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MADRAS (FORT) RADIO FIELD INTENSITY
MEASUREMENTS AT BANGALORE.

By K. Sreenwvasan.

SYNOPSIS.

The paper describes the apparatus set up at the Radio Labora-
toty of the Institute to measure the field strength of radio stations
working at frequencies less than 10° cycles per second. The method
adopted is that developed by J. Hollingworth at the National Physical
Laboratory. The working of the apparatus and the precautions
taken to secure accuracy are explained.

To illustrate the procedure, an example of the observations on
Madras (Fort) Radio is given along with the necessary calculations.

From the daily observed values and weekly averages of the
field intensity of Madras (Fort) Radio VWM working at 75 kc. per
second, and from an analysis of the existing conditions the probability
that the observed high attenuation may be due to the interference of the
direct and the indirect rays is suspécted. Further work designed to
explain observed phenomena is also outlined.

PART L
1. INTRODUCTION.

The measurement of the intensity of received radio signals has
become indispensable for two important reasons. First, we have the
great problem of determining the laws of propagation of electro-

- magnetic waves round the surface of the earth ; secondly, there is the

purely commercial aspect of the question, namely, installing just that
amount of plant at the transmitting station which will ensure perfect
radio communication with the distant receiving station under the
most adverse circumstances. At present, with the existing stations,

_the electric intensity of the received signals at the receiving station

i

lies anywhere between 10pv/m. and 100xv/m. when the distance is large
and between 100gv/m. and 1°0 mv/m. at shorter distances. At the
Bureau of Standards, Washington, L. W. Austin has measured the
field strength of Cavite (NPO) to be 2pv[m.

Early methods of obtaining the field strength directly by insert-
ing the measuring instrument, usually a Duddell thermo-galvanometer,



38

in the aerial circuit have been discarded by most experimenters, except
for measuring the effective height of aerjals; they have been replaced

by' the substitution method, first proposed and used by W. H. Eccles,
using vacuum tube amplifiers.

In India, some work on field-strength measurement has been
conducted by the Marconi Wireless Telegraph Co. and by P. J.
Edmunds (Electrician, 1923, 91, 164), at Karachi for the Government
of India. The measuring apparatus in the Radio Laboratory of the
Indian Institute of Science, Bangalore, has been installed to measure
the field strengths of the long wave radio stations.

The first measurements have been made on the station nearest to
and strongest at Bangalore, viz.,, Madras (Fort) Radio, working at
75 ke. per second with a current normally of about 50 amperes at the

base of its aerial, 260 ft. in height. Other long wave stations will be
taken up subsequently.

2. CHOICE OF APPARATUS.

The method developed and adopted at the National Physi
Laboratory by ]. Hollingworth (/. Znst. Elec. Eng., 1923, 6|,ysslg?;

was selected as the most suitable for the work in hand for the follow-
ing reasons :—

(a) Comparative simplicity of apparatus and cheapness of
construction ; -

(6) Ease and quickness of operation without any sacrifice of
accuracy in the results ;

(c) Large frequency range and absence of any necessity for

elaborate and systematic shielding ;

d) Measurement being made on the basis of galvanometer
deflections and not of the sound in a pair of telephones, the method is
objective and therefore free from the comparative insensitivity of the

telephone as well as from personal equation which is associated with
it'

3. PRINCIPLE OF THE METHOD.

The radiation from the station under observation induces an
electro-motive force in a properly orientated tuned coil aerial, the
constants of which are known. The coil electromotive force is
amplified by a 3 or 4-stage resistance-capacity coupled amplifier
using capacity reaction between the first and second triodes to control
the effective resistance of the receiving set. The amplified signal
produces a deflection in a sensitive galvanometer inserted in the
anode circuit of the last triode (Fig. 1).
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i ion i from the calibra-
The voltage producing the deflection is known from,
tion of the amgliﬁper, effected by a local oscillator which mcorpomte(s1
a calibrated mutual inductance. The field strength 1s calcu:ilat(lal
from the effective resistance of the receving arrangement an e
constants of the frame coil.

The existing arrangement is not suited for measurements with

routine transmission on account of the long Pe“(.’d of th.e galv;llflol;
meter. Accurate measurement is possible only Wlt};1 Stiatltolr:ez S": (‘)ge
transmit an experimental programme. A long das (c)l a o nown
minute duration, with the current in the aerial kept stea %( zido ted
value throughout the period, is the form of the test signal @ pted.

If an Einthoven string galvanometer is used in Placitio:ug“les
pointer instrument, it is possible to obtain an almohst dco ot
record of the variation in field intensity throughout the day

any disturbance to the ordinary routine of the transmitting station.



PART II.

While the method does not preclu.de the use of ap open aerial,
preference is given to the frame aerial for two reasons ; first, its

_ tage and secondly, the physical
al are obtained more readily than those

On the other hand the closed type has two interdependent
disadvantages :—

(@) For a given field strength F, th

€ electromotive force
induced in a coil aerial (see Appendix)

2ranF : :
% Whereas it is Fy

As ) increases
respondingly d

is
for an open aerial of height 4.

force induced in the frame aeria] cor
else remaining unaltered,

(6) As a result of this, the number
with a coil aeria] is nhecessarily larger. Any increas
of stages tends to make the amplifier an
less easy to manipulate,

» the electromotive
ecreases, everything

ments, with the tuning ¢
are shown in Fig. 2,

:il:l.uminium pointer and the degree dial can pe seen
Fig. 3.

2, AMP.LIFIER CIRCUITS.

The amplifier (Fig. 4) consist§ of a resistance-.capacity coupled
arrangement of the usyg] type. Itis mounted on a vertica] board for
accessibility, thyg :—

(2) Minimising inter-triode

: S capacity, which in Cramped spaces
may prove dlsturbmg and troublesome ; 4 P g

At

(6) Suiting detailed experiments on resistance-capacity coupled
amplifier circuits ; e
(¢) Making it easy to introduce any necessary :

ible indivi I of each stage in the
i sible individual contro
ampliﬁé(ri) h’%‘?lilnc%bxggis objection is that it is exposed to damp, dust
and changes in temperature.

The high tension supply for the anodes consisti vczfdatéoalt)t:r‘}:e;);
small 1'5 ampere-hour accumulators which have pr
steady and reliable.

igh; but
The anode voltage used is 170, and may appetar ﬁ‘thﬁggﬁté d or
with 10% ohms anode resistance, the voltage ac ’uaer}llts D o,
the triode is only about forty or fifty volts. Expe“r;nakes the amplifier
that reducing the battery voltage below about 150 e AR
less efficient, while an increase to aboqt 250 or 3°t? and * listening
improvement in its working. For ordinary recep 1‘;? ¢ with a high
in’, a low filament current and a smaller anode vo i;gmany cospecis
anode resistance are possible and even advantagleous [
(W. W. and Rad. Rev., 1925, 17, 395; also, .
1925, 26, 52).

The well-known Mullard carbonised cott;n P;egft;?selgzz?dﬁ
resistances and grid leaks (Exp. Wircless an .sonab,ly rendy
el s been foune tbtaéxtblzhey\;ri:e-lxzund resistances

dual change appears inevi . , th with
twli]i?lu%il ?r?el: lg?ercto agscexl')tain whether perfect steadiness bo
time and wavelength can be secured.

jode ; 1 ists of
A grid potentiometer is used at the first trl’i)‘?l?s, i1St 5;)%51‘5,;1113_
a 500-ohm rheostat across a small 8-volt battery. i
ble for controlling the amplifier and preventing s

iode and
A reaction condenser, between the anode cf>f thet:(c)a]clci)rr)lg g:: s
the grid of the first, provides another means oh corixnimum Senduioy
fier. ~ Its maximum value is about 20uuf andbt teh?French N oy
A slightly different arrangement, first used by
be noted (Z’Onde Electrique, 1922, 1, 101).

t on the
The presence of this condenser has a przf(;)uil}?erzgicet :)):11 fhe
apparent input-impedance of the amplifier a
behaviour of the apparatus.

i i C .a detector, are
i triode, which acts as a T,
show’xl;l}fl (;;)ir;nescno?ts ;g;hge lszttad as a ,measurmg trxode after suitable
calibration,
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A few of the more important points to which attention is drawn
are shown in the figure. As usual, the galvanometer and the other
indicating arrangements are all on the negative side of the high
tension battery. A separate six-volt 6o ampere-hour battery is
required to maintain the filament current steady. An ‘iron-in-hydro-
gen’ resistance made by the General Electric Co,, is inserted in the
filament circuit to maintain the current constant, for all likely

variations in the filament battery voltage. Fig. 5 () shows that for a
change of voltage from 1'8 to 375,

the greatest change in the current
is only o015 ampere or about 3 per cent. of the mean value, i.e.,
0°525 ampere.

The normal anode current of the triode,
is balanced by a 2-volt accumulator with the P
as shown in Fig. 5. The galvanometer use
divisions) semi-suspended pointer instrument, It was found after a
good number of trials, that to secure stability and reliability in
working, it was absolutely essential that resistances used for the
balancing potentiometer arrangement, the filament circuit and in fact
everywhere, should be of the stud-contact type.  Otherwise, the
inevitably varying nature of the contact causes creep of the zero. ’
The 6uf condenser across the galvanometers is intended to take
up transient changes in the anode current, whether due to atmos-
pherics or other causes. When the effective resistance of the receiver
is low and the galvanometer reading high, this condenser is not very
effective, sudden large deflections indicating the presence of atmos-
pheric disturbances.

preferably a dull emitter,
otentiometer arrangement
d is a 0~304A range (120

By means of a double-pole throw-

thrown into the circuit. It was found expedient to use two galvano-
meters ; the coarser with a shorter pointer and g correspondingly

small scale (a Weston quel 375 galvanometer) is used for the preli-
minary adjustments. During the preli

) . minary Morse signal, the set is
tuned to the Incoming wavelength as acct):rately as gpos;ible, after
which the more sensitive instrument is thrown into the circuit and
final ac}]l{stments_ are carried oyt before the ‘]ong ’ is made by the
transmitting station,

over switch, telephones are

3. CALIBRATING CIRCUITS.
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i icro-
and a suitable galvanometer; for this purpose a Gambrell m1
ammeter has proved very satisfactory.

i | separate sections having 2, 4 or
The secondary consists of severa O g ot
i lues of mutual nduct
8hturt;ica:irgisc;);;;s§: ﬁgéggb; ?neans of a selec}t;)r slmltsc.lz.gzp’%‘{he YI?%;ZZ
t)fetslfe mutual inductance are o'7o#H, d2 tI 3?{:6 ) r:pliﬁer. e v
econdary coils give the voltage applied to 1 e, et paten-
b is obtained by adjusting the anode Vo tage1 )t’or e o P e
ggrr;\eter connected across the anode ac;:élrzucsill e in the e
change in the oscillator wavelength dtile e o0 and 170
otential from 23 to go volts was found to e e has been
Fnetres and this might be expected to cause maciu(r:znse(.luence e o in
pointed out by Hollingworth to be of no grelzla Cons e ade e
order to find whether this was so or not the following

; i ut with
The amplifier was calibrated with 2 Ce}itams‘gllﬁioc;f lz/nla}\zelength
no correction applied for the change n the ?rom 2 10 g0 vols.
caused by the alteration of the anode voltage rom 2% the amplificr
The deflections of the galvanometer at the putgub X ermo junction
and the corresponding primary current obtgmeNex); O change of
d galvanometer were noted and graphed. o ediusted to the
an dg ltace, the wavelength of the oscillator was e odyne
correct v 1alb by the tuning condenser with the help O'aar A
Corre;:rie::rue lee wavemeter was then shut o‘ff:i thfi:l Pr;f;;)hgd. The
:V:c‘l, ethe gaivanometer deflection being again nOtevezrmexgeeded 3 to 10
maximum difference between the two cases ne
per cent.

: cy should
it e thought necessry that the ascilltorfrequency shul
differ slightly from the incoming signal fre’%liﬁs ‘ypick up’ is quite
‘pick up’ by the calibrating inductance. o of the coil. It has

p::1:11 arll)d m);y be avoided by proper orientation }?en just before the
}Sarélen possible on a few occasions to check th(lisiagon Com the Ma dras
transmission of the test signal, there was no rwaas calibrated by noting
Station. During this interval the amplifier deflection on the galvano-
the primary current and the Corr?Spondmg king on its routine, the
meter.  Afterwards when the station e Worximum induced electro-
main coil was orientated so as_to have the ma1ibrati0n curve was again
motive force due to the incoming field. A Cietween the two sets of
obtained and no differencz: lcof;lellcil bﬁows)::\?er, it is advisable to take
readings. With a powerfu : ;

every precaution to avoid direct * pick up'.

M.—This does not
‘ Mutual Inductance his dc

seef l:;mzzi?ézgflty"f 'i!z}ie arrangement u§ed prr dgter$ilr2n§ulrtrseﬁl?§
‘I:‘r‘fief nOm)xlal working conditions is shown in Fig. ©.
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the primary is measured by a good thermo-junction and micro-
ammeter, variations being made by adjustment of anode voltage
without any change in wavelength. The secondary circuit is connec-
ted to a Duddell thermo-galvanometer with 2 101'7 ohm heater. A

lower resistance heater was not found quite satisfactory for the values
of M requiring measurement,

A current I, in the primary at a frequency finduces in the secon-
dary an electromotive force 22/ M I, where M is the mutual inductance
to be determined. If the total resistance and reactance of the second-
ary circuit consisting of the secondar

. y turns, the heater of the thermo-
galvanometer and the connecting leads be R

current as shown by the deflection of the thermo-galvanometer be I,
then 2mf MI, = I, (R;2 + X,2)t; |,

Similarly, variations in the resistance due to changes of frequency are
swamped. Thus in the above equation (R,?2 S 1 y

X + X,2) = R, the
resistance of the heater of the thermo-galvanometer: - ) *

<o M=(L/1,) Refom f = R, L/wl,
In order that Iz.mly be sufficient to give a reasonable deflection,
it is necessary to increase [ i

[ a higher anode voltage, particu-
larly when measuring very small values of M. From 50 to 200 volts
was found sufficient for this purpose. When calibrating the thermo-
galvanometer with continuous current, it is necessary to note the
deflections for the same value of current reversed and to take the
mean of the two deflections. The same procedure is advisable when
calibrating thermo-junctions.

By thus determining M under wor
frequency and by mounting the second
primary, any capacity coupling whic

hary at a short distance from the
may exist will be i ed in
the value of M so determined. ~The : Ml be includ

indefinite amount of ener

. ; gy may be reachin
accidental capacity coupli
above, both for rou

more than sufficien

king conditions at the required

ung the secondary through
ng need not arise. The control detailed

ghand fine variations in the secondary voltage, is
t for the measurements,

_ That M does not remain the same for al}
Fig. 7 and only emphasises this point.
stations, 1t is necessar

y that the appropriat
curve should be used for calculati%%s.p

frequencies is shown in
When working on different
e value of M, read from the

The mutual inductanc

€ method of getting small known radio
frequency voltages has be

€n successfully used in field strength
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86),
i Rad. Eng., 1920, 8, 2

by Vallauri (Proc. Inst. ) & 2o
Iﬁ%ﬁlllifmflgﬁing}:vorth (/. Inst. Elec. Eng., 1922, 61, 67 and 501)
others.

riation of

To avoid some of its disadvantages, suchnazn(t)lzleé letage o

i current and frequency through changes :i o e the

prlmiilry sin M with wavelength, it has been dec led to adop nce

Curr antge former method in place of the present gll il A

c“er:}?(r)lé raRS large voltage range over a reasocilea-vo}itage, e ing

;n ency will be secured without changes in ano ol g, the

rleggnt a};ld frequency ; and, except for the low /Zva es of yoltaeS 22,

cércentage accuracy is the same throughout ( ]zé ;(').4 v Rk, Nach.
I5)6; J. Iust. Elec. Eng., 1925, 03, 597 and 1926, 04,

Tech., 1925, 2, 416).

: i otentiometer

The alternative method emlzLoeymgiS;l ans':j;izceofp e mutqa§

nducance 1eSth:';‘llsoarflzleefufrrt(;::r is capable of measu:u;% g(())telnltg.

u}ducmnce “E the order of micro-volts (P/zyf. Rev.i] (?al:xd ok

dlffer%\r}cei o Electric Co. has developed this met gformer e od

e fesnern vaerything considered, the current trar;l e easicst. 10
ﬁ:ﬁfssclértyz;in limitations is perhaps the cheapest a

construct,

UIT.
4. EFFECTIVE RESISTANCE OF THE RECEIVING CIRC

enerated
The above method of obtaining the necessary lgg?s]tlane of the
olta eemakes the determination of the ’eﬁeCtl}ie variation in the
;[ecei%ing circuit essential for every rea(ilmg.to ageing of the triodes,
. is partly intentional and partly due to e e from the bias
riSISt:SSedlslsIt) on leaks. The intentiona}l‘ vanatllﬁar;r and the setting of
e C', ] - . d Of t e amp . the
i id of the first triode ay be made in
%ﬁ‘eleélo;c;rg}ecgrrldenser, apart from any changeSf tslzté? gf amplification.
filament-current, anode-voltage and number of stag

d on the oscillating
?i in the aerial by the

: king of the

incoming signal and has to be considertd b B VG 5, p.

a aratlzgs This has been discussed by RI i Eng., 1920, 8, 334),

1\?3 351 .1919) Weinberger (Proc, Just. a). and others. If L, R

Th;)mas’(]. ust. Ele Eﬂgf"thleggsi’:il?a‘tin;chircuit, the effect 'otf: thg

ts o esistanc
?:gugiie;e(zlt:ntcl:aeotzfoillsxéa:rr:pliﬁer may be represented by a r

. i city C. A
R, and a series capacity C; in parallel with the tuning capacity

1 1 i f

receiving apparatus.
2

: a lo
The amplifier input-l.mpedance e:fvtvse raisnduce
circuit and absorbs a fraction of the p
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I, MR | . _
swanl.’ itis not the wire resistance of the

coil aerial, but the total effective resistance of the whole receiving

arrangement, at the working frequency which is used for R, consisting
of the resistance of the oscillating circuit and the amplifier across it,

being modified by the grid bias on the fi . ¢
the control condenser. g n the first triode and the setting of

In the formula F =

Measurement of Effective Resistance.—The resistance variation

method of measuring the effective resist iving circui
. ance of the §
adopted on account of its simplicity. receiving cireuit wes

A five-stud switch introduces into the oscillating circui isti
of the coil aerial and tuning condenser, a series rer;igsgilcc:li:ltc;fcg-nszls??og,
1h41 or 271 chms. The test signal or the local uncalibrated oscillator
shown in Fig. 1 may be used as the source of radiation for this
measurement. If the latter is employed, its wavelength is adjusted to
that of the test signal. Experience has shown that it is better to use
the distant station itself for this purpose; by so doing the signal ma
be watched and at the same time the observations for measgrin ch
resistance are made under working conditions during the timge the
signal lasts. The only assumption involved is that during the interval
of one or two minutes there will be no changes of signal igntensity

In practice, with zero added resi

In . k resistance, the control condenser and

glnf(li bx_as are adjusted to give almost full scale deflection: al;ld ?hse; the
eflections are taken for different values of added resistz;.nce ,

The voltages correspondin

) 1 : g to these deflections d on

::,zllltl;raétmg :lhi ham{:hﬁer by the local calibrated oscillator.ar%rfggqnthese

effecg s and the known valugs_ of the added series resistances, the
ive resistance of the receiving circuit is calculated as {ollows"——-—

Let R,, be the effective resi

resistance to be measured ; R

R, and R, be the added series resistances. Let 2oy il, ? ndz' Rzlt;ld :;
Y ¥y 3

?rfdtx}ziacrx(;rerespé)? dinghcurrenFS in the primary of the calibrated mutual
o the local nceltbe gradient F, whether due to the distant station
uncalibrated 05?‘1&?{0& remains constant throughout, it
follows from the form _ %MRA . .
ula F= el that 7 x R is constant; i.e.,

. R - e — . »
1o R =12y (R0+ Rl)"“z (R0+ R2)=23 (Ro+ Rs)=i4 (R0+ R‘l)'

Any two of these five e i i
) ‘equations give a value for R, ;
of the ten possible values is the required effective :esi;)t;t::g. the mean

In actual practice, it i i
] ctice, it is sufficient to use only t three
positions of the switch, particularly when the duratiog ofwt%e(;gngf i8
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short.  An example of these measgrements is as follows :—3'90 364,
3'58, 3'40, 3'79, the mean value being 3'66 ohms-.

The percentage accuracy as seen by the above series, which 1s

normal, is not very high; but jmprovement to any appreciable exteht

is experiments on
H. A. Thomas, 10 his ,
does not seem to be easy. he resonance curve

amplifiers, rejects this method and employs t ve
obtr':tined by nloting the deflections of the galvanmpete; att}tl eﬂ?:zliobli?tjed
end of the amplifier, due to changes 1 the capacity f(i e e oot
tuning condenser of the local oscillation generator. | .te tcl s b e
accuracy and great consistency. For work on mgnabs. re %umbersome
ment, the resonance method has the drawback of e1.ngble s
and rather difficult. The degree of apcuracy attaina

resistance variation method appears sufficient. .

The above series of resistance values was obtained thk;easgtn:t
bias of zero at the first triode and the control cond(;enseerr Sactal e
153°.  With grid bias unaltered and the gontrol condetns a6 oilms.
effective resistance of the receiving circuit was, found to e 850 o the
The continuous current resistance of the coil 1s 3'95 d0is S hms.
resistance at the working frequency of 75 kc. per secontm1 4 O
These figures show the profound influence of the con

setting.

1 he resistance of the

The effect of the strength of the signal on t t

amplifier has been dealt with by Hollingworth and need not be
considered here.

5. PROCEDURE IN WORKING. )
: . to wor
(@) Preliminary Arrangements.—10 getting (0° i‘i‘iﬁ’ltginst any
on any station, it is of the greatest importance {0 %vorking should be
tendency of the amplifier to oscillate,  Stability ‘“.n the amplification
secured, if necessary, at the cost of a reduction 1
factor. , ) ;
A point of some importance is the dxf{ereﬁce ;: :t’?tz’%la‘g&“;:d
the amplifier with galvanometer Of with telep <ng 2 works stably
(Fig. 5). Using only two Of three modes,é ;elesis necessary for
with galvanometer or telephones. A he.‘:éo Ya heterodyne is un-
audible signals, but with four of TH b0 the amplifier oscillates.
necessary; the signals are heard clearly because be‘tound that there is
If the galvanometer is now gwitched on, it mayl This difference is
no oscillation at all and the set is quite Staphei the set oscillates on
sometimes observed even with three stages- g a o ralvanometer
telephones is no proof that it still oscillates when on the g .

It behaves entirely differeatly with the galvanometer. It may be
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said that the set is usuall

y more stable with the galvanometer than
with telephones. S

Test for Oscillation.—The first, in

; portant step in getting the
apparatus ready is to test for oscillation. L

vy

Everything is connected for receiving the i'ncox‘ning signal except

the 170 volts anode supply to the amplifier. The ‘high tension of 40

volts [or the last triode is connected and the filatnent currents are
adjusted to their working values

djus . . The galvanometer in the anode
circuit of the last stage, which functi

: : s ) ons as a detector of the cumulative
grid-rectification type, is then balanced by the potentiometer arrange-

ment shown in Fig. 4. The 170 volt battery is then switched on. If
the galvanometer needle does not move

\ ! 1 » OF moves slightly owing to
the extra load on the high tension battery, the- set is not oscillating.
If, on the other hand, the galvanometer needle flies over, the set is
oscillating.

Prevention of Oscillation.—If the set i oscillating and the
galvanometer needle flies over,

the cont¥ol i
should be reduced until oscillations cease, If‘-}osci??alz(ii;r?ss eprers(izf 2(\:rletg
when this condenser is disconnected, the appHcation of a very slight
positiv_e bias to @he grid of the first triode, by means of the grid
potentiometer (Fig. 4), effectively stops any tendency to oscillate.
The positive bias thus applied should be as smallas possible. This is
more convenient than slight alterations in the 170 volt anode supply.

In trying for a new station
adopted. By means of a wavem
uncalibrated oscillator is set to th
triodes in the amplifier and disco
tendency to oscillate is prevented

the following procedure may be
eter the frequency of the local
at of the station. Using only three
nnecting the control condenser, any
In the manner explained above,

If now the local uncalibrated
aerial, it becomes the source of
which induces a large electromot;
the condenser across the coil, cay

oscillator is placed close to the coil
3 powerful and easily found signal
ve force in the coil. This, tuned by
: : ses a deflection in the galvanometer.
The oscillator is now placed at such a distance from the coil as to give
almost a full scale deflection. At this stage, the resistance of the
receving set, measured in the manner described J. ‘eviously, is com-
paratively high ; consequently the tuning is flat, and requires relatively

3 € tuning condenser to produce a given
change in the galvanometer deflection.

h ; In this connection, it is
Important to emphasise the need for, and the extreme usefulness of, a
vernier conc.ienser,_ the capacity of which may vary from 100 to several
thousand micro-microfarads depending upon the working frequency.
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ut its
Tho contrlcopensr i hen Conee 8 0L L LS
ini lue. This slightly detunes iusting (usuall
Ehndg?orﬁ ‘1,:11 uthe galvanor%leter deflection. Es);t ;i}cxll.stxtr}ll% galvano}i
increasing) the vernier condenser, tuning 1s re that the resistance
meter shows a larger deflection than before, proving
of the receiving set has decreased.

. i ore and
The value of the control condenser is 1nc’}e}?.sedi3 elslttzesgln larger

the set retuned with the vernier condenser. 1:egin resistance.  1f

galvanometer deflection due to a further decrea oved away from the

the needle goes off the scale, the source 15 m

coil. o

: i the set
This process of gradually reducing the res;lslzangf ?}Ee " el
making it more sensitive by increasing the c\ia o cillation sets
condenser, and retuning at each step1s contmude u s vl of the
in. This can be stopped immediately by reducing
contro] condenser. '

; i t, when
The set is now ready to receive the distant stait;;):.uelnll }f,ali » e
the local source is adjusted accurately to the sxgnatus qsensitive, apart
found that in the process of making the app?lra O cter shows
from the deflection due to the local source, the 1g e ie properly
the incoming signal as well, provided the coi
orientated.

. ible b the
Otherwise, the frequency is ad]usted as CIOS%h?(?s?:?‘lsll:tor isythen
local source thus inducing a power_fql signal. ‘led above. A search
shut off and the set made more sensitive as detai] wal by proper varia-
is made in the neighbourhood for the incoming .51{55 in making the set
tions of the vernier condenser. After a few tria the galvanometer
more or less sensitive as circumstances require,
shows the signal of the routine transmission.

. : t should
If the signal is very weak, the effective resistance of the se

A ; . ter, four
be made very low when working with three triodes ; or better

iti avoided.
triodes may be used and extreme sensitiveness

. : siti-
The notable feature in the above process of increasing the sen

i i sed by a
vity of the apparatus is the large decrease in resistance cau y

. For this reason
small increase in the value of the control condenser 1,

i a maxi-
the condenser consists of only two Of three plates, having

; . i ontrol
lue of between 20 and 50 micro-microfarads, with a fine ¢
mum value

nd good insulation. The condenser is also provided with a long
a .
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handle to prevent the large variations in the galvanometer deflection

which would otherwise occur on the approach of the hand for
adjustment,

When the set is on the point of oscillating, the effective resistance
of the receiving set is extremely low and can be adjusted to a small
fraction of an ohm. In this condition the apparatus is very unstable
and violent oscillations are produced on approaching the amplifier, or,
as observed by Hollingworth, by merely touching the telephones
separated though they be by a porcelain mounted double-pole throw-
over switch and a telephone transformer. It is therefore more.con-

venient to work with the resistance of the set at not less than one
ohm.

Under these conditions, the tuning is extremely sharp, as shown
by the steepness of the resonance curve in Fig. 84, with the resistance
of the receiving set at 366 ohms. The abscissae refer to a 100-micro-
microfarads condenser with 180 scale divisions. This condenser is in
parallel with a variable air condenser of 2,000 micro-microfarads.

A resonance curve of this nature is a satisfactory proof that all is
well with the apparatus.

. Sharpness of tuning is the only way, perhaps of securing selecti-
vity with thx§ appe_lratus._ T}_“S 1s the reason why it is not of much
consequence if the incoming signal is not of the scheduled frequency ;

on the other hand, it is of the utmost importance that the station
should keep its wavelength extremely steady.

Referring to curve (6), Fig. 8, it is seen that the tuning is very
sharp. A change in wave-length of 10 metres corresponding to about
2'5 per cent. change of the total value of the tuning condenser causes

the galvanometer deflection to decrease by 60 per cent. of the value
when accurately tuned.

When the effective resistance is higher, as in Fig. 8a, tuning is

less sharp. The same change in wave-length brings about a reduction

of 18 per cent. in the deflection of the galvanometer and the curve is
comparatively flat.

On account o§ the extremely sharp tuning when the apparatus is
very sensitive, 1t 1s necessary to vary the vernier condenser slowly;
otherwise, it is quite possible to run through even comparatively strong
signals without noticing them on the galvanometer because of the long
period of its needle. With an Einthoven string instrument, having a
period of o'or second, there is no chance of missing the signal, the
string responding accurately to the highest speed transmission.
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i i ' ingl
Baumler at the Telegraphentech.msc.he Rexchsat}xt, ?e f, dses a Sig%;
string electrometer in his investigations (Proc. Jnst. . 18

12, 5).

' soations— The prelimnd
' diustments and Observa y
arran(élnllzml arfl tigssting of the apparatus aré preferably complete

3 i hat the
between 15 to 30 minutes before the test signal comes 11, so t
apparatus will have time to settle down

to a steady condition.E Olf)ser-
1 is free from
vations can be satisfactory only when the measuring setisir
any erratic, though small variations.

iz

ar
By

i i denser is
As soon as the test signal comes if, the vernier con

o i iven by the
varied slightly until accurate tuning 15 S?G}?r\?villa?na%ked zer};s e
maximum deflection on the galvanometer wnr L e be about 85
either side. The deflection, as remarked earlier,

per cent. of the full scale.

i i eter
Next, by means of the series resistance swlf‘cilhe, st?v?t Cg}fxli\garé(;g; o
deflection for each of its positions 1S taken.dd e S S N Thee.
back to its first stud cortesponding to zero & ed esistant, | ecdle
after, the signal is closely watched for any vahr}a s T e eld
generally remains steady at its maximum rez{t ing, niess hich the
strength alters suddenly in the small 1_nte'erval 0 txmpn uring WhiT 6th
signal lasts. Such an instance of variation shown 1 g.
March or on 6th May is not very frequent.

zero, the
Immediately the signal stops and the needle lretlim(s)s:;?llator, ‘ho
amplifier is switched on to the Cahbratedh togfa the signal. The
wavelength of which has been adjusted to t a’n the primary of the
deflections of the galvanometer and the e ing anode voltages,
calibrated mutual inductance aré noted for ‘,’aéy degﬂections on the
the range of voltages being such as to gw d a little below the
galvanometer a little above the maximum at:; sional. This gives
minimum of the deflections obtained with the tes gn this curve aré
the calibration curve of the amplifier (se€ F‘%’ 9)- voltages) correspond-
read off the primary currents (i.€., the secondary f the series resistance
ing to the deflection obtained for each position © circuit is calculated
switch. The effective resistance of the receiving
as described in Section 4.

i ed, the
From the resistances SO obtained, theilvatlu: oél Mstlrl: , the
i t and the constants of the coll, ng h
primary current a h 4 he field

: _%MEM ihe various quantities
calculated from the equation F = ranl’

being expressed in proper units.
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6, EXAMPLE AND OBSERVATIONS.

As an example of the procedure explained in Section 54, the
following readings and calculations of March 23, 1926, are given :—

1. Deflection of galvanometer with zero added res. = 9525
divisions.

2. Deflection of galvanometer with I‘41 ohms added res. = 722
divisions,

. . 3+ Deflection of galvanometer with 2'71 ohms added res. = 588
divisions.

Calibration of amplifier (with the Jocal oscillator).

Current in Primary of M. ©M ;. (secondary voltage)

Deflection of galvanometer

goo mA. 9063 mV, 108°5 divisions.

o " 8056 ,, 835
790, 7'049 ,, 67°5 "
6'00 1] 6:042 ” 50.5 .,
5'00 " 5-035 ' 35.5 .
4.12 " 415 233 "
2'80 1 2°82 ’ 140 .,

From this curve, the
s 722 divisions and 588
respectively.

Taking (1) and (

852 — 7732
= 8'60 ohms, 52-773

Taking (1) and (3), the effective resistance R, = 952 x 271

. — 6°c2
= 884 ohms. 852 — 6°5

Taking (2) and (3), the effective resistance

6'52 x . — .
R, = 25 2'71 7°32 X 1°41
(] \\_‘ = . S.
732 < 652 9'19 ohm

Mean of these three vajyes = 8:88 ohms.
In the formul, F = ﬂ&t,
2wanl,
. % = Current (r-m.s.) in the prima of the calj d-
Ing to zero added resista)nce = g 5l 2 nf% ¢ calbrated M correspon
M = Valye of mutual ind

uctance = 2136 ,H.
R = Effective resistance

of receiving circuit = 8:88 ohms,

53

» = Wavelength of the signal = 4000 metres. (75 kc. per
second).
a = Area of coil aerial = 5 ft. x 5 ft., or 23,226 sq. cms,
‘= Number of turns in the aerial = 20 .
1124 = LEffective inductance of the coil at 75 kc. per second = 2°8
millihenries at 4000 metres.

. 3 t
ituti lues in the equation, we ge )
Substltutm(%.tsl;eie IV(?_:;) X (2136 X 10 %) x 888 X f‘§°°° X 10%)
F=-"2= 27 X 23,226 X 20 X (2°8 X 107)
= 791*2/micro-volts per metre.

ivi field
The aerial current on this day was 60 amperes giving a
strength of 13°2 v /m per ampere in the aerial,

7. DISCUSSION OF RESULTS.

Curve (e) of Fig. 10 gives, in micro-volts per metr;zt,ti;he aiili]a)i
values of the potential gradierfxt }Fer }?mfzr'et ;gcéhei) ;g;gzglMad%as e
dio. In spite o the short dis .
Z;StanMgﬁgiz g; :'1 Km.), the variations fronl]1 d}?}’ ltlo Si}ésargbgsxt'yliig;
\ bnormally high v , ;
On three days, there have been a h values, about 14,.0/m
. The lowest is 4'8uv/m per p )
I/){ir'ar?rfrll'g(zethese extreme values, a large percentage of the readings
liepbetween 8:5 and 1ouz/m per ampere.

i 1 for each week,
) ig. 10 is the average of the readings
Pointcsugx‘ll ih(lés) Coérgéglielslost closely apox;t the ltufle 9'45;}/;11." ;i)zer ?rlr;fze/:;‘:
three points which lie far out from , Viz., .
;I(;f-l i:seal‘zreen%?il}:g wgth I\I/)Iarch 27 and 7:9uv/m. for weeks ending with
April 10 and May 15.

is gl lue of the potential
i s given the calculated va the :
gradiLI:ItAg)r? e?hcz:xb;sils (%f one ampere in the transmitting aerial,

I is the effective height of the
using the formula F = 122_7:{_ In this the effec g

‘ i ight. is ver
aerial is taken to be o5 of its geqmet}l;lca;bs};?geh tof (;It‘lllléi dvata).,
conservative figure has been assumed In tt vforks to 12:85upjm. The
According to this assumption, the gradien he preseat. case
Austin-Cohen and the Fuller ]qufﬁctlﬁiztiaé?;r t;e g;et 106/ m. per
about the same, viz., 0'81. Applying ’ |
ampere.

this is a little too high.
) ith the observed figures, even
Curv(e;(z?)] %z;reg i;ltxo gi(\)/es the ratio of the observed value to the

2

9
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calculated value 12'84xv/m. This ratio is very close to 0'8, since the
points crowd round this line.

The explanation of the low observed figure is not easy to see.
The attenuation factors considered above are not strictly applicable
to transmission completely over land. There are two sources of
uncertainty, one in the aerial current, and the other in the pos.Slbl.e
distortion of wave form when the current in the transmitting aerial is
increased from 50 amperes to 80 amperes.

A correct knowledge of the aerial current and of the effective
height of the aerial will, it is hoped, lead to an explanation of the high
attenuation observed. The transmission is completely over land
between two places one on the sea coast and the other on a plateau
over 3,000 feet in altitude without any intervening mountains.

Arrangements are being made to measure the effective height by
the three aerial method, originated by Pession (Rad. Rev., 1921, 2, 228)

and by the coil aerial method as a check (Rad. Rev., 1921, 2, 77 and
J. Iust. Elec. Eng., 1925, 63, 936).

It is possible that the laboratory is so situated that the direct ray
and that partly reflected and partly refracted from above interfere. This
is worth considering, in view of the very short distance of transmis-
sion and the improbability of the effective height being only half
the geometrical height. 1f the effective height is o7 times the
actual height, the gradient works out to 16°3usv/m; and the ratio of
the mean observed value to 16'3uv/m. is about 063. This figure
favours the suspicion regarding the interference hypothesis. This can
be confirmed only by continuous and systematic observations, both
at the Institute and a few other carefully chosen places. At present,

however, it is too early to arrive at any definite conclusions on data
based on only twenty weeks’ work.

The incorporation of an Einthoven galvanometer enabling
observations to be made at all hours of the day will doubtless help in

explaining to some extent the observed value in relation to the
calculated figure.

I gratefully acknowledge the assistance given by the Wireless
Authorities of the Government of India in transmitting test signals
every day at 0756 1. S. T, To Professor . K. Catterson-Smith, under

whose direction this rather difficult experiment has been carried out,
my warm thanks are due. '

Besides the fact that the apparatus and the experiment closely
- follow the description given by Mr. Hollingworth, I am grateful to
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i ily gi his
him for many valuable suggestions readily given as (tihe r;eszlvl(t)r lgfand
e experien e. These have considerably lightened yh k and
assi ti)zlp?f;l:nicn.reaching the measurement stage earlier than
assis

. . .
have been possible without his help. Many points omitted here ar
well covered in his original paper.

My best thanks are due to Mr. V. Krishna Moorthy for the

1 t.
valuable help rendered in the later stages of the experimen

Department of Electrical Techﬂology,.
Indian Institute of Science,
Bangalore.

[Accepted, 14-7-26.]



APPENDIX 1.
1. CALCULATION OF

INTENSITY OF MADRAS RADIO (VWM)

The principal transmiss

originally given by Hertz for a perfect

plane conducting ground and
a perfect dielectric for the medium of propagation. The formula
is (Bur. Stand., Sc. P., No. 354, 442).

n (2
F = 120)»({1{5
where
F = Electric intensity of the received signal.
I,=Current in the transmitting aerial,
%= Effective height of the transmitting aerial,
A= Wavelength.
@=Distance between the transmitting and receiving stations
A factor

[ :
N/;—in p by which the above equation should be multi
plied takes into consideration the Curvature of the earth.

In the present case the distance between Madras (12°59’ 17 N)
s N (80710 567 B)
and Bangalore E;;o ?,8’ E)) is s0 small that  — _ig? is negligible.

s
%, = Effective height ; this is taken to be 05 of the geometri
s : 1L metri-
cal height in the absence of a ; :
experiment,

figure determined by
=264 x 0'5 {t. or 4025 metres.
A = 4000 metres,

d=183 miles = 295 km,
Field strength per ampere F =120 X m(40°25 x 100) X 10 X 1

YT S 6
4000 x xoo)x(zgsm) X 105uv/m,
= 12'85u0/metre per ampere neglect: i
: ng atte .
The Austin-Cohen coefficient f s 5 atienuation

or this wavelength and distance works
00015 X 295/Vy —0°0015 X 2952
out to e e

THE THEORETICAL VALUE OF THE FIELD

ion formula used is the well-known one
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. —00045 X 295/4*"
The corresponding Fuller coefficient is e

Hence,
~ 132756965 1 _ o6
=¢ T2l . ‘m=10"61 v/ M.
field strength per ampere= 12°85 X 0"826uy/M

e

ation factors
i t much difference between the two attenu
There is not
over this short distance.

X I
APPENDI i MR

2manl

F =
DERIVATION OF THE FORMULA

d

) - bt 4 and length / an

1 height /2 and J€08°% "5

S a) be of vertica ic intensity oL ti
Let the coil Fxtg “:SI ( %Jet the r. m. s. electric tl vertical but 18

have » comg.lett_e ube F. if the wave-front is t}?gn F refers to the

En((::(l)imel:?cig tcfat}llae‘a l\(f)e:rtical as’is generally the case,

inclin .

vertical component of the electric field.

. h side of the
. i in each wire on €a¢3.5 % g,
romotive force induced in each side is
aeriarlri};ef'?/lzecst(l;o&lgt the total electromotlle‘i:etrf(;)r;%eti?z: forces is the ph?tli‘é
di e between the two € . / apart 1D
Thel p}l;ist:vg;frfe:}exgcvalues of the field at a distance
angle

(1)
wave, Fig. 11 (). Hence the relation ==

OC the

tive forces then

OB be the two electromo )}

. r?z?u’ltant has the value V=nF/Z X2 (1 (2)
=2 nF/k sin 0/2

6 being quite small, V —nh have for the resultant electro-
Substituting for 6 from Equation (1), we 4 M where a= Ik,
motive force driving the current round the co by
is the area of the coil. i the tuned
hen the coil is tuned to}, the current flowing
When the coi

(3)
. . 2man
circuit of resistance R 1s =K

s
i.e., resonance volt
the tuning condenser 1.€.

The voltage across

amanF (R? + w2L2) # where L is
applied to the amplifier is Vx = TXR

aman (4)
with @212, so that Vg = xR
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station, it follows that 2772-F = u;
R ©i,M
p o MRS | o
2manl.
(6)

APPENDIX 1IL

Effective [ ,
_ 7,MRa nductance and Resistance of Coil
= arar 0il—In the formula

l " f r 1
" or fie stren it is 1
gth, 1t 18 lmportant tO Substitute the 1
(l value

of L at the worki
bound to occur}(lr}\gt f\tg?ue]:ncy; otherwise very er
is not far different fromy ?n g wavelegths, the vahl;OIleOus results ar€
rise in frequency, the ldb' value with continuou e of the inductancs
increasingly important Tﬁmbuted capacity ofS current; but with
30 turn section and s};ow e curve in Fig. 12 w the .le becomes
s that the effective inélic?fﬁa‘“?d with the
ce increases at

first slowly with f
stee i requency and
pness is very marked for Wave-let:ge?hsnk),u?h more rapidly. The
€lOW 3°§ km. '

Whilst the resi

> esistance- i

works satisfactori capacity co i

difglcult to m?tg;gllg’ted’t?ev{: to b2 kym., ltlgiec’llpégggiﬁer used in the sef

and high frequenc 0w about 3'5 km Apparatus as a whole is

stable working becgmr:SlStance of the coil ?nhe effective inductance
s extremely difficult Tclrlzasel so rapidly that

' value of the tuning

condenser b
ecomes SO
S .
frequency changes. mall, that tiny variations in i
in it cause la
rge

Fig. 13 show

Fig. . s the ch i

section with fre e in the effect;
quency. The o sl

otec esistance of the same

every point than th pness of thi
current resistance oaflt ;gsth:hmdu‘:tance c:utrlxllles Cl\l{/‘fihis greater &
ms, that at ' ith a continuous
at 7 km.

ohms, at 5 km
y 31 oth, and at 3'95 km. WaVElength is 14.6

it was not possibl
e to co 1
approach to the naturacqugvglut miasureme’nt:obg?a?& ?e}l}ow 3 km.
ength of the coil. sc of the gradual
il

It is ther
efore neces
E’gg ?{nly a small inductaszcl;y t% use a coil possessing 1
¢. per second a large. ¢ his means that for {gregrge area-turns
uencies above

spaced from each oil with a
\év;tgcgt larger nurgg::r Osfhot‘&ld be used ir?r;:rdelfe?:r?égetr of turns well
mi%rol-n}(icsrh?uld not be 1es;nst'h Experience shows &:ts?fauer coil
not be ofarads. For thes an 1,500 micro-microfarad he tuning
used for measure e two reasons, the arads to 2,000
ments on Madras l,{adioso tour‘;?; Secttlon could
. 20 turns have

been used
: and the
with Wave’le curves relatin ;
n effe i
gth are not steep in tghe necifgl}\xl{c);\rxlg:i)c;gncf and resistance
of 4 km,

6. BRILLOUIN: The inherent react

8. MOULLIN ¢ Observati

9. MOLLER UND

10.
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Field Strength in pv/m per Amp. —>

14

Note —

e

Average Weekly Values

Q refers to Field Strength in wv/m per Aerial Amp.

Observed Value
refers to the Ratio

Calculated Value

= = Overall Average Values
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VorLumg VI1.—(1923).

Part 1.—Mohua Oil. II.—Malabar Sardine Oil. IlI.—Studles in Esterification
1V.~The Action of Bases on aaf- and a88-Tribromo-8-phenyl ro:
pionic Acids and their Esters. V.—Hongay Oil. VI.—Cashew Kex;nel
Oil. VI1I.—The Frujt of Bassia Longifolia, V}III.—Studies in Inten-
give Bacterial Oxidation, I. The Oxidation of Alcohol to Acetic Acid
IX.—~Contributions toc the Study of the Prickly Pear Problem.
X.—A Chemical Examination of Samples of Water and of Shells from
the Inle Vailey. XI.—The Refining of Crude Saltpetre. XII. Eno-
lising Action of Hydrogen Chloride on Aldehydes and Ketooes
X1T1.—~The Conversion of Eugenol into Isoeugenol. '

Voruome VIL—(1924).

Part 1.—Studies in Alcobolysis V. The Alcoholysis of Esters of aB-unsaturated Acids
and of the corresponding saturated Esters. II.~Chemical Factors in
Denitrification. 111.—The Retting of Coconut Husk for the Production
of Coir. IV.—Reactions of Chromates at High Temperatures.
part 1. The Synthesis and Decomposition of Calcium, Sodium and
Maguesium Chromates in Air. V.~0il from Mimusops Hexandra :
Rayaa Oil. VI.—The Relation Between the lodine Values and
Refractive Indices of Hardened Oils. Part II. VII.—Contributions
to the Scientific Study of the Lac Industry. Parts I—VIIL. VI, I,
The Systematic Nomenclature of Polycyclic Carbon Systems. II.
Polycyclic and Cage Systems of Carbon Compounds. III. The
Systematic Nomenclature of Heterocyclic Compounds including
Polycyelic Structures. IX.—The Use of Mixed Catalysts in the
Hydrogenation of Oils. X,—Condensation of Aromatic Amines with
Chloroform or Carbon Tetrachloride in the Presence of Finely Divided
Copper. XL.—L Notes on Bixin, by K. Venkataraman. II. An
Alkaloid from Apona Squamosa Leaves. Xi1.~Iodine as a Catalyst in
Reactions Involving Elimination of Hydrogen Halides. Xl1I.—Studies
Relating to the Symbiosis of Seeds and Bacteria, XIV.--The Bio-
Genesis of Mahua 0il. XV.—Contributions to the Scientific Study of
the Lac Industry. Parts 1X~X.

Vorome VIII (A)—(1825).
Part ].—The Photochemical Oxidation of Aromatic Hydrocarbons. I, by J. J.
Sudborough, H. E. ‘Watson and B. T. Narayanan. Price, As. 8.
‘Part 11.—Kachi-Grass 0il, by Bijoor Sanjiva Rao and J. J. Sudborough. Price,
Part 111,—Argemone Oil, by S. Narayapa Iyer, J. J. Sudborough and P. Ramaswami
o Ayyar. Price, As. 12. :
. Part 1V.~Essentinl Ol of Cyperus Rotundus, by B. Sanjiva Rao, P. B. Panicker and
© . 3.7 Sudporough. Price, As. 8. : |
Part V.—Dehydration of Rectified Spirit by means of Anhydrous Calcium Chloride,
byJ.J. Sudborough and P. Ramaswasmi Ayyar. Price, As. 8.
Part V1.—The Hydrolysis of the Amides of aB-Unsaturated Acids and of their
. smurat»edr Analogues, by A.R. Vathiraja and J. J. Sudborough
Price, Re, 1. : .
part VII.—1. Studies Relating to the Acetone-Producing Organisms, by Gilbert
J. Fowler and V. Subramanyan. 11. Mabua Flowers as Raw Materia]
for the Acetone-Fermentation Process, by A, G. Gokhale. Price, Re, 1
Part V111 —Studies in Esterification, by B. V. Bhiide and J. J. Sudborough, Pri
; Rs. 1-8-0. ‘ SRR _ )
part 1X.—Constituents of the Marking-Nut: ‘Semecatrpus Anacardium’ Linn., b
o D. Satyanarayapa Naidu. Price, As. 8. w by
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Part X.—Notes on Some Indian {sseptial Oils, by Bijoor Sanjiva Rae, J. J. Sud-
borough, and H. ¥, Watson. Price, Rs. 2.

Part X1.—Bromo-Derivatives of Para-Methoxycinnamic Acid, by K. V. Hariharan
and J. J. Sudborough. Price, Rs. 1-8-G.

Part XII.—1. An Examination of Some Gum-Enzymes, by GilbertJ. Fowlerand M. A.
Malandkar. JI, Chemical Constitution of the Gum from * Boswellia
Serrata,” by M. A, Malandkar. Price, Re. 1.

Part XI11.—Industrial Wastes as Manure. 1. Ajowan and Mohua Cakes as Fertilisers.
11, Utilisation of Refuse, by R. D. Rege. Price, Re. 1.

Part XIV.—Constitution of Manasse’s Hydroxycemphor, by M. O. Forster and
P, P. Shukia. Price, As. 8.

Part XV.—~The Reaction Between Sodium Sulphite and Sulphur, by H. E. Watson
and M, Rajagopalan. Price, As, 12,

Part XVI.—The Occurrence of Sylvestrene, by B. Sanjiva Rao and John Lionel
Simonsen. Price, As. 8.

Voruomr VIII (B)~—1923.
Part L.—Lecher Wire Measurements, by . R. Kantebet. Price, Re. 1.
Part IL—The Aluminium Anode Film Dielectric, by M, Subramaniam. Price, Re. 1.

VoruMe IX (A)—1926.
Part I.—Contributions to the Scientific Study of the Lac Industry. Part XI. Early

Recognition of Sex among Lac Insects, by S. Mahdibassan. Price,
Rs. 4.

Part 11.— Vegetable Oils Containing Glycerides of Erucic Acid, byJ. J. Sudborough,
H, E. Watson and P. Ramaaswami Ayyar. Price, Rs. 2.8,

Part II1.—The Production of Ether by Solid Catalysts, by S, K. Kulkarni Jatkar
and H. E, Watson. Price Rs. 3.

Part IV.—The Constituents of Some Indian Essential Oils. Part XVII, Derivatives
of Abietic Acid, by Madyar Gopal Rau and John Lionel Simonsen.

] ) Price, As. 8,

Part. V.—The Fat from *Salvadora Oleoides ’ : Kbakan Fat, by C. K. Patel, S
Narayana Iyer; J. J1. Sudborough and H. E. Watson. Price, As. 12.

Part VI.—-The Constituents of Some Indian Essential Oils. Part XIX. The Essential
Oil from the Rhizomes of Kaempferia galanga by Puthah Madhathil
Bhaskara Panicker, B. Sanjiva Rao and John Lionel Simonsen. Part
XX. The Bssential Oil from the Rhizomes of Curcuma Aromatica
Salisb,, by B. Sanjiva Rao, Vishna Purushottam Shintre and John
Lionel Simonsen. Part XXI. The Essential Oil from the Wood of
Erythroxylon monogynum Roxb. by B. Sanjiva Rao, Vishou Puru-
shottam Shintre and John Lionel Simonsen. . -Price, As. 12.

Voruxe 1X (B)—mzs _ ,
Patt L;i~Double Synchronous Speed Alternators, by X, P, Roy, Prloe, Re, 1.

Part 11.~The Characteristics of Beam 'I‘ransmitting Aerials, by J. K. Cattorson-Smith
Price, Re, 1.

_ Part 1L —Aerial Testing, by J. K. cmerson-s:nim. Price, Rs. x.s.,_ R

‘ Ptrt IV.——(.irculating Currents in Wave-Wound Amﬁtnm, by F. N l!owdmn
L : and G. K, Pradhan.. Price Rs. 1-8..

~Madras (Fort) Radlo Fleld Tatshsity ummm mnmm
- Sreenivasan. Prh:e Rs 3.0
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