PRICE s-l .00 |

Assembling
and Using Your...

ANTENNA
IMPEDANCE
METER

MODEL AM-1

HEATH COMPANY
A Subsididry of Daystrom Inc.

BENTON HARBOR, MICHIGAN



P eranop.ed JIM-piee
1811} 973 JNq PIPOI J10[02 A AeWl 1M T IO | ‘J}BM &f SI0ISISOT
punoam oitm [fewg -azis [eosAyd ur 1e8ie) Apparsseifoid aae
payioads UsYM SI0)SISal pajel adejjem JOUSIH “1IeM &4 oIe Iy
-[JE9 ] UL pasn A[UOTUIOD JSOUL SIO]SISAI UOGIe) "Surjel osejjem
Iloy) Aq poullLIe)op ST SI0JSISel UOqIed jo 9zis [edsiyd syj,

"Burjel 20URI0)
9/,0Z © S9JedIpUI pueq YlInoj Y} Jo e0ussqy O50[ = JOA[IS
0O/ = PIOX) (SMO[[0] S SUIJBI GOUEIS[0} SRUTILISNAP SIO|SISIL
Uo-pueq I0]0d YN0} Y Pasn SI0[0d oy} 0} pausisse sierjdninu
10 $POJOZ 9Y} PUE SSU[BA [EOLIDUINU JOJ 0pP0d I0[00 3Y} 0} I3y
-s10yoeded pue SI09S1sel papoo J0j0o Ajrjuapt Ajtedoad o3 parmb
-91 HOT)eULIOfUL AIeSSa0aT (e Sapraoid apoo 10]0d pIepuE)s oY [,

ainfiny gs51 ajunia|of
1 saydujn eueEo_o 1 ||._ ﬂ.l 1ejjdyjny
(4d0) ¥ N aunfirg puz
Apodo3 o0 “duoy | A Aspodny T
HOLIDVAYD DJIWVYEI) aval 1VIXY H01IDVdY) DIWVEI) 9NITINOD §$SVd-Ad yol1sis3y (aNva) aval 1viavy

eJuniajo] ssndujew  Jeydyjngy 31

Jondunw

ainbig 151

o

t "go0) -duay

Aypodoy

I
1aydujnw

edupie|oy

dVJIH DIWV¥1) D1 J9NVY QIaNILX3

¥OLIDVAYD DIWVHID V31 WIAVH 1046

¥01sis3¥ 104 aval 1viavy

000'000°000 6 6
d 000°000°00 8
S 000'000°0 L L
000000 9 9
000'00 g g
ouniefol 0000 ¥ ¥
000° g 3
1 00 g Z
_—:.u.:_-.u WQOZ A.“ %
10g-¢
300D YWY JIWY¥I) ISId SyEnry  dmE procs, ML 1A
HOT0D 10a HOTOD ANI HOTOD Adod
ONTH OHIHL ONIY ANODJAS DNIH ISHId

0707y

TALVTIASNIND

AALYINSNI

WIPIM B[gnop punq BBip is(
BADY SI0JSISE) PUROM DHM
saanfig quodyubig puz pun is|
ldujrw
CHITITTTY

pajjnsut-uoN —yn|g
pajojnsu] —umoig

dOL1SISI¥ avil WIXY

SYOLIDVAYD ANV SHOLSISIY — 300D ¥010) GUVANVLS




ASSEMBLY AND OPERATION OF THE
HEATHKIT ANTENNA IMPEDANCE
METER

MODEL AM-]

.......

SPECIFICATIONS
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INTRODUCTION

‘The Heathkit Antenna Impedance Meter model AM-1 is basically a resistance type SWR (standing
wave ratio) bridge. However, one arm of the bridge has been made variable, thus greatly in-
creasing the versatility of the original bridge circuit. By means of this modification, it is pos-
sible to measure radiation resistance and resonant frequency of an antenna, transmission line
impedance, approximate standing wave ratio and optimum receiver input. It also can be used
as a phone monitor and by connecting a tuned circuit and small antenna to the output terminals,
it may be used as a field strength meter where high sensitivity is not required. The AM-1 may
be operated from any low power RF source not exceeding 1/2 watt. The wide frequency range
and portability of a grid dip meter such as the Heathkit GD-1B, make it ideal for use with the
Antenna Impedance Meter. The AM-1 uses a specially tested potentiometer in the variable
bridge arm tomaintain calibration accuracy and to cover a range which will include the popular
600 ohm transmission feed lines.

CIRCUIT DESCRIPTION

The operation of the Antenna Impedance Meter may be understood by referring tothe fundamen-
tal bridge circuit shown in Figure 1. R1 and R2 are of equal resistance and represent the {ixed
arms of the bridge. R3 represents the calibrated variable arm and Ry the unknown resistance
of the antenna. When R3 is made equal to Ry, the current flowing through R1 equals the current
flowing through R2 and the current in R3 equalsthe current in Rx. Underthese conditions there
will be equal voltage at points A and B. Consequently, no current will flow through the meter.
This represents the balanced condition of the bridge and as R3 must equal Rx in resistance, the
unknown antenna impedance is read directly from the calibration of R3. In the unbalanced con-
dition where R3 does not equal Rk, the potential at point B will be higher or lower than point A
depending upon whether R3 is smaller or larger than Ry and the meter will have current flowing
through it. The AM-1 utilizes this basic principle adapted to measure impedances at radio fre-
quencies. Figure 2 shows the basic schematic of the AM-1.

']

INPUT

Figure 1 :
e Figure 2 !

Again R1 and R2 are of equal resistance, consequently when R3 equals Ry, there will be no po-
tential difference between points A and B, and no RF current will flow between points A and B.
When the circuit is unbalanced, RF will [low between points A and B and will be rectified by
the crystal diode, developing a DC potential at point X. This voltage [lows through the meterto
ground indicating the degree of unbalance of the circuit. As rectifiers of the type used show
variations of resistance with change in applied voltage, a relatively large resistance R4 is
placed in series with the meter to minimize this effect upon the response linearity. R4 and C2
also comprise a filter circuit for the meter. By plugging earphones into jack J, the AM-1 may
be used as a phone monitor.
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NOTES ON ASSEMBLY AND WIRING

The critical components of the Heathkit AM-1are of precision quality. The potentiometer used
has been subjected to special tests by the manufacturer to insure accuracy and linearity.

We suggest that you take a few minutes now and read the entire manual through before any work
is started. This will enable you to proceed with the work much faster, with less chance for
error. The large fold-in pictorial is handy to attach tothe wall above your work space. Its use
will greatly simplify the construction of the kit. These diagrams are repeated in smaller form
in the manual. We suggest that you retain the manual in your files for future reference, both in
the use of the Antenna Impedance Meter and for its maintenance.

UNPACK THE KIT CAREFULLY AND CHECK EACH PART AGAINST THE PARTS LIST. In
so doing, you will become acquainted with each part. If some shortage is found in checking the
parts, please notify us promptly and return the inspection slip with your letter to us. Hardware
items are counted by weight and if a few are missing, please obtain them locally if at all pos-
sible.

Much of the performance of the kit instrument depends upon the degree of workmanship used in
making soldered connections. The connection itself should be clean and mechanically strong.
- Do not depend upon solder alone to hold the connections together. The tip of the soldering iron
should be bright, clean and free of excess solder. Use just enough heat to thoroughly flow the
solder smoothly into the joint as excessive heat may damage components. Use no more solder
than necessary for a good electrical connection. More than this makes for poor appearance and
the excess flux may cause leakage over adjacent insulation. Crimp all leads tightly to the ter-
minals before soldering. Be sure both the lead and the terminal are free of wax, corrosion or

other foreign substances. Use only the best rosin core solder, preferably a type containing the
new activatea fluxes such as Kester "Resin-Five, " Ersin’ ”Multlcore " or similar types.

NOTE: ALL GUARANTEES ARE VOIDED AND WE WILL NOT REPAIR OR SERVICE
INSTRUMENTS IN WHICH ACID CORE SOLDER OR PASTE FLUXES HAVE BEEN
USED. WHEN IN DOUBT ABOUT SOLDER, IT IS RECOMMENDED THAT A NEW
ROLL PLAINLY MARKED "ROSIN CORE RADIO SOLDER" BE PURCHASED.

We strongly urge that you follow the wiring and parts layout shown in this manual. The position
of wires and parts is extremely critical in radio frequency instruments and changes may seri-
ously affect the characteristics of the circuit.

ASSEMBLY OF THE AM-1

( ) Mount the two plastic insulator strips on the case sides using 6-32 screws and nuts with
lockwashers on the inside of the case as shown in Figure 3. Align the strips so all holes
are centered before tightening,

( ) Mount two binding post bases through the holes closest to the center of the case.

( ) On the threaded portion of the binding post bases protruding through the inside of the case,
mount standard solder lugs and secure with 6-32 nuts. Do not use lockwashers whenever
solder lugs are used. Position as shown in Figure 3. Do not use the small solder lugs

here.

B R Screw the two black binding post caps on these binding posts. (Ground connection).

( ) Insert binding post bases through the msulatnr holes having the large clearance holes in the
case,
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( ) Slide a 3/16" spacer over the screw protruding inside the case, then a small solder lug and
nut. Mount the lug to face toward the nearest case edge, then bend at right angles to the
case side. See Figure 3.

( ) Screw the twored binding post caps onthese
binding posts. (Hot connection).

() Temporarily set case aside.

( ) Assemble the two brackets and the plastic
insulator plate as shown in Figure 4 using
6-32 screws.

&

( ) A solderlug is placed under the head of one
screw and positioned as shown in Figure 4.
Use lockwashers and nuts on the underside.
Center the small holes in the insulator plate
with the holes in the bottom bracket before
tightening,

e B

e
s

F

e
F HiReD
SRS
-
#
Fd
s
’
f--0-——---

Ly

FOHE

( ) Mount the 600 Q potentiometer P on the in-
sulator plate as shown in Pictorial 1, using
a flat washer and control nut.

¥y

-

Figure 4
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( ) Insert a 3/16 x 8-32 set screw in the insulated shaft extension and mount the extension on
the potentiometer shaft by tightening the set screw.

( ) Mount the meter on the panel using the hardware supplied. Position the meter so that the
meter zero adjust screw is nearest the end of the panel. Reference tothe photo on the front
page of this manual will ¢larify the meter position,

( ) Mount the bracket assembly to the panel using the phone jack J to hold them together. The
insulated shaft extension will pass through the 5/16" panel hole.

( ) Position the phone jack as shown in Pictorial 1. Use a flat washer and control npt on the
front of the panel. Center the bracket assembly on the panel and align parallel with sides
before tightening the control nut.

PICTORIAL 1

WIRING OF THE AM-1

(S) means solder. (NS) means do not solder yet.

( ) Refer to Pictorial 1.

( iﬂ. Connect a bare wire from J1 (S) to J2 (S).

(.. ) Connect a bare wire from J3 (S) to M1 (NS).

{l_.}‘*Cnnnect a .005 pfd ceramic condenser from M1 (S) to M2 (NS).

(T“‘-)‘; Cut one lead of the 10 KQ resistor to 1/2" length and connect to M2 (S).

("'1,) Bend the other lead at right angles sothat it will passthrough the small hole in the insulator
" plate as shown in Pictorial 1.

( ) Slip the two leads of a .005 pufd ceramic condenser through the two small holes in the insu-
lator plate from the side toward the panel as shown in Pictorial 1.
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(

) Position the condenser to lie parallel to and about 3/8" below the insulator plate.

( .-} Twist the condenser lead coming through the same hole as the 10 K2 resistor lead to the

resistor lead.

( ) Mount the crystal diode exactly as shown in Pictorial 1 by connecting the cathode lead (the

*

— e

cathode lead is on the end of the diode having a brownband around it)to the junctionof the 10
KQ resistor and .005 ufd condenser and about 1/4" above the bracket. Solder and trim off
excess lead.

} Center the other lead in the 5/16" bracket hole and connect to P1 (NS).

) Connect a bare wire from P2 (8), through P1 (S) and leave a 5/8" length free.

) Cutone leadof a 200 Q precision resistor to 3/4" lengthand insert through the 5/16" brack-
et hole as shown in Pictorial 1. Connect to P3 (NS).

) Connect a bare wire to P3 (S). - Leave 5/8" end free.

) Cut the other end of the resistor to 3/8" length and connect to the condenser lead coming
through the small hole in the insulator plate. Make the connection about 1/4" above the
plate (NS). : :

) Cut both leads of the other 200 precision resistor to 9/16" length. Connect one lead to the
junction point made in the above step (8).

) Connect the other lead to the adjacent solder lug and position ag shown in Pictorial 1 (NS).

) Run a 3 1/2" length of bare wire through the same solder lug, leaving 3/4" extended on the
side shown in the pictorial (S). :

MOUNTING UNIT IN CASE

PICTORIAL 2
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) The unit is inserted into the case in such a manner that the dimples on the panel ends en-
gage the small holes inthe case ends and the bottom bracket slides between the binding post
connections as shown in Pictorial 2. |

—

) Connect the two ends of the 3 1/2'" ground wire to the two bmdmg pust ground lugs (5). See
Pictorial 2.

—

{ ) Connect the two bare wires cnmmg from P1 and P3 to the adjacent insulated binding post
lugs (S).

) Install the rubber feet on the back cover as shown in Figure 9. ' 'Nf; Aé‘hg’;ﬁ i

-

(
( ) Mount the back cover to the case by means of two #6 sheet metal screws.
( ) Turn the insulated shaft extension on the panel completely counterclockwise. Figure 5
( ) Mount the dial on the shaft with the zero index on the dial coincidiﬁg with the panel index
~marker. Leave sufficient clearance between the dial and panel toprevent the dial scraping
and tighten the set screw.

CALIBRATION PROCEDURE

Although the potentiometers used in this instrument have been subjected to special tests to as-
sure linearity, there is still some variation in individual units. Consequently only coarse cal-
ibration figures are furnished on the dial and one side of the dial is frosted to facilitate easy
marking by the kit builder.

( ) Beforebeginning calibration, rotate the dial through its range at least twenty or more times.
This, in effect, "ages''the potentiometer by removing loose material onthe resistance strip
and tends to prevent future changes in resistance.

{ ) Plugan open circuited phone plug into the phnﬁe jack. This isolates the meter circuit from
the bridge circuit of the instrument which is necessary during calibration.

( ) Connect an accurate ohmmeter (or preferably a resistance bridge) between the twored ter-
minals (the terminals connected across the potentiometer.)

( ) Rotate the AM-1 dial until the ohmmeter readsthe desired resistance or the bridge is bal-
anced and mark the point carefully with a pencil or pen on the frosted plastic of the dial.
The dial may be marked at only the figures printed on it or these may be subdivided ac-
cording to the kit builder's requirements,

{ ) If an acrylic plastic spray such as Krylon is available, a light application to the dial after
calibration will prevent smearing of the markings with use. Be sure to mask the rest of
the instrument before spraying the dial and apply several light coats rather than one heavy
coat to prevent runs.

OPERATION AND APPLICATION

The AM-1 may be operated from any low power RF source, not exceeding 1/2 watt. A grid dip
meter makes an excellent driver for it. However, a VFO or an even higher powered transmitter
may be used if the coupling is decreased sufficiently to prevent over-load of the AM-1. At fre-
quencies above 15 megacycles, a one turn coupling loop is usually sufficient for obtaining max-
imum output from the grid dip meter, - For lower frequencies, a two or three turn loop will be
required. The position of the loop generally need only be at a point which produces approxi-
mately full scale reading on the Antenna Impedance Meter while the impedance dial is set near
the expected impedance and while the output terminals are open. Because the variable potentio-
meter is linear, nulls toward the high impedance end of the scale will not appear as sharp as
those at the lower end. In this case, it may be necessary to increase the coupling to the grid
dipper. For best accuracy of frequency measurements, it is advisable to listen to the grid dip
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beat against some standard frequency while the instruments are set at the measured reading
point. In the following discussion, the RF source will be referred to as the generator. Unless
otherwise stated, the null is considered as zero meter reading and it must be kept in mind that
this is not obtainable unless the measured impedance is resistive which in the case of an antenna
or any other circuit made up of inductance and capacitive reactances, means it must be resonant
at the frequency concerned. Incomplete nulls indicate the measured impedance is reactive.
Before discussing antenna measurements, data on the readings of transmission lines will be
first presented because they clearly indicate special characteristics of these lines and because
certain definite lengths of lines will be used with some measurement procedures.

'QUARTER WAVE LINES

To determine the electrical length of the quarter wave line, connect the line to the output ter-
minals of the Antenna Impedance Meter. When using twin lead, do not let it lie on the ground,
the floor, or on any metallic objects but see that it hangs clear. The case of the instrument
should be ungrounded. Set the impedance dial at zero and leave the end of the line open. By
varying the generator frequency, find the lowest frequency at which the null oceurs. This may
be initially approximated by the standard formula:'

F =246 x V. P.
mc :
Lft

The freque:my indicated by the generator is then thatat which the line is one-quarter wave length

long, since the quarter wave open line will appear as a short circuit at its input terminals.
Shift the generator frequency to any odd number of times the frequency just found and the null
~ will again occur because the above characteristic holds true at odd quarter wave lengths. Now,
as of general interest, leaving the generator set at the original frequency, connect a non-reac-
tive resistor equal to twice the line surge impedance at the end of the quarter wave section.

Rotate the AM-1 dial until a new null is noted. The generatorfrequency may have tobe slightly
retrimmed during this operation. The resistance reading then found will be half that of the line
surge impedance:

ZS = 202
Zr

Where Z is the input irﬁpedance, Zﬂ is the line impedance and Zr is the load impedance,.

HALF WAVE LINES

- Connect the line tothe instrument as above but this time short the end of the line. With the AM-
1 dial set at zero, find the lowest frequency at which the null cccurs. This will be the half-way
frequency of the line, since the half-wave line will repeat whatever is connected at its far end,
which in this case is the short circuit. Any multiple length of the half wave will produce the
same results. Now connect a non-reactive resistor of any value within the range of the AM-1
at the far end of the line. Rotate the dial for the new null, slightly readjusting the generator
frequency if required. The indicated value shown on the impedance scale should be that of the
test resistor, because as already shown, a half wave line will repeat its load.

'TRANSMISSION LINE SURGE IMPEDANCE :

Connect a section of line, open at its far end, to the AM-1 and {ind the frequency at which it is
one-quarter wave length long, as described above. With the generator frequency left set, con-
nect a. non-reactive resistor at the far end of the line and find the new null by rotating the im-
pedance dial. Using this reading, the line impedance may be calculated from Zj = \}!ZS X Zyp
The inverted impedance may fall outside the range of the instrument if the test resistor value
is too far different from that of the line impedance. A different size test resistor must then be
employed. Suggested resistor values when the line impedance is approximately known are 30
or 100 ohms for lines of near 50 to 70 ohms, 50 or 200 ohms for these near 100 ohms, and 200
or 600 ohms for those near 300 ohms.
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ANTENNA RESONANCE AND RESISTANCE

It may seem strange to consider finding antenna resonance by any other means than the grid dip
method when a grid dip is already on hand to use with the Antenna Impedance Meter. However,
there are cases where a reading by the grid dip method. is difficult to obtain, especially when
the antenna is of low @, or when the element diameter is large. In other situations it may be
physically impractical to reach the point at the antenna required for accurate measurement, It
is also often impossible to obtain sufficient coupling to a long wire or low frequency antenna,
evenif it were accessible for measurement. The AM-1 may be employed directly at the antenna
~or at a convenient point removed from the antenna. Resistance and resonance measurements
may be made in one operation because the antenna impedance is resistive at resonance. Oc-
casional reference to the standard antenna formula will materially aid in correlating readings.
From the following data it will become apparent that the AM-1 may be used in several different
ways, either separately or in other combinations to achieve the same paramount end result of
getting the antenna tuned up and the transmission line matched for optimum results. The pro-
cedure to follow is a matter of convenience and depends upon the problems in each individual
case.

HALF WAVE DIPOLE

If the center of the antenna is within reach when it is in its normal position, the AM-1 may be
connected directly at the center, as shown in Figure 6. The center of the antenna must be open
in order to connect it to the instrument. The leads at this point should be absolutely no longer
than is necessary to make the connection. The binding post can be screwed down tight on the
connecting leads and will be sufficient to hold the instrument. In any event, do not support the
instrument by holding the case by hand because this will produce serious unbalance. The fre-
quency range to employ at the generator may be ascertained by first approximating the antenna
frequency according to the standard formula:

c=492x.95
Length in feet

Fm

Set the AM-1 dial near 50 ohms and vary the generator frequency until the best null is indicated.
Then rotate the impedance dial until the complete null is realized. The generatorfrequency may
have to be slightly readjusted before the complete null is found. The antenna resistance will
- then be indicated by the dial reading of the AM-1 and the antenna resonant frequency will be that
at which the generator is now set. Resistance readings will vary between 10 and 100 ohms being

ANTENNA

QPEN_CENTER_OF ANTENNA
AND CONNECT AM-|

/ ANY IMPEDANCE LINE
,L I!l MULTIPLE OF A HALF-

WAVE LONG

COUPLE GRID DIPPER
THRU 1-3 TURN LOOP

Figure 6

Figure 7
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mainly dependent upon exact height above ground and upon nearby elements or other objects.

Tests on half-wave antennas at various heights above ground have indicated close adherence to
the standard curves of resistance versus height when the measurements were made under sim-
ilar conditions. Do not expect indoor antennas to behave in the normal manner as their char-
acteristics vary to a surprising extent. At frequencies above 50 mc, the readings are apt to be
effected by the presence of the instrument at the center of the antenna and/or the presence of
the person making the measurements. Readings will thenhave tobe obtained at a point removed
from the immediate proximity of the antenna. This will also be necessary when an antenna 1is
inaccessible for direct readings. It was demonstrated earlier that a half wave line repeats its
load as seen from the sending end. Thus a half wave line or any multiple thereof may be con-
nected to the center of the antenna and the measurements may be made at the lower end of the
line. See Figure 7. These readings will then be a duplicate of those obtainable directly at the
antenna, regardless of line impedance as long as the line is an exact electrical half wave of the
antenna frequem:y Now the question may arise as to how the correct 1alt wave length may be
determined in view of the fact that the exact antenna resonant frequency is one of the unknowns
to be measured. Although measurements of existing antennas may be desired, it is recom-
mended that the antenna system be tuned or adjusted to a prescribed frequency in order to as-
sure peak performance. This will generally be the eventual step anyway and it will simplify
remote readings because the half wave line may be first cut tothe specified frequency using the
antenna impedance meter method, described earlier, following which the antenna may be trim-

med tothe correct frequency according tothe readings obtained with the instrument at the lower
end of the line. The best procedure for existing antennas is to calculate the antenna frequency
approximately by the standard formula and then use this as the basis for ascertaining the fre-
quency for the half wave line. The alternative method is to use a line of impedance near thatof
expected value of the antenna resistance., The mismatch will probably not be too great and the
error will be slight. If the antenna is within reach and if a grid dip measurement is possible,

the frequency may be found accordingly. It is obvious that this will apply mainly when the re-
sistance only is to be read or when the resonant frequency is to be confirmed. Several pre-
cautions must be exercised when making remote measurements. The half wave line should run
at a right angle away from the antenna for a distance of at least a quarter wave length to mini-
mize unwanted coupling tothe antenna. If open wire or twin lead is utilized, twist the line about
one turn every twofeet. This will tend to cancelout line unbalances to ground which may effect
the reading, particularly since the AM-1 is in itself an unbalanced device. The case of the in-
strument should always be insulated from ground and it should be placed so as to minimize ca-
pacitance between the case and nearby grounded objects. Line unbalance may be checked by
reversing the connections at the output terminals. Little change, if any, should be noted in the
readings. With high frequency antennas it is usually best to employ a line several half waves
long to reduce the effect of personal body presence. If the AM-1 meter should read above zero
when the antenna or line is connected to the instrument, and when no generator signal has yet
been applied, most likely RF energy is being picked up from some nearby broadcast station or
other high power source. This has been experienced with several cases involving 3.5 mc an-
tennas. Often just reversing the line is sufficient to dropthe reading down to zero. If thisdoes
not rectify the situation, about the only other remedy is to wait for the interference to cease.

By using headphones in the phone jack, the interfering signal may be identified.

FOLDED DIPOLES

Measurements may be made in the same manner as with the normal dipole. See Figure 8. The
AM-1 or the half wave feed line should be connected to the normally open section at the center.
If any frequency check is tobe made by the grid dip method, the open center must first be short-
ed. Resistance readings of folded dipoles will generally run between 150 and 350 ohms. In
some cases it may be possible to obtain a second null in the 500 ohm region at a slightly dif-
ferent frequency. This is due to the following. Refer to Figure 9. The overall length A deter-
mines the natural period of the antenna. However, each half of the antenna, sections B and C,
are lines quarter wave long at a frequency which may differ slightly from the overall frequency
depending upon the height above ground or upon the presence of other elements. With open wire
or tubing this is usually not pronounced and is of little consequence but with a folded dipole made
of twin lead, this effect will be quite apparent with a wider frequency difference due to the ve-
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locity of propagation factor of the twin lead. The frequency of the quarter wave section's being'

about 86% lower from that of the overall natural period. The net result of this situation narrows
the frequency versus impedance response and the twin lead folded dipole then no longer embodies
as broad a characteristic as that of the open wire type. The correct antenna impedance meter
reading will be the one found at the higher frequency. The usual suggested method of altering

this situation is that of inserting a fixed capacitor in series with each shorted end. The capa-

e -i..__ﬂﬁl_,_l
| SHORT

;-

i : I ' CONNECT AM-I OR _ i ] I
Figure 8 HALF-WAVE LINE HERE SHORT

Figure 10

- A — . o

APPRY,
fme 492X 95
| rr fme : ‘1
He ; . =
Figure 9 i L Figure 11 :
citance is dependent upon frequency, being approximately 7 uuf per meter. An alternative meth-
od which is more practical is to connect another short across each section at approximately 86%
of the distance from the center as shown in Figure 10, The quarter wave sgctions will then be
each nearly tuned to the overall natural period of the antenna and the impedﬁﬁge characteristic

-will be broadened. A correcied twin lead folded dipole may be easily and accurately set up
through the employment of the AM-1. First cut a length of twin lead to an electrical length of a

half wave at the desired frequency, using the instrument as“described earlier. Then place per- :

manent shorts across each end of the line and at the exact center open one side of the line for
the feed point. Now add equal lengths of wire at eachend of the twin lead sothat the total length
of the antenna will be slightly longer than calculated by formula. See Fjgure 11. Then using
the Antenna Impedance Meter, connect it directly or remotely at the center, trim the end wires
equally until resonance is indicated at the desired frequency. I remote measurements are to
be made, and if the half wave line to be used is made of the same type twin lead, its length will
naturally be the same as that of the section installed in the antenna, The properties of this an-
“tenna will be approximately the same as those of the ordinary dipole. :

HARMONIC ANTENNAS

Antennas made up of any multiple lengths of half waves may be measuredat the desired operat-
ing frequency by connecting the AM-1 either directly or remotely at any high current point. As
an example, Figure 12 indicates the correct points when using a three half wave antenna. The
resistance readings will be only for that at the particular point of measurement. Resonance for
this antenna when measured at X1 will be that of the third harmonic, while readings takenat the
center point X will be those of the fundamental or any odd harmonic. Readings of other har-
monics may be made at points determined by the theoretical location of current loops.
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QUARTER WAVE VERTICAL AND GROUND-PLANE ANTENNAS

Connect the AM-1 or half wave line at the normal feed point between the base of the antenna and
‘ground or radial as the situation may require. See Figure 13. The resistance reading will be
approximately 35 ohms. Since the resistance at the feed p{:-mt of the ground-plane antenna may
be raised by dropping the radials to.form a larger than 90° angle with the vertical element, the
AM-1is a handy device for determining the correctangle for the desired resistance in any spec-
ific case. See Figure 14. The limit obtainable is about 70 ohms at which point the radials will
be folded all the way down so they too are vertical and the system then resolves into a form of
coaxial antenna. Resonance of the vertical antenna may be adjusted by varying the length of the
vertical portion and that of the radials if involved.

MOBILE ANTENNAS

Quarter wave mobile antennas may be measured for resonance and resistance in the same man-
ner as employed with the vertical antennas. See Figure 15. The average antenna of this type
will have about 45 ohms resistance providing a sufficiently close match for a 50 ohm line. Base
or center loaded antennas may be likewise checked. Resistance readings will be in the 20 to 35

4
Figure 15 : Figure 16
L
— X

ohm regions. Refer to Figure 16, By correctly proportioning the antenna length in the ratios
of L and C, the system may be adjusted so the feed point will have a resistance value to match
either a 50 or 70 ohm line. The correct adjustments may be determined according to readings
found with the AM-1.

PARASITIC BEAMS

Connect the AM-1 or half wave line at the center of the driven element as with any half wave
antenna. Resistance readings will usually lie between 10 and 100 ohms, being dependent upon
the exact spacing and tuning of the other elements. Resonance will also be dependent to some
extent upon these factors which will make it difficult to calculate exactly the length of the half
wave if needed for remote measurements. For this situation, the antenna system may be tuned
up to a prescribed frequency with the line cut accordingly as prevmusly suggested. However, in
most cases the center of the driven element will be accessible, so the instrument may be used
directly. Occasionally one or two slightly difierent frealue:ncies may be indicated by the AM-1.
This is due to reflections from other elements and must be analyzed in each individual case.
With the beam correctly tuned, only one frequency will be indicated by a complete null at the
true resonant frequency. As already stated, partial nulls indicate reactive impedance which
will be the incorrect point to consider. It has been found generally good practice to resonate
the driven element while the reflector is set at.a length about 5% longer than this element and .
the director set about-5% shorter. The beam adjustment may then be left set since only little
improvement will usually be gained over this arrangement by retuning the parasitic elements

Page 13



through the customary lengthy process of checking against field strength readings. But, if fi-
nite adjustments of the other elements is desired, it is suggested that the AM-1 be employed as
a means of initially tuning the driven element. The parasitic elements may then be tuned in
their usual manner with occasional checks being made for antenna resonance. This latter step
may be made with the AM-1 used as a S. W. R. meter as will be subsequently explained.

ADJUSTING Q BARS

Q bars, as quarter wave transformers, often used as a matching device between an antenna and
a transmission line, may be adjusted by connecting the AM-1 at the line end of the bars, with
the other end being connected to the antenna. The spacing between the bars should then be ad-
justed to obtain the necessary impedance. They must first be cut to the correct length and the

antenna must be resonant at the frequency to be used.

STANDING WAVE RATIO

If the meter indicates a complete null when the AM-1 is inserted into the transmission line, the
indicated 8. W. R. will be unity or 1:1. Ratios higher than 1:1 may be determined if the line is
a multiple of a half wave long at the resonant frequency involved and if the antenna is resonant,
Just rotate the AM-1 dial while slightly adjusting the generator frequency if required, until the
null is found indicating the resistance of the termination. The S. W.R. may then be determined

by:

S.W.R. = Z load
Z line

The instrument itself may be calibrated for various ratios but the readings will be inaccurate
unless the above conditions prevail. Lines of other lengths will reflect an impedance different
than that found at the termination and this impedance will be reactive particularly if the antenna
is not resonant. The same difficulty of obtaining an accurate reading of 3. W. R. other than 1:1
may be found with many current types of 5. W. R. meters. As with other measurements, the
ideal procedure istotune up an antenna to a prescribed frequency while matching the line. This
may be readily done with the AM-1 connected at the sending end of the line. In order to avoid
confusing nulls, due toline resonances, it is suggested that the length of the line be held shorter
than one wave length. Set the instrument dial at the line impedance and vary the generator fre-
quency near that calculated for the antenna, until a null is observed. If this occurs at a point
other than at the desired frequency, adjust the antenna until resonance is obtained at the correct
frequency as indicated by the AM-1 null. If the null is incomplete and a variable matching de-
vice is being used, it should be adjusted until a complete null is realized at the resonant fre-
quency. When a matching system such as the T match is employed, an antenna will often have
to be resonated witheach subsequent change in the setting of the T as the antenna will be affected
by these changes. If no variable matching arrangement is used, and if the line is otherwise
. correctly terminated at the resonant antenna, the meter will indicate a complete null and the
S. W.R. will be unity. Stress is again placed on the fact that the unity ratio cannot be obtained
unless the line is not only terminated by an impedance equal to its own impedance, but alsothat
this impedance must be resistive which in turn is not possible unless the antenna is resonant at
the frequency involved. When the complete null is realized indicating a 1:1 ratio, the length of
the transmission line should be altered by 1/8 or 1/4 wave length to verify the reading. If the
S. W. R. has been correctly adjusted to unity, no change should be noted in the meter null.

RECEIVER INPUT IMPEDANCE

Connect the AM-1 to receiver input terminals and tune receiver to the frequency at which the
impedance is to be determined. Set the generator at the same frequency and rotate the imped-
ance dial until the complete null is found. Retrim generator frequency if necessary. As with
antennas, the input circuit must resonate at the frequency employed in order to read the resis-
tive component. If the input circuit is tightly coupled as it is on many sets, two impedance
readings at slightly different frequencies will be noted. One reading will be low between 10 and
20 ohms and the other reading will be anywhere from 50 to 500 ohms. The reason for this is
that the reactance of the coupling loop between the generator and the input side of the AM-1 re-
flects upon the tuned input circuit of the receiver, the very low impedance reading being evi-
denced at this point. Although the loop reactance may be tuned out, moderate accuracy may be

had by relying upon the higher reading.
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PHONE MONITOR

By adding a short length, 6 to 12 inches, of wire to either the ""hot" input or output terminals of
the AM-1, and plugging a pair of earphones into the phone jack, the AM-1 may be used to mon-
itor radio telephone transmissions, thus giving the operator an indication of the quality of his
modulation,

FIELD STRENGTH METER

By placing a circuit tuned to the frequency of the transmitter across the output terminals of the
AM-1 and adding a suitable length of antenna, the instrument may be used to a limited extent as
a field strength meter. Although it has nobuilt-in amplification, the high sensitivity of the AM-1
will allow it to be used as a relative field strength meter where the RF {field strength is fairly
high., With approximately a 100 puf variable condenser and a suitable plug-in socket, the nor-
mal grid dip meter coils may be used as the par’allgl tuned circuit for the field strength meter.
A unique cause of TVI has been found to be rectification and re-radiation from natural objects
such as furnaces, drain pipe spouting, etc. The AM-1 used as a field strength meter either
with or without the tuned circuit, may be used to locate radiation from such objects. Ground-
ing or bonding of the joints in these objects may then eliminate the source of TVIL

IN CASE OF DIFFICULTY

Due tothe extreme simplicity of this kit, there is very little chance of trouble. However, a few
possible indications of improper operation and their causes are outlined below.

INDICATION - CAUSE
§ L i e HJ.
Meter reads backwards. 1. Meter mounting on panel reversed.
2. Crystal diode connected backwards in cir-
cuit.
Low sensitivity. 1. 200 §2 resistor to ground open.
Meter will not indicate a null - 1. 200 @ resistor from potentiometer open,
when properly operated.
Meter will not indicate under 1. RF source in-operative.
any conditions. 2. Crystal diode defective.

3. Phone jack shorting blade not making con-
tact.

4. Phone jack wired incorrectly.

2. Open 10 KQ resistor.

Portions of this manual have been reprinted with permission from September, 1950 C. Q.

REPLACEMENTS :
Material supplied with Heathkits has been carefully selected to meet design requirements and
ordinarily will fulfill its function without difficulty. Occasionally improper instrument opera-
tion can be traced to a faulty tube or component. Should inspection reveal the necessity for re-
placement, write to the Heath Company and supply all of the following information:

A. Thoroughly identify the part in question by using the part number and description found in
the manual parts list.

B. Identify the type and model number of kit in which it is used.

C. Mention the order number and date of purchase.

D. Describe the nature of defect or reason for requesting replacement.

The Heath Company will promptly supply the necessary replacement. Please do not return the
original component until specifically requested to do so. Do not dismantle the component in
question as this will void the guarantee. If tubes are to be returned, pack them carefully to
prevent breakage in shipment as broken tubes are not eligible for replacement. This replace-
ment policy does not cover the free replacement of parts that may have been broken or damaged
through carelessness on the part of the kit builder.
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SERVICE

In event continued operational difficulties of the completed instrument are experienced, the fa-
cilities of the Heath Company Service Department are at your disposal. Your instrument may
be returned for inspection and repair for a service charge of $3.00 plus the cost of any addi-
tional material that may be required. THIS SERVICE POLICY APPLIES ONLY TO COM-
PLETED INSTRUMENTS CONSTRUCTED IN ACCORDANCE WITH THE INSTRUCTIONS AS
STATED IN THE MANUAL. Instruments that are not entirely completed or instruments that
are modified in design will not be accepted for repair. Instruments showing evidence of acid
core solder or paste fluxes will be returned not repaired.

The Heath Company is willing to offer its full cooperation to assist you in obtaining the proper
operation of your instrument and therefore this factory repair service is available for a period
of one year from the date of purchase.

SPECIFICATIONS

All prices are subject to change without notice. The Heath Company reserves the right to dis-
continue instruments and to change specifications at any time without incurring any obligation
to incorporate new features in instruments previously sold.

WARRANTY

The Heath Company limits its warranty of parts supplied with any kit to a period of three (3)
months from the date of purchase. Replacement will be made only when said part is returned
postpaid, with prior permission and in the judgment of the Heath Company was defective at the
time of sale. This warranty does not extend to any Heathkits which have been subjected to mis-
use, neglect, accident and improper installation or applications. Material supplied with a kit
shall not be considered as defective, even though not in exact accordance with specifications, if
it substantially fulfills performance requirements. This warranty is not transferable and ap-
plies only to the original purchaser. This warranty is in lieu of all other warranties and the
Heath Company neither assumes nor authorizes any other person to assume for them any other
liability in connection with the sale of Heathkits.

The assembler is urged to follow the instructions exactly as provided. The Heath Company as--
sumes no responsibility or liability for any damages or injuries sustained in the assembly of
the device or in the operation of the completed instrument.

PARTS LIST

PART PARTS DESCRIPTION PART PARTS DESCRIPTION

No. Per Kit N No. Per Kit
Resistors-Condensers-Rectifiers Hardware
1-20 1 10 KQ resistor 250-8 4 #6 x 3/8 sheet metal screw
2-83 2 200 2 resistor 1% 250-10 6 6-32 x 1/2 screw
10-34 1 600 © potentiometer 250-16 1 8-32 x 3/16 set screw
21-27 2 .005 pfd ceramic condensen 252-3 10 6-32 nut
7 . 1 Crystal rectifier : 252-17 2 Control nut
Meters-Knobs-Insulators 253-10 2 Control nickel washer
75-6 2 Polystyrene insulator 254-1 6 #g lockwasher
75-14 1 Polystyrene mounting plate zgg*% g iﬁ % ?iélﬁ gpacer
100-M16B 2 Binding post cap, black 2 oy : e lug .
100-M16R 2 Binding post cap, red 299-6 Solder lug, sma
100-M39 1 Dial Mi 1 g
S o 0 ey 2611 4  Rubber feet
453-M7 1 Insulated shaft extension 3402 h ieriEth Bate wire
: 436-4 1 Jack
ggﬁgg slal o aris R 427-2 4 Binding post base
203-52F65 1 Panel 095-79 1 Manual
204-M60 1 Bracket front
204-M61 1 Bracket back
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