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CHAPTER 9

TESTS OF RADIO DIRECTION FINDERS

List of Designations Appearing in Cyrillic

kru - lt.f = gcaling factor

B= fair = fairlead
Blx = out = output

=1 = (definition undetermined)
X = comp = compensating
MAKC = mAX = maximum

load
HC = asym = asymmetric

f = field coll

P, p = loop
® = fd = feeder
3 = st = standard
B =V e variometer
PCC w S8G = standard signal generator

3 = ground

Preliminary tests of radio direction finders a1 performed in laboratories,

final ones are performed in real operating conditiorns of the direction finder.

9.1. Laboratory Tests of Direction Finders with a Rotating Loop

Separate parts of the direction finder (the loop, variometers, etc.) require
no special tests other than normal ones — measurement of inductance, capacitance,
resistance, and coupling coefficient, We shall not dwell here on methods of

measurement of these magnitudes,



During laboratory testing of the direction finder as a whole by a generator of
standard signals there is required, anslogously to normal measurement of receivers,
use of an equivalent antenna, A peculiarity of the given case is that receiver-
direction finder is fed simultaneously from two untennast a loop and an open
antenna, where the virtual height of the loop changes in a wide range with change of
wavelength, and the phase of the emf induced in it differs by 90° from the phase of
the emf in the antenna, Furthermore, ordinary generators of standard signals have
an asymmetric output (one pole usually is grounded), Connection of output terminals
of the generator to the loop creates a symmetry of its circuit, which may not
correspond tu real operating conditions of the loop.

In Fig, 9.1 there is presented the circuit of the equivalent of the antenna and
the loop, considering these peculiarities, Parameters of the circuits are selected
in such a manner that L'2 + L"2 << Lo. where Lo = inductance of the loop} L., c.,
Ra, Crair ~ i{nductance, capacltance, and resistance of tihe antenna and capacitance
of its fairlead, Under these conditions the receiver has normal load both from the
loop and from the antenna,

Then we select R >> mLix then the current

through winding L1 with sufficient accurscy
(with error of 1%, 1f R > Tul,) can be

-
! ] expressed

Te gmernizr of
riandard ot gals

. 3

where E - output voltage of generator,

Fig., 9.1, Diagram of equiv- ' "
alent of antenna and loop. The emf induced in coils L 2 and L 29
will dbe
oM
By JaMl, = E.
and voltage on resistance R.. corresponding to the emf in the antenna, is equal to
Coupling between coils L, and L'Q-an is made variable by sine law
M-M..“lh..
During real work the emf in the frame is
Eym= [EA, sin b,
the emf in the antenna is
‘.-u‘c
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We equate E " l.. E and af = E, where a — fo:top, which *

1o0p * F100p
convenlently seloecitesd cqual Lo any round number (1, 2, ,ee01/72, 1/', 1/1, #ley)e

From this we find
@Myens ! and OMasee A
S . -d ) -‘:'.

2wSN
S8ince hloop is proportional to frequency h100p .= - 3.10“ the lase eyuality

is realizadle in the whole range of frequencies. From it we find ”..x, after which,
given a, we find R, The reading on the divider dial of the generator of standard
signals, multiplied by a, gives field strength in microvolts/meter,

By this circuit we can perform the following tests:

i, Determining sensitivity of the radio direction finder, i.e,, the field
strength which is required to ensure possidbility of direction finding with error
not exceeding a given value, For this, there is determined that voltage from the
generator of standard signals at which bearing is read with the given accuracy., From

the voltage field strength is calculated,

2. Check of exactness of determination of direction, Switching on the direction

finder, we find field strength E1 and 32 in two positions, corresponding to deter-
mination of the direction, with constant output voltage, Depending on the scheme
for determining direction these positions can be established either in the receiver
itself by turning the variometer, switch, and so forth, or by turning the loop. In
the last case in the test circuit turn of the loop is replaced by turn of variometer

1 E
L 2-L 2 from the position corresponding to +Nh.x to position 'Mmax' Relation Eé

characterizes exactness of determination of direction,

3. Check of compensation for antenna effects, The problem is to determine the
relative emf of the antenna effect which can be compensated, It, cbviously, is equal
to the maximum emf created by the compensator, To determine this value we determine
field strength Eo, creating normal output voltage with the position of the compen-

sator, corresponding to zero emf of compensation., Then we turn variometer L'2-L 2

until we obtain zero emf in the loop circuit and the place compensator in the
position, giving maximum compensation emf, In this position we again determine field

E

strength Ecomp' giving the same output voltage. Ratio lr-il- gives the value we
comp

sought,

A,
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4o It is possidle to check remaining characteristics of the receiver
(selectivity, fidelity, and so forth),

Testing by the two-signal method is accomplished with two equivalents, whose
inputs are connected to two generators, and outputs are parsllel-connected,
Resistances and reactances of the equivalent should be doubled,

Another method of laboratory testing consists of placing the loop in a magnetic
field, which is created by current in a horizontal rectilinear wire (line) (Fig. 9.2).
This test should de conducted in a shielded chamber, since during tests with
the loop connected (and not with its equivalent, as in the preceding method) external
interferences hamper tests a great deal, At a certain distance d from the chezamber

ceill) ; we stretch a rectilinear wire, which at one end is joined by a shielded
cable to the generator of standard signals, and on the other through resistance R
to the metal wall of the chamber,

K Messuring 14ne

[ ] ‘
Genarster of %o termimal of
standard L= - = =l negeiver *connest
sigrale L= antenma”

I

Fig. 9.2. Measuring line for The purpose of resistance R is to
testing a direction finder,

Fig. 9.3, VOIt‘se divider.

provide in the wire a traveling wave of
current. In traveling wave conditions current in wire, and, consequently, magnetic
field strength around it depends little on frequency. Magnetic field strength in
these conditions also does not depend strongly on shift of the observation point
along the wire,

Under wire there is placed the loop direction finder being tested, With
rotation of the loop the minimum emf is induced in it at the time when its plane
is perpendicular to the wire,

Magnetic and electrostatic fields of a rectilinear wire at a small distance
from this wire do not have rs simple a relationship to one another as in the zone
of radiation, Therefore, use of the open antenna of & direction finder in its
normal position can lead to a relationship of emf's induced in the antenna and loop,
absolutely different from the relaticnship in real conditions, For testing it is
necessary to use as the antenna a special section of rectilinear conductor, located

in parallels to the test line. The length and distance of this conductor from the

e



line will be selected in such a way as to ensure a normal relationship of emf's in
the antenna and loop, For feed of the antenna circuit it is also possible to use a
voltage divider (Fig. 9.3).

First of all it is necessary to select such a resistance R that in the line
there is established a traveling wave, Wave impedance of a single-wire line with

diameter 2r at distance d from the conducting plane is equal to
r=12g 2, (9.1)

By this formula there can be found the approximate value of vesistance R = p,
Travaling wave conditions in the line are verified by one of the known methods, In
this case it is convenient to use the fact that impedance of a line, loaded on wave
impedance, is equal to the wave impedance. Due to this, connection to the generator
of standard signals of a line, loaded on resistance R, if R = p, will influence the
generator the same as connection of the actual resistance R (will cause the same
decrease of its output current). By several tests it is possible to definitize
magnitude R, initiully found by the formula (9.1). Traveling wave conditions must
be verified in the whole range of frequencies of the direction finder,

Line calibration, i.e., determination of the field strength corresponding to
the given output voltage of the generator, is produced by a comparator, The antenna
of the comparator should be loop-type and of approximately the same dimensions as
the loop of the direction finder,

If generator voltage is U, and field strength is E, then k.r -'ﬁ is called the
scaling factor, determination of which i1s the purpose of calibration,

Calibration should be performed at several frequencies within the frequency

range of the direction finder, Independence of the scaling factor from frequency

v

is confirmation of the fact that in the line there have been established traveling
wave conditions,

I¢{ is necessary also to produce calibration for different distances of the
center of the loop from the line, ;

If there is no comparator, calibration can be produced by a loop, whose
geometric dimensions are known exactly. The erf on terminals of the loop should be
measured by a voltmeter with a very large input impedance, As such voltmeter we use
receiver with supply of voltage to the cathode grid of the first tube. The receiver

is calibrated from a generator of standard signals,




If maximum emf in the loop is 'max' and voltage from the generator i{s U,

t..-!&t. (9.2)

where h. is the calculated effective height of the loop.

For selection of an auxiliary antenna or specifications of the divider feeding
the antenna circuit, we should know the effective height of the open antenna of the
direction finder h_.

The emf introduced into the antenna circuit of the direction finder in real

conditions is equal to

‘5q1'!ht

When testing under a line with the help of a divider this emf is equal to
,dau.z—'z—c ;
S 146,

zo_?zn--;'“l"*n"ao (9.3)

The sum of capacitances 01 + 02 should be equal to the capacitance of the antenna

From this we find

Coe Formula (9.3) gives the possibility of determining C, and C,t

- CymmColighes, (9.4)

Testing under a line permits determining the same parameters of a direction
finder as testing with the help of an equivalent antenna., Furthermore, testing
under a line permits checking the sharpness of minima and the magnitude of errors
depending upon frequency, field strength and other factors,

For checking selectivity by the two-signal method there is stretched a second
line, perpendicular to the first and fed by a separate generator, Frequency and
field strength of the disturbing radio station are established on this second
generator,

It 1is necessary to note that neither the first nor the second method of
laboratory testing corresponds fully to real conditions of work and, therefore, they
can give results, differing from results of tests in operational conditions,
Nonetheless, laboratory tests are very desirable, since thanks to the easy of shifting
frequency, change of amplitude of the fed voltage, etc., tests can be conducted more
widely and deeply than during tests on real work, Here, there can be revealed defects

which would be pessed over during performance tests,
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Of the two methods described, obviously, the second corresponds more closely
to real conditions of work of the direction finder, but carrying it out is somewhat

more complicated than for the first,

9.2, Laboratory Tests of Direction Finders of a QJQoniometric System

Tests of Loops

Besides normal ch;cking (determination of inductance, self-capacitance, damping,
and so forth) for loops of goniometric systems it is very important to check the
magnitude of mutual inductance between them, Absence of mutual inductance simulta-
neously confirms their mutual perpendicularity, From smallness of permissible
magnitude of mutual inductance (permissible coupling coefficient is of the order of
0.3-0.4%) normal bridge and resonance methods are insufficiently exact,

A measuring circuit, permitting a reading, with the required degree of accuracy,
is presented in Fig., 9.4, B is a variometer with very small inductances of windings
(considerably smaller than inductance of loops), but with a fairly strong maximum
coupling between them (K = 0.4 to 0,6), The high coupling coefficient permits

sufficiently accurate calibration of the variometer,

. One of the windings of the variometer, series-connected
i with one of the loops, is fed from the generator; the
2 other winding of the variometer and the second loop are
also coupled in series and are joined to the cathode
Fig. 9.4. Measuring grid of the first tube of the receiver, Audibility on
circuit of small mutual
inductance. the receiver output turns into zero when the coefficient

of mutual inductance of the variometer is selected equal

to the coefficient of mutual inductance of the loops.

The generator and receiver, and also the variometer must be shielded, and all
wiring i1s carried out in such a way as to exclude spurious couplings between circuits

of the two loops,
Testing of the Goniometer

In the goniometer all its electrical parameters — inductances and distributed
capacitances of all coils and maximum coupling coefficient between each of the field
and the searcher coils — are to be checked, It is necessary also to check the
coefficient of mutual inductance between the two field coils., This measurement can

be made by the same scheme as analogous measurement for loops,
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The most important test of a goniometer is determination of the error curve,
Neasurement of erros can be taken at high and low frequencies,
For checking at high frequency we compare the tested goniometer with a standard

one, connecting them as shown in Pig. 9.5, Let the rotor of the standard goniometer

5 turn about the first coil of the stator at angle
ra CE O.t. Assuning that the standard goniometer is
- absolutely exact we can present the emf's induced

Sondard Tested in stator coils in the form
®nicnster ®njeneter ZeM
E =] 5= cos,,
Pig, 9.5. Co:garison of B..M
goniometer with a standard E.Am] '
one. { ] , !. .‘o‘lo

where M1 - maximum mutual inductance;
zi = impedance of rotor of standard goniometer;
E — feed voltage.

Currents in stator coils will bde

l..-ll!,.-a'.'—f,',—';;,—,m%.
h= 1By vt

where zn, zxi and Zxa — impedances of stator coils of the standard and investigated
goniometers,
Normally impedances of two stator coils are equal to one¢ another, i.e,,
Zy=mZ, =2,
If the searcher of the tested goniometer is turned an angle Ox. then the enf
induced in it will be

B E T T cmh — b

where M2 = maximum mutual inductance between field and searcher coils of the tested
goniometer,

This enf turns into zero when Ox - 6“ + 90°. Thus, setting the rotor of the
standard goniometer at some angle 0“, we should obtain disappearance of audibility
upon setting the rotor of the tested goniometer at an angle 6st + 90°. The diffe:ence
between this angle and the angle of setting, at which we obtain real disappearance
of audibility, directly gives error of the goniometer, In an analogous way we can
test a goniometer with three or four field coils,
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