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160-80-40-15 vertical plus 80-40 Horizontal

Wh y fa build-if
How fo build-if

Gerald Lindsay
107 Osborne Drive
East Syracuse, N. V.

l<:'CTJ ham at so me time or other has asked
himself the question: Horizo ntal or Vertical?
At the shorter wavelengths this question is
easily answered as space is not a major factor.
Qu ite o fte n it is merely the simple problem of
trying both ho rizontal and vertical and then
deciding which is best for the particular loca­
tion. Then. in some cases, there is little choice.
For mobile work a vertical is necessary as the
elliciency of a horizonta l antenna very close
to ground approaches ze ro . Again, if beams
arc used, the tendency is to use horizontal
antennas as it is usually easier to avoid cou­
pling to adjacent obects in th is way.

With the trend to suburban living, more and
more hams have a backyard and space for a
small ante nna farm. Let us see what ca n be
done in design ing a horizontal and vertical
antenna for the differen t bands from 160
meters down. The various fac tors will be dis­
cussed in the following paragraphs.

Is a ground necessary? \Ve all know of hams
work ing DX with no external ground or at best
with a water pipe ground. The quest ion is­
could they do better with a good buried rad ial
wire ground system. The answer as we shall
see, is "yes:'

Horizontal Antennas

It a horizontal ante nna is used, the most

serious problem is height above ground. and
second is the ground system. When the horizon­
tal antenna is on the ground. the radiation re­
sistance is zero as the antenna current and its
image current are equal and 1800 out of phase
and hence they cancel each other. A gooJ
ground system will not help here. Therefore
the prime requisite is to operate the antenna
some d istance above ground. See fig. 1 which
shows the driving point impedance of a horizon­
tal half wave dipole. We see that by the time
we reach an eighth wave above ground the
driving point impedance is already about 30
ohms. This value is high enough to give a rea­
sonably good efficiency. However, as the height
is inc reased the low angle radiation tends to
increase but the number of lobes in the vertical
pattern of the horizo ntal an tenna also increases.
For the time being let us assume that a height
above one eighth wave is satisfactory. At the
impedance represented by this height, a good
ground although important, is not vit al.

At 160 meters which is mainly a local band.
the wave does not go through enough ut­
mospheric discontinuities to change polarization
from horizontal to vertical or to circular. Hence
a wave transmitted in the horizontal polarizat ion
will likely remain so until received. As most
low frequency antennas are vertically polarized
there is no point in having a horizontally
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Fig . I - Gra ph of ,he relationship bet""..n hori_
zontal antenna height and the driving impeda nce.

Fig . 2-A ra d ial g round 'y,tem to be buried 4 to 6
inche, below the ground .
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may be bette r than nothing but that is about
all. The buried ground should consist of radials
having a length of one eighth wavelength
minimum. In commercia l AM broadcasting in­
stallations it is cus tomary to employ 120 or
more equally spaced radials each .'}S wavelength
or more long for maximum efficiency, For ham
usc from 10 to 20 e"lually spaced radials aboul
Vs wavelength long at the lowest frequency to
be used would be a good compromise. (See
fig. 2.) The radials should be buried from 4 to
6 inches below the surface of the ground. Any
greater depth to gel below a flower bed or
garden will reduce the efficiency considerably.
The current must flow from the ground wires
to the ground itself at about the same depth
at which the current will flow in the ground
after it leaves the wires. This depth is known
as the skin thickness and is probably more
familiar to most hams in choosing the opti­
mum size of wire in winding coils.

Top Loading of Vertical Antennas

The top section of a short anten na does not
add much to the radiated signal but docs rep­
resent an appreciable amount of capacity.
T herefore we can cut ofT a section of the top
of a given an tenna and then connect a piece 01
metal to the top of the antenna to give ,I
capacity to ground and end up wi th a sho rter
antenna which radia tes the signal almost as
well as the origina l an tenna. On the other hand
we can add a capacity at the top of a given

Fig . 4- An a nt. nno tuning un it thot mo y b . p laced
at the bose of the 'ro nsmiuion line a nd conn-xt. d
to th e tran sm itte r through 0 ee exiel cable . Each
bond is tun.d sepo rote ly ond switching is e eeem-

p lish ed by reloys.
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Ground System

The old idea of burying a car or house radia­
tor below ground in a chemical solution does
not produce a good radio frequency ground. It

'-OVER CENTER OF.
GROUND SYSTEM

Fig . 3- Si mpl. ont.nno that may be used a s a top
loaded vertical or a conventio nol horizontol a s

ex plai ned in the texi.

polarized transmitting anten na on 160 meters.
There is also the problem of locat ing a 160­
meter horizontal antenna far enough above
ground to be efficient. On 40 and 80, however.
where communication is over medium and long
distances and the plane of polarization may
change even over short periods of time or for
different distances. it is sometimes helpful to
be able to switch from horizontal to vertical
polarization.

For :W , 15 and 10 meters. rotary beams are
available, hence let us say our horizontal an­
tenna will be used for 40 and 80 meters only.
and will be one eighth wave or more above
ground at 80 meters. The antenna itself should
be at least one quarter wavelength and prefer­
ably one half wavelength long at 80 meters.

Vertical Antennas

If a vertical antenna is used. the efficiency of
a short an tenna is more directlv tied in with the
grou nd loss resistance. If it were not for ground
losses. coupling losses. and losses in the an­
tenna wire itself, an antenna one inch high
wou ld radiate almost as efficiently as an antenna
125 feel high at 160 meters, In fact until the
an tenna height is increased above one quarter
wavelength, the only reason for increasi ng the
an tenna height above a few inches is to increase
the rat io of the an tenna res is tance to the loss
resistance, and hence to increase the proportion
of the avai lable power from the transmitter
which is rad iated . Hence we see that the shorter
the vertical antenna the lower the grou nd
resistance must be, and to lower th is ground
resistance a rad ial wire ground system should
be used.

January, 1960 • CQ • 49
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of the antenna wire. Generally in this country,
the optimum direc tion of the wire would be on
a line somewhere between North-Sout h and
N orthwest-Southeast,

But how can we make a horizontal and ve r­
tica l antenna all in one? Here is the answer.
See figure 3. Each horizontal leg A B, C D is 65
feet long. They are joined at thc center bv
means of an insula tor between B and C. FrOnl
B and C a parallel wire transmission line spaced
4 or 5 inches is run vertica lly towards ground
and ends at the antenna tun ing u nit at E. F.
Now it is easy to see how it works. We connect
E, F together and feed the antenna from E, F
to ground. The two vertical wires being joined
together at the feed point act as one, and hence
this is our vertical antenna. The ho rizonta l
wires ac t as top loading to effectively increase
the appare nt height o f the vert ical antenna, If
we disconnect E and F now and feed E and F
as a balanced feeder, then the vertica l part will
ac t as a transmission line and hence will not
radiate, and the top sections A B and C D will
ac t as a horizo ntal antenna.

Now comes the problem of feed ing the an­
tenna. One relay must be mounted d irectl y
be low the ante nna down lead to switch from
horizonta l 10 vertical. Prcfe rably all the tuning
equipment should also be mounted directly be­
low the vertical antenna. H owever. if this is
inconvenient or impossible then a coaxial line
may be run from the antenna to the transmi tter
shack and an antenna tu ner such as the "Z­
Match" used a t the transmitter end of the line.
T his method, a lthough conve nient. does sacrifice
considerable efficiency. The best method is to
have individual antenna tuning for each band,
remote controlled by switches at the transmitter.
Such a system is shown in fig . 4. The values of

an tenna and thus obta in an anten na which is as
efficien t as a much higher antenna.

Final Design of Complete System

Based on this discussion let us see what an
antenna system, which would fulfill all these
requi rements, looks like. F irst of all a relat ively
na t site wi th its eentcr about 60 feet from
adjacent houses, trees or other project ions above
ground should be chosen, if possible. At the
center of thi s site the vertical antenna lead will
be erected , hence th is will be the center o f the
ground sys tem. If we assume that 15 radials
will be used then the spacing between adjacent
radials will be 360/1 5 or 24 degrees. The wire
size t'? be used should be 16 or larger, nOI for
electrical reasons only, but fo r strength to resist
ground movement, fr ost , etc. The length should
be Ijg wave at the longest wavelength or about
65 feel fo r 160 meters.

A garden tractor wi th attachmenIs could be
used fo r laying this ground system. J ust layout
fiftee n troughs spaced 24 degrees 65 feet Ion"
and 4 to 6 inches deep sta rting at the antenna~
Lay oo.c of.the ground wires in each trough and
c~vcr It with earth . Be sure to leave enough
WIfe a t the center so that all wires may be
soldered together. It is sometimes advisable
to bury. a copper sheet about 2 or 3 fee t square,
4 to 6 inches deep at the center of the ground
svstern, and to solder all ground wires to th is.
Then a copper strap about one inch or more
wide is solde red to thi s plane and from there
run to the ground of the antenna tuning unit.

The antenna should now be built. Sec fig. 3.
U~e :: 12 wire or .:14 solid or stranded copper
wire. Stranded wire would be easier to handle.
T he horizontal part will be 130 feet long broken
by an insulato r at the center and the height will
be 35 feel about ground, so the support posts
or chimneys should be loca ted accordingly. The
vertical ante nna radiates eq ually in all d irections
in the horizontal plane, therefore the only
problem in orienting the antenna will be the
horizo ntal portion of the an tenna. A horizontal
antenna o ne half wave o r less long radiates an
approximate figure of eight pattern with the
maximum signal a t right angles to the direction

Housing containing the tuning un it and remote
controk .

Fig. 5-Pon ibl e config urat ions in the tuning circuit
for various ante nna con d itions.
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Portable

KN9 HII, Olive Nea le with GO" ' .' Communica tor
ond l & J Products Two Mele, Holo antenna in

her hseta.

•

OM Arlo Nease, K9HIH use, the Communicator
and L & J Halo in his 1600 Ponch. Supe, Con­

vertible .

This Gonset goes eve ryw he re . Several states have
been worlced from this Cessna. K98YK, Jay, is in
the plane, Arlo, K9HIH is holding the Gon.et .

X,. = V Z ( R - Z)

XC= R , / Z
R - Z

e. This is the same as (d) except a capacitor is
used to tunc out the an tenna induct ive re­
actance.

f. This is the same as (d) except an inductor
is used to tune out the an tenna capacitive
reactance.

g. Here the high and low resistances are inter­
changed hence the L network is reversed.
In this case R is now the low resistance so
that now

R
Z- R

X c - Z

-I.

Xl. - V R (Z - R )
h. This is the same as (g) except that the

reacta nce used must be the difference be­
tween (1) the inductive reactance obtained
from (g) and (2) the capacitive reactance
used to tune out the inductive reactance of
the an tenna. If the value of (2) is greater
numerically than the value of (I) then the
series reactance will be a capacito r instead
of an inductor.
This is the same as (g) except that the rcac­

[Contilllled 011 page /22]
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capacitors and inductors will change with in­
dividual installations. Generally speaking. tun­
ing units should consist of an "L" network, as
the "L" network has the least loss of any
network; plus some means of transforming
from a balanced to an unbalanced transmission
line. The circ uits used are as shown in fig. 5.

Referring to fig. 5. the following information
holds: This figure is based on a 50 ohm trans­
mission line but will hold for other values, ex­
cept that component values will change.
a. The antenna matches the transmission line,

hence no tuning unit is needed.
b. The antenna is 50 ohms and inductive. This

inductance must be tuned out for maximum
power transfer, hence the tuner will only
have a capacitance reactance equal in nu­
merical value to the inductive reactance of
the antenna.

c. Similarly if the antenna is capacitive, the
tuner will only have an inductive reactance
equal in value to the capacitive reactance of
the antenna.

d. Here the antenna resistance is not 50 ohms
so an "L" network must be used. In match­
ing. the shunt capacitor of an ·'L" network
must always go on the side of the inductor
connected to the high resistance.
If R = high resistance, Z = low resistance
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Now that the novelty is over, make a couple
of adjustments. While tuned to a signal. adjust
the antenna trimmer of the BC-453 for maxi­
mum signal. Now check the receiver for Ire­
quency accuracy. The crystal frequency plus
the dial reading is the incoming signal fre­
quency. If adjustment is necessary, adjust the
oscillator trimmer of the BC-453: also try to
peak the rj and mixer trimmers. The top
covers may now be replaced on the receiver.

A good choice of crystals would be 3410 ke
to tunc 3500-3960 and 7010-7370: 3500 ke to
tunc 3690-4050, 7190-7550 and 14190-14550:
68 10 kc to tunc 7000-7360 and 138!0-14255:
13800 ke 10 tunc 13990-14255 kc, Crysta ls
higher in frequency than the desired band may
be used by subtracting the dial read ing fro m
the crystal frequency . Example: 7520 ke
crystal. Set receiver dial at 520 and read 7000
ke. For MARS members. 4450 ke is 330 on
the dial using a 4780 ke crystal. With the same
crystal . WWV is 220 on the dial for 5 me; 440
for lOme, for dial calibrat ion and correct
time. Set receiver dial to these sett ings and tune
the converter.

For any desired frequency between 3.5 me
and 14.5 me, simply add or subtract the dial
reading to or from the appropriate crystal and
tune the converter. Remember that convcn­
tional surplus crystals deliver lst , Znd, and 4th
harmonic output.

Since completing this receiver (number 4.
and finally my own) I have not had occasion
to use my big communications receiver. except
for 10 and IS meier contacts. For you hams
who want sens itivity. selectivity. stability and
low cost all in one package. here is yo ur
project. •

Adjustment

COMMAND RECEIVER [fro III page 53]

converier output is now 7000 ke (second har­
monic of 3500 ke ) and tuning from 200-300
is tuning 7200-7300 kc. ow set the converter
capacitor to minimum ( 3 o'clock ). Converter
output is now 14000 ke (4th harmonic of
3500 ke) and tuning 200-300 is tuning 14200­
14300 ke. When a signal is heard . it is ad­
visable to slowly tunc the converter capacitor
to the position of maximum signal. ote this set­
ling for each amateur band or band segment.

V & H ANTENNAS [from page 51]

ranee used must be the sum of ( 1) the in­
ductive reactance obtained from ( g ) and
( 2). the inductive reactance required to bal­
ance out the capacitive reactance of the
antenna.

Kanla s City 42, Mo.P. O. Box 2366

FREQUENCY RANGE CALI BRATI ON P RIC E
TO LE RANCE

1000 KC t. 2000 KC .002% $6.50

2001 KC to 2500 KC .002'k $4.00

2501 KC t. 19911 KC ,002% Ss.OO

10 MC t. 15 MC .OO~e 14.00

IS MC I. SO MC .0025% I~OO

SO MC 10 &0 Me .002 5% SUO

50 Me to 60 MC ,0025" , $6.00

ENDORSED BY THOUSANDS!
Ttl. I.. ,truet.,ruh CM, TMCher lItl' rltly
takl' l th.. pl.l'CI of an lIPI' lI lor-lnJt runllr .1.110.1
I'n.bl" a n)"'OtlCl t o Ip. m and m.lur eode .Itb ·
out furlhe r , " Iotanc--. Tboulanda of eueee..­
ful otH'lIlon hit' ''' "acqul rP<l l be rod. " ...lIh !hI' h ll1rucl"raph 5 " .·
tt... . Wrllf' I<XII)" for fu ll parllrulo r. and ~1"f'nl ..nt ",,,taJ plant .

4711 SHERIDAN RD.• CIIICAGO 40. ILL
357 W est Manchester Ave.• Los Angeles 3, Calif.

EASY TO LEARN CODE

TWO-WAY COMMUNICATION CRYSTALS
UNC ON DITIONALLY

G UARANTE ED

FAST - 24 HOUR SERVICE
Aml'r lcan . pet la Uul In tWO-"'1-1 commu nl ­
catlonl. Frl!'qut ncy cor re lation data far
l ;. ~;. . :\lolon ll l , lU ·.A .. f'o illn. , Lptr ,
:<ri trWI lI a ll k ra rtpr , I.I nk , (lonsl'1. A..rotreo ,
" !'a l h. It ,'n,lI x. " . l'I , 0 0\" '1 and man )' ol hl'r
1..1Il1••"t ... .

MIL·E SUPPLY CO.
P . O. Bn 23. ft . GMr,. Stl . • Ntw York <4 0. N. Y.

Writ. I., lIluaalil)' di "ounu-

AMERICAN CRYSTAL CO.

RCA ... . lIohmY't Jr. \ ' T\')l WV 11.\ factory wl red ; pr,,"'" &
manUI1. n"..'......•• ••...•. , ...•. ..•.•.. , .. • ... .. $~7 .K.
GI.b., Rul.tOf' CX. non -I ud. n"n·nd. 600 __ U gW. 12 in
parlllel malle _ M __ l." ll• . loa, 1. 89t- ... 12 , $9.9$
M.unlln, Clip. fe r abov. GlobIn. NI. PL. Bronn @ lite
Sp.....u. WW 1'IIln - lnd I I... t nd . rtlTUlo Ierm •. t)"1>f :\U'
5<;;' . W / d IPt : UK tllW $OC. ~ ,.5 K 20W <4 OC. SK I S\\' 30'
Ohlllit. RhMd11 10 ohm :?SW ( I ~'':>i \\' Ilh to'l"ft l. •.• . lISt
RTTY P.lar ro l. " W.; - :!~.\ , s-t .95
P .I., r.I,,,. W... tern ) 'nloo HI " adJu.l.hh~. U~M 11:, $ 1.9.5
R.IIY'Dun c.. 8\·I ~ ~ ro l l . ron l . I .\ . I Il . ) l· lf'aJ fd. 35( 3 $1
Rtl." Dun" ltl1 XX lI S 110 roll . ' IHt rt<l 30• . . . . . . . . . $1.95
P .w.,. XI.f. II prm. ald. I' r l : II ::;, 50 -:! IOOrJ . ~I: "",tI, ~
H Oma ; jl)O" fi- 70ml ; 8.h fi l lamp I< 11.3' @ 3.mp. $1.2.5
Ch AF lin ",. , 1,1. I :?hy UO ma :!IO oh m SI .9.5
St D. .... Xf.r IIS/ 1O 10 311 , (or 1.13 a. hprm .1 1 S1.2~
SPRAGUE Hy.Pti'~IP. 0. 1 mt tOO , =: ill'U' l . 35t . 3 $1.00
011 C.peU.,. lI ", t lIOO,," .../ ml ll: bllu ..... asl ea. 2 SI ,60
%mf llOOldft. 401. <4 /$1 .50 I mt 1000 rtkW . 551. 2/S1.00
l mf Hi(k~. • ", ., .. " .•. , " _. 3OC fa. <4 SI.«IO
Mien Swllch. Inlftlort r, jtI.\CI , 951
Mlcre Switch. jtI\Z·I13l, :\orm. oppn ee d !lUd. 351". ] $1
Oh. ll. P .w., . wltdl . II t apt . n d IS. mp @ l SOt&('.. .. $1.50
G[ Intor l...... . Ich. pu. h bUllon. mOlDftlll'" roIll. 251. 51S t
R,tar)'ean.p)'l)'p••wltch , A-HI<II , nl'~T 3.1\ 1! 5\", 25'. 5 S
MI''''. Plnll. It'l l", O·!.!l K '·. 0 -111II. nll ml , 3~ rd_ .... 13.95
PII.I lit. Dlalea J)1' · 30 rP<I. dlllllDf' r twe. 351 ea. 3 1S1 .(IO
F".. [l.t,..l., ""ta. It.... H(')I for ~ .I\ r. ruse. 251. ea. 5 $1
Millo RlCe.tacl . Amph 1I0 ~U'! F ~ ... ..•..... ", .•. 2k

SATISFACTION G1D, OR YOUR MON[Y BACK

Pi.... Include . " fllcI,nl Put'l_ue" relund", inllnH latl l)'

BULB SNATCHER SPEC IALS _

1t II ",aJ)' and pl..n " t to If'am or Inrl'Mte
.t>Hd l he~m ...-.,--11h I n InotMlrl.,".hC.,. Teac'lC'. EJ.CI!' llpnt f ill" lhe bfl&lnner ..
2dvlII«d Itudtont . A q uiI'll. p rattltl l and dr­
IWndabie IDf'lbod . " n lla ble t l Pf>l from boe'J:ln ­
nrr', a iptla lll't 10 I)'p lra l m..... I J:1'1 on al l l ub­
JC'l'"t, . ~t>Hd r anJ: C1 5 to ~O WJ'M.•-1\1••,. r l'adJ.
no l,JRll . IlI'ItJ boylnJ: aomeona Iftld to you,



,,

I

fl. lopotd ~ulpmfTIt Ihfoll 'Of
eu,. dbl -lDf't..r ",'dlnll.
I'I lI d " , o UI U' p e wrltu
plne 1. ('vnll rurttd 01
I moot h ' l urf.....s %W Par.
tlrl .. Board. 1"0 Ull'" edr....
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DELTA Products Co.
49 So, Day St•• Orange. N. J .

• TIJIl:\' 1:0U:\'T DI,U.
R ellil t eu Fnelionl to 99.9 Turn l

FOR roUer Ind uM. nr... . 1:-O IH ·C ·
TL·:S EIl ~ . nne tunluJ[ lur reuee­
..n . u<'Uum .nd emee mult ltu m

u rl.hl , C'OIld..Il. ..n . One bo le mount ln&". 11Ind)'
IolIl"1 n&" .pace. Call : e- J: "-. Shaft : ,,- J: S- . TC 1
hal 2l."- d l.1-1 %- knob. TC S hal 3- dlal-f %
knob. B lu t babUl t _
TC f ....2~TC 3 $4 _75-Splnner n andl. 7St IJ:t~

AtI'" Ie ,for r.rul Po. '
R. W. GROTH MFG. CO.

10009 Fnnldin AVf. Frtnklin Pk .. I llinoi .

HERMON E. COTTER

SUCC ESSOR TO
THERMO-ELECTRICITY

Cha nge heat to electricity DIR ECTLY - no
acid s. liquids , chemica ls. moving ports or sun ­
I;gh'! Bu;ld or buy a THERMO ELECTRONIC
BATIERY. Write today for free literature.

WR ITE
FOR
FR EE
LI TE RAT URE

2, 6, 10 - Meter

MOBILE EQUIPMENT
MOTOROLA, R.C.A ., G.E., LINK, etc. 30·60 Me.,
162-172 Mc. Used Commercia l f"M. Communteettcee
Equip ment RouKht &: Sold. Complete two-way uta
m_tinK F .C.C. Licens inK Requireme n ta for taxi­
ca M, Police, F ire, etc. $ 16 9.00 a e d up.
Motorola F .lol. Receive rs, Double

Con version $ 55.00 .aeh
Motorola F .M.. Tr.nsmltt.rs 45,00 each

HAM OPERATING DESK KIT
$39 95 F.O.'.

• Or.n , •• N. J.

ATTRACTIVE' STURDY
FITS

ANY DECOR

COMMUNICATIONS ASSOCIATES INC.
21 -27 Batchelde r Street

Boston 19, Mass.
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I CERTIFICATE I
I I
1 Cla im an acre of the Moon' s surface ! enoree acreale 1
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II Dept 23, 15766 Blackstone I

I Detroit 23. Mich. I.. J

[from page 45)DENSITOMETER

931-A Light Head

The "optical system" o f the 931-A light-head
is something that leaves room for lots of play­
ing around. You can 't mount the tube right
li p aga inst your input hole , because of the tube­
socket di mensions. A nd 3 hole gives a rather
marked di rectional effect on the sensit ivity,
which can be confusing. What I have is a
jack-leg solution. bUI it works within the use­
ful limits of what I need.

C lear polystyrene rod, the kind with polished
outside surface. not the milky-surface type.
will "conduct" light. somewhat as a wave-guide

Any type of balun may be used to go from
balanced to unbalanced line in the case of the
horizon tal antenna. From then on the input of
the balun is treated as the input to an unbal­
anced antenna. •

... but a densitometer measures light. and
will happily measure the drifting swirls of
cigarette smoke as they pass under the enlarger
lens. If you can't seem to account for the
random swinging of the needle ... put out
that butt. and try again!

Meter Illumination

The 931 -A has the usu al blue-sensitive pho­
tocathode; the thing works nicely as an enlarg­
ing light-meter, because it fairl y well matches,
in sensitivity, the sensitivity of normal enla rg­
ing paper. Safel ights do affect the photocell,
but it's pre tty insensitive in the ye llow-orange
region of the spectrum. For densitometer work,
however, you need to work in darkness-hence
the shielded pilot-l ight over the meter. (It's
a standard pilot light, with a short piece of
.)4 inch polyethylene black plastic tubing
shoved over it. A slit in the side of the poly
tubin g illu minat es the dial .)

Range Switc h

The range-switch gives only a 5-to- 1 in­
crease in sensitivi ty; it may seem an inadequate
spread. But we're working with light, and it's
a darned sight simpler to change the light­
source than to switch h ighly sensit ive electronic
circuits. Your enlarger already has built into
it a mechanism speci fi ca lly designed to change
the light outpu t in steps of 2X-most enlarger
lenses today have click-stops fo r the various
F-s tops. I'm using the EL Nikkor F 2.8 lens,
on my 35mm enlarger. That goes from F 22
to F 2.8 in 2X click-stopped steps-a range­
scale giving me 64 times change o f light output;
the range-scale on the meter adds another 5
times. for a total of 320·to-1. And if I want
marc, I 'll usc a neutral-density filter over the
photocell.
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