
CHAPTER 2

Humidity-Temperature Measuring Set ANtTMQ-11

IN THESE DAYS of semiautomated weather
observing, many tasks which were time
consuming for the weather observer have been
simplified and speeded up. Before the
AN/TMQ-ll temperature-humidity measuring
set became a part of the observation
e quipmen t, the observer obtained
psychrometric readings from the wet and dry
bulb thermometer assembly that was kept in
the instrument shelter. Human error was
introduced in the mathematical conversion
from the wet bulb thermometer reading to
the dewpoint. The temperature-humidity
measuring set has automated temperature
measurement but also has added another
system for the equipment specialist to
main tain. In this chapter we will discuss the
operation and maintenance of the
AN/TMQ-ll. The discussion of the
AN/TMQ-ll begins with a review of data flow
through the system block diagram.

6. Block Analysis
6-1. The block diagram of the AN/TMQ-11

is shown in foldout 3. Each block or group of
blocks has a number. This number is used for
quick reference for theoretical
troubleshooting and for reference to the
blocks during the following discussion.

6-2. The AC regulator (1) maintains a
constant voltage input to the set,
compensating for variations in the input
voltage and load. The aspirator (2) is a fan
that draws air over the sensing elements. The
dewpoint heater (3) aids the adjustment of
the temperature of the dewpoint element so
that it is equal to the equilibrium
temperature. A 1.6-volt DC power supply, (4)
and (8), supplies voltage to each bridge
network, (5) and (9), that is comprised of a
sensing element (temperature or dewpoint)
and fixed and slide wire resistors. The DC
output from the bridge is the input signal to
an amplifier circuit, (6) or (10). The amplifier
section converts the DC voltage from the

bridge to an AC signal and then amplifies the
AC signal. This signal is fed to a balancing
motor, (7) or (11), which moves the
temperature or dewpoint indicator and
balances the bridge by moving a slide wire
resistor.

6-3. With this brief review of data flow
through the block diagram, let's see how the
block diagram can be used as a
troubleshooting aid. To help you understand
the way to use the block diagram for
troubleshooting, refer to table 1 for the
checklist for the AN/TMQ-11 block diagram.
The following rules must be observed in order
to use a checklist.

a. Descend vertically down the major
checks, 1, 2, 3, etc., in sequence until you
find a check result that is abnormal.

b. Then, and only then, cross the vertical
line to the right and again descend,
performing all subchecks in sequence, a, b, c,
etc., until you find another check result that
would aid in locating the trouble area.

6-4. How do you use the checklist and the
block diagram to locate a malfunction?
Suppose the result of the first check on the
list is abnormal, that is, no aspirator (2) meter
indication. In this situation, move to the right
on the checklist and perform the indicated
check to determine whether or not the
dewpoint heater (3) has current. If both the
aspirator and dewpoint readings are zero, the
trouble area is the AC regulator (1). On the
other hand, if the dewpoint reading is normal,
the trouble area is the aspirator circuit. Check
2 on the checklist checks the dewpoint heater
circuit only.

6-5. The temperature and dewpoint
indicators can have one of four indications.
They can operate normally, can be pegged at
either end, can have a dead dial (no torque
force), or can be slightly off in reading. The
last indication does not appear on the
checklist and is caused by a resistive value
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TABLE 1

r
11.
II I a.
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I a.
b.I

!,4.
a.
b.
c.
d.

e.

CHECKlI::iTFORAJ/THQ-ll

5,

6.

Aspirator meter indicates between 1 and 1.3 amps.

Detrpcd.nt. heater meter indicates current.

Dev~oint heater meter indicates current flow.

Temperature indicator indicates correct temperature.

Indicator pegs at the 10,\" end.
Indicator pegs at the high end.

After manual movement, the temperature indicator repositions.

All amplifier tube filaments do not glow.
Some filaments do not glow'. (Notice whi ch tube or tubes . )
Repositions when the dewpofrrt amplifier is used,
Does not reposition when the dewpoint amplifier is used~ but
the indicator oscillates w-ith the gain control fully G"\!J.
Does not reposition using the devrpoint amplifier, and the
indicator does not oscillate vli th the gain control fully G"vJ.

Dewpoint indicator indicates correct dewpoint.

a.
b.

Dewpci nt indicator pegs at the 10"7 end.
Dewpoint indicator pegs at the high end.

After manual movement, the dewpo'i.nt. indicator repositions.

All amplifier filaments do not g'Low.
Some filaments do not glm·T.(Notice vfuich tube or tube a,")
Reposi tions when the temperature amplifier is used.
Does not reposition Hhen the temperature amplifier is used,
the indicator oscillates vri t.h the gain control fully C1tJ.
Does not reposition using the temperature amplifier; and the
indicator does not oscillate vli th the gain control fully C1!L

a.
b.
c.
d.
e,

I
1

but ~,
J

change in one leg of the bridge. It is obvious
that if the indication is correct, you have no
trouble. This leaves only two abnormal
indications to consider-pegged at either end
or a dead dial.

6-6. Assuming that the temperature
indicator is pegged at either end (abnormal
indication for check 3), the trouble area is
probably the temperature bridge circuit (5).
To check for a dead dial, manually move the
dial. If the dial repositions (normal
indication), go to the dewpoint indicator
check. However, if the temperature dial does
not reposition, make the temperature
indicator subchecks, Checks 4a and 4b

determine whether the filaments in a tube are
open or if fuse F201 is blown. Make check 4c
by changing the temperature amplifier (6)
with the dewpoint amplifier (lO). Both
amplifiers are identical and you can switch
them by switching their input and output
plugs. After switching amplifiers, the
temperature dial either responds properly or
it doesn't. If it does respond, then the trouble
is in the temperature amplifier; if it doesn't
respond, the trouble area is either the DC
power supply (4) or the balancing motor (7).
To determine which, turn up the amplifier
gain. Increasing the gain causes the indicator
dial to oscillate from the noise generated by
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Figure 31. Input circuit to AC regulator.

the amplifier. If the indicator does oscillate,
the trouble area is the DC power supply, and
if it does not oscillate, the trouble area is the
balancing motor. Checks 5 and 6 are the same
as checks 3 and 4 except that they are for the
dewpoint circuits rather than the temperature
circuits. After you use the checklist to isolate
the trouble to a portion of the block diagram,
you need to know the circuits and circuit
analysis of the AN/TMQ-11 to locate the
defective component.

7. Circuit Analysis
7-1. To help you keep the blocks of the

AN/TMQ-ll block diagram in mind, the
circuits are broken into sections that are
related to the blocks of the block diagram. We
will begin the circuit analysis with a
discussion of the AC regulator and continue
with the dewpoint heater and aspirator,
bridge network, amplifier, and, finally, the
DC power supplies. Use FO 3 to follow the
discussion.

7"2. AC Regulator. To understand the
operation of the AC regulator, you must
understand some electronic principles. The
input circuit of the regulator is illustrated in
figure 31. The input AC is applied to points B
and D and the output voltage taken from A to
D. With changes in the input voltage, the
output voltage (130 volts AC) is maintained
by varying the inductance of T2. Take a
closer look at figure 31 during the following
explanation of the way that 130 volts is
obtained.

7-3. Tl is an autotransformer that steps up
the input voltage. The amount of voltage
stepup is determined by the IR drop from
point B to C. The larger the IR drop between
Band C (primary), the larger the stepup
voltage induced between B and A
(secondary). For discussion purposes, assume

that the input voltage is 115 volts AC and
that the T2 IR drop is 50 volts AC (point C to
D). This leaves 65 volts AC across Tl from
point B to C, If B to C has a 65-volt IR drop,
15 volts is induced in T1 from point B to A,
giving a total IR drop from point A to D of
130 volts AC. By changing the inductance of
T2, it drops 70 volts. This leaves 55 volts to
be dropped by T1 (point B to C). The
decrease in the IR drop from B to C causes a
decrease in the induced voltage from point A
to B. To maintain the 130-volt output, the IR
drop between points A and B of T1 would
have to be 5 volts. These voltage values
illustrate the principle of operation and are
not necessarily the measured voltage values.

7-4. The principle of operation is simple,
but what changes the inductance of T2? Two
principles are involved in changing the
inductance of T2. The first principle is that
the inductive reactance of a given coil is
increased by placing a metallic rod (core)
inside the coil. As the core is inserted farther
into the coil, the reactance increases. The
increase in reactance is caused by the
concentration of magnetic lines of force along
the center axis of the coil, making the coil

N

CORe

p

o

•

(A)

C

CRl

i
CR2

~r---"'O

i
N

30250-2-2-32

o

(8)

Figure 32. Transformer T2.
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more efficient. The second principle is that
the core can be saturated. The core is
saturated when it cannot accept any more
lines of magnetic flux as current is increased.
When the core is saturated, an increase in flux
cannot increase the lines of force in the core
and the additional lines of force are forced to
use ai.r, which is less effi.cient than the
metallic core, as a flux path. Therefore, as the
current is increased, inductance decreases.

7-5. Figure 32(B) shows the schematic
diagram of T2, and figure 32(A) illustrates T2
as windings on a core. The arrows indicate the
direction of current flow in the windings. An
AC voltage is applied to points C and D.
Diodes CRI and CR2 and the direction of the
windings cause the magnetic flux to move in
only one direction in the core. A DC voltage
is applied between poir:-t;;N ~nd ? so tha~.the
direction of the flux lines aid the flux nnes
produced by the AC windings. The current
flow applied between points N and 0 can be
increased until the core is saturated. A current
is also applied between points P and 0 but in
the opposite direction of that applied to N
and O. The flux lines produced by the current
from P to 0 oppose those that are produced
by the current from N to O. An increase in
current from P to 0 brings the core away
from saturation. By controlling the current
flow from N to 0 and from P to 0, the flux
density is controlled and the inductance of T2
is changed. This brings up another
question-what controls the currents from
point N to 0 and from P to O?

7-6. To answer this question, use the
schematic diagram of the AC regulator, shown
in FO 3, as you read the fonow~g
explanation. Assume that 115 volts AC IS

applied to the AC input between point B ~f
Tl and point D of T2, and 130 volts AC 18
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Figure 33. Regulator as bridge circuit.
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Figure 34. Bias and load windings of T4.

measured from point A of Tl to point D of
T2. This 130 volts AC is applied to an
autotransformer, T3. The autotransformer,
T3, steps up the 130 volts to 150 volts, which
is applied to a bridge rectifier, CR5 through
CR8. The output of the bridge rectifier
between points Hand J is fed to another
bridge circuit, as illustrated in figure 33.

7 -7. The voltage drop between points J
and L (fig. 33) is held constant by the Zener
diode. CR9. During normal operation, point
M is always positive with respect to point L;
therefore. the current in the bias winding of
T4 is always in the same direction. If the
voltage from the bridge rectifier increases
because of an increase in input voltage, the
current through the bias winding of T4
increases. The increased current in the bias
winding causes an increase in the impedance
of the load windings. This seems to conflict
with the previous statement about a coil with
a metallic core-as current flow increases,
reactance decreases. However, in this case, the
T4 windings in the circuit with CR3 and CR4
establish the load current and flux in the core.
The bias current in the other winding of T4
opposes this current so that, as the bias
current increases, it drives the core away from
saturation and increases the reactance of the
load windings. Figure 34 identifies the
windings and current flow. Increasing the
impedance of the load windings of T4 causes
a decrease in the current from N to 0 of T2.
Remember that the current from N to 0 of
T2 aids saturation of the core. whereas
current from P to 0 of T2 decreases the core
saturation. Notice that the current changes in
the bias winding of T4 also flow through P to
o on T2. In other words, when the current in
the T4 bias winding increases, so does the
current in T2 from P to 0, and the current
from N to 0 decreases because of the
increased impedance of the load windings
caused by the increase of bias in T4. The
combined effect of the current from P to 0
and N to 0 decreases the saturation of T2,
which increases its impedance. This increase
in impedance reduces the voltage across
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autotransformer T1, reducing the output
voltage. This compensates for the original
increase in voltage.

7-8. For a quick review, remember that the
input AC voltage is applied to T1
(autotransformer) and T2. The stepped-up
input voltage is connected to T3
(autotransformer). T3 steps up the voltage
and applies it to a bridge rectifier. The
rectifier is connected to a bridge type
regulating circuit. When the AC input changes
to cause a change in the DC voltage from the
rectifier, it causes the current in the regulating
circuit to change according to the direction of
the change in the input AC. The current
change in the regulating circuit causes the
core of T2 to increase toward saturation (less
impedance) or decrease from saturation (more
impedance). The impedance of T2 controls
the AC voltage to the rectifier circuit. If the
input AC increases, the impedance of T2 must
increase to lower the voltage produced by T1,
and if the input AC voltage decreases, the
impedance of T2 must decrease in order that
T1 can increase the output.

7-9. The output voltages from the AC
regulator operate the entire AN/TMQ-ll set.
You can change the regulator output voltage
by moving the connection of T4 (bias
winding) to a different location between the
Ifr-ohm resistors (R1 through R10). The
130-volt AC output operates the aspirator and
a 25-volt AC output operates the dewpoint
heater.

7-10. Dewpoint Heater and Aspirator.
Before discussing the dewpoint heater circuit,
we should discuss the principle behind the
dewpoint measuring circuit. To determine the
moisture content of a gas, the dewpoint
device uses the principle that for every
variation of the water vapor pressure in
contact with a saturated salt solution, there is
one temperature (called equilibrium
temperature) at which this solution neither
absorbs nor releases moisture to its
environmental atmosphere. At temperatures
below equilibrium, the salt solution absorbs
moisture; above, the solution releases
moisture until a new equilibrium is attained.
The electrical conductivity of the salt solution
varies directly with the amount of water
(moisture) present.

7-11. The dewpoint instrument has a pair
of gold alloy wires wound around a sleeve of
woven glass tape which, in turn, is wound
around an electrical resistance temperature
sensor. The wires are parallel and are not
connected except through an applied coating
of lithium chloride. When the temperature of
the instrument is below equilibrium, the salt
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Figure 35. Simplified bridge circuit.

absorbs moisture, and the interwire current
flow increases raising the instrument to
equilibrium temperature. When the
instrument is above equilibrium, less current
flows and the instrument cools to the
equilibrium temperature. The dewpoint
circuit measures the equilibrium temperature
and converts it to the dewpoint temperature.

7-12. The dewpoint heater meter indicates
the current flow between the gold wires. The
dewpoint meter movement is protected by
diodes placed in parallel with it. The diodes
bypass any voltage pulses that might be
introduced in the cable run. The heater circuit
is protected by fuse F204. The voltage source
for the heater circuit is 25 volts AC supplied
by the AC regulator. A current-limiting
resistor (R15) located in the AC regulator is
in series with the circuit.

7-13. The aspirator is a fan that draws air
over the sensing elements. The voltage to the
aspirator should be maintained at about 120
volts AC to maintain the proper volume of air
flow (there is some line loss through the
cable). The aspirator meter indicates the
current flow through the aspirator motor. The
circuit is protected by fuse F203. This
discussion has shown the way that power is
applied to the dewpoint heater and the
aspirator. The sensors or elements that are
located in the transmitter unit are a part of
the bridge network in the indicator unit. The
following discussion explains the operation of
the bridge network.

7-14. Bridge Network. Operation of both
the dewpoint and temperature bridges is the
same; the only difference between them is the
size of the resistors in the bridge. Since the
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bridges are similar, only the temperature
bridge is covered in the following discussion.

7-15. The bridge can be simplified as
illustrated in figure 35. DC voltage is applied
to points C and D. When the bridge is
balanced, no current flows between POLl1tsA
and B. As the temperature of the sensing
element changes, its resistance changes,
unbalancing the bridge and causing current to
flow between points A and B. Both elements
have a positive temperature coefficient; that
is, as the temperature increases, the resistance
increases. Suppose the temperature increases;
this causes the element resistance to increase.
Increasing the resistance from point A to C
unbalances the bridge. This makes point A
negative with respect to point B. With current
flowing from A to B, the vibrator and
amplifier produce a signal that causes the
balancing motor to move the indicator dial to
a higher number and to move the slide wire
resistor so that it balances the bridge. The
increase in indicator reading is caused by an
increase 1..'1 free air temperature in the case of
the temperature element or by an increase in
heat from the heater element in the case of
the humidity (dewpoint) element. If the
temperature decreases, current flows from
point B to A; this causes the balancing motor
to drive the indicator to a lower number.

7-16. To keep the bridge from reflecting a
varying load to the bridge power supply, the
bridge is balanced in two places. This method
of balancing maintains a constant load on the
power supply and still reacts to changes in
temperature. Since you C8.11see the way that
the direction of current flow to the vibrator is
obtained, now see how the vibrator
determines the direction of motion of the
balancing motor.

7-17. Amplifier. Since both amplifiers are
identical, circuit analysis of each is the same.
Figure 36 illustrates the phasing circuit for
the balancing motor. The AC is applied to the
primary of T102 and to the reference winding
of the motor. The phase of the AC input is
shifted 1800 by the T102 secondary and
approximately 90° 1:I10reby C112. These
phase shifts cause the vibrator reed to operate
approximately 90° out of phase with the AC
applied to TI02 primary and balancing
motor. For example, assume that the
temperature increases to unbalance the
bridge. The voltage polarities from the bridge,
as shown in figure 36, indicate this ccndition.
The position of the vibrator reed is
determined by the incoming AC. The bridge
current flows from the reed through TIOI to
the center tap and back to the bridge. The
direction of the primary CULTent in TIOI

,-' --_._--,

Figure 36. Vibrator and balancing motor phasing.

determines the direction in which the
balancing motor runs.

7-18. If the bridge is unbalanced in the
other direction (negative at the center tap and
positive at the reed) because of a decrease in
temperature, the current in the primary of
TIOI flows from the center tap to the reed.
Current flow in this direction causes the
balancing motor to run in the opposite
direction. CIOl, CI02, CI03, C120, RIDL
RI02, and RI03 are a filter which keeps
vibrator "noise" from the bridge and aids
smoother operation of the balancing motor.

7-19. As shown on F03, the AC signal
from TI01 is applied to the grid of a triode,
VI. To increase the signal-to-noise ratio, a low
plate voltage and a large plate resistor are
used. Notice the capacitors C116 and CU5;
these are bypass capacitors to keep the signal
from appearing in the B+ supply. The cathode
circuit of Vl also has bypass capacitors
C118-1 and 0104 along with resistor RI04 to
stablish cathode bias. A conventional RC

coupling circuit is used between VI and V2.
RI06 is variable and is the gain control. The
A section of V2 (pLl1S1, 2, and 3) operates
the same as '\ I but has a little higher plate
voltage. The amplified signal frorn this section
of V2 is coupled to the other half of V2 (B).
A grid-limiting resistor (RI09) limits the
positive grid swing of V2,{B). The output of
V2(B) is coupled through CI09 and R113 to
the grid of V3. Amplifier V3 also has grid
limiting, and because of the small size of
R114 as compared to RllB, grid leak bias is
developed in. the grid circuit of V 3. The plate
circuit of V3 consists of a tank circuit (CllI
and the motor winding) 'with a damping
resistor Rl19. Note that ?3 is a 6L6; it
develops the high CLLlT8ntneeded to operate
the balancing motor.

7-20. DC Power Supplies. The amplifier
plate voltage is supplied by TI02, full-wave
rectifier V4, and filter network R120 and
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C1l3. Note that FI0l protects V4 output,
not the filament circuit. The 1.6 volts DC to
operate the bridge circuit is supplied by Tl,
two rectifier diodes, D2 and D3, RC filter
network R1, R2, R3, R4, C1, and C2, and
Zener diode D1. The Zener diode regulates at
approximately 6.6 volts. Remember that the
load on this power supply is maintained at a
constant value by the arrangement of the
components in the sensing bridge. Therefore,
the output of the power supply remains
constant. All voltages in the power supplies
for the bridges are referenced to the center
tap (the negative reference) of Tl.

7-21. Besides repairing a malfunctioning
system, you are also responsible for the
accuracy of the equipment. You studied the
preventive maintenance routines for the
ANfTMQ-ll in technical school, and you
have probably helped perform some of them
on the job. However, a review of some of the
routines may help you to understand the
system.

8. System Maintenance
8-1. Instructions for maintaining the

TMQ-ll units are contained in technical
orders. Inspection and calibration of the
transmitter, indicator, or recorder are made
on a scheduled basis to help prevent
equipment malfunctions.

8-2. The temperature and dewpoint sensor
calibration must be checked periodically to
insure accurate temperature and dewpoint
readouts. Check the temperature unit first in
order to have an accurate thermometer for
testing the dewpoint unit.

8-3. Before beginning the temperature test,
remove the aspirator fuse from the control
panel indicator; then operate the indicator
unit for 2 hours to allow the system to
stabilize. During this period, prepare an ice
water bath as a fixed reference temperature
source. Fill a thermos bottle with a mixture
of crushed ice and water. Remove the
temperature element from the transmitter
unit and submerge it in the water bath. The
indicator should read 32° F. If it does not,
adjust the temperature rheostat (R401),
which is located adjacent to the indicator
scale, until the temperature reading is 32° F.
If you are unable to adjust the indicator to
the correct reading, remove the temperature

element and replace it with a check coil. The
balancing system should move the indicator
to the check coil simulated temperature,
provided that the ambient temperature is
within a range of from 60° to 100° F. (the
check coil element is slightly
temperature-sensitive).

8-4. By now you should realize that the
check coils are simply precision resistors. For
example, the coil representing a minus 50° F.
has a resistance of approximately 100 ohms,
and the 100° F. coil, 120 ohms. You can then
deduce that an ambient air temperature
change of 150° causes the temperature
element to change its resistance by 20 ohms.
This is a ratio of ~lS (0.133) ohm per degree
of temperature change.

8-5. If the check coil causes the system to
indicate properly, the temperature element is
defective and should be replaced, since the
check coil checks the cabling and the
amplifier. Resistance bridge ZM-4(B)fU is
used to test the temperature element in a
controlled temperature bath. One precaution
should be observed; the resistance bridge is a
very delicate instrument and must be used
properly. Be sure to follow the operating
instructions for this unit or you can damage
the galvonometer movement.

8-6. When the temperature system is
calibrated, you have an accurate thermometer
you can use to check the dewpoint system.
To do this, you need a bucket of water with a
temperature between 50° and 80° F. Remove
the dewpoint heater fuse from the indicator
(to remove the current from the heater wires)
and insert the temperature and dewpoint
elements into the water. Measure and record
the water temperature with the temperature
indicator. Then, using the table in the system
technical order together with the observed
water bath temperature, check to see what
the dewpoint system should indicate.

8-7. If the dewpoint readout is incorrect,
adjust the indicator rheostat (R301). If you
cannot adjust it to the correct reading, use the
dewpoint check coils in the same way as the
temperature check coils. If the system
registers correctly with the check coil, the
dewpoint element is defective and should be
replaced.

8-8. Refer to the chapter review exercises
in your workbook and answer the items for
this chapter before going on to Chapter 3.
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