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1. General

The Model YAZ radio transmitting equipment is designed to provide commun-
ication between ship stations using either voice modulation or keyed

mew . emission. Connections for standard remote control units are pro-
vided so that operation of the power and keying circuits can be controlled
either at the transmitter or from a point remotely located on-shipboard.

The transmitter provides a minimum of 38 watts of radio frecuency power
into the coaxial transmission line at any frecuency in the range from
225 to LOO megacycles.

A power source of 115 volts, 60 cycles, 1 phase is required for opera-
tion of the equipment.

2. S8pecifications

Freguency range 225 to LOU megacycles

38 watts at LOu Mc.
62 watte at 225 Me.

R. F. power output

Supply voltage 110 volts, 60 cycle, 1 phase

Supply line input power 800 watts

80% at audio input level of 0.6 to
6.0 milliwatts

Modulation capability

Audio frequency response

Cverall hzrmonic distortion
with 70% mod.

Nodise level

Noise level with vibration

Audio level control

Dimensions: Transmitter
Antenna

Weight: Transmitter
Antenna

Overall frequency stability:

+1 D.B. from 300 to 3500 cyecles

8.5% at 225 HMc., 12.5% at 400 le.

42 D.B. below 70% modulation
3&_ D.B. n " "

65 to 70% modulation with 10 D.B,
input change

24" wide x LO" high x 20" deep
343" wide x 24=3/4" high

535 pounds
35 pounds

«228% at LUO Mes.
«231% at 300 Mes.
192% at 225 Mes.
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The following factors are included in calculating the overall Ifresuency
stability s

Ambient temperature change O to 502 GC.

Relative humidity change 30 to 95%.

Line voltage change ¥ 10%.

Cold start (filaments on for one hour before plate).
Vibration and shoeck.

/avemeter dial backlash and reset.

A complete tabulation of frequency stability figures is included in the
appendix.

Curves showing further characteristics of the transmitter and antenna are
shown in Figures 1, 2, and 3. Freguency calibration curves are given in
Figure 1. Power output and efficicncy measured at the transmitter are
shown in Figure 2. In Figure 3 are shown thc impedance of the antenna
and the percentage reflection over the freguency range.

3. Description of Transmitter

(a) The transmitter is contained in a metal frame which is mounted
on four shock mountings attached to a base plate which can be bolted to a
deck. Removable side, back, and front panels provide shielding of radio
circuits and protection to operating personnel, A door at the bottom of
the front panel gives access to the main terminal board and to those power
controls which are use¢ infrequently. All other controls and all indica-
ting devices are mountcd on the front panel. A receptacle on top of the
transmitter provides a connection for a coaxial transmission line to the
antenna. Provision is also made for coupling to the recciver,

(b) The transmitter housing contains a radio frequency unit, an audio
amplifier and modulator unit, a high voltage plate rectifier, a low voltage
platec rectifier, a dry disk rectifier for control purposes, and such relays
and components as are necessary for control of power and keying circuits.
The audio unit and the low voltage rectiiier unit are mounted on angles

and held in place by thumb screws so that they can be easily removed by
taking off a =ide panel. The radio frequency unit is made zccessible by
removing the front panel.

(¢) The radio frequency unit consists of a self-excited oscillator
having concentric lines as tuning clements and using three type 8025

triode tubes connected in parallel. Tuning controls are provided for vary-
ing the length of the grid-plate line which is the main frequency determin-
ing element and the length of the grid-filament line which serves as a
feedback control. The antenna coupling is geared to the main oscillator
tuning control providing proper coupling to the antenna over the fre-
quency range. The rcsonant lines are made up of three concentric sections,
the inner section being conmected to the filament through bypass condensers
CLO, C4l, and C42, the intermediate section to the grids and the outer
section to the plates of the tubes through bypass condenser C43. This
connection puts the outer cylinder at ground potential with respect to

both D.0. and R.F. voltages: A shorting plunger between the grid and the
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plate cylinders provides the main frequcncy control and a second plunger
shorting the grid and filament cylinders provides a means of adjusting

the excitation. The bias voltage for the tubes is ebtained from com-
bined grid leak and cathode resistors, Rll and R57, which are connected

to the center tap of the filament transformer, T5, thus putting this wind-
ing above ground potential by a voltage equal to the grid bias. The
filaments of the tubes arec bypassed to the top of the filamcnt line, and
the filament leads are brought down inside the line through close fitting
brass tubing, which holds the lead in position as well as providing addi-
tional bypassing action. The plate voltage connection is made to a termin-
al on top of the cap, the terminal conneeting to a metal plate which serves
as one side of the plate bypass condenser. This plate holds the tube plate
clips and is underneath the cap and insulated from it so that plate voltage
is exposed only at the terminal anc the tube clips.

(d) The frequency detcrmining elements are constructed of Invar.
Invar has a very low linear coefficient of thermzl expansion, and these
parts, when silver plated, provide a dlow resistance path for the radio
frequency currents. The use of Invar reduces frequency drift, caused by
temperature change, to 2 minimum.

(e) A blower mounted in the top of the transmitter frame provides
forced air cooling for the three osecillator tubes.

(£) Power output from the oscillator is obtained from a coupling
loop mounted on the grid-plate shorting plunger and connecting to a 50
ohm coaxial transmission line. This line comes out of the bottom of

the oscillator and is connected to 2n antenna change=over switch to which
the receiver also connects. The output fitting accomodates 2 7/8 inch

50 ohm solid dielectric transmission line which camnects to the antenna.
Coupling is vzried automatically with the grid-plate tuning.

(g) A wavemeter is built into the unit for use in setting the oseil-
lator on the cesired freouency. Its tuning element is a cuarter-wuve con-
centric line adjustable over the fre-ucney range by mcans of a front pan-
el control. A probec inserted through the outer cylinder of the transmit-
ter oscillator into its grid-plate cavity, at the end of a short length

of coaxial transmission line, provides racio frecucncy pickup for the
wavemeter, This voltage is rectified by a type 955 acorn tube, V14, and
the current is measured on a wavemeter indicator M4. The wavemeter ele-
ments are constructed of silver plated Invar. A dessicator is provided
to minimize effects orf humidity changes.

(h) The oscillator is plate modulated by two type 845 triode tubes,
V9 and V10, conneeted in parallel and operating as Class A amplifiers.

The modulator tubes are preceded by three ampliiier stages using a2 type
1612 tube, V6, as first audio amplifier and 2 type 6SN7 double triode

tube, V8, as the intermediate and driver stages. A sccond type 6SN7

tube, V7, provides a voltage which is applied to the grid or the first amp-
lifier tube for automztic level control to prevent exce:zsive modulation.
Part of the voltage from the audio amplifier is fed into an suxilisry
amplifier tube, V13, which is 2 type 6ACT, which in turn feeds a second
stage, V12, using a type 6V6 tube to provide sidetonc voltauge.

(i) A type 6SN7 tub., V11, is used as an audio oscillator for LCH
transmission 2nd as 2 delay tube in the .Leying circuit. The delay tube
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keeps the carrier on for sbout five seconds after the key is up.

(3) The wveltage far the plate and screen of all low power stages
is obtained from a single phase, full wave rectifier using a 5ULG high
vacuum tube, V1. The plate voltage for the modulator and oscillator
tubes is provided by a rectifier using L type 1616 tubes, V2, V3, Vi,
and V5, in a single phase full wave circuit.

(k) Photographs of the transmitter are shown in Plates 1 to 5.
ke Antenna
(a) A broad band antenna is provided which covers the entire range

of 225 to LOO ¥e. without adjustment. In fact, its characteristics are
suitable for transmission and reception over the frequency range of 150
to 800 Me. Over the 225-400 'e. band, the antenna will terminate the 50
ohm transmission line in an impedance ranging from LO to 68 ohms., This
causes a reflection on the line of not more than 17 percent at any fre-
quency in the 225-L00 'e. band,

(b) The antenna consists of a combination of a cme and a cylindrical
radiator above a conical groundplane. The solid dielectric transmission
line is caupled to an expanded section of 50 ohm air dielectric line. This
expanded section provicdes a mounting for the complete antenna as well

as the radiator. The outside conductor of the expanded section of line
folds back on itself in the form of a cone, thus forming the groundplane.
The center conductor, after passing through an insulator, flares out in
the form of another cone and then extends vertically to form the cylind-
rical portion. The included angle between the two conical section is L5°.

(e) The field pattern of the antenna taken at 300 Mc., shows one

wide lobe with maximum at L2° above the horizontal. In a plane perpendic-
ular to the axis, the field intensity is about one half the maximum noted.
The field pattern is vertically polarized.

(d) A photograph of the antenna is shown on Flate 6.
S Operation
(a) A supply woltage of 115 volts, 60 cycles, 1 phase is connected

to the terminals on the main board. The emergency switch. Sl, is in the
main line and controls the 110 volt 60 cycle input. The push button switch,
53, operates the relay which turns the filaments on and off. About 20 sec-
onds are required after the start btutton is pushed for the tubes to heszt.
Filament voltage is indicated by the voltmeter, V1, a' can be adjusted by
rheostat R10 on the pan:l behind the door at the hottom of the front trans-
mitter panel.

(b) ¥f voice communication is desired. it is only necessarv to remove
the hand set from the hook and oress the hand set switch when talking.

If mew is desired. the hand set is not used. Operation of either the trans-
mitter test key or the hand telegraph key connected externally. turns on

the carrier. The modulation level in either case can be set bv means

shs
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of control K28, as shown on moculation indicator 13,

(c) Additionz1 front prnecl controls and indicators include a local-
remote switch, S4, 2 power output switch, S5, 2 relay shorting switch,
52, a power indicator lamp, Pl, a carri:r indicator lamp, P2, oscill:tor

plate current meter, M2, sidctone volumc control, R29,

6. Tuning

(2) To sct the oscillator on a given frecuency, a built-in calibratcd
wavemcter coupled to theoscillator is provided. The wavemeter dial is first
set to the desired frequency ss read on a calibration curve. The oscillutor
cathode-grid tuning disl is s-t to the reading shown on its curve for the
same frequency. The oscillator grid-plate tuning dial is then acjusted
until the maximum reading of the wavemeter indicator meter is obtained.

The grid-plat: tuning control is zlso geared to the output coupling loop

so that the proper loading is obtsined autemztically =t the giv.n freoucney.
An zpproximated calibration curve for the grid-plate tuning dial is given
so that it is possible to sct this control with plate power off; then only

a slight trimming is reguired when power is zpplied.

(b) To prevent excessive plate current while tuning the transmitter
or to reduce thec power output, a tup switch is provided which allows steps
of approximately 25, 50, 75, or 100% of full ocutput.

Ts Conclusions and R ccommendations

(2) The equipment described mects the reguirements cset up for it
in most respects and should prove satisfactory for mval Srvice.

The following recommendations, however, ar¢ made for improvement of the

equipment if commercizl production is contumplated.

(1) Betterzintern:l,regulation of the filazment voitzge ind
platz voltage of the oscillata should be provided. At pres-
ent, sn external regulating transformer is uscd.

(2) The :ntenna coupling loop should b. tuncd by mczns of a

stub to providc optimum input to the antennz. The oscil-
lator filament tuning control can be climinated, and this adjust-
ment geared to the oscillator tuning, thus providing single

dial control of fregueney. A sceond dial may be rcguired

for the antecnna tuning stub.

(3) The us:c of D.C. instead of 4.C. for the coil of the cnten=
n2 change-over relay will zive cuicter opcrztion.

(4) The srock mounts on the transmitter should be stiffeaed, un-
less a clearance of 3 iaches or more can be zllowed on 21l sides
of the frame.

(5) The weight should be¢ reducec 2s much as possible by the sub-
stitution of aluwinum for stecl, particularly in the fremework.

GA s DECLASSIFIED
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(b) It is believed that the freguency stability figures given for the
tempcrature, cold start, znd line voltage viriations could be materially
. improved by further devclopment.
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MODEL XAZ TRANSMITTER - FRONT VIEW
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MODEL XAZ TRANSMITTER - FRONT VIEW PANEL REMOVED
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MODEL XAZ TRANSMITTER - LEFT SIDE VIEW

PLATE 3
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MODEL XAZ TRANSMITT®R - RIGHT SIDE VIEW
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MODEL XAZ TRANSMITTER - REAR VIEW
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BROAD BAND ANTENNA MK. III FOR MODEL XAZ TRANSMITTER
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APPENDIX

FREQUENCY STABILITY OF OSCILLATOR

Percentage Fregquency Change

LOOMes . 300Mes. 225lics.
Change of ambient temperature
0 to 50°C. .053 -.025 -.055
-15° to Q°C. 042 012 .002
Ch;nge of humidity
30% to 95% .0061 .U0L5 0065
Linc voltage vairiation
+10% (5 min. period) .138 .090 063
Same test with regulsted input 016 LU0 005
Same test with regulated filament o4l 023 .016

voltzge only

Cold start (filaments cn for 20 sceonas beforc plate)
Measured on heterodyne meter
1st 20 seconds 185 166 081
Delay of 1 or 2 seconds at start while
tuning to signal.

1st minute 234 222 118
Total drift
(1st 15 minutes) .263 251 JA54
Using Recorder - Total drift (at. 2L5rc.) M
Cold start (filaments on for 1 hour before plate)
@st 20 seconds) 07 .102 061
1st minute .119 «118 073
Total drift (1st S min.) k23 120 081
Using Recorder - Total drift (at 2L5ue. ) o15
Change of tubes
Sct # 1.66 1.09
Set #2 .16 o133
Detuning of Circuits
Antenna Coupling *5 div. 077 .0L8 .028
Oscillator grid-cathode X5 div. 020 .009 .008
Oscillator Tuning Control
Backlash 054 023 012
(4,0 dial (4.0 dial (2.3 dia]
div,) div.) div;
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Oscillator Tuning Control (Cont,)

Reset

Power output switch
75% power

50% "

25% "

Inclination £450
Front to Back per cycle

Side to Side per cycle
Front to Back % hr. period
Side to Side % hr. period

Vibration
% hr. period

Shock
Applied at Rear

Applied on Left Side

Max.
Av.
Max.
Av.,

Percentage Freguencyv Change

4OOMes. 300Mcs.
.0013 .0006
(0.1dial (G.1 dial
div.) div.)
OLS 0185
L79 .030
.096 027
LOOMes .
0014
0078
.021
hock #1)
" 2)
Av.)
.020 Shock #1)
+010 " 2)
007 " 3)
.009 Av.)
0]
0
.0081

FREQUENCY STABILITY OF /AVEMETER

Yavemeter Tuning Control
Backlash

Reset

Ambient Temperature Change
=157 to 50°C.

Humidity Change
30% to 95%

D= LASSIFIED

225lics.

o o

+0054
-COL7
.0020

245Mes .«
L0026
002
LOU73
0033
0004

LOULL

.0069

L0012
0024
.0018

.016
002
.0016
.0065

Percentage Frequency Change
LG & &

. SUULLTS Y LZJMCS «

.01k .013 .0076
(1.8 pial (1.90ial  (1.3Dial
Div.) Div.) Div.

.0008 .0008 .0003
(0.1Dpial (0.1 Dial (O«1Dial
Div.) Div.) Div.)

.034 .019 021
010 0091 .0027
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