE HISTORY of aerial survey be- 
gins with photography from kites 
and balloons in the 19th century, 

and continues in the early 20th century 
with visual and photographic recon- 
naissance from airplanes. Such methods 
gained important impetus from World 
War I when aerial reconnaissance 
proved its strategic and tactical value 
in military operations. The art pro- 
gressed further in the 1930's in the 
United States when instruments were 
added to the aerial cameras, so that it 
became possible to obtain more preci- 
sion -type data from photographs which 
had previously been treated as maps. 

During World War II, application of 
plotting instruments in connection with 
aerial survey experienced a tremendous 
expansion, and American manufactured 
equipment became available for the 
first time. Immediately after the end 
of World War II, considerable refine- 
ment and growth took place as many 
of the wartime electronic developments 
were coupled with the instruments used 
in aerial plotting. In order to show how 
aerial methods fit into the survey pic- 
ture, the general objectives of micro- 
wave survey will be briefly reviewed at 
this point. 

Survey Objectives 
In locating stations in a microwave 

relay system, the general objectives are 
as follows: 
1. The minimum number of relay sta- 

tions consistent with the designated 

points of communication and satis- 
factory over -all operation should be 
specified. 

2. Sites should be selected which involve 
minimum expense for: rental or pur- 
chase of land; site improvement (e.g., 
drainage) ; access road construction; 
commercial power installation; tow- 
ers (minimum height) to have posi- 
tions of minimum weather hazard 
(e.g., extremes of wind or ice) and 
locations favorable for other consid- 
erations of the communications sys- 
tem ( e.g., v.h.f. coverage) . 
Obviously, these optimum conditions 

will rarely occur conjointly at particu- 
lar sites. It is necessary, therefore, to 
strike the best balance among them in 
locating relay stations. 

The facts which the 
bring out are: 
1. Elevations and positions of terrain 

features between fixed points of com- 
munication should be determined, 
covering an area band sufficiently 
wide to include all locations which 
may be considered for sites and all 
points which may constitute obstruc- 
tions on the final path. 

2. The nature of the terrain in this 
band should be known, including in- 
formation concerning tree heights, 
bodies of water, character of earth 
surface, and similar factors which 
will affect both clearance and propa- 
gation conditions. 

3. Man -made features, such as roads, 
buildings, railroads, and power lines. 

survey should 
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Optimum microwave path 

and site selection is 

simplified by the use 

of aerial techniques. 

Fig. 2. Portion of a "photo 
index." This reproduction is 
approximately one -seventh the 
scale of original photographs. 
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are more important in the vicinity of 
proposed sites than on intermediate 
portions of the path (except insofar 
as they influence clearance consider- 
ations). In the immediate area of a 
proposed site, detailed data concern- 
ing subsurface conditions for access 
roads, land availability, drainage, 
etc., should be gathered. 
The determination of when the use of 

aerial methods in microwave survey is 
advantageous, and which method is 
to be preferred under which conditions, 
will become fairly clear as the methods 
are discussed in detail. However, the 
following general statements will apply 
in most cases: 
1. In terrain where travel is difficult, 

aerial methods offer obvious advan- 
tages over ground methods of survey, 
including that of speed. 

2. Some ground work is required in 
conjunction with all types of aerial 
survey, the kind and amount depend- 
ing on the particular aerial method 
used and the terrain in question. 

Visual Reconnaissance 

To obtain a general impression of the 
nature of the terrain to be surveyed, 
regardless of the eventual method of 
survey to be used, a visual aerial recon- 
naissance can be very valuable, and can 
generally be undertaken at minimum 
cost. The route is usually flown at low 
altitudes, and spot photographs may be 
taken of significant terrain features. 
Such reconnaissance is especially valu- 
able if the area under consideration is 
scantily mapped; it may help determine 
what type of final survey should be 
made. 

Visual aerial reconnaissance is valu- 
able for more than terrain information. 

Such important data as the road net- 
work of an area, power facilities, and 
the like can be observed directly and by 
inference. The general condition of the 
land and the use to which it is being 
put may provide valuable information 
as to the ease and cost of securing a 
site. For example, a site in an unculti- 
vated, sparsely populated section could 
probably be obtained at a much lower 
figure than a similar site in a more 
populous urban area, or in rich farm- 
land. 

The object of the reconnaissance is to 
gather as much information as possible 
that will aid in narrowing the choice of 
potential station sites. Of the necessary 
information, the most difficult to obtain 
from this type of reconnaissance is ter- 
rain elevation data. 

One technique which has been used to 
select probable paths is to take the air- 
plane up to a point where the horizon 
is about 30 miles, and head it in the gen- 
eral direction of the required path. By 
careful sighting on terrain features in 
the distance, and using experience as a 
guide to the nearer and farther points 
(distant hills take on different colors 
from closer ones), likely hills or other 
high points may be noted. The plane can 
then fly to such points to identify them, 
and these can later be checked as poten- 
tial sites by more accurate methods. 

Advantages and Disadvantages 

Visual aerial reconnaissance finds its 
application during the reconnaissance 
phase of the microwave survey. It has 
several significant advantages. It is low 
in cost and is readily available, since 
small plane transportation may be rent- 
ed at most airfields at very reasonable 
rates. No special equipment need be in- 

stalled in the plane. It is probably the 
fastest way to get a general impression 
of unmapped or poorly mapped terrain, 
and is usable under most weather con- 
ditions. 

Two obvious disadvantages of a visu- 
al reconnaissance are that it produces 
only very approximate quantitative 
data, and that it produces very little in 
the way of a record of its work. Such 
a record is limited to written observa- 
tions on map or paper and the few 
photographs that may be taken on the 
flight. The application of visual recon- 
naissance is believed to be limited to 
the following cases: unmapped areas 
where existing data gives no general 
information as to the nature of the 
topography and culture; areas well - 
mapped topographically, where more 
general information may be needed on 
vegetation and culture not usually 
shown on the map; and well- mapped 
areas where tentative paths have been 
selected from they maps and where a 
check is needed along critical points of 
the paths for possible obstructions, re- 
flecting bodies, facilities at designated 
sites, and like information. 

Photographic Reconnaissance 
Although aerial photographic recon- 

naissance is strictly a reconnaissance 
rather than a final type of survey, it 
provides a wealth of data that will aid 
the engineer in reducing the number of 
suitable paths for each microwave hop 
to a relative few, which can then be 
finally checked by other means. This 
is accomplished by "covering" the area 
of interest with vertical aerial photo- 
graphs, a stereoscopic study of these 
photographs, and a correlation of this 
study with other existing information. 

Fig. 3. Enlarged photograph of an area in Wisconsin. Scale of original, 1:60,000; of this reproduction, 1:15,000. 
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In the field, the work involved in the 
aerial photographic method consists of 
covering the entire area of interest in 
a systematic manner with vertical 
aerial photographs. Although oblique 
aerial photographs may be of some val- 
ue in a few special cases, their use is 
quite similar to visual aerial recon- 
naissance and they will not be consid- 
ered further here. For vertical photog- 
raphy, an aerial camera is mounted in 
an airplane with the axis of the camera 
pointing vertically downward through 
an opening provided in the floor of the 
plane. 

Figure 1 shows a view of such a cam- 
era mounted in an airplane. The mount- 
ing provides for small adjustments in 
the position of the camera to maintain 
it as closely as possible in the vertical 
position, and provides for large rota- 
tions around its optical axis to adjust 
for the drift angle of the plane. This is 
the angle between the actual heading of 
the aircraft and the resulting ground 
track, and is the result of cross winds. 
By reference to level bubbles mounted 
on the camera, the operator is able to 
keep the camera axis vertical within 
about one degree. With tilts of such 
small magnitude, the resulting photo- 
graphs closely approximate planimetric 
maps of the area covered. As the plane 
flies along a line as straight as possible 
and at as constant an altitude as pos- 
sible, the camera operator makes suc- 
cessive exposures. The time between ex- 
posures is so arranged that each ex- 
posure overlaps the area of the preced- 
ing one by 55 to 60 %. If more than one 
strip, or flight, of photographs is re- 
quired to cover the area of interest, 
parallel strips are flown and so placed 

that the area covered by one side laps 
the adjacent one by 20 to 30%. 

There are a number of different types 
of aerial cameras suited to reconnais- 
sance work. As the purpose is usually 
to reconnoiter as large an area as pos- 
sible with a minimum of flying effort, 
it is desirable that the angular field of 
coverage of the camera be as large as 
possible. At the same time, it is de- 
sirable that the focal length of the 
camera lens be great enough so that the 
resulting images are of a usable size. 
The optimum combination at present is 
provided by a camera having a focal 
length of six inches and exposing a 
negative nine inches square. This cam- 
era covers an angular field of about 93° 
across the diagonal and about 74° 
across the width of the negative. 

In choosing the altitudes for flying 
reconnaissance photography, a compro- 
mise of two objectives is involved. It is 
desirable that the altitude be as high as 
possible, as each photograph will cover 
more area, and economy in flying and 
later use of the photographs is thus 
achieved. Conflicting with the high alti- 
tude, however, is the scale of the re- 
sulting photographs. As altitude goes 
up, the scale of the photographs goes 
down in a linear proportion. The scale 
must be large enough so that the de- 
sired information can be secured from 
the photographs. On the average, a 
flying height of 20,000 feet above the 
ground will be found optimum. At this 
height, the scale of the photograph is 
1:40,000 or about 3300 feet to the inch. 
A single flight at this height covers a 
strip of ground about six miles wide, 
and photographs are exposed at inter- 
vals of about two and a half miles. 

Fig. 4. Folding pocket stereoscope being used 
for a detailed study of aerial photographs. 

Brief reference should be made here 
to the effects of weather on securing the 
required photographs. The reconnais- 
sance planes are only flown at times 
that clouds are completely absent, when 
the ground is not covered with snow, 
and when the sun is at an altitude of 
about 30° or more. In the northern por- 
tion of the United States, this prevents 
flights being made in some two or three 
months of the winter. Cloudless condi- 
tions vary with season and location but 
the need for such conditions is not as 
great a hindrance as it might appear. 
On the average, suitable conditions can 
be expected to occur about every two 
weeks, and in the worst areas a suitable 
day may be expected to occur about 
once a month. One such day is usually 
sufficient to cover an area for micro- 
wave purposes. 

Use of Photographic Data 

After the processing of the aerial 
negatives and the preparation of con- 
tact prints on paper, the remainder of 
the reconnaissance work takes place in 
the office. The overlapping photographs 
are matched one to another and stapled 
onto large panels of wallboard or simi- 
lar material. They may be retained in 
this form for work purposes, but it is 
usually more convenient to copy the 
boards down to about one -fifth size. 
Prints made from such copies are 
known as photo indexes and actually 
constitute a composite picture, or mo- 
saic, of the area of interest having the 
properties of a rough planimetric map. 
(Figure 2 shows a reduced portion of 
such a photo index.) The individual 
aerial photographs are then taken off 

(Continued on page 29) 

Fig. 5. Stereocomparagraph being used for 
elevation measurements on aerial photographs. 
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Fig. 1. This standard two - 
channel fixed land station 
was redesigned for eight- channel 
duplex operation in marine service 
by adding a frequency control chassis. 

DUPLEX AND 

MULTICHANNEL 

MOBILE EQUIPMENT 
PROVISION for duplex operation and 

multichannel facilities is frequently 
encountered in the specification of 

v.h.f. mobile communication systems. 
The normal requirement is that such 
features be provided by modification of 
standard designs without undue in- 
crease of cost, size or power drain. 
Moreover, it is important that the 
basic performance characteristics of the 
equipment be maintained after the ad- 
dition of these new facilities. This pa- 
per will describe some practical design 
solutions to the above system require- 
ments as developed to meet the needs 
of v.h.f. marine service. It is believed 
that the techniques employed in meeting 
v.h.f. marine requirements will be 
equally applicable to similar land mo- 
bile equipment. 

Due to the relative newness of marine 
v.h.f. service, channel allocations and 
usage have not been standardized as 
yet for all areas. However, certain re- 
quirements are common in all cases, as 
follows : 

1. The equipment employed must be 
capable of operation on a minimum 
of eight channels with provision for 
rapid channel change. 

2. One frequency is normally employed 
as an international safety and call- 

10 

Equipment and channel allocation 

problems involved in the redesign 

of existing communications systems 

to include duplex and multichannel 

operation in v.h.f. marine service. 

ing frequency which is continuously 
monitored by all vessels when the 
equipment is not otherwise in use. 

3. One or two channels are so- called 
public correspondence channels used 
for ship -to -shore communication. 
These channels often work into tele- 
phone company exchanges and are 
generally operated duplex. 

Table 11 lists the transmitting and 
receiving frequencies which have been 
proposed for one such system, namely, 
shipboard installations on the Great 
Lakes. With some modification, similar 
arrangements are being used on the 
Canadian west and east coasts. While 
a total of eleven channels are shown on 
this table, any given installation would 
not in general require more than eight 
channels. These would normally include 
channels 1, 2, 7 and 8 and four of the 
remaining channels. 

It should be noted that the transmit- 
ting frequencies lie in the range of 156.3 
to 157.4 mc., with a total spread of 1.1 
mc. However, receiver frequencies lie in 
two groups: channels 1 to 6 and W, X 
and Y cover the channel 156.3 to 157.2 
mc. with a spread of .9 mc., while chan- 
nels 7 and 8 cover the range of 161.9 to 
162.0 mc. with a spread of .1 mc. 

In the case of the transmitter, the en- 

By WILLIAM ORNSTEIN 

Canadian Marconi Company 
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Fig. 2. Use of two coaxial cavities for 
a common antenna working duplex system. 

tire group of channels can be handled 
by crystal switching only, without ne- 
cessity of retuning or switching tuned 
circuits. In the case of the receiver, the 
frequency range is 5.6 mc., which is a 
wider band than the receiver front end 
can be designed to handle without de- 
terioration of other performance char- 
acteristics. It is, therefore, necessary to 
adopt special design measures to permit 
rapid switching of the receiver to any 
one of the allocated channels. 

Several interesting problems were 
raised in the design of equipment for 
this service, and some of the solutions 
adopted will now be described under 
"Duplex Operation" and "Multichannel 
Systems." 

Duplex Operation 
As normally employed, the term "du- 

plex operation" implies that at each end 
of a radio communication link the trans- 
mitter and receiver are capable of si- 
multaneous operation without prohibi- 
tive interference by a transmitter to the 
adjacent receiver. While all transmitters 
and receivers of the system may func- 
tion simultaneously, it is more usual in 
mobile systems to employ "press -to- talk" 
duplex, i.e., while both receivers func- 
tion simultaneously, the transmitters 
are only energized when required for 
communication. An alternative method 
of operation is voice -operated carrier by 
which the transmitters are energized 
when speech level is applied to the mod- 
ulation circuits. 

Unlike normal simplex operation, a 
duplex radio link of necessity requires 
two channels. The basic design problem 
in a duplex system is the maintenance 
of normal receiver performance in the 
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Fig. 3. Tunable coaxial cavity for 140 -200 mc., including plan view and equivalent electrical circuit. 

immediate proximity of a simultane- 
ously operating transmitter. This prob- 
lem will in general become more acute 
as the frequency separation between 
transmitter and receiver becomes less. 
Most existing duplex systems employ 
frequency separations of the order of 
4 -5 mc.; however, this figure may well 
be narrowed in the future if suitable 
widely spaced channels are not avail- 
able in a given area. Although the pres- 
ent application involves duplex opera- 
tion with frequency separations of the 
order of 5 mc., some consideration will 
be given to the problem of closer fre- 
quency spacing. 

Two basic requirements must be met 
if optimum receiver performance is to be 
maintained in duplex operation. First, 
the receiver must suffer minimum de- 
terioration in its ability to receive the 
desired signal when there is simulta- 
neously impressed across its input cir- 
cuit a large signal at the frequency of 
the adjacent transmitter. The figure of 
merit of a receiver for duplex working 
is determined by how narrow a fre- 
quency spacing can be tolerated for a 
given level of interfering signal or, al- 
ternatively, how large an interfering 
signal can be tolerated for a given fre- 
quency separation. A satisfactory meth- 
od of measurement of this characteristic 
is the RTMA Selectivity Test- for land 
mobile receivers, which calls for the use 
of two signal generators modulated at 
different audio frequencies and tuned 
respectively to the desired and interfer- 
ing channels. A second requirement is 
that the transmitter and associated an- 
tenna system must introduce minimum 
interfering signal into the receiver in- 
put circuit. 

The first requirement is a problem of 
receiver design which will not receive 
detailed consideration here. Obviously, 
spurious response and desensitization 
by strong interfering signals should be 
held to a minimum, and front end se- 
lectivity- particularly between antenna 
and first r.f. tube -should be as high as 
possible. If both receiver and transmit- 

ter are in a common housing, as is nor- 
mally the case, both units should be 
carefully shielded to reduce interference 
due to the transmitter induction field. 
The second requirement involves maxi- 
mum isolation of the transmitter output 
circuit from the receiver input circuit. 
The simplest solution to this problem is 
the use of separate antennas for trans- 
mitter and receiver, sufficiently well sep- 
arated to insure that the mutual cou- 
pling between antennas is held to the 
desired minimum. In many cases, how- 
ever, particularly in mobile applica- 
tions, this solution is not practical ; it 
is certainly not the most economical. 

While some systems in the field do 
employ separate receiver and transmit- 
ting antennas, the present tendency is 
to use common antenna systems with 
some form of isolation introduced be- 
tween the transmitter and receiver 
feeding a common antenna. Two schemes 
for achieving such isolation will be de- 
scribed here. The first is most suitable 
when appreciable differences are in- 
volved between transmitter and re- 
ceiver, while the second is most suitable 

for close frequency spacings. The cross- 
over frequency separation at which both 
schemes become equally effective is ap- 
proximately 1 -2 mc. For large frequency 
separations, tunable coaxial cavity fil- 
ters are employed in the circuit of Fig. 
2. It will be noted that one filter tuned 
to the transmitter frequency is inserted 
in the transmitter feed line at a distance 
of one -quarter the receiver wavelength 
from point X, and that similarly a filter 
tuned to the receiver frequency is in- 
serted in the receiver feed line at one - 
quarter the transmitter wavelength 
from the point X (the junction of the 
transmitter and receiver feed lines). 
Each cavity reflects back to this junc- 
tion a high impedance at the undesired 
frequency and a normal load impedance 
at the desired frequency; thus, energy 
from the transmitter is filtered out of 
the receiver branch and energy from the 
antenna is filtered out of the transmit- 

Fig. 4. View of the 
underside of the fre- 
quency control chassis. 

Table 1. Great Lakes supplemental v.h.f. -FM radiotelephone system. 

Function 

Safety calling. continually 
monitored 

Navigation Channels 
General intership. all vessels 
Coast Guard working 
Port operations 
Second intership, large vessels 
Third intership. small vessels 

Operational Channels 
Tug dispatch 
Fishing and construction craft 
Ferries 

Public Correspondence 
Ship -to- shore, duplex 

Ship -to- shore. duplex 

Channel 
Designation 

2 
3 
4 
5 
li 

w 
X 
Y 

8 
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Frequency 
my.) 

156.8 

156.3 
157.2 
156.6 
157.0 
156.7 

156.9 
156.5 
156.4 

157.3 transmit 
162.0 receive 
157.4 transmit 

1 161.9 receive 



Fig. 5. Eight- channel marine equipment showing the frequency control chassis. 

ter branch at the receiver frequency. 
This system increases in effectiveness 
as the difference between transmitter 
and receiver frequencies is increased. 

Figure 3 shows a cross -sectional view 
and the equivalent circuit of a typical 
cavity. The coupling loops which ter- 
minate in coaxial fittings are rotat- 
able, so that a compromise can be 
achieved between insertion loss and se- 
lectivity as required by the particular 
system. In general, the transmitter cav- 
ity is set up for minimum insertion loss 
to allow maximum power radiation from 
the antenna, while the receiver cavity is 
set up for maximum selectivity to in- 
sure minimum interference from the 
transmitter at the expense of some- 
what reduced sensitivity. 

The cavities employed in the 150 -mc. 

lo 
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12 

Fig. 6. Response of coaxial tunable 
cavity filter for two loop positions. 
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band are 151/2" long and 51/2" in diam- 
eter, covering a frequency range of 140- 
200 mc. These cavities are capable of 
dissipating approximately 25 watts 
without appreciable temperature rise. 
The coupling loops can be rotated 
through 90° to obtain the desired filter 
characteristic. It will be noted that the 
drive shaft for frequency adjustment is 
recessed into the interior of the cavity, 
requiring a special tool for adjustment, 
and that a locking nut is provided at 
the end of the cavity to lock this ad- 
justment once it has been made. The ad- 
justing tool employed carries a rough 
frequency calibration engraved along 
its length. 

Figure 6 shows two selectivity curves. 
The first, with the loop set at 0 °, gives 
an insertion loss of 1.2 db at the de- 
sired frequency and an attenuation of 
20 db for frequencies 4 mc. removed 
from the desired frequency. The second, 
with loop set at 60 °, gives an insertion 
loss of 5.5 db and an attenuation of 
46 db for frequencies 4 mc. removed. 

A typical calculation will demonstrate 
how the transmitter and receiver per- 
formance is affected by the requirements 
of duplex operation when using cavity 
filters for isolation. Consider the case of 
a particular receiver with .5 -µv. sensi- 
tivity for 12 -db signal -to -noise ratio in 
a duplex system employing 4 -mc. fre- 
quency separation. This receiver re- 
quires an interfering signal 90 db above 
.5 µv. to produce a 6 -db deterioration in 
signal -to -noise ratio. Assume that the 
two cavities of Fig. 2 are employed with 
coupling loops set at 60° for the receiver 
cavity and 0° for the transmitter cavity. 
The total attenuation from transmitter 
to receiver will be approximately 70 db, 
including the effect of the quarter -wave 
line in the receiver branch. The trans- 
mitter power could, therefore, be 160 db 
above the desired signal of .5 µv. at the 

receiver terminals without producing 
a deterioration of signal -to -noise ratio 
in excess of 6 db. Now, 0.5 µv. in 50 ohms 
is 0.5 x 10 -" watts. The permissible level 
of the transmitter power is therefore 50 
watts. It should be noted that the effec- 
tive level of transmitter power will be 
only 45 watts due to the transmitter 
cavity, while the receiver sensitivity 
for 6 -db signal -to -noise ratio will be 
lowered from .5 µv. to 1.0 µv. by the re- 
ceiver cavity. 

Although no actual installations have 
been made using duplex operation at 
small frequency separations, a method 
has now been developed by Marconi's 
Wireless Telegraph. Company of Eng- 
land which appears to be a promising 
solution to this problem when common 
antenna working is employed. This 
method uses a twin -T network as the 
isolating device, shown schematically in 
Fig. 7. It will be seen that there are 
three coaxial terminations in this cir- 
cuit. When the network is set up at 
some given rejection frequency fo, a 
large attenuation is obtained between 
A and C, whereas attenuation from A 
to B and C to B is approximately 3 db. 
If the frequencies of signals applied to 
A and C are very nearly the same, an 
isolation of 90 db is possible. 

A number of problems in the use of 
the twin -T network should be pointed 
out. First, the 3 -db loss suffered in the 
transmission of power from A to B or 
C to B represents a transmitter power 
loss of 50% inherent in the use of 
the device, as well as a corresponding 
loss in receiver sensitivity. Moreover, 
the initial balance of the circuit may be 
affected by changes in antenna charac- 
teristics due to the effects of weather, 
temperature and proximity of other ob- 
jects. On the other hand, the twin -T 
network has the advantages of low cost 
and an effectiveness of isolation which 
increases as the transmitter and re- 
ceiver frequencies approach each other. 

Multichannel Systems 
It is a common requirement of v.h.f. 

mobile systems that two or more chan- 
nels be available for both transmission 
and reception, the desired channel be- 

(Continued on page 26) 

Fig. 7. Twin -T v.h.f. filter network. 
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TV OUTAGE ALARM 
By GEORGE WASLO 

Station WKRC -TV 

Failure of either visual or aural carriers actuates 

an alarm and starts a clock which times the outage. 

MANY MANUFACTURERS of AM, 
FM and TV broadcast transmitters 
use components and circuits in their 

equipment which insure a minimum 
amount of lost air time. Further, auto- 
matic resets have been incorporated so 
that in the event of a momentary over- 
load due to line surge, lightning or 
other reasons, the transmitter will auto- 
matically return to the air after a few 
seconds. In case of a sustained outage, 
there are usually no means available to 
record the time a station is off the air 
or the duration of "off air" time. When 
such failures occur, it is the engineers' 
duty to get the transmitter back in 
operation with a minimum of lost air 
time and its attendant financial losses. 

Quite a few years ago, a simple cir- 
cuit made its appearance in broadcast 
circles for alarm and outage purposes. 
However, the circuit was for a single 
r.f. carrier. With the advent of FM and 
TV, it becomes almost a necessity to 
have multiple alarm and time systems, 
especially when there are two aural 
carriers to monitor along with a visual 
carrier. 

The circuit shown schematically in 
Fig. 2 has been developed for use at 
WKRC -TV. Any inventive engineer 
can make further modifications and 
adaptations to fit a particular site and 
mode of operation. One possible addi- 
tion is the installation of a counter 
when failures are frequent due to line 
surges and other reasons. 

A 12" x 17" x 3" aluminum chassis 
was used for this circuit, painted with 
gray lacquer to match associated trans- 
mitting equipment. Employing this 
large -size chassis left more than ade- 
quate room to install additional modifi- 
cations as they are needed. All remote 
wires enter the chassis from the wall, 
and no exposed wiring is evident except 
two RG -8 /U coaxial lines coming from 
pickup probes in visual and aural trans- 
mitter outputs. See Fig. 1. 

At top left is an outage clock which 
runs when either or both visual and 
aural transmitters fail. At top right 
is a local time clock, synchronized with 
a local or Western Union clock during 
the time of operating, which stops the 
second that failure occurs. Between the 
clocks, on the underside of the chassis, 
is a visual alarm buzzer. Switch S4, at 
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top left, is an outage clock reset. The 
outage clock should be reset to 12:00:00 
each time after return to the air. 
Switch Sz, at top right, a local time 
start, is a momentary switch actuating 
a modified relay wired for self -locking. 
S: will not start the local time clock 
unless both visual and aural carriers 
are on. Switch S,, at bottom left, is an 
alarm control for both visual and aural 
outage alarms. Throwing S3 to the off 
position does not stop the outage clock 
from running during a failure. This 
switch was installed as a working con- 
venience during a sustained outage and 
eliminates the noise of alarms while 
repairs are being made. It must be 
turned on during normal operation in 
order to insure a positive audible warn- 
ing when failure occurs. Switch ST, at 
bottom right, is the main power switch 
to the alarm system. Provision is made 
at WKRC -TV for the remote switches 
(the air clock switch and main power 
switch) to be controlled from an operat- 
ing console. Also, terminals are avail- 
able for installing remote alarm buzzers 
in the workshop or blower room. 

Five minutes prior to the completion 
of a day's programing, at a time when 
the local time clock sweep hand is at 
00, the main a.c. switch is thrown off 
and then back on again. Momentarily 

Fig. 1. Front view of system, showing 
the two clocks and the four switches. 

throwing this switch off removes the 
locking relay energizing voltage and 
thereby stops the local time clock. After 
turning on visual and aural trans- 
mitters the next morning, the "sign - 
on" engineer can preset the hour and 
minute hands of the clock, then can 
turn it on by a local time switch (or 
auxiliary switch on the console) at the 
correct time. 

If a failure has occurred during the 
preceding day, S, is thrown on. This 
switch starts up the outage clock. When 
the sweep second hand is straight up, 
the switch is turned off and the other 
hands of the clock reset to coincide at 
12:00:00. The main a.c. switch is 
thrown off prior to the "sign -off" of 
both visual and aural transmitters. 
Such a procedure forestalls the possibil- 
ity of alarms ringing and the outage 
clock running. 

The unit is mounted on the wall by 
means of screws similar to the type 
used to hang curtain rods in the home. 
This type of mounting facilitates easy 
servicing of relays and diodes. Adjust- 
ments are made by setting the probe in 
the r.f. line so that the BK -35 relays 
will become de- energized if the visual 
or aural carriers drop 30%. 

Fig. 2. Schematic diagram and parts values for the TV outage alarm. 
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AUTOMATIC RECORDING SWITCH 
By JULIUS SMITH 

Stall Engineer. KTRH 

Station break time between network programs is 

utilized to start a tape recorder automatically 

by means of the "Auto- Record" switching device. 

ONE OF THE tasks of a multiple - 
duty broadcast station employee is 
that of tape -recording a network 

program for delayed playback. It is 
usually necessary to start the tape re- 
corder during the period when station 
identification is being given and the 
local business being run. As the man on 
duty is pretty busy concentrating on 
the break, he sometimes temporarily 
forgets to start the recorder, thereby 
missing the first few seconds of the 
program or possibly the entire program. 
The "Auto- Record" does triple service: 
it provides (1) complete automatic 
starting of tape recorders at the proper 
time, (2) an audio reminder to start 
recorders not wired for automatic start- 
ing, and (3) an audio alarm when the 
network fails and again when it re- 
turns, thus calling the failure to the 
attention of the person attending the 
machine and making it possible to pre- 
pare a fill for playback time. 

The Auto -Record has done an excel- 
lent job of solving the problem of tape 
recorder starting at Station KTRH. 
A flick of a switch presets the Auto -Rec- 
ord any time during the program pre- 
ceding the program to be recorded, and 
at the proper time the unit will start 
the tape machine recording. It puts to 
work the period of silence between 
programs on the network to actuate a 
program- operated relay which starts 

the recorder in time to record the pro- 
gram following the period of silence. 

Figure 1 shows the simple two -tube 
circuit. The network program is fed 
into the Auto -Record, where the audio 
is rectified and supplied as bias to the 
grids of a 12AÚ7 control tube, V,, which 
has the plates connected in parallel. As 
long as there is program present, V, 
is biased to cutoff and the relay is 
open. When the program stops, the bias 
on V begins to decrease and V_ begins 
to draw current. When this current 
reaches four or five mils, the plate re- 
lay closes and applies a 117 -volt a.c. 
control voltage to the control voltage 
bus. Individual tape recorders are 
started by separate relays located 
within each machine which are actu- 
ated by this control voltage. 

The plate relay is wired to a terminal 
block to provide a selection of connec- 
tions. A source of 117 -volts a.c. con- 
trolled voltage is available at terminals 
1 and 2 as normally "off" and at ter- 
minals 3 and 4 as normally "on." Ter- 
minals 5 and 6 provide a set of normally 
open contacts, while 7 and 8 offer a set 
of normally closed contacts. No one 
installation will need all the combina- 
tions, but they are available for pos- 
sible use. 

There are no special instructions 
necessary for construction. Parts lay- 
out is not critical, but an idea of how 

Fig. 1. Schematic diagram and parts for the Auto - 
Record. The plate relay may also actuate an alarm. 
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the parts were placed in the original 
unit may be obtained from the photo- 
graphs. The chassis was formed from 
the aluminum base of an old tran- 
scription disc. Dimensions of the orig- 
inal were about 5" x 8 ". 

Input transformer Ti is a 3:1 inter - 
stage with a 10,000 -ohm primary. Thus, 
it is possible to place the Auto -Record 
across the network line without load- 
ing. Tube V, (a 6AT6) provides a stage 
of audio amplification, and its diodes 
also rectify the audio to provide a d.c. 
voltage that is proportional to the 
signal input. This d.c. voltage is fed 
to the grids of V via choke CH, which 
provides filtering action and at the 
same time has a low d.c. resistance. 
This low resistance makes it possible 
to have a short attack time, causing 
the plate relay to open as soon as pro- 
gram is applied to the unit. The short 
attack time is useful in signaling the 
return of program. A resistor can be 
used, but a slight delay will be expe- 
rienced. 

C,, the 1 -i fd. capacitor from the grid 
of the control tube to ground, pro- 
vides the delay necessary to prevent the 
relay from closing between words or 
during normal pauses in programs. 
This is the only part that requires at- 
tention in its selection. A capacitor with 
a low leakage should be chosen, not an 
electrolytic capacitor. Low leakage 
allows the maximum holdover time to 
be as large as possible. The capacitor 
used here was a surplus oil -filled paper 
unit, but a good stock capacitor -such 
as a Mallory CB605 or equivalent -will 
give excellent results. The 3- megohm 

Fig. 2. Multiple machines (in this case, various 
Ampex models) may be controlled with one Auto -Record. 
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variable resistor across C, serves to 
control the holdover time. On the orig- 
inal unit, the holdover time was adjust- 
able between zero and 20 seconds with 
an input level of +4 vu. Holdover, of 
course, will depend on input level. 

The power supply, a simple half - 
wave type utilizing a small power trans- 
former like the ones used in television 
boosters, provides isolation of the a.c. 
line. The rest of the components are 
common stock items. 

On programs closing with music, the 
CBS and MBS networks provide a 
music fill to within 15 seconds of the 
start of the next program. Stations 
affiliated with these networks should 
adjust the resistor R, so that the plate 
relay closes 7 to 10 seconds after pro- 
gram stops. ABC and NBC provide no 
such fills; therefore, R, can be adjusted 
for a longer holdover as an added pre- 
caution against false starts. In general, 
false starts have not been a problem 
here. 

Connection between the Auto -Record 
and the tape machine will vary with 
each installation. The start relay and 
"on -off" switch SW (Fig. 2), may be lo- 
cated within the tape machine or in- 
stalled near the control console, the lat- 
ter method being preferred here. Some 
manufacturers provide a socket already 
wired for remote manual control, a 
plug for which can easily be made. 
Shown in Fig. 2 is a possible connection 
for several different models of Ampex 
tape machines; it will be seen that only 
one Auto -Record is required to control 
any number of machines. Fig. 3 shows 
a connection for a Magnecorder; wiring 

TO TERMINALS 586 
OF AUTO START 

r AUTO START+MANUAL 
1 

'TALLY _SI 

LIGHT 

Fig. 3. Method of connecting the Magne- 
corder Model PT6 for automatic starting. 

appearing within the dotted enclosure 
is located in the machine proper, while 
numbered block -type terminals refer to 
the like -numbered terminals in the man- 
ufacturer's instruction book. 

On machines that require mechanical 
engagement of drive mechanisms when 
the unit is started, such as the Magne - 
corder PT6, etc., it will be necessary to 
place the relay contacts in series with 
the capstan drive motor and connect 
holding contacts to keep the relay en- 
gaged after the control voltage is re- 
moved. Notice in Fig. 3 that terminals 
5 and 6 of the Auto -Record are being 
used. Use of these terminals is sug- 
gested to simplify the relay holding 
circuit. Switch Si can be a four -pole 
double -throw wafer -type with only the 
necessary sections used. Capacitor C, 
and switch S, are original parts of the 
Magnecorder and are shown to help 
identify the connections. To preset the 
machine, the mechanical drive should 
be engaged and the manual- automatic 
switch turned to "automatic." Then, at 
the proper time, the Auto -Record closes 
the contacts and the machine starts 
recording. 

In each of the installations of Fig. 
2, the tally light is operated from a 
6.3 -volt supply. The light goes on when 
the switch marked SW is thrown for 
automatic operation. Thus, when the 

Fig. 4. Underchassis view of the Auto -Record 
with various components identified (see Fig. 1). 

light is on, the recorder is ready to be 
controlled by the Auto -Record unit. If 
a 117 -volt light is desired, the power 
for the light can be obtained from a 
convenient outlet on the recorder be- 
ing controlled. By taking this voltage 
from the recorder, only one pair of 
wires is required to connect the Auto - 
Record to the tape machine. 

If the start relay and "on -off" switch 
are located at a position near the con- 
sole or remote from the tape recorder, 
it will be advisable to have tally lights 
both at the control location and at the 
recorder proper. The light at the con- 
trol location serves as a warning that 
the recorder is ready to be controlled by 
the Auto- Record unit. This additional 
tally light can be connected very simply 
in parallel with the tally light shown. 

The immediate attack time allows 
the plate relay to open the instant pro- 
gram is resumed. This makes it pos- 
sible to attach a door chime to the con- 
trol bus, as per Fig. 2, to signal not 
only when the network pauses longer 
than the preset interval but also at the 
instant that program returns. A door 
chime that sounds a different tone when 
the voltage is removed than when it is 
applied should be used. Then, one tone 
can be heard when the period of silence 
exceeds that to which R, is set and a 
different tone heard when the network 
program returns. 

Credit should be given to the KTRH 
Engineering Department and especially 
to Duke Thornton, the man who in- 
stalled the Auto -Record for use at Sta- 
tion KTRH. 

Fig. 5. Top chassis view of the completed unit, 
showing location of the tubes and plate relay. 
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SPECIAL U.H.F. TEST EQUIPMENT 
An analysis of equipment and techniques for making 

tests and measurements in the 300 -3000 mc. region. 

JUST as the microwave region re- 
quires its own series of specialized 
test equipment, development work in 

the u.h.f. band calls for certain special 
instruments and techniques. For instru- 
mentation and equipment purposes, it is 
convenient to divide the u.h.f. band into 
a lower portion extending up to 1300 
mc., and an upper portion including the 
S band up to 3000 mc. This article will 
deal primarily with the lower u.h.f. 
band, but most of the instruments and 
techniques to be discussed are also ap- 
plicable in the upper band. 

Generally available test equipment 
includes signal sources and frequency 
and gain measuring devices. In addition 
to standard laboratory equipment, the 
author has found that very special de- 
vices are required for accurate and effi- 
cient measurements in the u.h.f. band. 
Some novel instruments will be pre- 
sented here, together with their use for 
precision measurements and the degree 
of accuracy which can be achieved. 

The major contribution to efficiency 
in measurement is a newly developed 
wide -band approach which involves 
measuring, observing and recording the 
various circuit characteristics not at a 
single frequency but over a relatively 
wide band of frequencies instantaneous- 
ly. Single frequency measurements have 
their place, too, especially when extreme 
accuracy is required. The great advan- 
tage of a wide -band system is that it 
allows the determination of sideband 
responses, image rejection, and wide - 
band impedance characteristics. A wide - 
band sweep frequency technique has 
recently been described and the neces- 
sary test equipment indicated'. 

Most laboratory development projects 
have as their goal some eventual equip- 
ment design. Accuracy of the laboratory 
measurements will be partially dictated 
by the accuracy required from the final 
equipment. This does not mean that if 
a 1% frequency tolerance is desired on 
final equipment the same tolerance can 
be applied to the laboratory measure- 
ment preceding it. Instead, it has been 
found good practice to make the lab- 
oratory measurement two to ten times 
as stringent as the final equipment 
tolerances dictate. The reason for this 
will be self- evident when the cumulative 
effect of the usual production toler- 
ances is considered. In general, there- 
fore, it is necessary that laboratory 
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measurements even on breadboard mod- 
els be quite accurate and tolerances 
in every direction be tightened as much 
as possible. The following equipment 
has been chosen for maximum accuracy 
as well as for stability and efficient 
operation. 

Signal Sources 
Three basic signal sources are avail- 

able in the band from 225 to 1300 mc. 
The simplest type is a test oscillator, 
such as the test oscillators made by 
General Radio Company, which provides 
good frequency calibration but only ap- 
proximate amplitude control. A refine- 
ment of this type of signal is obtained 
with a signal generator such as Meas- 
urements Corporation's Model 84, or 
Hewlett- Packard Company's Models 
608, 610, 612, or similar equipment 
which provides signals with good fre- 
quency accuracy as well as calibrated 
output amplitude. Pulse or sine -wave 
modulation from internal or external 
sources is also available in most signal 
generators. Frequency accuracy is of 
the order of ±0.1 %, slightly less than 
that of a really good test oscillator, 
while amplitude accuracy is usually de- 
termined by an output meter and atten- 
uator and is quite well defined. It has 
been found that the attenuator accuracy 
is excellent, especially at the lower 
frequencies, but a slight loss in accu- 

Fig. 1. Commercial sweep frequency 
generator with range of 470 to 890 mc. 

racy can be expected at the upper fre- 
quency limit of the generator. Both of 
these types of signal sources are suit- 
able for such measurements as single 
frequency gain, image rejection, imped- 
ance and standing wave ratio. Measure- 
ments can be made in conjunction with 
an output meter, slotted line or an im- 
pedance bridge. 

The third type of signal source, a 
sweep frequency generator, is fairly 
new and unique. Principles of sweep 
frequency testing and visual alignment 
which are accepted in the broadband 
i.f. and v.h.f. region have now been 
extended to the u.h.f. band'. Three types 
of wide -band sweep generators have 
been developed to cover the important 
bands from 225 to 1275 mc. Figure 1 

shows the external appearance of the 
Kolls?nan Type 2144 -02 sweep gener- 
ator which covers the u.h.f. television 
range, 470 to 890 mc., in a single sweep 
band. Other models cover ranges from 
225 to 420 mc. and from 850 to 1275 mc., 
each in a single sweep. While such gen- 
erators are primarily used for bandpass 
response measurements, they are also 
applicable for impedance, VSWR and 
attenuation measurements. 

For impedance and VSWR measure- 
ments, a long line and the reflections 
from it are used in conjunction with 
the wide -band sweep generator and 
oscilloscope to give a presentation indic- 
ative of the degree of mismatch at the 
end of the line; 50, 75 or 30011 imped- 
ance measurements can be made by this 
method depending on the type of trans- 
mission line used.' 

Impedance Levels 

One of the important considerations 
in any laboratory test setup is the im- 
pedance level to be used. The most fre- 
quently employed are the 5011 and 7511 

unbalanced and 30011 balanced levels. 
Most items of test equipment are de- 
signed for the 502 impedance level al- 
though some units, especially in the tele- 
vision field, operate at 7511. U.H.F. tele- 
vision tuners, however, use a 3002 bal- 
anced input fed by 3002 transmission 
line and 3002 u.h.f. television antennas. 
Whenever it is desired to use a 5012 
system with test equipment having a 
different impedance level, an impedance 
transformer is required. Several com- 
panies furnish 50 to 7511 coaxial im- 
pedance transformers and a 75 to 30012 
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By WALTER H. BUCHSBAUM 

Kollsman Instrument Company' 

Fig. 2. 50-ohm 
fixed attenuator. 

balance -to- unbalance matching device. 
A 50 to 3002 balun for use in the u.h.f. 
television band has been described ". 

Military applications, as well as air- 
craft navigational aids, employ a 502 
coaxial system using either type BNC 
or type N connectors. Most of the sig- 
nal sources mentioned in the previous 
section have a 502 output impedance 
and can be used directly with the con- 
ventional 502 coaxial system. 

Attenuation 
For many measurement and test set- 

ups, it is essential that individual fixed 
attenuators of known values be used. 
Such attenuators are also required as 
loads for crystal diode detectors in order 
to provide a 502 impedance at the de- 
tector input. Other applications include 
reducing VSWR on coaxial systems, 
making comparative gain measure- 
ments, reducing spurious radiation, etc. 
At frequencies below 1000 mc., fixed 
pads like the one shown in Fig. 2 and 
made by Applied Research, Inc., are 
particularly suitable. The pad in Fig. 
2 consists of a male and female type 
BNC connector with a resistive attenu- 
ator network located internally. 

The Kollsman Type 214G -01 variable 
precision attenuator is shown in Figs. 
3 and 4. This attenuator consists of 
12 separate, easily interchangeable at- 
tenuator pads, mounted in a turret 
structure similar to that used in a popu- 
lar TV tuner. When making relative 
gain or loss measurements, the turret 
attenuator is especially useful since it 
has zero insertion loss and can be 
switched to any predetermined, precise 
value of attenuation. The Type 2146 -01 
unit has steps of 0, 3, 6, 9, 12, 15, 20, 30, 
40, 50, 60, and 70 db. Other combinations 
up to 100 db are also available. A fur- 
ther refinement of this turret attenua- 
tor is a model featuring two turret 
assemblies connected in series and using 
concentric shafts and a decade counting 
dial; one turret contains 1 -db steps 
while the other contains pads in 10 -db 
steps, permitting the user to select 
from 0 to 100 db in accurate 1 -db 
increments. 

Frequency Measurement 
For accurate frequency measure- 

ments in the u.h.f. band, three methods 

Wholly owned subsidiary of Standard Coil Prod- 
ucts Company Inc. 
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Fig. 3. Rotor of turret attenuator. 

are available. The most precise method 
involves the use of a coaxial slotted 
line and a precision scale. The unknown 
frequency is fed into this line and the 
half wavelengths are determined by 
measuring between adjacent null points. 
Accuracy of the frequency measure- 
ment here depends largely on the pre- 
cision of the mechanical measurement. 
This, in turn, can be quite close if a 
scale having vernier adjustments is 
used. 

The second precise frequency meas- 
urement technique involves heterodyn- 
ing the unknown frequency with one 
originating in a crystal -type frequency 
meter. A crystal -controlled harmonic - 
type secondary frequency standard such 
as the TS173 is particularly useful, as 
are some other secondary frequency 
standards made by commercial sup- 
pliers or available from government 
surplus. 

The third method of measuring fre- 
quency accurately involves a cavity sim- 
ilar to resonant cavities used in micro- 
wave work. Figure 6 shows the inside 
of a typical u.h.f. cavity -type frequency 
meter, the Kollsman Type 2145 -02. A 
small 502 impedance loop couples en- 
ergy into a quarter- wavelength, reso- 
nant, shorted coaxial line. To vary fre- 
quency, the open end of the line is ca- 
pacity -tuned over the desired band. The 
variable capacitor, clearly shown in Fig. 
6, is calibrated by hand either with the 
slotted line method or with a precision 
heterodyne frequency meter. Once cali- 
brated, only extreme variations in tem- 
perature or physical distortion will 
change the frequency characteristic of 
this type of wavemeter. The rugged 
construction, a cast body and hard sol- 
dered capacitor blades, provides excel- 
lent rigidity and stable frequency cali- 
bration. 

One special advantage in using this 
cavity -type of frequency meter is that 
a whole set of them can be connected in 
series, as shown in Fig. 5, to provide 
accurate markers at a number of fre- 

Fig. 4. Enclosure for turret attenuator. 

Fig. 5. Multiple frequency marker assembly. 

Fig. 6. Interior of cavity -type marker. 

Fig. 7. A simple 300 -ohm termination. 
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Fig. 8. Test setup for making use of the multiple marker equipment. 

quencies. The arrangement of multiple 
markers, each set to a desired discrete 
frequency, is particularly useful in ap- 
plications where a wide sweep width 
and alignment at several points are re- 
quired. A typical application of this 
arrangement is in production line test- 
ing of u.h.f. television tuners, a block 
diagram of which is shown in Fig. 8. 

300 -ohm Equipment 
In u.h.f. television receivers, the 3002 

balanced system is used almost exclu- 
sively for antennas, transmission lines 
and tuner input circuits. In order to 
make measurements on these devices, 
signals from 3002 sources and various 
items of 3002 test equipment are re- 
quired. For precise impedance measure- 
ments, a 3002 balanced Lecher wire sys- 
tem with a movable detector is very 
useful, but an accurate device of this 
nature is extremely difficult to con- 
struct. As a substitute, it is possible to 
use a conventional 5052 slotted line, a 
50 to 3002 balun and various 30052 at- 
tachments. The drawback to this ar- 
rangement is the fact that the balun 
itself is usually not perfect and its 
VSWR may either be added to or sub- 
tracted from the VSWR of the item 
under test. In order to measure the 
VSWR of the balun itself, it is neces- 
sary to terminate it in a good 30032 load. 

The author has found the 3002 termi- 
nation illustrated in Fig. 7 to be one of 
the best obtainable with standard avail- 
able components. Use of three resistors 
in series results in a reduction of the 
capacity inherent in any single resistor. 
The 3002 termination is supplied with 
connecting pins -the coaxial male pins 
of BNC connectors -which mate with 
the contacts in the Foilsman Model 2B 
balun2. If the total resistance of this 
combination is within ± 12 of 30032, a 
VSWR of 1.05:1 for the termination 
can be achieved over the entire u.h.f. 
band. Use of a single film -type resistor 
of special u.h.f. construction with very 
short leads will rarely result in less 
than 1.10:1 VSWR. 
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Figure 9 shows an assortment of 3002 
components commercially available from 
Microlab. This series contains a bal- 
anced 30051 detector, termination and 
attenuators of varying values. Special 
3002 balanced connectors, male and fe- 
male for the attenuator, are utilized in 
a series arrangement of the various 
components. The 3002 connectors have 
excellent u.h.f. impedance characteris- 
tics and are very helpful in avoiding 
wire or solder connections which often 
cause impedance mismatch. 

Equipment Limitations 
Accuracy and validity of all measure- 

ments and tests in the u.h.f. region are 
limited by the type of equipment and 
the test methods used. Frequency ac- 
curacy is limited not only to the degree 
of accuracy inherent in the frequency 
measuring device, but also to the de- 
gree of reading accuracy. In general, it 
is the latter which causes the most 
difficulty. In the slotted line frequency 
measurement method outlined above, 
the limitation lies in the accurate lo- 
cation of the minimum points, and then 
in the precise reading of the mechanical 
scale in thousandths of an inch. One way 
to minimize the reading difficulty is to 
use a vernier gage, usually employed for 
height or depth measurements in pre- 
cision machining operations, to read the 
displacement between nulls. In the 
heterodyne frequency measurement 
method, the limitation in accuracy -in 
addition to that of the crystal -lies in 

the reading of the frequency dial. Paral- 
lax, the error due to looking at a hair- 
line through a plastic index, is one of 
the chief trouble- makers in this respect. 
Needless to say, the cavity -type fre- 
quency meter is also limited in accuracy 
both by its own calibration and by the 
width of the absorption response curve 
or the cavity Q. 

The most serious limitations in accu- 
racy of measurement, however, occur 
when impedances are measured. Any 
connector, or length of cable, placed 
between the output of the slotted line 
or other impedance -measuring device 
and the item under test will itself in- 
troduce some mismatch. Depending on 
the polarity, this mismatch effect may 
make the total reading worse or better. 
An investigation into the effective mis- 
match in the region from 400 to 1000 
mc. revealed that two of the worst 
offenders were the UG -349/U and 
UG- 349A/U adapters from type N to 
BNC connectors, while type N or BNC 
connectors alone have fairly good 5p2 

characteristics up to 1000 mc. In order 
to go from a type N to a type BNC sys- 
tem, it was found most helpful to use 
intermediary connectors of the General 
Radio coaxial type. Thus, two adapters 
were used, one type N- to- General Radio 
coaxial unit and then a General Radio 
coaxial -to -BNC unit. VSWR of 1.04:1 
was recorded for this combination as 
against 1.09:1 for the conventional type 
N -to -BNC adapter. In the course of 
this investigation, most commercially 
available 30052 twin lead connectors 
were tested; an inherent mismatch of 
at least 1.3:1 at 900 mc. was determined 
for even the best type. 

Another serious limitation in some 
types of measurements is the fact that 
radiation, especially in the u.h.f. TV 
band, is quite considerable when open 
lines are used. In the case of 30011 tu- 
bular twin lead, the radiation from the 
cable itself was found to be so consid- 
erable that a spacing of at least three 
feet between adjacent cables was re- 
quired when 10 mw. of r.f. energy was 
applied. It was also found that the 30031 
balanced system would be seriously un- 
balanced if a ground plane were brought 
to within three inches of the tubular 

(Continued on page 25) 

Fig. 9. A 300 -ohm detector, termination, and a 20 -db attenuator. 
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A BIG SURPRISE 
IN A SMALL PACKAGE 
the 
new 
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WEIGHS ONLY 26 LBS. 

PERFORMS LIKE 

A TRUE AMPEX 

The most portable truly high fidelity tape recorder 
ever built. 

Frequency response is 30 to 15,000 cycles at 71/2 in /sec; 
signal -to -noise ratio over 55 db; and every machine 
is tested to meet or exceed specifications. 

SERVES ALL BROAD- 

CASTING NEEDS 

For recording, editing, dubbing and broadcasting, 
it's a full time troublefree machine. Major components 
have been "life tested" for an equivalent of 10 years' 
normal use. 

COSTS LESS THAN 
ANY AMPEX BEFORE 

PEX 
I 

It's simpler and lighter, but it's all Ampex 
-and still the best. 

For full 
description and 
specifications, 
u'r11e 10á.1y 
to Dept. T-1695. 

934 CHARTER STREET REDWOOD CITY, CALIFORNIA 

Distributors in principal cities (listed in the "yellow pages" under "Recording Equipment "); 
distributed in Canada by the Canadian General Electric Company 
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COMMUNICATION 

MICROWAVE RAILROAD EQUIPMENT 

Microwave radio relay equipment de- 
signed to meet the specific requirements 
of railroads is now available from the 
Engineering Products Division of the 
Radio Corporation of America, Camden, 
N. J. Both the RCA CW -20 and the 
RCA CW -5 systems are designed to 
work with standard railroad -type tele- 
phone and telegraph carrier equipment. 
in conformity with the tentative micro- 
wave specifications of the Association 
of American Railroads. 

The RCA CW -20, which operates in 
the 2000 -mc. band, is intended for long - 
haul multichannel backbone microwave 
radio relay. Utilizing conventional 
single -sideband suppressed- carrier 
channeling equipment, the RCA CW -20 
will handle up to 24 voice channels, plus 
a service channel, in systems more than 
1000 miles in length. 

As a companion line, the RCA CW -5 
operates in the 950 -mc. band for short - 
haul service, and will handle up to six 
voice carrier channels. The CW -5 series 
can be used for leg circuits to extend 
a small number of channels from a 
2000 -mc. backbone microwave system to 
intermediate way stations. 

D.C. POWER SUPPLY 

Tech Laboratories, Inc., has an- 
nounced a mobile transmitter power 
supply called the "RODIC" Type RO -2. 
This unit represents a completely new 
concept in converting low d.c. voltages 
to those levels required in mobile and 
marine transmitter operation. Operat- 
ing from a 6 -volt battery, it has two 

filtered outputs available: 
ma., or 330 v. at 320 ma. 

Engineered for completely automatic 
operation, the "RODIC" offers many 
advantages: 75% efficiency, 5 to 8% 

520 v. at 320 
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regulation, and low starting current 
with no surge whatever. The rugged, 
compact unit provides instant starting 
and stopping, long operating life, and 
ease of maintenance. For further in- 
formation, write to Tech Laboratories, 
Inc., 8 E. Edsall Blvd., Palisades Park, 
N. J. 

COMMUNITY RADIO NETWORK 

Several communities in Lake County, 
Illinois, have joined in a countrywide 
radio network to facilitate police and 
fire communication. Police stations and 
many volunteer fire departments are 

linked to a master transmitter and re- 
ceiver located near Libertyville, Ill. 
Selective coded controls enable the sta- 
tion to eliminate all towns not concerned 
with specific messages and to include 
those that are involved. 

The communications system at Lib- 
ertyville is run by Harry Quandt, 
World War I Navy radioman, who orig- 
inally designed, engineered and helped 
to finance the equipment. If the public 
power should fail, the system is auto- 
matically kept in action by a 10 -kw. 
Kohler electric plant. More than 75,000 
calls were handled during 1953. 

FM TWO -WAY RADIO 

"Fleetway" two -way radio, now be- 
ing produced by the Connecticut Tele- 
phone & Electric Corp., Meriden, Conn., 
for operation in the recently allocated 
450 -460 and citizens' band, incorporates 
a major advance in radio circuit design 
-the patented Lister circuit. It offers 
the first true FM transmission and re- 
ception in mobile radio, resulting in 

noise -free "broadcast quality" speech 
and better coverage in congested areas 
than previously possible. 

Two models are currently available 
-a 4 -5 watt model for under -the -dash 
or trunk -mounting, and a 25 -30 watt 

fixed station (shown in the photo- 
graph). The Lister circuit uses a start- 
ing crystal oscillating frequency of ap- 
proximately 75 mc. instead of the usual 
6 mc., which enables the transmitter 
to reach 450 mc. with a frequency mul- 
tiplication of only six instead of the 
usual 24 times or more; elimination of 
these stages substantially reduces the 
number of components and leads to a 
complete departure from conventional 
radio design. 

GLOBAL SYMPOSIUM 

The first Symposium on Global Com- 
munications, sponsored by the Institute 
of Radio Engineers' Professional Group 
on Communication Systems, was held 
in Washington, D. C., June 23 -25. Tech- 
nical papers on various aspects of 
world -wide communications were pre- 
sented in two full -day sessions by com- 
mercial, military, and other specialists 
in the field. On the third day of the 
meeting, field trips were conducted to 
nearby commercial and military com- 
munications centers. 

MOBILE TRANSMITTER TUBE 

A beam power tube has been an- 
nounced by the Tube Department of 
the Radio Corporation of America, 
Harrison, N. J., which is designed for 
use in compact, low -power mobile trans- 
mitters and in emergency communica- 
tions equipment operating from 12 -volt 
storage batteries. Having an ICAS 
plate- dissipation rating of 13.5 watts, 
the RCA -6417 can be operated with full 
input up to 50 mc. and with reduced 
input to 175 mc. 

Because of its high transconductance, 
and a plate characteristic favorable to 
the generation of a high harmonic out- 
put, this tube is particularly useful in 
the doubler and tripler stages of trans- 
mitters. Its high perveanee makes pos- 
sible high power output at relatively 
low supply voltages. 
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who won't be held back 
RCA, world leader in electronics, has career opportunities for 
qualified ELECTRICAL and MECHANICAL ENGINEERS .. . 

PHYSICISTS . . . METALLURGISTS . . . PHYSICAL CHEMISTS 
... CERAMISTS . . . and GLASS TECHNOLOGISTS for long 
range work in military or commercial fields. 

SYSTEMS -ANALYSIS- DEVELOPMENT 

-DESIGN -APPLICATION ENGINEERING 

in the following fields: 

AVIATION ELECTRONICS (FIRE CONTROL, 
PRECISION NAVIGATION, COMMUNICA- 
TI ONS) -Rod r-A na log Computers 
-Digital Computers- Servo -Mechanisms 
-Shock & Vibration - Circuitry -Heat. 
Transfer- Remote Controls-Sub-M ini- 
aturization-Automatic Flight- Transis- 
torization- A u tomation 

RADAR - Circuitry - Antenna Design - 
Servo Systems- Information Display Sys- 
tems -Gear Trains -Stable Elements - 
Intricate Mechanisms 

COMPUTERS -Digital and Analog -Systems 
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ELECTRONIC EQUIPMENT FIELD ENGINEERS 
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munications, Navigational Aids, and 
Guided Missiles. 

At RCA you'll work in an atmosphere con- 
ducive to creative work -laboratory facili- 
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constant association with leading scien- 
tists and engineers. 
Positions now open in Systems, Analysis, 
Development, Design and Application En- 
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Delightful suburban living easily available. 
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nized. Ample opportunities for increased 
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world leader in electronics. 

Personal interviews arranged in your city. 
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cation, experience, and specialized field 
preference to: 

MR. JOHN R. WELD 

Employment Manager 
Dept. 304G 

Radio Corporation of America 
30 Rockefeller Plaza, New York 20, N.Y. 
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INTERVAL TIMER 

Designed by Potter Instrument Com- 
pany, Inc., 115 Cutter Mill Rd., Great 
Neck, N. Y., for industrial as well as 
laboratory use, the Model 432 is a pre- 

cision instrument for measuring short 
time intervals. Three ranges are pro- 
vided: 0.01 to 9.99, 0.1 to 99.9 and 1 to 
999 milliseconds. In addition, the unit 
serves as a high speed totalizing counter 
with a count capacity of 999, and as a 
secondary frequency standard with out- 

- 
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O_ 
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O 
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puts of 100, 10 and 1 kc., and 100, 10 
and 1 cps. 

In making a time -interval measure- 
ment, three electronic decades count 
the number of time -base pulses occur- 
ring during the unknown interval. A 
choice of three different time -base fre- 
quencies is provided: 100, 10 and 1 kc. 
All time -base signals originate in a 
100 -kc. crystal -controlled oscillator. 

A.C. TEST SET 

Engineers in research and develop- 
ment laboratories often find themselves 
in need of measuring equipment ca- 
pable of giving a complete picture of 
60 -cycle voltages, currents, power and 
power factor. The Sensitive Research 
Instrument Corporation has announced 
a universal "60" a.c. test set which fills 
this need with a compact, rugged, and 
accurate set of instruments designed 
to be used together. 

There are four separate instruments 
in this test set together with their nec- 
essary switches: two wattmeters, a 
voltmeter and an ammeter. These in- 
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7,847 
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struments create 36 ranges in watts 
from 5 to 2000 watts full scale (which 
can be used down to power factors of 
10 %), seven current ranges from 10 
ma. to 10 amp. full scale, and four 

ranges in volts from 30 to 300 volts 
full scale. 

A four -page descriptive bulletin is 
available on request from the Sensi- 
tive Research Instrument Corporation, 
Dept. 122A, 9 -11 Elm Ave., Mount 
Vernon, N. Y. 

ANALOG COMPUTER 

Electronic computation is made eco- 
nomical enough for use wherever dif- 
ferential equations are studied by the 
Donner Model 30 analog computer. 
This portable "electronic slide -rule" 
contains ten stable high -gain ampli- 
fiers, a fully regulated power supply, 
and provision for applying five inde- 
pendent initial condition voltages. It 
is capable of solving most constant - 
coefficient differential equations of both 
linear and nonlinear types which are 
encountered in engineering problems. 

Plug -in printed circuit problem 
boards are a special feature of the 
Model 30 computer. Accuracy of prob- 
lem solutions is determined by the 

precision of components installed on 
the problem board by the user; with 
proper component values, ultimate ac- 
curacy of the Model 30 is approx- 
imately 0.1%. Full details are given 
in Technical Bulletin No. 301, available 
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from Donner Scientific Company, 2829 I 

Seventh St., Berkeley 10, Calif. 

COMPARISON BRIDGE 

In Type No. 1010A, Freed Trans- 
former Company, Inc., presents a com- 
parison and limit bridge which may be 
used in both laboratory and production 
testing. Test frequencies of 60 cps, 1 kc. 
and 10 kc., and ranges of 5% and 
and 20% are available. The voltage 
across the unknown can be varied from 
.1 to 10 volts. 

This instrument is completely self - 
contained and a.c. operated. The face 
contains a visual null indicator with 
a high gain selective amplifier. Suit- 
able for use in noisy locations, the 
small size and light weight of the Type 
1010A permit it to be moved easily and 
set up wherever necessary. 

For further information, write to 
the Freed Transformer Company, Inc., 
1715 Weirfield St., Brooklyn 27, N. Y. 

TIME DELAY PASSIVE NETWORK 

The Type 303 continuously variable 
time delay passive network, announced 
by Advance Electronics Co., Inc., 451 
Highland Ave., Passaic, N. J., is suit- 

able for use as a time delay matching 
device in TV systems, a variable time 
delay for pulses, or for the precision 
measurement of small time intervals. 
Both the bandwidth and the transient 
response are excellent. Rise time is less 
than 7% of the time delay at any point, 
and the overshoot is less than 2 %. 

This instrument consists of an input 
amplifier, an output amplifier, and a 
continuously variable delay line; time 
delay may be adjusted continuously by 
the front panel dial. Ten different types 
of delay lines are available, the shortest 
one being 0 to 0.05 µsec. and the longest 
one 0 to 0.8 µsec. Accuracy can be main- 
tained within ± 1 after calibration. 

MODULAR MOUNTINGS 

Mycalex modular mountings permit 
semiautomatic assembly of electronic 
equipment with standard components 

(Continued on. page 31) 

Lptiktoi 
TRANSMITTER 

CAPACITORS 

Imitated - 
but never 
duplicated. 
The finest 
heavy -duty 
capacitors available. 
Impregnated and filled 
with world famous 

C -D Dykanol. 

Dubilier 

Cornell -Dubilier Electric Corp., So. Plainfield, N. J. 

There ere more C -D capacitors in use today thon any other make 

See your classified telephone directory for name 
and address of nearest C -D amhprized distributor 

CONS 

STENTLY EPENDABLE 

ORN ELL-VUBILIER 
C A P A C I T O R S 

PLANTS 11.50. PLAINFIELD. N. J NEW BEDFORD. WORCESTER AND CAMBRIDGE. MASS. 

PROVIDENCE. R I UNDIRNAPOIIS, IND.,SANFSRO AND FUQUAT SPRINGS. N.C. SUBSIDIARY RADIART CORP. . CLEVELAND. OHIO 

I' 
% 

All Departments 
MONITORADIO for a thoroughly 
coordinated 2 -way communica- 
tion system. 
Now every member of every de- 
partment can have radio com- 
munication for as little as $49.95 
Write today for further information. 

s? 
v BE ON TH tt ` ` ANT ALERT 

Can Now Listen to ' ". Vital Message 
Nation's mo t.complete line of 
monitor rece vers. 
Crystal contr led tunable for 
any VHF FM munication 
system. 
Mobile or stationary receivers. 
Prices to meet any budget. 
Certified for civil defense use. 

MONITORADIO RADIO APPARATUS CORPORATION 
55 North Jersey St., Indianapolis, Ind. Phone: ATlantic 1624 

JULY, 1954 RADIO-ELECTRONIC E N G I N E E R I N G 

_ . 

23 



CBtIJWCQ(J 1/LeaL 

666 
VARIABLE D* 

CARDIOID 

DYNAMIC 
for T V and BC 

OUTPERFORMS ALL OTHERS 
Combines ruggedness of single 
dynamic element with new acoustic 
principle. Eliminates pick -up of 
ambient noise, unwanted 
reverberation and equipment rumble. 
Uniformly smooth response 30- 15,000 
cps, laboratory controlled. Highest 
front -to -back discrimination. 
Virtually no proximity effect. Output 
-57 db. E -V Acoustalloy diaphragm. 
Blast filter. Detachable clamp -on 
swivel stand coupler. Weighs only 
11 oz. "xl % ". TV 
gray. 20' cable. 50 ohms. 
Readily changed to 
150 or 250 ohms. 

Model 666 Microphone. List $245 
Model 366 Boom Mount. 
Model 300 Stand Coupler. 
Model 420 Desk Stand. 

List $40 
List $10 

List $20 
Normal Trade Discount Applies 

E.V Pat. Pend. 

Write for Data Sheet No. 39 

glee-9/07.CL 
B U C H A N A N , M I C H I G A N 

W 
REGULATED POWER EQUIPMENT 

General information on the operating 
principles of Sorensen regulated power 
equipment and specific data on each 
instrument are given in Catalog No. 
254, available from Sorensen & Co., Inc., 
375 Fairfield Ave., Stamford, Conn. In- 
cluded in the standard line of instru- 
ments are: electronic a.c. voltage regu- 
lators, regulated d.c. sources and B- 
supplies, electronic frequency changers, 
inverters, magnetic amplifier d.c. 
sources, and related equipment. 

SOUND MEASUREMENT 

The General Radio Company, 275 
Massachusetts Ave., Cambridge 39, 
Mass., has released a 12 -page two - 
color bulletin on the measurement of 
sound in industry, government, psychol- 
ogy, hygienics and medicine. 

Included in the complete line of GR 
sound and vibration measuring equip- 
ment are: a sound -level meter and its 
standard accessories; a sound- survey 
meter; sound analyzer for narrow -band 
measurements, octave -band noise ana- 

lyzer for wide -band measurements; a 
vibration meter and vibration analyzer. 
Specifications are given, and photo- 
graphs illustrate applications as well 
as equipment. 

SCREEN ROOM FILTERS 

Attenuation characteristics of six 
different models of standardized and 
stocked screen -room filters are given in 
a bulletin which is available on request 
from Aerovox Corporation, New Bed- 
ford, Mass. This bulletin deals with a 
line of single -, double- and triple -sec- 
tion filter units developed and produced 
by Acme Electronics, Inc., subsidiary 
of Aerovox Corporation. 

COMPONENT CASTING 

"Precision Casting Facilities" shows 
visually the various steps taken by Air - 
tron, Inc., in casting microwave and 
radar components -from processing the 
plaster molds and cores to the com- 
pleted precision unit. The text of this 
four -page circular stresses the ability 

SILICON JUNCTION TRANSISTORS AVAILABLE 

ENGINEERS attending the National 
Airborne Electronics Conference at 

Dayton, Ohio, May 10 -12, were greeted 
with a surprise "first" by Texas Instru- 
ments Incorporated, 6000 Lemmon Ave., 
Dallas 9, Texas. Dr. G. K. Teal, of that 
company, presented a paper entitled 
"Some Recent Developments in Silicon 
and Germanium Materials and Devices," 
and closed with the announcement that 
the silicon transistors described were 
now commercially available. Apparently 

Comparison between silicon transistor 
characteristics and the characteristics 
of a representative germanium transistor. 

Parameter Silicon 
Triode 

Germanium 
Triode 

(Type 201) 

/ at RT, 
° V . 6 v. 

!, at 150 °C, 
V° =5 v. 

re 

rn 

r, 

a 

la °o 

,mise 

<0.4 ¡Lamp. 

20 -50 camp. 

25 -50 ohms 

100 -300 ohms 

0.6 -1.2 meg. 

0.90 -.98 

1.2 to >7.5 mc. 

16 -22 db 

4.0 ;Lamp. 

very high 

22 ohms 

170 ohms 

1.8 meg. 

.96 

1.1 me. 

23 db 

this company has "scooped the field," 
as it were, as most other manufacturers 
report that the commercial production 
of silicon transistors is months and even 
years away from realization. 

The units in production are n -p -n 
grown -junction triodes, with a p -layer 
thickness of .001" or less. At room tem- 
perature, the basic characteristics of the 
silicon units are somewhat similar to 
those of the Texas Instruments grown - 
junction germanium Type 201 transis- 
tor. Basic differences are higher alpha 
cutoff for the silicon transistors (1.2 to 
7.5 nie. or more) and a somewhat lower 
collector resistance. However, the silicon 
units maintain their characteristics up 
to temperatures of 150 °C and higher, 
thus overcoming one of the major limi- 
tations of germanium units. The table 
below shows a comparison between an 
average silicon triode and a representa- 
tive germanium triode. 

These silicon triodes outperform ger- 
manium triodes of similar design by a 
factor of 3 with respect to power -han- 
dling capabilities. Present units are 
rated at 250 -mw. dissipation at 25°C 
ambient, and 125 mw. at 100°C am- 
bient. When the metal case enclosing 
such a silicon transistor is attached to a 
chassis for additional heat dissipation, 
power -handling capabilities of 1.0 to 1.5 
watts at 25 °C ambient can be realized. 
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of the Airtron plaster mold casting 
process to maintain tolerances of ± 
.002" per inch of dimension. 

Copies of "Precision Casting Facili- 
ties" may be obtained free of charge by 
writing directly to Airtron, Inc., Dept. 
A, 1103 W. Elizabeth Ave., Linden, 
N. J. 

MICROWAVE RELAY SYSTEMS 

Form B.315 on television relay sys- 
tems and Form B.33 on associated mi- 
crowave accessories have been released 
by the Engineering Products Division, 
Radio Corporation of America, Camden 
2, N. J. 

Features of the Types TTR -1B trans- 
mitter and the TRR -1C receiver are 
presented in the system catalog, while 
various accessories such as a regulated 
power supply, attenuating coupler, an- 
tenna ring mounts, reflectors and reflec- 
tor mounts are covered in the acces- 
sories catalog. Each catalog contains a 
table of suggested relay equipment and 
accessories for complete microwave re- 
lay systems. 

RELAYS 

Illustrating and describing standard 
relays, the Leach 44 -page, two -color 
loose -leaf catalog also suggests some 
of the many modifications which can be 
made to accommodate special require- 
ments. Details include characteristics, 
schematics and dimensions. For a copy 
of this relay catalog, write to Leach 
Relay Co., Division of Leach Corpora- 
tion, 5915 Avalon Blvd., Los Angeles 3, 
Calif. 

COIL -WINDING MACHINES 

Geo. Stevens Map ufacturrag Co., Inc., 
Pulaski Rd. at Peterson, Chicago 30, 
Ill., has issued a 46 -page catalog, No. 
54, which illustrates and describes ma- 
chines for winding practically every 
kind of coil, including toroidal, trans - 
former, bobbin, repeater, solenoid, re- 
sistor, armature, variable pitch, space - 
wound, lattice -wound universal and 
field coils. Various accessories are also 
covered. 

MAGNETIC SERVO AMPLIFIERS 

Bulletin S235-1-54, offered by Mag- 
netic Amplifiers, Inc., 632 Tinton Ave., 
New York 55, N. Y., summarizes in 
table form its standard line of 60- and 
400 -cps magnetic servo amplifiers. Also 
listed are magnetic amplifier servo sys- 
tems and their servo performance. 
Many new amplifiers as well as new 
servo systems have been included in this 
bulletin. 
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U.H.F. Test Equipment 
(Continued from page 18) 

300l twin lead. Flat ribbon -type twin 
lead, commonly used in v.h.f. transmis- 
sion lines, was found to be completely 
unsuitable for u.h.f. signals. Attenua- 
tion values of as much as 10 db at 900 
mc. for a 60 -foot length of flat 30012 
twin lead were measured. For the same 
length of tubular twin lead, only 2 -db 
loss was encountered. 

Conclusion 

U.H.F. measurements of laboratory 
quality and precision require not only 

carefully thought -out techniques but 
also a number of specialized pieces of 
test equipment. Some of these items can 
easily be constructed with the resources 
usually found in a radio laboratory 
while other items are commercially 
available. The financial outlay required 
for accurate measuring devices is rela- 
tively low. 

REFERENCES: 

1. Buchsbaum, Walter II., "Frequency Sweeping 
Technique for U.H.F.," RADIO -ELECTRONIC 
ENGINEERING, May, 1954, p. 5. 

2. Bogner, R. D., "A Balun for U.H.F. TV," RA- 
DIO- ELECTRONIC ENGINEERING, January, 1954. 
p. 5. 

NOW... A SUPER LINE OF ACCESSORIES 

THAT SURPASS ACCEPTED ' 
STANDARDS -for 
STUDIO, MOBILE and 
MICRO -RELAY EQUIPMENT T. r 

Famous BALANCED TV Head 
supporting a TV camera. 
Both are mounted on one of 
our all -metal tripods, 
which in turn is mounted 
on a Ceco Spider Dolly. 
Here is a "team" outstand- 
ing for versatility and 
maneuverability in studio 
or on location. 

New Model C BALANCED TV Head provides correct 
center of gravity in a FLASH- without groping. 

No matter what focal 
length lens is used on 
the turret, the camera 

may be balanced by 
the positioning handle 
without loosening the 

camera tie -down 
screw. Something ev- 

ery cameraman . has 
always desired. 

ROOFTOP CLAMPS 

1 ALL -METAL 

TRIPOD 

Has fixed shoe, also fixed spurs. Rubber 
pads prevent slipping. These may be flipped 
out of position, leaving the spur exposed. 
One lock knob for setting up and breaking 
down tripod legs, which operate in unison. 

Secures tripod of camera or beam reflector 
to car top. Made of bronze and brass, with 
ball -type, yoke -swivel construction. A lot de 
pends on roof clamps -that's why these are 
made with EXTRA care. 

Similar to BALANCED TV head, 
this new Professional 
Junior Spring head is 

ideal for Vidicon cameras 
weighing up to 25 lbs. 

Spring head tilt assures 
camera will return to neutral 

position when lever is in 
unlocked position , . . 

a wonderful safety factor. 

NEW PORTABLE 3 -WHEEL 

COLLAPSIBLE DOLLY 
Dolly folds to fit 

into carrying case- 18 "xl2" 
x36'. Weighs only 60 lbs, Has 

í wheel in rear for steering, 
which may be locked for 

straight dollying. 

DOLLY 7 ' 

COLLAPSED 

MINI -PRO 
New lightweight all - 

metal MINI -PRO Tri- 
pod fulfills a tre- 
mendous need - 

especially for Vid- 
icon cameras 

weighing up to 8 

lbs. Low height 
measures 33" 

and maximum 
height 57 ". Re- 

versible spur 
and rubber 

cushions. Max- 
imum leg spread 35 °. 

FRANK C. ZUCKER 

AIllERA ESUIPIfIEIIT C. 

RADIO -ELECTRONIC ENGINEERING 

DEPT. R -7 -13 1600 BROADWAY NEW YORK CITY J 
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ATOMIC BATTERY 

Development of a unique atomic bat- 
tery which uses radioactive tritium as 
the source of initial power has been an- 
nounced by Tracerlab Inc., 130 High 
St., Boston 10, Mass. According to 

Alexander Thomas, nuclear physicist 
responsible for the development, there 
is practically no danger associated with 
the use of the tritium isotope because 
the beta rays it emits are so weak that 
they can be completely absorbed by a 
piece of newspap'r. Units produced ex- 
perimentally at Tracerlab can give up 
to 400 volts at very low current, and 
are expected to have many commercial 
and military applications. 

The principle of the battery is quite 
simple. When a cylinder smaller than 
a conventional flashlight battery is 
filled with the radioactive medium which 
surrounds pairs of metal plates having 
different surface electrical character - 
istics, the radioactivated current reach- 
ing the plates delivers a voltage in pro- 
portion to the difference in the electrical 
characteristics. 

VOLUME TRANSISTOR PRODUCTION 

Volume production of a power tran- 
sistor -one of the first high- output 
transistors to become commercially 
available -is planned by the Minne- 
apolis- Honeywell Regulator Company. 
A new division is being established to 
handle transistor production and sales, 
and production facilities are being set 
up in the company's main factory in 
Minneapolis, Minn., following several 
months of pilot -line operations. 

The new unit already has been used 
by Minneapolis- Honeywell to build the 
first transistorized fuel measuring sys- 

26 

tern in the aircraft industry, a system 
said to be 75% lighter and 86'7 smaller 
than a vacuum tube system of compa- 
rable accuracy, while using less than 
half as much power. 

FACILITIES AT OHMITE 

Through its Ohmite laboratory, 
Armour Research Foundation of Illi- 
nois Institute of Technology, Chicago, 
Ill., is able to offer industry and the 
general public many services in the 
area of precision electrical measure- 
ments. The laboratory has facilities for: 
dielectric constant and dissipation fac- 
tor measurements on insulating materi- 
als; measurement of properties of mag- 
netic materials; a.f. and r.f. measure- 
ments; calibration of standard cells, 
standard resistances, shunts, inductors, 
capacitors, d.c. and a.c. instruments; 
conductivity measurements; and oscillo- 
graphic recordings. 

COLOR TV CAMERA 

Servicing and replacements can be 
accomplished with simplicity and speed 
on the new "3 -V" camera developed by 
Radio Corporation of America, Camden, 
N. J., for televising color film and slides. 
The lens mount of each of the three vi- 
dicon chassis swings out of the way on 
a gate hinge to allow for replacement 

of the vidicon pickup tube. All other ele- 
ments of the circuit are readily accessi- 
ble when the single over -all housing is 
removed from the top of the camera, ex- 
posing all three vidicon chassis (one not 
shown) and the light -splitting optical 
system in the right foreground. 

In operation, the two dichroic mirrors 
split the original full -color image into 
three parts, consisting of the blue, green 
and red portions respectively, and re- 
flect or transmit one of these partial 
images to each of the vidicons. 

NEC APPOINTMENTS 

Dr. R. M. Soria, director of research 
at the American Phenolic Corporation, 
Cicero, Ill., has been elected president 
of the 1954 National Electronics Con- 
ference, Inc., and Mr. R. R. Batcher, 
New York, has been elected chairman 
of the board of directors. The tenth an- 
nual conference will be held October 4, 
5 and 6 at the Hotel Sherman in Chi- 
cago, Ill. 

Multichannel Equipment 
(Contin¿red from page 12) 

ing selected by the equipment user by 
merely operating a channel selection 
switch. This requirement is normally 
filled by selecting the desired channels 
within a given small bandwidth so that 
the process of channel change involves 
crystal switching only, without the ne- 
cessity of readjustment or switching 
of any tuned circuits. In most 150 -mc. 
mobile equipment, it is normally possi- 
ble to change frequencies in this manner 
within ± 500 kc. of some center value 
without appreciable deterioration of 
transmitter or receiver performance. As 
has been pointed out previously, the re- 
quirements of the marine v.h.f. equip- 
ment make this simple approach possi- 
ble in the case of the transmitter, but 
not in the case of the receiver -where 
a spread of 5.5 mc. exists between the 
limits of the received channel alloca- 
tion. 

Figure 1 is a view of a standard two - 
channel fixed station for land mobile 
service with the cover removed, showing 
the transmitter, receiver and power 
supply chassis. This is the unit which 
was chosen for redesign to meet the 
previously mentioned eight- channel ap- 
plication. The multichannel version of 
this equipment is basically the original 
unit with the addition of a frequency 
control chassis, shown in Fig. 4. This 
chassis employs eight crystal ovens us- 
ing a total of 16 crystals, the desired 
crystals being selected by a multiwafer 
rotary switch running the length of the 
chassis. Sixteen coaxial air trimmer 
capacitors are employed in parallel 
with the crystals to permit exact fre- 
quency adjustment of the unit in the 
field. It had originally been intended to 
use standard JAN CR27U crystals re- 
quiring a circuit loading of 32 µµfd.; 
however, the additional capacitance of 
the switch wiring and netting capaci- 
tors has made it necessary to use crys- 
tals manufactured for circuit loading of 
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38 /LAM. Figure 5 shows the complete 
eight -channel marine equipment with 
the cover removed, with the frequency 
control chassis midway between the 
transmitter and receiver. 

The transmitter and receiver oscil- 
lators are transferred to the frequency 
control chassis with switch selection of 
up to eight crystals for each oscil- 
lator. In the transmitter section, the 
oscillator output is fed directly to the 
modulator stage on the transmitter 
chassis. In the receiver section, the 
output of the oscillator follows two 
alternative paths, depending upon 
which of two frequency bands the chan- 
nel selected lies in. The frequency con- 
trol chassis carries in duplicate the 
v.h.f. front end and frequency multiplier 
stages employed on the receiver chassis. 
For the channel allocation scheme pre- 
viously described, the front end on the 
receiver chassis would cover the fre- 
quency range of 156.3 to 157.3 mc., 
while that on the frequency control 
chassis would cover the range of 161.5 
to 162.5 me. If the receiver channel 
selected lies in the first band, the oscil- 
lator output feeds into the following 
multiplier stage on the receiver chassis; 
whereas if the channel selected lies in 
the second band, the oscillator output is 
fed into the succeeding multiplier stage 
on the frequency control chassis. A re- 
lay on the frequency control chassis 
transfers the received signal to which- 
ever of the two receiver front ends 
is being employed, while at the other 
end of the chain the outputs of the two 
mixer circuits are paralleled across the 
input of the common first i.f. amplifier 
on the receiver chassis. 

It has been possible in practice to ob- 
tain satisfactory performance on all 
eight channels, both in laboratory tests 
and in actual field service, without de- 
terioration of any of the main opera- 
tional parameters. Moreover, eight - 
channel duplex installations of the above 
design are only 50(7, higher in cost and 
require little more space than equiva- 
lent single- channel simplex units. 

In conclusion, the writer would like 
to express his appreciation to the v.h.f. 
development groups of the Canadian 
Marconi Company and Marconi's Wire- 
less Telegraph Company of England for 
much of the information contained in 
this article -particularly to Mr. P. R. G. 
Cahn, project engineer of the Canadian 
company, and Messrs. Cranston and 
Keller of the British company, who 
furnished much of the information on 
duplex operation. 

REFERENCES: 

1. Jaaslcy and Bailey, Consulting Radio Engi- 
neers, Washington, D.C., "Studies of VHF -FM 
Radio- Telephone System for Great Lakes Serr- 
iee.' 

2. Radio and Television Ma n ntfa ehrrers' Associa- 
tion of Canada, "Minimum Standards for 
Laud -Mobile F.M. Transmitter and Recetteen.'' 
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"P" SERIES 

\ 

No. P3618: Overall: 427/a" z 22" x 18" 
Panel Space: 36'/4" x 19" 

No. P-6618: Overall: 613/8" x 22" x 18" 
Panel Space: 61'/4" x 19" 

No. P-8318: Overall: 83'/e" x 22" x 18" 
Panel Space: 11" x 19" 

Par -Metal "P" Series Racks are 
available on special request up 

to 28" deep. 

"G" SERIES 

No. G -2218: Overall: 76'/8" x 22" e 18" 

Panel Space: 70" x 19" 

No. G -2219: Overall: 831/8" x 22" x 18" 

Panel Space: 17" x 19" 

No, G3024: Overall: 761/8" x 33" x 24" 

Panel Space: 10" x 30" 

"P " and "G" Series RACKS have 
standard finishes of black rip- 
ple, slate grey ripple (or prime 

coat only). 

Panning an electronic product? Consult Par-Metal for 

RACKS CABINETS 
CHASSIS Q,PAiNELS 

Made 64 

Eeecinoe& Sfac 

kElEtrilL 
PRODUCTS CORPORATION 
32 -62 - 49th ST., LONG ISLAND CITY 3, N Y 

Tel.: AStoria 88905 
Export Dept.: Rocke International Corp. 

13 East 40 Street, New York 16, N. Y 

This ONE instrument checks RE, IF; 

and AF performance of receivers. 

MODEL 82 

SPECIFICATIONS: 

FREQUENCY RANGE: 20 cycles to 200 Kc. in four 
ranges. 80 Kc. to 50 Mc. in seven ranges. 

OUTPUT VOLTAGE 0 to 50 volts across 7500 ohms 

from 20 cycles to 200 Kc. 0.1 microvolt to 1 volt across 
50 ohms over most of range from 80 Kc. to 50 Mc. 

MODULATION : Continuously variable 0 to 50% from 
20 cycles to 20 Kc. 

POWER SUPPLY: 117 volts, 50/60 cycles. 75 watts. 

DIMENSIONS: 15" x 19" x 12 ". Weight, 50 lbs. 

a 

Standard 
Signal 

Generator 
20 cycles-50 mc. 

FEATURES: 

Continuous frequency 
coverage. from 20 cycles 
to 50 mc. 

Direct -reading individu- 
ally calibrated dials. 

Low harmonic content. 

Accurate, metered output. 

Mutual inductance type 
attenua "or for high fre- 
quency oscillator. 

Stray field and leakage 
negligible. 

Completelyself- contained. 

MEASUREMENTS 
CORPORATION 
BOONTON NEW. JERSEY 
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Mininoise Cable, made only 
by Microdot, is ideal for 
low signal levels and high 
impedance terminations. In 

every applicable case, Mini- 
noise reduces noise 99 %! 

WRITE for data on Mininoise cable 
and Microdot coax assemblies. 

MICRODOT 
1826 FREMONT STREET 

SO: PASADENA ' CALIF. 

iflicRomaD® 
VERI- MINIATURE 

(TRANSISTOR TRANSFORMERS) 

These high efficiency units incorporate 
High -Nickel Cores, Nylon Bobbins, resin im- 
pregnation, dip soldering insulated leads. 
Designed for Printed Circuit applications. 

Short order service for special requirements. 

PART 
NO. APPLICATION 

PRI. 
IMPED. 

SEC. 
IMPED. 

LIST 
PRICE 

VMS -f Input 50 600 S 8.00 
VM2 -F Input 200K 600 10.50 
VM4.F Interstage 200K 1200 10.50 
VMS -F Interstage 50K 600 9.25 
VM7 -F Output 500 3.1 8.00 
VMB- Output 1250 3.1 8.20 
VM9 -F Output 1250 50 8.20 
VM1I.' Choke 20hy. 126y. 7.25 

Stock items available from distributors. 
Write for detailed Transformer catalog.. 

MICROTRAN COMPANY, 

84 11 ROCKAWAY BEACH BLVD., Rockaway Beach 93, N Y 
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TIfigifilL 
"ELECTRONICS: A Textbook for 
Students in Science and Engineer- 
ing" by Thomas Benjamin Brown, 
Professor of Physics, The George 
Washington University. Published by 
John Wiley & Sons, Inc., 440 Fourth 
Ave., New York 16, N. Y. 545 pages. 
$7.50. 

The content, order of arrangement, 
and the mode of presentation of this 
textbook have been planned to meet 
most effectively the needs of the class- 
room and the laboratory. It represents 
a practical course in electron tube theo- 
ry, in which the emphasis is placed 
upon physical analysis of the perform- 
ance of electron tubes and circuits 
rather than upon study of all possible 
types. 

Properties and fundamental applica- 
tions of thermionic tubes in which cur- 
rent is space- charge limited are dis- 
cussed in detail, and descriptions of 
laboratory and demonstration experi- 
ments are made an integral part of the 
text. All circuits are kept as simple as 
possible, so that basic electronic theory 
will not be confused with circuit theo- 
ry. On the other hand, theories con- 
cerning the physical processes taking 
place inside electron tubes are devel- 
oped more fully than is usual in books 
at this level. 

"INTRODUCTION TO ELECTRIC 
FIELDS" by Walter E. Rogers, Associ- 
ate Professor of Electrical Engineer- 
ing, University of Washington. Pub 
lished by McGraw -Hill Book Company, 
Inc., 330 West 42nd St., New York 36, 
N. Y. 333 pages. $7.50. 

This book was written specifically as 
a text for electrical engineering stu- 
dents who have not had any previous 
experience with formal vector analysis 
or elementary differential equations. 
Its purpose is to present Maxwell's 
equations as a logical summary of some 
real analytical experience in the use of 
vector methods of solving problems in 
electrostatics and magnetostatics. 

Topics include: vector analysis, elec- 
trostatic fields from the viewpoint of 
Coulomb's law, potential and potential 
gradient, the electric field in current - 
carrying conductors, electrostatic fields 
from the viewpoint of Gauss's law, the 
method of images, dielectrics and insu- 
lation, divergence and the equations of 
Poisson and Laplace, the magnetostatic 
field, time -varying electric and mag- 
netic fields, and vector potential. 

Professional Directory 

GEORGE P. ADAIR 
Engineering Co. 

Consulting Engineers 
Radio, Television, Communications, 

Electronics 
1610 Eye St., N.W. EXecutive 3 -1230 

Washington 6, D. C. 

yOOCi Holly 
SINCE 
1931 

Professional 16mm Sound -On -Film Motion 
Picture Cameras for Television Newsreels, 
Commercials and other Television Filming. 

Write for free illustrated catalog. 

BERNDT -BACH, Inc. 
6928 Romaine Street, Hollywood 38, Calif. 

Paul W. Klipsch 
Professional Engineer 
Acoustic development 
and consulting 

Klipsch and Associates 
building the authentic 

KLIPSCHORN 
world's finest sound reproducer 

Hope, Arkansas Tel. Hope PRospect 7 -3395 

FRANK H. McINTOSH 

Consulting Radio Engineer 

1216 Wyatt Bldg., Washington 5, D. C. 

MEtropolitan 8 -4477 
Member AFCCE 

MEASUREMENTS 
CORPORATION 

elearch 
i 

anu /acfurinn rr 
engineers 

Harry W. Houck John M. Van Beuren M. A. Hormel I 

Specialists in the Design and 
Development of Electronic Test Instruments 

BOONTON, N. J. 

GABRIEL 
ELECTRONICS 

DIVISION 
Formerly Workshop Assoc. Div. 

THE GABRIEL COMPANY 

Specialists in 
High- Frequency 
Antennas 

Endicott St. Norwood, Mass. 
NOr 17 -3300 
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Aerial Reconnaissance 
(Continued front page 9) 

the boards and used singly or in small groups for close study 
of the areas covered. The photo index serves as a rough 
map and as an index of the relative positions of the indi- 
vidual photographs. It also provides a good base upon which 
to record the critical items developed in the reconnaissance. 

To be of most value, the aerial photographs and indexes 
are used in conjunction with all other data that can be as- 
sembled for the area being studied. These data include all 
possible maps of the area, information on the existing 
survey control in the area, location of power lines, etc. 
An engineer experienced in topographic mapping from aerial 
photographs can then prepare a fairly complete study of the 
areas in question to serve the needs of the engineer designing 
the microwave system. 

Now, examine the type of reconnaissance data that can 
be secured and the ways in which it can be secured. Figure 3 
is an enlargement of a portion of an aerial photograph cov- 
ering an area in Wisconsin taken at a height of 30,000 
feet. The first important item, which should be fairly evi- 
dent, is the road network. Such photographs show clearly 
the roads in the area in rough map form. Thus, it may be 
readily determined how accessible a proposed tower site is 
for construction and maintenance. Stereoscopic study of 
overlapping pairs of photographs also enables the determi- 
nation of feasible routes across the country into desirable 
sites away from roads. Cultural development, buildings, etc., 
are also quickly apparent on the photographs. 

With power line data at hand, it is usually possible to 
locate the position of such lines on the photographs and de- 
termine the availability of power. In some parts of the coun- 
try, it is possible to determine where property lines are 
likely to be located on the photographs, and an estimate 
may be made of the likelihood of securing rights -of -way and 
easements. The photographs show clearly the existence and 
location of forested areas and bodies of water, and their 
effects on microwave installations may be readily evaluated. 

Probably the most important information required is that 
concerning the elevations of the terrain and objects on the 
terrain, and it is here that the photographic reconnaissance 
is weakest. However, even here the experienced topographic 
engineer can provide a wealth of information, some of quali- 
tative value only but with approximate quantities in other 
cases. In a few cases, this information may result in a defi- 
nite indication of the most feasible horizontal location for 
the microwave path. 

The key to securing elevation information by the photo- 
graphic reconnaissance method is an orderly correlation 
of all existing elevation data with the topographic features 
appearing on the photographs. To develop these topographic 
features completely, stereoscopic viewing and study of the 
aerial photographs is essential. With the three -dimensional 
view, it is possible to identify the high and low ground, the 
trees that are high and those that are low, the buildings that 
are of ordinary height and those of extraordinary height, etc. 
This viewing may be compared with the viewing of 3 -D 
movies or the results of amateur stereo photography. The 
view obtained from vertical aerial photographs is similar 
except that heights are greatly exaggerated since the two 
overlapping views are taken some two and a half miles 
apart. One is able to recognize the heights of features 
amounting to as little as five feet. Figure 4 shows an engi- 
neer using a pocket stereoscope. 

From the photographs, it is possible to outline quite easily 
the drainage network -which is in the low ground -and 
the drainage divides, which are on high ground. It can easily 
be seen where the pronounced high points of interest are 
situated, and where the high structures and vegetation are 
located. The greatest difficulty arises in estimating quanti- 
tatively the elevations of the features seen. 

II 

OPHAR 
WAXES 

' COMPOUNDS 

Zophar waxes, resins and compounds 
to impregnate, dip, seal, embed, or pot, 
electronic and electrical equipment or 
components of all types; radio, tele- 
vision, etc. 

Cold flows from 100"F. to 285 °F. 

Special waxes non -cracking at -76 °F. 

Compounds meeting Government speci- 
fications, plain or fungus resistant. 

Let us help you with your engineering 
problems. 

ZOPHAR MILLS, INC. 
112 -130 26th Street, 
Brooklyn 32, N. Y. 

NEW! KAAR 31 

power packed 
MARINE RADIOTELEPHONE 

Featuring 40 watts of power as defined by FCC), the new Kaar 

37 gives you more pcwer per dollar ... more power per square 

inch than other radiotelephones on the market today! Beautiful 
styling, top performance, rugged construction make the Kaar 37 

an outstanding marine radio buy. Kaa- manufactures a complete 
line of mobile and marine radio equipment, direction finders and 

depth sounders. KEY DEALERSHIPS OPEN -WRITE FOR DETAILS! 

KAAR ENGINEERING CORP. 
MIDDLEFIELD ROAD, PALO ALTO, CALIFORNIA 
Canadian office 814 Dominion Bldg.. Vancouver. B C 
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GEORGE W. BAILEY, executive secretary of the Institute 
of Radio Engineers since 1945, has now been elected presi- 
dent of the Armed Forces Communications Association. 
During World War II, Mr. Bailey served in Washington, 
D. C., as chief of the Office of Scientific Personnel. An 
internationally known amateur radio operator, he was presi- 
dent of the American Radio Relay League and of the 
International Amateur Radio Union from 1940 to 195'2. 

ROBERT L. HENRY has received the Arthur S. Flemming 
Award for 1953, given by the Washington Junior Chamber 
of Commerce to the outstanding young man in the Federal 
Government in the field of science and technology. At the 
National Bureau of Standards, Mr. Henry developed and 
directed the design system for automatic machine produc- 
tion of electronics -"modular design of electronics" -upon 
which the whole foundation of "Project Tinkertoy" is based. 

L. F. HICKERNELL, chief engineer of Anaconda Wire C- 

Cablc Co., New York, N. Y., has been nominated as a direc- 
tor of the American Institute of Electrical Engineers. A 
member of the Board of Directors since January, 1953, 
Mr. Hickernell has served the AIEE in many capacities dur- 
ing the last two decades. Earlier this year he was chairman 
of the Technical Program Committee for the Winter General 
Meeting of this organization. 

HARRY W. HOUCK has been elected president of Meas- 
nrements Ce, iz,,ration, Boonton, N. J., a subsidiary of 
Thomas A. Edison, Incorporated. Mr. Houck joined Meas- 
urements Corporation shortly after its formation in 1939, 
and has been responsible for its operation since 1941. When 
it was purchased in 1953 by Thomas A. Edison, Incorporated, 
he became vice president and general manager. Mr. Houck 
holds a number of patents in the electronics field. 

JAY T. NICHOLS was recently appointed chief engineer 
of the Pen.tron Corporation, Chicago, Ill.; his present proj- 
ects include the development of magnetic recorders for both 
the commercial market and the government services. Before 
joining Pentron, Mr. Nichols served on the staff of the 
Armour Research Foundation in the development and use 
of instrumentation. He was previously associated with 
Western Electric Company, Inc. 

SIMEON WESTON, former chief engineer of the Amperex 
Electronic Corporation, has now been elected executive vice 
president of Lambda Electronics Corp., 103 -02 Northern 
Blvd., Corona 68, N. Y. Mr. Weston has also been associated 
with Federal Telephone and Radio Company, Radio Navi- 
gational Instrument Corporation, and DeJar -Amsco Corpo- 
ration. He is a graduate of the NYU College of Engineering 
and Stevens Institute of Technology. 

There is no fixed guide that can be 
given to indicate what accuracies may 
be achieved in this work. By use of a 
very simple measuring attachment to 
the small stereoscope (see Fig. 5), it is 
possible to determine heights of fea- 
tures such as cliffs, buildings, tanks, 
etc., to an accuracy of about four or 
five feet. However, in microwave work, 
the concern will more likely be that of 
the terrain elevation at some point with 
respect to terrain elevations some ten or 
more miles away. In determining eleva- 
tion differences over such great dis- 

tances, no simple measuring device 
working on flat paper prints can be of 
much value. 

Advantages and Disadvantages 

The aerial photographic reconnais- 
sance method has two principal advan- 
tages: the first is the complete record 
of the great amount of information it 
brings into the office for subsequent 
study, and the second is the relatively 
good approximation it provides in de- 
termining horizontal positions for fea- 
tures of interest. 

Offsetting these two advantages are 
three principal disadvantages. First, 
the cost of securing photographs is 
more than nominal, and a plane must be 
specially equipped with a camera and 
an experienced operator to make these 
photographs. The second disadvantage 

is that the effects of weather may pro- 
duce some delay in getting under way 
with the work; this drawback may be 
partially offset by the fact that once 
the photographs are obtained, the office 
phase of the reconnaissance may pro- 
ceed independently of weather condi- 
tions. The third drawback is the rela- 
tively low accuracy obtainable in ap- 
proximating elevations for features of 
interest. 

Application of this method will gen- 
erally be confined to those areas where 
there is no topographic mapping, or 

where existing topographic mapping is 
very poor. When preliminary studies or 
reconnaissance indicate a need for a 
fairly wide exploration of such areas, 
this method will usually provide the 
cheapest and fastest means. - -_ 

° ce`t 
JULY 8.12- Convention on Industrie' 
Electronics, Oxford, England, spon- 
sored by The British Institution c! 
3adio Engineers. 
AUGUST 25- 27- WESCON (Western 
Electronic Show and Convention), Pan - 

Pacific Auditorium and Ambassador 
Hotel, Los Angeles, Calif. 

OCTOBER 4 -6- National Electronic: 
Conference, Hotel Sherman, Chicago. 
Ill. 
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New Products 
(Continued from page 23) 

and without requiring costly or com- 
plex assembly setups. Latest printed 
circuit and dip -soldering techniques are 
employed, and among the features of 
the glass- bonded mica insulation used in 
these mountings are low electrical loss 
factor, high dielectric strength, com- 
plete dimensional and age stability, and 
very high arc resistance. 

A typical modular mounting of a 
two -stage preamplifier is shown here. 
Units of this type are available in a 
variety of sizes and can be molded or 

fabricated to individual requirements. 
Address inquiries to J. H. DuBois, Vice 
President -Engineering, Mycaler Corpo- 
ration of America, Clifton Blvd., Clif- 
ton, N. J. 

DECADE SCALER 

The EPIC Model 412 fast decade 
scaler has been designed for convenient 
and precise high -speed counting of the 
fast pulses encountered in nuclear work, 
computer and pulse control problems, 
high frequency measurements (to 10 
mc.), and small time -interval measure- 
ments (to 0.1 -µsec. accuracy). Use 
of a fast decade system which does not 
employ feedback with its associated re- 
duction of bias range and loss of speed 
of response makes possible a 10 -mc. 
decade with an inherent reliability ap- 
proaching that of a binary. The decade 
action is accomplished by the direction 
of pulse flow through the four -stage 
binary scaler by diode gates. 

A scale factor of 100 and the output 
pulse characteristics were chosen so 
that almost all slow, conventional com- 
mercial scalers could be operated from 

PHOTO CREDITS 
PAGE CREDIT 
10, 11, 12... Canadian Marconi Co. 
16, 17 (Figs. 3, 4, 5, 6, & 7) 

Kollsman Instrument Co. 
17 (Fig. 2) . Applied Research, Inc. 
18 Microlab 
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the output pulse with ease. For further 
details, write to the Electrical and 
Physical Instrument Corp., 42 -19 27th 
St., Long Island City 1, N. Y.; ask for 
Bulletin REE. 

CROSS GUIDE COUPLERS 

Introducing a new design concept 
which gives superior operating per- 
formance, the new line of Microwave 
directional couplers makes it possible 
to provide higher minimum directivity 
over the wave guide band, less cou- 
pling variation with frequency, and 
higher breakdown power. Model X126E 
has the following characteristics: direc- 
tivity- approximately 22 db or more; 
coupling accuracy -mean coupling level 
within .4 db of 30 db; coupling varia- 
tion -less than ±.6 db. over the fre- 
quency range. 

Additional models in this series of 
cross guide couplers for other wave 
guide sizes and coupling values will 

soon be available. Write Microwave De- 
velopment Laboratories, Inc., 220 Grove 
St., Waltham 54, Mass., for complete 
details and catalog information. - -© - 
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Precision 
COIL BOBBINS 

because PRECISION Coil Bobbins are quality 
controlled you can be sure they'll improve your 
coils all- around. Every PRECISION Coil Bobbin 
is precision -engineered to give you: 

Greater Insulation 
Better Heat Dissipation 
Higher Moisture Resistance 
15 to 20% Greater Strength 
Lighter Weight 
More Winding Space 

All at lower unit costi 

PRECISION Coil Bobbins can be designed to your 
exact specifications . any size or shape in 
dielectric Kraft or fish paper, cellulose acetate, 
combination or phenol impregnated materials. 
Flanges are supplied plain or fitted with leads, 
slots, holes flat, recessed or embossed to fit any 
mounting. 

Send specifications for free sample 
and ask for new Arbor list of over 2000 sixes. 

PRECISION 2063 W. Charleston St. Chicago 47, III. 
Plant No. 2, 79 Chapel St., Hartford, Conn. 

Also Mfrs. of PRECISION Paper Tubes 
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QUALITY DEPENDABILITY 

No. "03, 
Low Fremu.ncy 
"O" Indicator 

FREED 
MILITARY PULSE TRANSFORMERS 

IN STCCK FOR IMMEDIATE DELIVERY 
HERMETICALLY ;EALED PULSE TRANSFORMERS for use it blocking osxilbbts, law IeYel 
interstage Coup ng, and BI) fulato Herat . Made in accordance with MIL -T -:7 spe :ifca lors. 
These pulse tra isformer; me deigned -or maximum pow r, efficiency an opt my 1ul ;e 
performance. Blianced ail struc-ures ¡urn it series or parallel connecton cf wild n for 
turn ratios off er than un ty. P Ilse ;ta cteristics, voltges and imt edance le el; will 
depend uuor ir"erconnec jars mare. 

No. 1 :2C6 
Mego srt.n Ier 

Dec 
Indu :tc -s 

CATALOG 
NUMBER APFLCSTION PULLE 40_L 3E 

IOLOYOLT 

PULSE 
DURATION 

MICRO- 
SECONDS 

DUTY 
RATIO 

TE,T 
V9LT1(E 
ñ£' 1AS 

)il!AC 
TERI;TIC 

INPELINCE 
31161S 

CLSE 
512E 

MPT -1 Blockin; 3SC illator or 
interstage coupling 

0.2E/0.25,'0 1c5 0.2 -1.0 .004 0.' 25) DM-1: 

MPT -2 Blockin; asillator or 
interstage coupling 

0.2E,-0.25 0.2 -1.0 .004 0.' 237 DM-3; 

MPT -3 Blockin; .h- illator or 
interstage coupling 

0.5,-C.5/0.5 0.2 -1.5 .002 1. 257 ON -]F 

MPT -4 Blockin; r>- .illator or 
interstage coupling 

0.5íC.5 0.2 -1.5 .002 1.0 257 DM - -1£ 

MPT -5 Blockin; osillator or 
interstage coupling 

0.5,0.5. 05 0.5 -2.0 .002 1. 5D 0M-1; 

MPT -6 Blockin; on illator or 
interstage coupling 

0.54.5,'0.5 0.5 -2.0 .002 1. 537 DM-1; 

MPT -7 Blocking o >c illator, 
interstage coupling o 
low power cutput 

0.7, -3.7, 0.7 0.5 -1.5 .002 1.s 23) DM-1F 

MPT -8 Blocking oscillator, 
interstage r oupling o 
low power cutput 

0.7í3.7 0.5 -1.5 .002 1.' 2)) DM-li 

MPT -9 Blockingo;:illator, 
interstage coupling o 
low power cutput 

1.0/1.0'1.) 0.7 -3.5 .002 2.1 2)) DM -1£ 

MPT -10 Blocking o;;illator, 
interstage coupling o 
low power cutput 

1.0/1.0 0.7 -3.5 .002 2.0. 2)) DM-1f 

MPT -11 Blocking o;:illator, 
interstage coupling o 
low poser cutput 

1.0/1.0; 1.) 1.0 -5.0 .002 2.0 5)) DM .01 

MPT -12 Blocking oa; illator, 
interstage coupling m 
low power > ctput 

0.15'0.15 
0.3/13 

0.2-1.0 .004 0.: 7111 DN -8 

SEND FOR COMPLETE CATALOG OF 
FREE) INSTRUMENTS AND TRANSFORMERS 

Nc. 1040 
Vacuum Subre Voltmeter 
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di 
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No 1210 
Null Detector 8 

`.acuum Tube Voltmeter 
ND. 1010 

. Comparison Bridge 

No. 11' OA 
Incremenrl I-rdu_tnrce 

E -idge 

ANSFORMER CO., IN 
1719 WEIRFIELD ST. (RIDGEWOOD) BROOKLYN 27, N.Y. 


