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SAFETY PRECAUTIONS

The following are general safety precautions that are not necessarily
related to any specific part or procedure and do not necessarily appear
elsewhere in this publication.

Keep away from live circuits.

Operating personnel must at all times observe mnormal safety
regulations. Do not attempt to replace parts or disconnect an RF
transmission or any other high voltage line while power is applied. When
working with high voltage always have someone present who is capable of
rendering aid if necessary. Personnel working with or near high voltage
should be familiar with modern methods of resuscitation.

Warning: Warning notes call attention to a procedure which, if not
correctly performed, could result in personal injury.

Caution: Caution notes call attention to a procedure which, if not
correctly performed, could result in damage to the instrument.

The following will appear in the text of this publication and are shown
here for emphasis.
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* WARDNING *
* *
* Exposure to RF power radiation and the possibility of ¥
* RF shock or burns exists with some operating conditions *
* Always be sure to turn off transmitter when connecting *
* or disconnecting wattmeter. Be sure transmission line
* is terminated into a load or antenna. When Plug-In

% Element is removed from the RF line socket, the line

* section center conductor is exposed. Do not put

* fingers or other objects into this Plug-In Element

* socket while RF power is applied.

* pg 2,7 *
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* WARNING *
* *
* When using the wattmeter, observe all safety *
* precautions which apply to the equipment being tested. *
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* WARNING *
* *
* Do not exceed the power rating of the wattmeter. *
* PE 8 *
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* WARNING *
* *
* Never attempt to disconnect the load from the *
* transmission line while RF power is being applied. *
* Leaking RF energy is a potential health hazard. *
* pg 11 *
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WARNING

Provide adequate ventilation and observe normal
precautions when using dry cleaning solvents. Many dry
cleaning agents emit toxic fumes that may be harmful to
your health if inhaled. *
pg 12 *
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* WARNING *
* *
* Do not attempt to remove the resistive element from the ¥
% load. Potentially toxic materials are used in its *
* construction. *
% Pg 14 *
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* CAUTION *
* *
* Carefully check the condition of all cables and *
* connectors before using the test set. *
* PE vi *
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* CAUTION
*

* Do not operate these loads above their maximum power
* range continuously. Load failure will result.

* pg 3 *
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CAUTION

*

*

*

* Do not drop the THRULINE® Wattmeter or its elements or

* subject them to hard blows. The microammeter is shock

* mounted in the wattmeter housing, but its delicate

* mechanism may be damaged, by severe impact, or accuracy
* of the element altered.

*

* % %k % X X %
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MODEL 4410-030 THRULINE® WATTMETER TEST SET

INTRODUCTION

PURPOSE AND FUNCTION

The Model 4410-030 Test Set uses an insertion type battery operated,
Model 4410A RF Wattmeter, designed to measure power flow and load match in
50-ohm RF coaxial transmission lines. It is designed and intended for use
on CW unmodulated or FM signals only.

CAPABILITIES

The Model 4410-030, when used in 50-ohm applications with N-type
connectors, has an insertion VSWR of less than 1.05:1 up to a frequency of
1000 MHz. Included in the Test Set is a Model 8164-040, 50-ohm 1load
resistor used as an alternate line termination or dummy antenna. Also
included in the Test Set is a Model 4275-020 in-line variable radio
frequency sampler which provides a minimum 30 dB reduction in radio
frequency power at the sample port.

PERFORMANCE CHARACTERISTICS

The power ranges used are determined by the elements, which arrange
in frequency band groups.

DESCRIPTION

The Model 4410-030 Test Set (figure 1) is a portable unit contained
in a carrying case. The test set consists of a wattmeter, termaline load
resistor, VSWR chart, two cable assemblies, four elements, adapter, spare
battery, and variable sampler assembly.

a. The Model 4410A Wattmeter included in the test set is a portable
unit contained in a die cast aluminum housing, with a formed metal
enclosure on the back which is easily removed. Included with the unit
is a leather carrying strap, four rubber shock feet on the base, and
four rubber bumpers on the back, which allow the Model 4410A Wattmeter
to stand or 1lie flat when used. For additional protection, the
microammeter is shock mounted. A slotted screw is provided on the
lower front face of the meter for zeroing the pointer.

1. The meter has two scales, a 0 to 1 scale and a 0 to 3 scale.
Power is read in multiples of the values indicated by the pointer.
Below the meter, the RF line section face protrudes slightly from
the wattmeter housing with the plug-in socket in the center. The
silver plated brass RF line section provides the best possible
impedance match to the coaxial RF transmission line in which the
Model 4410A is inserted. At each end of the line section are
quick-change type RF connectors, which may be quickly interchanged
with other QC connectors.

- vi -
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2. A battery access panel is located on the back of the case to
allow the operator to change batteries.

3. To make measurements, the c¢ylindrical shaped element 1is
inserted into the line section socket and rotated against one
stop. A small catch in the lower left hand corner of the casting
face presses on the shoulder of the element to keep in in proper
alignment and assure a good contact with the lower edge of the
element and line section body (see Specifications).

b. The Model 8164-040 Load Resistor is a self contained unit, liquid
free, and air cooled. It provides accurate and practically
nonreflective terminations for testing and adjusting RF transmitters
under nonradiating conditions. It is used for the following purposes:
1. As a substitute antenna.
a. For tuning RF transmitters under nonradiating conditions.
b. For making routine tests and adjustments.

2. As a substitute for any circuit loading element.

3. To measure, with a suitable indicating device, the power
output of any coaxially transmitted RF signal within its rating.

The load resistor is provided with rubber bumpers on the base and on the
side to allow operation of the load resistor and test meter in the same
plane.

c. The Model 4275-020 Variable Frequency Sampler provides in-line
operation and a sample signal. The coupling factor is variable by the
operator and has a locking feature.

B R L B T 2
* CAUTION *
* *
* Carefully check the condition of all cables and *
* connectors before using the test set. *

B R L R e R R R R R R T R R
d. Furnished with the Test Set are cable assemblies Model 4410-038-1,

RG 142 B/U (1) and Model 4410-037-1, RG 58/U (2) used with a 5-798-1,
UG 201 connector to provide in-line test setup.
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SPECIFICATIONS FOR MODEL 4410-030 TEST SET

Model 4410A Wattmeter:
Tmpedance. .. .. ...ttt it s 50 ohms nominal

Insertion VSWR. ... ...ttt 1.05 maximum, 0-1 GHz
equipped with F-N
connectors (32.3 dB return
loss)

CONMMNEC O S . o vttt irte ittt ttetnnnenaenenonnenns Bird quick change "QC"
type female N supplied.

Over ranging. ... ..... ...t iiinnnnnnnenennnnnns 120% of element power
rating regardless of
selector switch setting
(certain connector types
limited to rating of

connector)
Power and frequency range*
0-10,000 W. .. i i e .2-30 MHz
0-1,000 W. .. o i e 2-1000 MHz
0-100 W. . i e e 25-2300 MHz
0-10 W. i e 0-900 MHz
Accuracy®¥. .. ... ... e +5% of reading above 20%

of full scale of selected
power range

Temperature range

Operating..........oiu i, 0° to 50°C (32F to 122F)
RS oo - - = -25° to 65°C (-13F to
149F)
Relative humidity range................. ... .. ... 5% to 90% noncondensing
Dimensions. .......... ...ttt i 3-3/8"L x 4"W x 6-7/8"H

(85.7 x 101.6 x 174.6 mm)
WeLght. o oot e e ettt e 3 1b (1.4 kg)

*Power and frequency range is determined by 4410 type plug-in element used.
*%Exception - Element P/N 4410-1 0.200-0.535 MHz has an accuracy of +10% of
reading. Elements P/N 4410-15 and 4410-16 have an accuracy of +8% of
reading.

- viii -
4410-030




SPECIFICATIONS FOR MODEL 4410-030 TEST SET [CONT. ]

Power requirement............... ... ..

Battery life.......... ..ol

Model 8164-040 Coaxial Load Resistor:
ImpedancCe. . . ..o ittt it i i e s

Power rating........ ...t

Input conMmNeCtOr. ... ... ittt it

Dimensions (body minus rubber bumper feet)......
add 3/8" to 1/2" for feet

Operating position............ ... ... .. ut
Model 4275 Variable Sampler:

Impedance. ... ... ...t e
Maximum power........ ..o iiiiinniinin oo rraeens
Frequency range.......... ..ot
Insertion VSWR. ....... .. ... . i

in 50 ohm system

Insertion loOSS. ... ittt it e

- ix -
4410-030

9 V dc battery

160 hours average,
continuous use

50 ohms nominal

100 Watts continuous
DC-1000 MHz

1.1 maximum DC to 1.0 GHz
Female N-Type

2-3/4" SQ x 6-1/4" LG
(70 x 159 mm)

3 1b (1.4 kg)

Any attitude

50 ohms nominal
1000 Watts
2-1000 MHz

1.1 maximum 2-512 MHz
1.25 maximum 512-1000 MHz
with N type connectors

0.1 dB maximum

2-512 MHz

0.2 dB maximum
512-1000 MHz

with N type connectors

Adjustable as shown +2 dB

Bird quick change "QC"
type




SPECIFICATIONS FOR MODEL 4410-030 TEST SET [CONT.]

Dimensions

......................................

......................................

2-51/64"L x 2-7/8"W x
1-1/4"H (71.0 x 73.0 x
31.7 mm)

10 oz (.28 kg)
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FIGURE 1. MODEL 4410-030 TEST SET
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SECTION I - INSTALLATION

1-1. GENERAL

1-2. The wattmeter is essentially a portable test instrument and should be
placed as close as possible to the equipment whose power is being measured.
Use this wattmeter in an upright or lying down position.

FIGURE 1-1. WATIMETER
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CAUTION

Do not drop the THRULINE® Wattmeter or its elements or
subject them to hard blows. The microammeter is shock
mounted in the wattmeter housing, but its delicate
mechanism may be damaged, by severe impact, or accuracy

of the element altered.
e e e e Tk A e T ok e R R R e R R R Rk ke ek ok
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1-3. UNPACKING

1-4. Open the carrying case and ensure that all components are present.
Visually inspect all components for any damage that may have occurred during
shipping or transporting.

1-5. When transporting the wattmeter, be sure the range switch is in the
"off" position. In any other switch position, there is a slight drain on
the 9 V battery. If the unit is to be inactive for an appreciable amount of
time, it is good practice to remove the battery to avoid damage from
possible battery leakage. Handle the Plug-In Elements with care at all
times. Calibration could be disturbed if they are dropped or subjected to
hard blows.

1-6. CONNECTIONS

B S e e
WARNING

Exposure to RF power radiation and the possibility of
RF shock or burns exists with some operating conditions
Always be sure to turn off transmitter when connecting
or disconnecting wattmeter. Be sure transmission line
is terminated into a load or antenna. When Plug-In
Element is removed from the RF line socket, the line
section center conductor is exposed. Do not put
fingers or other objects into this Plug-In Element

socket while RF power is applied.
B L L E e et

ok % %k X %
k% % %k X %

% % ¥ %
% % X %

1-7. Insert the Series 4410A THRULINE® Wattmeter in coaxial transmission
lines of 50 ohms nominal impedance. It makes no difference on which side of
the wattmeter the power source and the load connections are made. Use a
coaxial transmission line fitted with suitable matching RF connectors. If
cables of other than 50 ohms impedance are used, a mismatch will occur which
could cause serious inaccuracies in the readings. We strongly urge that you
avoid this condition.

1-8. The Series 4410A Wattmeter is normally supplied with two Female N
type connectors which are of the Bird Quick-Change "QC" design. Other "QGC"
connectors are available as listed in Section VI - Replacement Parts List.

1-9. INSTALLATION OF LOAD RESISTOR
a. Allow at least six inches of clearance around the load resistor
to permit an unimpeded access of convection air currents for adequate

heat dissipation. Place the RF loads to permit the shortest possible
cable length between the units and the transmitting equipment.

4410-030
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* CAUTTION *
* *
* Do not operate these loads above their maximum power *
* range continuously. Load failure will result. *

B L R R T e T R et T e e e e e e R s e

b. These RF loads may be used for portable operation or fixed
installation. The load resistor is light enough to be attached
directly to the mating RF connector of another device such as a
wattmeter or set on the workbench. Attach the load resistor as close
as possible to the transmitter’'s output and use only suitable
connectors. Try to connect direct to minimize cable length and avoid
the use of adapters as much as possible.
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SECTION II - THEORY OF OPERATION

2-1. GENERAL

2-2. The Model 4410-030 Test Set is designed to measure, terminate, and
sample RF power. The test set will accurately and precisely measure power
through the use of the Model 4410A Wattmeter. The load resistor will
terminate the coaxial line and take the place of an antenna. The variable
sampler assembly provides the ability to sample the RF power for use with an
oscilloscope or frequency counter. On any uniform RF line section there are
voltages, currents and standing waves present when RF power is applied.
These are the results of two traveling waves, forward and reflected. The
characteristic impedance of these lines is a pure resistance, usually 50
ohms, for useful lines.

2-3. WATTMETER

2-4, The main RF component of the wattmeter is a short piece of uniform
air type line section whose characteristic impedance is a very accurate 50
ohms, in which correct measurements may be made.

2-5. COUPLING CIRCUIT

2-6. The coupling circuit which samples the traveling waves is in the
element. The circuitry of the element and its relationship to the other
components of the wattmeter are illustrated in figure 2-1. Energy will be
absorbed in the coupling circuit of the element both by mutual inductance
and capacitance from the traveling RF waves of the line section. The
inductive currents within the 1line section will flow according to the
direction of the traveling waves producing them. The capacitive portion of
these currents is independent of the traveling waves. It is, therefore,
apparent that the current produced from the waves traveling in one direction
will add in phase, while the current produced from the waves traveling in
the opposite direction will subtract in phase. The ARROW on the element
indicates the additive direction of wave travel. The element is so designed
that the wave components traveling in the opposite direction of the ARROW
will cancel each other out almost completely, making the element highly

insensitive to the reverse wave direction. This signal which is to be
measured, is detected and through the use of a self-balancing bridge
circuit, an accurate power reading is obtained. The non-linearity and

temperature instabilities of the detector diode are avoided by using a
secondary balancing detector diode connected in opposition to the principal
detector diode. These two diodes are selected for similar characteristics
so they are nearly identical and diode variables are virtually eliminated.
Also, the two diodes are mounted close to each other in the same enclosure
and subjected to the same thermal environment almost eliminating thermal
effects. Because of the highly directional characteristics of the element,
the resultant direct current which is sensed b;y the microammeter indicates
the power level of only the RF waves traveling in the ARROW direction.

4410-030




2-7. REFLECTED POWER READINGS

2-8. The element is designed so that it can be rotated 180° in its socket
in the line section. When it is rotated, the meter will indicate the power
in a direction opposite that of the initial reading, so that if the forward
direction power was read first, then the reflected direction power will be
read after the element 1is rotated. The energy resulting from the
inductively coupled component of the forward wave will bring about
cancellation as described above.

FIGURE 2-1. SCHEMATIC DIAGRAM
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2-9. LOAD RESISTOR

2-10. The resistive element of the load resistor is individually selected
for its accuracy and film uniformity. It is enclosed in a specially tapered
heat sink housing. This special contour along with the resistive element
provides the unusually low power reflection characteristics over the entire
frequency range. The resistor along with the taper of the housing provide a
reduction in surge impedance proportional to the distance along the length
of the resistor. The characteristic impedance is therefore 50 ohms at the
front, or input connector, and diminishes to zero ohms at the rear where the
resistor is terminated to the heat sink housing that provides the return
conductor of the coaxial circuit.

2-11. VARIABLE SAMPLER ASSEMBLY

2-12. The Variable Sampler Assembly has one female and one male N-type
connector for insertion in the line, and one female BNC type connector for
the sample signal output. It makes no difference which way the sampler is
inserted in the coaxial line. A small amount of the RF power is picked off
by a variable capacitive probe. The amount of sampled RF power is regulated
by increasing or decreasing the amount of capacitive coupling. The
adjustment control is on the opposite side of the BNC output connector.
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SECTION III - OPERATING INSTRUCTION

3-1. GENERAL

3-2. Measurements are made by the insertion of the elements furnished with
each test set.

R A R bR R R e
WARNING

Exposure to RF power radiation and the possibility of
RF shock or burns exists with some operating conditions
Always be sure to turn off transmitter when connecting
or disconnecting wattmeter. Be sure transmission line
is terminated into a load or antenna. When Plug-In
Element is removed from the RF line socket, the line
section center conductor is exposed. Do not put
fingers or other objects into this Plug-In Element

socket while RF power is applied.
e e e Fe e R A R R R R R ek

* ok H Kk k kK X X K%
o ¥ Sk %k % % N X %

Fere TR T T T R R R S e s e S e e b e ek ek

* WARNING *
* *
* When using the wattmeter, observe all safety *
* precautions which apply to the equipment being test. *

Fe T R T T A R R S T A S S b e e ek ek

R S e
CAUTION

Do not drop the THRULINE® Wattmeter or its elements or
subject them to hard blows. The microammeter is shock
mounted in the wattmeter housing, but its delicate
mechanism may be damaged, by severe impact, or accuracy

of the element altered.
B A T L T A L S I R LR R x e T e T S ey

L T R
k% % % % *

b3

a. With the element inserted in the 1line section receptacle,
forward power is indicated when the ARROW on the element plate points
in the direction of power flow; i.e., from transmitter to load.

Reflected power measurements are made with the element rotated 180°
with the ARROW on the plate pointing toward the transmitter. When
power measurements are being made, make sure the element is rotated
fully so that the index pin protruding from the element’s
cylindrically shaped body rests against the stop on the line section,
either in the forward or reflected position. Also ensure that the
small catch in the lower left hand corner of the casting face presses
on the shoulder of the element to keep it in proper alignment and
assure a good contact between the lower edge of the element and line
section body.
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b. Before any power measurements are made, be sure the pointer
rests on the zero mark. If it is not, adjust the zero adjustment
screw, with the range switch in the OFF position, clockwise (cw) or
counterclockwise (ccw) until the pointer rests at the =zero mark.
This adjusting screw is located at the bottom center of the meter
bezel face.

3-3. FREQUENCY RANGE
3-4. The elements are selected for the frequency range being used.

B L R e e e

* WARNING *
* *
* Do not exceed the power rating of the wattmeter. *

B R e e e e

3-5. POWER RANGE COVERAGE

3-6. Each element is marked with its maximum power range capability,
usually 1 kW or 10 kW. Also stamped on the element nameplate is a factor
number. The power range switch on the wattmeter determines the full scale
power range to be used. This switch when set on a numbered position and
multiplied by the element factor number, gives the full scale power value.
For example, if the element factor is 10 and a switch setting of 30 is
opposite the ARROW on the front face of the unit, 30 multiplied by 10 gives
you 300 W. This is the full scale value the unit is to be used. 1In this
case the lower scale on the meter face will be used. If the number opposite
the ARROW is 10 and the element factor is 10, thus 10 x 10 = 100, and 100 W
will be the full scale limit and the upper scale will be wused. For
reflected power readings the element is rotated 180° in the element socket
and the same system is used, however, using a much lower switch setting may
be advantageous for better resolution.

3-7. LOAD POWER
3-8. Where appreciable power is reflected, as with an antenna, it is

necessary to subtract the reflected from forward power to obtain load power.
Power delivered to and dissipated in an antenna is given by:

Wy =We - W,

Where: Wl = power into load (effective power)
Wf = forward power
Wr = reflected power

This correction is negligible, less than 1% if the load is such as to have a
VSWR of 1.2 or less.

NOTE: The wattmeter used with a Bird TERMALINE® Load Resistor of proper
power rating forms a highly wuseful absorption wattmeter. Since the
reflected power will be negligible, it will be unnecessary to rotate the
element from the forward direction.
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3-9. DETERMINING VSWR

3-10. The wattmeter is not designed to provide direct VSWR readings.
However, VSWR readings can be determined very easily by the use of the
provided graphs as follows:

a. Determine the forward and reflected power as described above.

b. Refer to the appropriate graph, figure 3-1 or 3-2, to convert
the forward and reflected power readings to VSWR. Note that the
graphs convert the readings directly to VSWR without any intermediate
computations.

FIGURE 3-1. VSWR CONVERSION NOMOGRAPH
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WARNING

Never attempt to disconnect the load from the
transmission line while RF power is being applied.

Leaking RF energy is a potential health hazard.
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3-11. SHUTDOWN

3-12. When all measurements are completed, be sure to turn the power range
switch to the OFF position. Leaving the switch on one of the power ranges
will not be detrimental to the circuit in any way other than the fact that
it will shorten battery life.

NOTE: There is a battery test position on the range selector switch. This
battery test position is provided to conveniently check the condition of the
battery occasionally to assure accuracy of the unit.

3-13. PERFORMANCE

3-14. The wattmeter is sensitive to a modulated signal which effects the
accuracy. However, small amounts of AM (up to 10 percent) are tolerable,
but for every one percent of AM the reading may increase up to one percent
beyond the rated accuracy. Use above 10 percent AM is not recommended.

a. The stated accuracy does not include effect of less than
infinite directivity of the element used. This is generally
insignificant except for reflected power measurements where VSWR is
low.

b. Although the wattmeter is equipped with quick-change connector
types, it must be remembered that the power rating and insertion loss
may be affected if other than the N-type connectors are used. Power
limits must be governed by the type of connector or transmission line
used.

c. The accuracy of the unit may be affected by a weak battery.
Check the condition of the battery occasionally by use of the battery
test position on the selector switch. If the pointer on the meter
indicates below the battery test zone, it must be replaced.

d. When the range switch of the wattmeter is set in one of the
numbered positions; i.e., other than OFF or BAT, it is normal for the
meter to drift or deviate off the zero setting. This condition
occurs when an element is out of the line section socket or if the
element is rotated 90° in the line section in a shorting position.

4410-030




SECTION IV - MAINTENANCE INSTRUCTIONS

PREVENTIVE MAINTENANCE

This test set requires only simple and routine maintenance.

a. Avoid subjecting the wattmeter to rough treatment.
b. Keep the connectors and airline covered when wattmeter is not in
use. This will prevent dust and dirt from accumulating in the

connectors and air line.

c. Wipe off dust and dirt regularly.

B e L e e L
WARNING

Provide adequate ventilation and observe normal
precautions when using dry cleaning solvents. Many dry
cleaning agents emit toxic fumes that may be harmful to

your health if inhaled.
o L

% % % X % *
% % X X ¥ %

d. All contacts must be kept clean to assure low resistance
connections to and within the unit.

e. RF Connectors - Clean RF connectors with a cotton swab stick
dampened with alcohol, freon or any acceptable dry cleaning solvent.

£. Clean the inside of the line section socket bore and the entire
circumference of the element with a cotton swab stick dampened with
dry cleaning solvent. Pay particular attention to the cleaning of
the bottom rim of the element body and to the seat of the socket in
the line section. Check the inside of the line section for dirt and
contaminants. Clean the reachable portions of the line section with
a cotton swab stick. Blow out the remaining dirt with low pressure,
dry compressed air. Do not attempt to remove the RF center conductor

from the line section. Any attempt to remove it will ruin the
assembly.
g. Clean the meter and meter housing using a cloth dampened with a

mild detergent solution. Do this only when necessary and take care
not to allow water to enter any of its circuitry as damage may
result.

h. To replace the battery, pry open the battery compartment cover.
Use your fingernail, coin, or any other flat object to snap open the
cover from the left or ribbed side. Manipulate the battery out of
the compartment, a small screwdriver or knife may be useful for this
purpose.

4410-030



i. When the battery is free,
replace battery with a fresh one.
its compartment,

remove the snap-on battery plug and
When reinserting the battery in

feed the connecting wires through the hole in the
back of the compartment to provide room for the battery.

NOTE: Correct polarity is automatically obtained when installing battery.
The battery and wire lead connectors are matched to be installed for correct

polarity.

4-3, TROUBLESHOOTING

4-4, Refer to Table 4-1 for a listing of troubles that might occur during
operation of the test set and load resistor.

are also listed.

TABLE 4-1. TROUBLESHOOTING

PROBLEM

POSSIBLE CAUSE

Possible causes and remedies

REMEDY

No meter indication

Intermittent or
inconsistent meter
readings

High VSWR or high
percent reflected
power

4410-030

No radio frequency
power

Arrow on element
pointing in wrong
direction

Open or short circuit
in meter cable

assembly

Meter burned out or
damaged

Faulty transmission
line or load

Faulty transmission
line

Dirty elements

Sticky or defective
meter

Bad load or poor
connectors

Shorted or open
transmission line

Foreign material in
line section or in

RF connector bodies

- 13 -

Check transmitter and refer
to operating instructions for
equipment used.

Rotate element so that arrow
points in direction of power
flow.

Replace defective cable.

Replace meter.
Inspect line connections,
antenna or load.

Replace transmission line.

Clean elements.

Replace meter.

Replace load, antenna or
connectors.

Replace transmission line.

Check for foreign material
and clean as required.




TABLE 4-1. TROUBLESHOOTING [CONT. ]

PROBLEM POSSIBLE CAUSE REMEDY

Excessive overheating Transmitter power too Reduce transmitter power.
of load resistor high

Faulty RF resistor Replace load resistor.
High or low resistance Loose QC connector Tighten with a screwdriver.
values of load
resistor Faulty RF resistor Replace load resistor.

4-5, PERIODIC INSPECTION

4-6. This test set is ruggedly constructed and will normally provide
trouble-free service. Periodic inspections should be performed at six-month
intervals. Check for:

a. Inspect wattmeter for cracked meter lens.

b. Inspect wattmeter for damaged or missing latch and pivot pin
assembly.

c. Inspect wattmeter for bent, broken, or missing pins in female N
connectors.

Feed e AR R R AR R R R R ek ek
* WARNING

*

* Do not attempt to remove the resistive element from the
* load. Potentially toxic materials are used in its

* construction.
B B R S e S

% % k% %

d. Inspect load resistor for completeness and general condition.

e. Inspect variable frequency sampler for bent, broken, or missing
pins in male, female N connectors and female BNC connector.

£. Inspect cable assemblies for damaged connectors and frayed
cable.

4-7. METER REPLACEMENT
4-8. The meter is a rugged instrument which is shock mounted in its

housing. When properly used, this meter should function properly without
breakdown. A defective meter cannot be repaired, replace as follows:

a. Remove meter from wattmeter.

1. Place the wattmeter assembly face down on a smooth, clean
surface. Remove back cover assembly.

- 14 -
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2. Remove four screws (1, figure 4-1) from side of wattmeter
to remove cover assembly (2).

3. Remove meter wires (3) from meter. Mark wires to
facilitate assembly.

4, Remove two screws (4) from housing (5) and shock mount (6).
5. Remove meter (8), shock mount(6), shock strip (7), and

three stem bumpers (9). Slide shock mount and shock strip off
meter. Remove stem bumpers from meter.

b. Install meter.
1. Install stem bumpers (9), shock strip (7), and shock mount
(6) on meter (8).
2. Insert meter in housing (5).
3. Align shock mount holes with holes in housing and install
two screws (4). Use Loctite No. 23 on screw shanks.
NOTE: Before tightening screws, rotate meter to align meter face with

opening in housing.

4410-030
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FIGURE 4-1.

4410-030

METER REPLACEMENT
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4 . Attach meter wires (3) to back of meter. Install washers
and nuts to secure meter cable wires.

NOTE: 1Install orange wire on positive (+) terminal.

5. Install cover assembly (2) and secure with four screws (1).
4-9. ADJUSTMENT
4-10. The only adjustment on the wattmeter is to zero the meter. Before
taking any readings, zero the meter pointer under no-power conditions by
turning the slotted screw located on the lower front face of the meter.

4-11. CALIBRATION

4-12. TUsually no calibration is required after meter replacement. Accuracy
of the wattmeter can be determined by comparison with another wattmeter.

4-13. INSTRUMENTATION MODULE REPLACEMENT

4-14. The instrumentation module contains the line section and circuit
board chassis as integral parts.

a. Remove the instrumentation module from the wattmeter.
1. Remove the cover assembly as described in para 4-4.
2. Remove two screws (1, figure 4-2) from the front of the
wattmeter.
3. Remove servicing knob (2).
4, Unsolder meter wires (3) from capacitors (4) and lug (5).

Matchmark wires to facilitate assembly.

5. Remove instrumentation module (6) from housing (7).
b. Install instrumentation module.
1. Insert instrumentation module (6) into housing (7).
2. Solder meter wires (3) to capacitors. Red wire from

battery is soldered to capacitor which is located closest to the
front of the wattmeter. Orange wire from meter is soldered to
capacitor which is located closest to the rear (cover assembly
end) of the wattmeter. Solder both black wires to lug (5).

3. Install service knob (2).

4, Install two screws (1) through housing (7) and into
instrumentation module.

5. Install cover assembly.

- 17 -
4410-030




FIGURE 4-2.

INSTRUMENTATION MODULE REPLACEMENT

1. Screw 3. Meter wire
2. Servicing knob Lk, Capacitor
5. Lug
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SECTION V - CALIBRATION AND TEST PROCEDURE

5-1.

REQUIRED TEST EQUIPMENT

TABLE 5-1. WATTMETER TEST EQUIPMENT

Item Qty Type of unit required Recommendation
1 1 Sine wave generator Hewlett Packard Model 329A
2 1 Precision digital multimeter Data precision Model 3500
3 1 Plug in calibration element Bird Model 4410-070
4 1 Field strength meter Bird Model 43 equipped with
Bird Model 4030 relative
field strength element
5 1 BNC adapter tee Kings Connectors (UG274 A/U)
5-2. This procedure provides the complete calibration for the wattmeter
should it become necessary.
5-3. CALIBRATION EQUIPMENT REQUIREMENTS

1. The sine wave generator must be able to produce a stable 1000 Hz
+100 Hz symmetrical sine wave at various output voltages between 0.05
and 1.6 volts RMS into an impedance of approximately 600 ohms
resistive. Its output level adjustment must be such that these
various specific output levels can be conveniently adjusted to within
+0.03 percent of their stated value. Total harmonic distortion must
be less than 0.2 percent.

2. The digital multimeter must have an ac voltmeter range capable
of measuring the RMS voltage amplitude of the sine wave within #0.1
percent, with a resolution of at least 3-1/2 significant digits.

3. The plug-in calibration element requires no adjustment.
However, care should be taken to avoid damage to the unit from rough
handling or exposure to voltages greater than those specified.

4. The field strength meter should be set on its maximum
sensitivity when possible.

5. The work space must be free from electrical noise and radiated
signals. The area in which the calibration is to be performed may be
checked for spurious radiation with a Bird Model 43 Wattmeter
equipped with a Model 4030 relative field strength element.
Calibration should not be performed in areas where spurious radiation
is present as indicated by any meter deflection on the Model 43/4030
combination. Be sure the gain on the Model 4030 is set at maximum.

6. The work space and equipment must be in a uniform and stabilized
ambient temperature between 20°C to 25°C (68F to 77F).

- 19 -
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7. The relative humidity of the work space must be no greater than
50 percent and must be non-condensing.

5-4. CALIBRATION PROCEDURE

5-5. Allow all the equipment and the instrument to be calibrated to
completely stabilize with respect to the environment of the work area
(specified above). The Bird Model 4410 instrument to be calibrated and the
Bird Model 4410-070 calibration element may require up to 24 hours for
complete environmental stabilization if brought from an extreme storage
environment 65°C (149F) 90 percent relative humidity into the work-space
environment 20°C (68F) 50 percent relative humidity. Remove the dust plug
or any element from the 4410’s line section during this environmental
stabilization period.

5-6. With the wattmeter selector switch in the off position, carefully
turn the zero adjust screw on the face of the meter for a zero setting.
Using the BAT and OFF positions on the switch, repeat this process until a
repeatable zero setting is obtained. The access holes for the calibration
potentiometers, R25 (electrical =zero adjust) and R26 (full scale
calibration) are sealed with a protective label. This label, which 1is
signed and dated showing the original calibration date, must not be
disturbed until recalibration becomes necessary and certainly not within the
warranty period. Disturbing this label voids the warranty. If the unit is
to be field calibrated, after the warranty period, access to the calibration
potentiometers, R25 and R26, is provided by piercing the protective label at
the points shown by a circle with an x in it "x" (see figure 5-4 for
reference).

1. Connect the sine wave generator and voltmeter to a BNC T adapter
as shown in figure 5-3 with 50 ohm coaxial cables, such as RG 58/U,
no more than three feet long (1 meter). Connect the sine wave

generator to the calibration element, Part No. 4410-070, and
voltmeter as shown.

2. Turn on the ac voltmeter and sine wave generator. Adjust the
output to 1.591 +0.0005 volts RMS at 1000 Hz +100 Hz. Make sure that
the generator’s "Symmetry," "offset," and "waveform" controls are set

to provide a symmetrical sine wave with zero dc offset. Leave the
equipment in this condition to stabilize for the period of time
recommended by the manufacturers but not less than five minutes.

3. Turn the 4410A on to its "100" position and allow it a minimum
of five minutes to stabilize. The 4410A does not need to be
connected to the calibration setup for the five minute warm-up
period.

4, After the equipment has stabilized, check the battery in the
4410A by momentarily placing its switch in the "BAT" position. The
meter pointer should travel well into the "BATTERY TEST" region of
the meter scale. If necessary, turn the unit off and replace the
battery. Return the switch to the "100" position. Allow the unit's
internal circuitry to stabilize for another five minutes if the
battery was replaced.

- 20 -
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FIGURE 5-1. CALIBRATION SETUP

Plug-in calibration
device (P/N 4410-070)

= =

BNC *T”
-;. O 2 Adapter
= O = 1]
| —] [ —]
= 0O O O Doooo

Sine Wave Generator Coaxial Wattmeter Coaxial A.C. Voltmeter
Cable Under Test Cable
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5. Insert the calibration element into the 4410A and rotate it in
either direction until it stops.

6. Recheck the sine wave generator for the proper 1000 Hz +100 Hz
output settings, then readjust the amplitude as necessary, until the
voltmeter reads a stable 1.591 +0.0005 volts.

7. Rotate the calibration element approximately 90° so as to short
the contact in the socket to the line section body. If the meter
needle does not come to rest at exactly zero, then adjust R25
counterclockwise, very slowly, just until it does. The location of
R25 is shown in figure 5-2. If the pointer already rests at exactly
zero, then go on to step (8).

8. Rotate the calibration element in either direction until it
stops.
9. Adjust R26 until the meter pointer is at "1", full scale on the

uppermost scale. The location of R26 is shown in figure 5-2.

10. Rotate the calibration element 90° so as to short circuit the
spring contact in the socket to the line section body.
Simultaneously measure the time required for the meter pointer to
travel from its full scale position to zero. Adjust R25 and repeat
steps (8) and (9) until the time required for the meter pointer to
travel from a full scale reading to zero is 4.0 +1.0 seconds.

11. Turn the calibration element 90° to short circuit the spring
contact in the line section to the line section body. Set the 4410A
range switch to the "1" position. Now adjust the sine wave
generator's output to 0.1591 +0.00005 volts RMS. Rotate the
calibration element in either direction until it stops. Then adjust
R26 until the meter pointer rests at "1" on the upper scale.

12. Check all of the other ranges by applying the proper voltages
for each range in accordance with Table 5-2. 1In each case, the meter
pointer should come to rest at "1" on the upper scale, within the
tolerance shown.

TABLE 5-2. CALIBRATION TABLE

Range Set RMS Voltage Tolerance
100 1.591 +0.0005 +1/2 div.*
30 .895 +0.0005 +1/2 div.*
10 .503 +0.0005 +1/2 div.*
3 .283 +0.0005 +1/2 div.*
.3 .0895 +0.0005 +1  div.*
.1 .0503 +0.00005 +1  div.*

% "Div." corresponds to a minor scale division on the applicable 4410A meter
scale.

- 929 -
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FIGURE 5-2. CALIBRATION POTENTIOMETERS

SIGHT HOLE

Q

ZERO ADJUST R25

0

=

CALIBRATION R26

5-7. TEST OF LOAD RESISTOR

5-8. DC Resistance - Check the condition of these load resistors by
accurate measurement of the dc resistance between the inner and outer
conductors of the RF input connector. Use a resistance bridge or ohmmeter
with an accuracy of one percent or better at 50 ohms for this purpose. The
measured resistance should be a nominal 50 ohms. It should not deviate by
more than +2 ohms from this value.

- 23 -
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SECTION VI - PREPARATION FOR RESHIPMENT

6-1. PREPARATION FOR RESHIPMENT

6-2. Before packing the test set for shipment, inspect the elements to
ensure they are installed securely in their sockets. Be sure an elemeent or
dust plug is securely locked in position in the element port, and dust caps
are on the RF connectors. Make sure the coaxial load resistor is fitted
properly in the case, and dust caps are fitted on the variable frequency
sampler and the UG201 connector. Ensure that the VSWR chart, instruction
book, and both cables are fitted into the top of the case.

6-3. STORAGE INSTRUCTIONS

6-4. Store the test set in a cool, dry location. Keep the test free of
dust and dirt, and protect it from rough handling.

- 2% -
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SECTION VII - REPLACEMENT PARTS LIST

7-1. GENERAL

7-2. This section lists, describes, and illustrates the component parts of
the Model 4410-030 Test Set.

7-3. PARTS ILLUSTRATION

7-4. Exploded views of the test set are provided in figures 7-1 and 7-2 to
illustrate the component parts and their relation to each other. Parts on
the illustrations are identified only by an index number. Cross reference
from index number to part number is provided in the parts list.

7-5. PARTS LIST

7-6. The parts list contains a list of all procurable parts for the test
set. If a defective part’'s number is not listed in the parts list, it is
not procurable separately, and the subassembly of which it is a part must be
replaced.

7-7. EXPLANATION OF COLUMNS

7-8. The following paragraphs explain the information contained in the
parts list.

1. The FIG. & INDEX NO. column lists the figure number of the
illustration on which the part is located, and also gives the index
number assigned to that part.

2. The BIRD PART NO. column contains Bird Electronic Corporation
part numbers for all replaceable parts.

3. The DESCRIPTION column gives the name of the part, indented by
columns to indicate relationship to the next higher assembly (NHA).

4. The UNITS PER ASSY column indicates the quantity of parts used
in the 1illustrated application, but not necessarily the total
quantity used in the unit.

- 25 -
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TEST SET, EXPLODED VIEW

FIGURE 7-1.
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PARTS LIST

FIG. & UNITS

INDEX PER DESCRIPTION BIRD
NO. ASSY 1234567 PART NO.
7-1 1 TEST SET. ... ittt e e eeenn 4410-030
-1 1 . MANUAL, Instruction.................. 920-4410-030
-2 1 . VSWR CHART. .......0iiiiiiiiiininnnnnn 4400-012
-3 1 . TERMALINE LOAD RESISTOR.............. 8164-040
-4 1 . CABLE ASSEMBLY, ....... ... 4410-038-1
RG 142B/U(1)
-5 1 . CABLE ASSEMBLY, ....... ... 4410-037-1
RG 58/U(2)
-6 1 . ELEMENT, 1, 3, 10, 30, 100, 300,..... 4410-3
and 1000 Watts 2-30 MHz
-7 1 . ELEMENT, 1, 3, 10, 30, 100, 300,..... 4410-5
and 1000 Watts 25-80 MH=z
-8 1 . ELEMENT, 1, 3, 10, 30, 100, 300,..... 4410-6
and 1000 Watts 50-200 MHz
-9 1 . ELEMENT 1, 3, 10, 30, 100, 300,...... 4410-7
and 1000 Watts 144-520 MHz
-10 1 . WATTMETER (See figure 7-2)........... 4410A
-11 1 . ADAPTER, Male N to Female BNC........ 5-798-1
-12 1 . BATTERY, Lithium (spare)............. 5-1576
-13 1 . SAMPLER ASSEMBLY, Variable........... 4275-020
-14 1 . CASE, Component...................... 4300-071

4410-030
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WATTMETER ASSEMBLY, EXPLODED VIEW

FIGURE 7-2.

- 28 -

4410-030



PARTS LIST

FIG. & UNITS

INDEX PER DESCRIPTION BIRD
NO. ASSY 1234567 PART NO.
7-2 REF WATTMETER ASSEMBLY..................... 4410-201
-1 2 . Dust CAP. .. ..ottt i e 701-19
-2 1 oDust PLUG. . ...ttt it i i e 3610-031
-3 1 . NAMEPLATE. ... ...ttt ittt i 4410-208
-4 1 . Factor LABEL............iiiiiien.. 4410-013
-5 1 . Servicing KNOB............coovviennn. 4410-028
-6 1 . Indicator DECAL.............ovuon.. 4410-029
-7 1 . Lithium BATTERY........... ..., 5-1576
SUPPLIED AS COMPLETE ASSEMBLY
1 . COVER ASSEMBLY..........ciiiiunnnn. 4410-039
(includes parts no. 8 thru 13)
-8 4 SCREW, Phillips flat hd.............. 4410-201-8
no. 8-32 x 3/8 in. lg, sst
-9 1 .. Battery HOLDER...................... 5-1567
-10 4 .. Foot BUMPER............cc. NPS
-11 4 . Tubular RIVET oval hd...............
-12 4 .. Speed NUT........ ...,
-13 1 . Housing COVER....................... 4410-027
-14 1 .. Calibration LABEL...................
-15 1 .. Battery STRAP............... ... .... 4410-007
-16 1 . Meter WIRE.........cciiiiiiiinnnnen.. 4410-006
SUPPLIED AS COMPLETE ASSEMBLY
1 . MODULE ASSEMBLY, Instrumentation..... 4410-205
(ATTACHING PARTS)
-17 2 . SCREW Phillips oval hd............... 4410-201-5
no. 10-32 x 1/2 in. 1lg, sst
1 .. Box TOP (RFI shield)................
-18 9 . SCREW (Self-tapping, pan hd)........ NPS
type B, no. 2 x 1/8 in. 1lg, sst
-19 2 . Feed-thru CAPACITOR threaded,......
with nut and lockwasher
-20 1 Solder LUG.........ciiiiiiiinennn.
(ATTACHING PART)
-21 1 . Tubular RIVET 1/8 x 1/8 in.........
lg, brass
-22 1 L BoxX TOP. ..t
-23 1 . Printed Circuit BOARD ASSEMBLY......
(See figure 7-3)
-24 2 SCREW, Pan head, no. 4-40...........
x 5/16 in. lg, sst
-25 2 . Internal tooth Lock WASHER..........
no. 4, sst
-26 1 . Keying BEAD........ciiiiiiiinnennnnn 4391-026
-27 1 . Fish paper INSULATOR................
-28 2 SPACER. .. .. .. i i i e

4410-030
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FIG. & UNITS

SR,

INDEX PER DESCRIPTION BIRD
NO. ASSY 1234567 PART NO.
-29 1 .. Box BOTTOM........oiiiiivinnnnnnenns
SUPPLIED AS COMPLETE ASSEMBLY
-30 2 CONNECTOR ASSEMBLY............ov... 4240-062
Female N
(ATTACHING PARTS)
-31 8 SCREW, Pan hd, slotted,............ 4410-004-3
NO. 8-32 X 1/4 in. lg, sst
SUPPLIED AS COMPLETE ASSEMBLY
1 . LINE SECTION ASSEMBLY.............. 4230-006-2
-32 1 . Retaining RING....................
-33 2 .. Pivot pin WASHER..................
-34 1 ... Latch SPRING........... v,
-35 1 ... LATCH AND PIVOT PIN ASSEMBLY......
-36 2 INSULATOR. . .t et it ie i eie it iin e e
-37 1 .. CENTER CONDUCTOR........... ...,
1 . LINE SECTION AND PIN ASSEMBLY.....
-38 1 .. Stop latch PIN....................
-39 1 . Line SECTION......... ... v,
SUPPLIED AS COMPLETE ASSEMBLY
1 . HOUSING AND METER ASSEMBLY........... 4410-202
-40 1 Shock MOUNT...........ovviininnn.. 4420-087
(ATTACHING PARTS)
-41 2 SCREW, Phillips oval hd,............ 4410-202-6
no. 10-32 x 1/2 in. 1lg, sst
-42 1 Shock STRIP..... ...t innnn. 5-1066
-43 3 BUMPER Stem...........couivnninnnn.. 4220-098
-44 1 METER. ... ii ittt i iiie i 2080-066
1 HOUSING ASSEMBLY.................... 4410-003
-45 1 Carry STRAP.......... ... ... vt 8580-003
(ATTACHING PARTS)
-46 2 SCREW, Phillips truss..............
hd, no. 10-32 x 1/2 in. lg, sst
-47 2 Strap WASHER. .. .. .vvvrrnnnnnnnnns
-48 4 BUMPER Stem. ........ovuiiuunennnnnn 5-1388
-49 1 . HOUSING. .......oiiiiiii i, 4410-009
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PRINTED CIRCUIT BOARD ASSEMBLY

FIGURE 7-3.
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PRINTED CIRCUIT BOARD SUBASSEMBLY

FIGURE 7-4.
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REFERENCE FIGURE 7-4.

ITEM NO.

PRINTED CIRCUIT BOARD SUBASSEMBLY

DESCRIPTION

CR-1,2,3 & 4
Cl

C2

C3 &4

C5 & 10
€6,11,13 & 14
C7 & 8

Cc9

Cl2 & 15

Ql
R1

R2
Rl4

R15
R16
R17

R18 & 19
R20 & 21

R22
R23
R24
R25 & 26
R27
R28
R29
R30

S1
Ul

4410-030

. DIODE IN4148......... .. ...

. CAPACITOR, 0.1 microfarad,...
100 vde, 10%

. CAPACITOR, 0.047 microfard,..
250 vdc

. CAPACITOR, 2.2 microfarad,..
15 vdec, 10%

. CAPACITOR, 1.0 microfarad,...
15 vdc, 10%

CAPACITOR, Red cap, O0.1......

microfarad

. CAPACITOR, 100 picofared.....
200 vdc

. CAPACITOR, 100 picofared,....
160 vdc, 5%

. CAPACITOR, 100 picofared,....
100 vdc

. TRANSISTOR 2N3904............

. RESISTOR, 30 K ohm, 1/8......
watt

. RESISTOR, Network............

. RESISTOR, 4.02 K ohm, 1/8....
watt

. RESISTOR, 9.76 K ohm, 1/8....
watt

. RESISTOR, 28.7 K ohm, 1/8....
watt

. RESISTOR, 6.19 K ohm, 1/8....
watt

. RESISTOR, 1.0 M ohm, 5%......

. RESISTOR, 10.0 K ohm, 1/8....
watt

. RESISTOR, 100 K ohm, 1/8.....
watt

. RESISTOR, 4.64 K ohm, 1/8....
watt

. RESISTOR, 3.74 K ohm, 1/8....
watt

. TRIMPOT, 200 K ohm...........

. RESISTOR, 750 ohm............

. RESISTOR, 1 K ohm, 1/8.......

watt

. RESISTOR, 27.4 K ohm, 1/8....
watt

. RESISTOR, 4.99 K ohm, 1/8..
watt

. SWITCH, Rotary, servicing....
. INTEGRATED CIRCUIT, Linear,..
CMOS (CA3130AE)
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