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Tho actors of tbs row at ugh frequency titration instru-

lslts dssoribod in current lit-orator. was studied. Tho investigation

included instant-Ms in clinch the sol-pic solution vessel was placed

bow-ca tho pistes of s capacitor typo coll snd 1mm. with the

suplo solution vssscl placed in the coil of s recount circuit. 1 A

the offset on tbs mponso 01' than instruments of couple solution

toupsrcturs ohms, dilution, ohms in liquid incl. change: in col].

puss-torn, cm supls solution concoct-"tic: were dctcmimd. Thou

studios confined findings of sorlior imstigstions.

i m. truly condoctmtrio high troquoncy atrium vss doubpcd.

7h ass of s single two loop imusd of s mltituru coil, in sidition

to ssintcining s critical separation bots-no the titration vessel “11

md tho 100p, reduces tho distributed capacity to on shsolntc mm.

lament response with this arrangmt is dependant on conductivity

changes and independent of dielectric constant changes in tho smplc

”lotion. Changes in solution competition are indicated by chocgos

is oscillator tuba grid current.

Instmcnt psrtornnoo as tested with titrstions of mucous solo-

tioos of ivdrochlorio, sulfuric, and boric acids and hydrogen peroxide

with audio: hydroxide. Evidcnos of polybcsic centralisation was

observed in sulfuric acid and borio acid titration. In this work the

first successful high frequonoy titration of borio soid was oooocplidzcd,
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and furthsnsors proscnts for tho first tins svidcnco of mutt-slin-

tics of the second and third roplsosabls hydrogen ions. The sulfuric

said titration. substantiate earlier inconclusive ovidcnco of poly-

bssio mtrslisstion.

t successful high frequency titration of thrss non-ml hydrochloric

said sith tour normal sodim hydroxide we carried out, imticcting that

tho m instrumot say bs nssd tor conductivity studios in s concen-

trstion raglan horstofors unsttsimd.

‘l'hs oasis winch tho titrstios cum lines ion: at tbs squisalsncs

point obtainsd in this study for boric said titration sxsctly duplicate

tbs snails obtained in ths olsssicsl oondcotmtric borio said titration“

cmiod out by xolthoff. I'm this it is {19wa that the response at

tho mmm is pursly mistivs .

iv
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m'mmuc'rmn

In the denomination of tho and points in high trogucncy titra-

tion, tho capl- oclntion in a nasal is incorporated a a component

or a rcconant circuit. Chung" in tho concentration of ion- present

in tho colution change tho electrical proportion of the circuit.

Change. in m ionic concentration: may bc dctcctod through changcc in

tho tnqucncy of an occillatcr, if the resonant circuit in the frequency

dctcrnining clcncnt of tho ccoillatcr, through chmgca in the grid or

plate current. of the occillator, or through change. in call capacitance.

Tho ail of decimal-c of lush {mommy titrinctcra baa boon to

obtain a roaponu which 1! a function of the conductivity of the colu-

tion only and nor. truly upmcntativc of chanson in tho concentrations

of the ions in tho colution. Host of the papers publictnd on high

Income: titration since it. introduction in 19146 by Jonson and

Pal-rack (10) have bum devoted to tho ccnctructional details or inctm-

ncnto wrportod to ovorconc curtain difficulties coccuntcrcd in th-

application at tho instrument dcocribod by Jon-on m Parrcok (1,2,6) .

It Qpcara that individuals in olcctronico generally are biased

in preferring on. circuit to othorl and in a narrow nanncr dctcnd tho

lot-it- 0! thin choioc. It in bclicvod that this accountc for tho

variety of inctmnt nodal- that hm appeared. The results obtained

Ilth any om instrument or a clan arc for all practical purpose- the





one as those obtained with another and inetrmonteticn is e nutter of

individual preference.

in . recent book (it) Lingone points out that most or the (1in

applications of the method are titreticns which can be performed as

well or better by the ordinary conuuctancc method, and that the greater

miricinn, coupled with the usual curvature or the titration lines

requiring neaeurencnts very near equivalence points are distinct dis-

advantages. Lingene'e observations accurately sun up the relative

nerite or the nethod when viewed from the standpoint of work reported

in the literature to date.

The historical upsets of high frequency titretione have been

revived by meouu (9) and e very nonplcte bibliOgrepky coaaipiled.

Statement of Problem

Il‘he discussion which follow is e reeult of e study madertekem

(l) to construct tried high frequency titration apparatus with the

objective of improving their performance and of elucidating the nature

of the response end, (2) to construct s new highly sensitative, wide

range titrineter which resulted from a new approach utter a more criti-

cel evaluation of all the factors effecting instrumental response.

Characteristice of the instrument were evaluated and titratione per-

formed to deter-inc whether some of the disadvantages eecribed to the

method had been overcome.

Theory pertinent to the instruments constructed is presented.
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TILE-Ii!

Figure 2 (22) chow schematically a parallel circuit made up of a

capacitive branch and an inductive branch. The resistance a in a

function of the lone in the circuit and is due to the resietance of

mating vireo, the coil, and the mniatmce reflected into the

circuit by the load.

The essential properties of the circuit are its resonant frequency

to, it! «lectiVlW Q. end it. characteflatlc impedmce Z. The impedance

in a vector quantity having both Homicide and phone. angle.

For pnrpoeee or discussion, the resonant frequency is that frequency

to that satisfies the relation

wL.__1.... (1)

W0

vhf. w - 211' f, L in the coil inductance in beam, and C is the

capacity of the condenser in fax-eds.

The eclectivity 0, of the circuit is given by the relation

{1- ---- (2)

The impedance 2 is given by the relations

 

(3., w

1

z :w" :. 

numb-:73) (3b)



At the resonant frequency

we I. e 3%? (1e)

and equation 3e mducee to

z . 131%.”). u.)

end equeticn 3‘0 rcducel to

zW “I“

The curve- ot Figure 1 (22) e'hov the legnitnde ad pbeee angle of

impedance ee e function of frequency. The moment frequency of the

circuit in Figure 2 with the veluee of 0 end I. given ie 1000 kc. at

reecnence, thiepedenceie eteeeadmendieequaltoQtieeethe

reactence or either brmch et :0, and the phase angle ”of impedance 1-

eerc. At trequenciee below reeonence the pheee eagle of inpcdmce ie

negative end lower in magnitude than et rename. it frequenciee ebcve

renounce the phase eagle of impedance ie poeitive end of lower nami-

tude then et reecnence. The circuit ie inductive when the pbeee eagle

of induce ie negative end cepecitive amen the phone angle or in-

pednce 1- poeitive. ’

Il‘he Medea” of e parallel circuit can be broken up into reactive

end reactive commute.

Figure 2 (22) chow the reeietive enn reective mate ee e

function of frequency. The reeietence vex-ice such in the ”me any ee
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IMPEDANCE OF THE CIRCUIT IN FIGURE 2

AS A FUNCTION OF FREQUENCY.
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dcee‘ impedance. The reactance cum shame a 3mm inductive react-

ence at a frequency below reecnance equal to tau-W), and a madman

“punitive reactance et a frequency chm rcecnsme equal to fond/2Q).

it memence the reectance cum peace: through eerc, the resistance

curve paeeae tlmugh its neflmgmfi themefcrc, at reacnance the parallel

circuit ie equivalent to a pure racism-am equal to the charac‘tcric'tic

impedance of the circuit.

Ounce ee chem in Figvmce 1 uni 2 are known ea reecnance curves.

The cell! used in high frequency titer-hectare ere of two typee.

One ie canetructec so that the solution in the dielectric material be-

tween the pletee at a condenser and is connected ecrcee the tuning

condenser of the parallel circuit. Ancflnr cell type places the salu-

tiec uthic the field or the coil along ite exie. In either one, the

eolutioe new reflect cepecity or resistance into the tamed circuit.

Tb effect on the electrical paper-tin or the perellel circuit can be

deduced by exnining the remence cume cf Figuree 1 end 2.

in immune in 3 will lover Q (equation 2), a lamr Q will result

in a broadening or u» reeonence m (Figure 1). and lcuer the

inedence, (equation 3e, equation 31:, and Figure 1). An increeee in

line current will be detected when R is increeeed. mother effect or

increased 3 ie a decreeee in the pheee angle or iepedance. Thie will

Dealt in e eligbt ehitt in frequency than the parallel circuit in in-

cea'pcreted in en cecilletcr. Thie point will be diecueeed in greater

detail under millatcre.



If the ecluticn in the cell reflects e capacity change into the

perellel circuit, the meoncnt frequency of the circuit will change

(equation 1) displacing the curves either up or dam slang the frequency

exie. Therefore, when the parallel circuit is mic e part of an oscil-

lator circuit, e change in frequency will b-c dctcctcd if the dielectric

conetcnt of the salutiun changes.

The fact that e change in the dialcctric constant of e solution

will reeult in e frequency change is chvicue in the care of the capacitor

type cell. than”, vhcn e coluticn in in the coil of the parallel

circuit the cituation ie elightly. different, and the reason for capacity

effecte nay not rug-acct iteclf. Every coil has eceocieted with it e

distributed capacity an e result of dielectric etreee between various

pm.- of the coil. This distributed cepecity ecte u though it was

lunped ecrcee the terminal: of the coil end is in effect connected

acme- the tuning condenser cf the parallel circuit. A change in the

dielectric constant of the eoluticn changcc the value of dietributed

capacity ccrcee thc coil and result: in e um: resonant frequency. The

condition: for rceonence given by equation 1 etill hold, but it met be

neutered that C in the cm: of the capacity of the taming condom:-

end the value of dietributcd capacity cecccietod with the coil. If the

cepccity cf the tuning condcmr ie C; end the distributed capacity cf

the coil in 0,, equation 1 may be rewritten cl

“ii-W (5)



Since th- pnrallcl circuit in only one part. of the complete

oscillator circuit, the maponsc of high frequency tibrimctcn to

changes in aolution compositicn are not fully axylainablc on the basin

of Mn pmportial of the: prune). circuit. clone. To be completes, the

dimension must be extended to include the conditions that. must ba

anti-tied in order to promote mataimd cacillatiom in a typical

”cinder.

Figure 3 in a ”fanatic dingnn of the Colpitu oscillator circuit.

Tb parallel resonant circuit. he! I. in parallel with the levies ambi-

mtinn o: C; and 0,. Th. "cum tube in nblu to act a an oscillaim-

mKh its ability to aplity. the pom input required by tho grid

in Inch 10“ than tho mun-d output. Therefore, a porfion of the

output power uy be fed back into my grid circuit. and animation will

talc. place.

the focdback in the 601.91%“ circuit is provided to the grid cir-

cuit by applying to the grid that portion of the voltage developed acrou

tbs parallel circuit. that. appear! across 0‘. In the caries commotion

at C; and c. both condenser- vill ham the am charge Q at any inamt.

Thin charge Q is not. to be confused with the Q or selectivity of the

parallel circuit. The capacity of a condenser in infirm! u

c -% (6)

what. 0 in th- capecity in farm, Q tbs: charge in cculaubu, and V the

potential ION“ the platen. Since both consensus hm tin um

charge
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c . v
6.“: V: (7a)

v1 - mg; (71:)

Equation Tb above that feedback may be varied by changing the ratio of

C, to 01, the excitation increasing with smaller win» of C‘.

The condition that met be satisfied in order to maintain euc-

teined oscillations in on oeoilletor is that the alternating current

generated by the 1mm tube oecilletor hm a frequency such that the

voltage ddch the generated oscillatioue apply to the grid of the tube

ie exactly 180 degreea out of phase Iith the oscillation of the equi-

"lent plete voltage (23). These conditions are aetiefied in u» caee

of the Colpitte oecilletor when the parallel circuit ia ma to offer

a capacitive reactance to the accreted frequency. Referring to

Figure 2, it will be me that the generated frequency will be higher

than the recount tummy of the parallel circuit on defined by

equation 1. The operating point of the oacillator on the impedance

curveoftigurelwillbe thepoint atmichthe phaee angle afie-

pedence ie of the proper value to aatiefy the conditione outlined above

for auetained oecillaticne to take place.

The oecilletor edJneta iteelf mtcnatically to then conditiona.

In the dieouadon of the parallel circuit it wee pointed out that an

increeee in R which occurs with an increaee in the conductivity of a

eelutin in high frequency titration, reenlte in e docreaee in the phase

angle of impedance and in onier to compensate, for this change the
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oocillctor will adjust iteclf to a new frequency whore the Operating

conditions are eeticficd.

is change in the value of the capacity in the parallel circuit will

upset the Operating conditions of the oscillator end e frequency chift

will be necessary to restore tho conditions once again.

Vixen the frequency changca of a vocmua tube oscillator arc mcmr-

ed, coma problems arise. One ia to Icpct'nte the frequency shift dam

to changes in dielectric constant which dot-amines the sec-.mt of

capacity in the circuit from the frequcccy shift due to changae in

conductivity which determine. tin mmt of resistance in the circuit.

In an inotmnt in which the parallel circuit and associated cell

are not included in the circuit of en 036111ch, the Bcpcrction of? .

capacitive and reactive changes is: Quite eimple. Examples of such

instruments ere than of Hall end Gibson (6), and Fujiwara and Hcyuhi

(5). he principle and method of mamwcmcnt involvod in the latter

circuit ia discuss-ed elceuherc (20). The curves of Figure; 1 our! 2

era obtainfl by thin nethod.

The parallel circuit is tuned to resonance at the beginning of e

titration in the application of this type of inetmcnt. The parallel

circuit therefore Ictiaficl the cmiitiona of equation 1. Increases in

cell capacity can be compensated for by roaming capacity free a uric

able cepecitor placed in parallel with the cell capacity. “cording to

equation 5.1: C. increeeca by en uount Ac, 0; can be decree-ed by

an amount. A c and resonance an be matured. the change of oepecity
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4 c an be ouluatcd from a calibrated dial mulled on the rotor or

0,. Usually mm is indium by a unadm voltage wading on a

new: tube '01thth placed across the teminals at the parallol cir-

cuit. Sine- thn impadmca cum in flat at tits point was ditriaulty

in determining the exact point of resonance may arias. Small changes

in capacity my 1m b. undetectable.

The aplituda or the voltage gamma an" the coil is a func-

tian of the Q of the circuit. Changes in voltage reading-a my be

aux-Mud in mm or mmm. In gemrnl, the Maw or the

mtlnd than mplied to high mamas: titration in such loss than the.

mama or other nothodl. Furthmm, the valtage appliod t0 tin 1'

parallel circuit mat be 1m 01‘ hmurmica of the hmdmtal Man-nmy.

it romance thl nix-cult inpuimoe in high to the Mutants]. comp-mam

of tha applind voltage, but in 10' to my bar-onion. Cmquently,

ban-min mats will emu high line emu-onto that I111 In): the

all]. linn mm duo to the {mammal cosmonaut.

lo nation it ”do by Fujiwara md Reynold (5) flatlnr or not

their oscillator was free of lam-mania.

m wimiplu cumml m for “panting resistive and capaci-

tin emporium. mama].- for aunt-able chins” in must frequency

ad Q of a par-1101 cironit m not included in an emulator circuit

do net apply when tho parallel circuit in part of thc oscillator circuit.

is pruriaully pow out, the partllol mat in the Colpittl oscil-

lm in mind to be resonant to a frequency slightly higher than the





fltp'ot signs]. frsquonoj of the oscillator. Restoring tho frequency of

tho oscillator to its original output frequency otter o frowonoy shift

has comm-rod by adjustment of a alumina; canaoity compensates for the

froqmoy Shift due to both maistmso mi capacity. Other factora

that influonoo tho output tmquonoy such as oh man in plots '13}qu

wltago, grit! excitation, and grid bias are also oatzponoatod. Promxonoy

changes ore tlnroi'oro tin mault of tho inmootion of many varia’L-wloo.

Tho omgxonrmt do. to a olwngo in to diolactrio oonatant of the solution

is practically impooaiblo to dot-Mm.

Oscillators may be ltabilizod to union than inoonsitivo to vario-

tiono in tube charootoristioo (15) which muli ohmliry thing's Umwimt,

but whether a true separation of tho variables of capacity and resistance

are momliohod would bo Open to dobate .

Manors, it in conceivablia that a solution may show a dielectric

constant ohmgo Wing to iron-moo the output Maquonoy oi’ an oscil—

lator and a cmmotivity chengs tending to door-ewe tho output frequency,

moultirg in a not ohmgo of zero (7).

Roturmng to the schematic diagram: or the Colpitto oscillator

circuit of Figaro 3, a manta:- R; is comzactod from the grid of the

tub. to ground. Before oscillations start them is no volume appliod

to the grid, and thoroforo no grid current. The bias on the tube is

zero and a lame plate current flow. Tho initial surge or current

though the tube whoa tho cathode reaches the tamporotum at which

electron mission begins, not: up an alternating ourmnt in tho parallel
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oimit and m alternating voltago aorooo it. Foodbaok of part of

m voltago to tho grid drivoa tho grid pooitivo with mopoct to the

oatlndo. moon-om on attractod from tho cathode to tho grid and

ova-rout flow through tho rooiotor R‘ oomnly called the grid-look

root-tor. Tho voltage amp acrou tho roaiotor nakoo tho grid nogativo

with tomcat to tho oathodo. Tho voluo of tho grid biao io tho product

of tho avorogo value of tho grid current and tho ulna of tho grid-

loak noiotor. to tho uplitncio or oooillotiono buildo up tho bioo

inmuoo and owntuall: o atoady otato ia ottained when the grid bioa

ond tho uplitudo of tho oooillationa main oonotmt. Tho voltago and

current rolationa oxiating in an oocillotor under otoody ltato condi-

tiono ». ohm in ugm-o t (23).

Tho instantanoono valuo of plato voltage in tho m of tho plato

apply wltogo ad tho alternating voltage donlozaod botvoon tho plato

and oathodo, “gm-o ha. Tho inotantanooua valuo of grid voltage io

tin III- of tho aid bio. voltogo and tho wltogo dovolopod lemon the

toodbaok capacitor C;m otthodo and aid by tho ours-oat in tho

turd circuit, Figaro Lb. Tho alternating ploto-oothodo voltogo and

altomating add-oothodo voltago on 180 dogrooo out of phooo.

Tho grid iadrivonpoaitivoforapuiod of tinloaa thantho

poriodotahaltoyolo. Thoplotooumnt mdgridourrontflowin

pals“, Figural ho and M. Tho plate curl-ant puloo to longer that tho

grid mat pulao. Tho tubo oonduota oa coon oo tho inotantanoouo

arid voltago ia alight): Ion pooitivo than cutoff on tho upward part
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 FIGURE 4. VOLTAGE AND. CURRENT RELATIONS EXISTING

AN' OSCILLATOR UNDER STEADY STATE CONDITIONS.
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of tho cyclo and grid cumntdoco not mvmtil tho grid ia driven

poitivo with roapoct to tin "undo m tin later. Likovioo tho

grid curront coaooo motino bofcro tho plate curront onto off on tho

downward part of tho cyclo. rho alight diatortion at tho pool: of tho

plato curront pulao ia tho rooult of tho grid robbing tho oloctron

atro- on tho way to tho plato ot a oupply or olootrcno ohioh constitute

tho grid curront. rm diatortion roanlta in tho generation 0! hor-

mica.

Tho pom 339911»! by tho plato amply ia mall to tho plato manly

toltago tiooo tho avorap valno of tho plato curront puloo taken over

a {all cycle. Part or thia pour ia dolivorod to tho roaonont circuit

intho tor-nor altornatinzmrontonorzyandportot itiodiaoipatod

at tha plato at tho tubo in or» tor-I ot‘hoat, man-o ta. Tho mung

iaduo tothoialpootoi'oloctronamthoplatootthotobo.

Tho power lcoa at tho grid to vary nearly oqnal to tho product of

tho oval-ago grid current and tho oroat who of tho alternating grid-

oothcdo voltago. m‘pmr looa at m grid in tho aol at tho pom-

100mm totho boatinco! tho zridbytho inputof olootroxn and

tho hating of tho grid-look rooiator. The power looooo in tho grid

circuit aro ouppliod by onorgy obtainod from tho rooonant circuit.

mun tho rcaiatmco of tho roaonant cimit ia inoroaood by an

incroooo in tho conductivity of a oolution in tho coll of a high fro-

mnoy titrinotor, tho otoady atato conditiona or Figaro h are opaot.

In addition to tho tummy changoa diomzaood oarlicr, the amplitude
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of tho cocillatim will tend to decrccao. Ii‘hpo original oscillating

W in tho recount circuit in flowing through tho oddod. mictamo

ccnemco ocro energy than is ouppliod from the plate supply course.

lmcdietely tho alternating plate-cotlndc voltcgc dccrceoco, creas-

ing the minimal plate voltogo and incrcaoing tho amplitudo of the plate

cum-out puloeo. Tho rooonant circuit rccoivco additional energy, and

a new oquilibriuu point in rcochm where tho onlcrgcd plato current

pulooa amp]: outficiont oncrgy to nointoin cocfllotiono in tho higher

moi-tome circuit. Tho oocillationo will bo reduced in uplitude, one}.

cocooqucntly tho foodback voltage ocroao C 1 io reduced in amplitmie,

loco grid curront flan, and bin io decreased until oquilibrim ie ro-

establiolnd.

In may, it the effect of c clmngc in tho concentration of o

oolution in tho cell of a high frequency titrinotor io purely rooiotivo

and reflect: on increased reoictcncc into the moment circuit on o

rcault of an increoao in conductivity, o alight frequency emu. will be

detected, plate current incrcooco, grid current docrcecoo, and grid

biao docroacoo. lay of those chmgcc may be measured ond by tldo moons

tho ccuroo of o titration may be traced.

A capacity change will produce tho one type or responco. Onco

again tho problu of ooporoting tho componenta due to resistive mi

capacitive otfocto oriooa.

It is honored that o oolction to tho problol has been found and

that an inatrment hoo boon dmlOpa-d in which the rcoponec is co
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prodomincntly rooictive that for all practical purpose! in not offset“!

by changeo in the dielectric constant c: the eolution in the can.
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fimycrotinn of Bocgcnta

Reagent grade acetic, mdmtdoric, sulfuric, plocphoric end C. P.

oxalic ocid was need to prepare acid solutions. These wore compared to

sodium hydroxide which was standardized against primary grade potassium

acid phtheletc.

Solid C. P. oodium chloride and rccgcnt grade sodium fluoride,

celcimc chloride, amnion oxalate, silver nitrate were weighed out to

the ncoreet 0.1 of 3 mg. employing weights calibrated against Bureau of

Starficrds calibrated weights, X. B. 3. Test Ho. 87925. Thom solids

uoro dissolved and diluted at 20 degrees C. in o calibrated one liter

volumetric flock. The ccncentretion.of the sodium chloride solution

[was checked against the silver nitrate oolution by the Fejem' method.

The concentration of the celoiun chloride solution woe determined

, by the permanganate method. The pcteseiun permanganate was stem-indicted

against primary standard grade sodium oxalate.

Reogcnt ysde boric acid was uood to propere a solution which ores

compered to stand ordizod omiixm hydroxide . C . P . d-lecnnitol was

employed (12).

Itcdrogen peroxide solutions were prepared froze three percent ro-

ogent grade hydrogen pcooxido. Its concentration.ucs determined by In

iodinotric 3:3th (13). The sodium thioculfste oolution employed 1ch

been standardized against pz'irnery ctmdcrd grade potassium diclmcto.





Incidental Inltnmntetion

The cporoting frequencies of the oscillators used in this “tidy

were determined nth a U. 3. may Signal Corp. BC~221~D frequency actor,

a U. 8. tray 80-12554 hotcrodrn frequency monitor, mo 0 General

Radio Coupany 7584 monster.

other Wants included a Cloagh-Brengle Company Model 03! signal

generator, I Buthkit Model Y-S ram tube voltmeter. a Feathkit Model

0-? willow, a Radio Corporation of firm-ion Modal 152-8 Rider

Channalyat, I'Kl a U. 3. Navy Type :33 mrhetemdyno cmicationa

receiver.

A Solo 120 v. a. content voltngo transformer was used to regulate

lino voltage.

Colibratad pipetl and bursts tore used for all titrations.

the Parallel Resonant Circuit Titrimoter

At the tin. experimental work we: begun, neural inotmento had

bun describod in the 11mm (l,2,3,6,6,10,15). The» instruontn

are of the type employing an «cm-tor of acne sort, with the solution

m1 placed either in the coil of a tank circuit, or batman the

plates of a condom:- uakinc up part c! the tuning capacity of a tank

circuit. Phonemic. and ranged from 2 no. up to 350 no.

at thin an on nature of the response at then inch-manta to

changes in circuit parameters and to chmgeo in Deletion composition

had not been established.



Pan experience in the field of electronics .3530!!th the“ tin

proportion of a resonant. cirouu could be studied quite simply (21)

Iain: units that were readily "alum... Hun-him (17) had earlier

applied the sound to up manure-aunt of éipolo manta with mm

W.

The principle of th- mthod 1: "idem tron tbs subarctic disarm

o! Figaro 5. 1. parallel recount circuit which includes the titration '

«11 C,, m loouly coupled to a signal generator. Tho output of tho

winner oouldbc nun-ted to mytroquambctnm 100 kc and 30-9,

ondmmdulutod by a trogmmyot 1:00 cps.

man the parallel roman circuit was hand to tho 2mm: of

thy lignal mum cuhput, the voltage or mat indicated 1.! £329

detector circuit was a am. Thu voltage at current indicated by

mum ntthonndmmamuonofuuciofthaciroufleon-

tuning th- rilled «11. Change. in circuit oupaoity an measured by

luau of tho calibrated Him Pot dial attach“! to the C; drive

mhanin.

The malignant of the apparatus as finally 091pr 11 Ilium in

Figure 6. Details or the probe making up CI of th- schematic dimm

m awn in MW 7. Th! cuppar £011 plates were held morn-01y bo-

twon tun montricnlly rum loft glen test tubes. The umber of

to“ tubal that can be fitted to mam the combination Ihmm in Figure 7

m relatively for, but 11;. 1! oatimatsd that at least a half II dozen

suitable emulation. can be. found per 100 test tubes.
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PLUG IN COIL

I“"""""I

I I

I z/E I RF.

' 1&1“ I

I 1%. I OSCILLATOR

I 1:21:37: I _

I 15"“ I COAXIAL CABLE
: I r-r-I---------.----e ----------- 1

J I- ‘:---—-------------------: .
E I

TI II . .

20” F I MICROPOT I I
R — IGEAR REDUCE __+} DIAL : g

I

VAR. com. 7 , :

IO-SSMM-‘D I iii :1 : I

I II I :

II IJ : I

11-— . |

I

I I

' I

: I

I I

PROBE AF T

I Am DE. LR com RF.

_CRI

, ‘ TRACE

OSCILLOSOOPE

   

FIGURE 6. APPARATUS EMPLOYED IN EARLY

HIGH FREQUENCY TITRATIONS.
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POLYSTYRENE

PLUG

I CONCENTRICALLY

I FITTED 6 IN. SOFT

GLASS TEST TUBES

I II T 2

COPPER FOIL . i 2. o

PLATES AND LEADS I o g

SUPPORTED _, I I. .I.

BETWEEN TEST <

TUBES >15 .; E T

O

- 2.2

___I .I.

  

FIGURE 7. PROBE DETAILS.



Initially, tho condenser C‘ m “3113th to approxinctoly one

half of ito auxin. capacity, tho propor coil for tho frequency rmgo

“looted no plugged into it. Docket, and tho oignal gonorator adjuoted

oo that it. output troquoncy m tho rudiment froquency of tho parallel

circuit. Rooonm no indicated by maxim longth of tho vorticol

lino on tho cocillcocopo ocroon. Tho output of the receiver m the

ADD cpl. noduloticn mqmmy at tho input Sign]. ottcr demodulation

in tho ooocnd detector of tho recoivBr. The automatic volmo control

circuit of tho moioor m turned or: to inouro o cmtant over-boll

receiver gain througlmt tho oxporinonto. 1s grid on plocod over the

claillooccpo carom tc facilitoto momma-ant of output aplitudc. The

rcfmmo point for nplitudo mmmntc m the urplitude measured

ot tho boginning of o titration.

Scan of tho Imdocircblo (comm. of tho opporowo were imcdiotcly

apparent. Tho Ind” of tho raconmco cum or the parallel circuit

on quito brood, and»: occuroto copaoity comma difficult. The

probe on deligmd m «with. to change. in tho lovol of tho solution

and the offset could not be olidnatod. This offs-ct no obviously am

to tho armament in man tho loads emanating tho platen of tin probo

to tho terminal. ot tho top of tho probe represented a mall mount of

the total out-foot: mo of tho condenser. In addition, tho probe no

oonoitivc to ohmgco in ito position in tho baabar md to body capacity.

Tho sensitivity of the method was bclievcd to be inmicquatc for ena-

ly‘tical pin-poms.
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This ml: could have been continued furtlnr, and the difficulties

sectioned over-coon by using the conventional type of cell as shown in

rigor“ 16 and 17 and employing circuits of higher Q. Recently the

lethcd we employed by Fujiwara and Reynold (5) to obtain the response

cums tor circuits in which the solution was placed in a vessel within

the inductance of a parallel circuit.

A nomination of the apparatus ei’ Figure 6 in which a crystal

filter circuit was substituted for the parallel circuit at the input

of the receiver was investigated. A crystal filter circuit we con--

struotad utilizing a £56 kc. quarto crystal, but the high mice level

at the frequency node further work with the unit impossible. It wee

found that the sources of the ncioe being fed into the receiver could

not be eliminated oittnut curtailing other work being carried out in

the one building.

It is believed that the unit writs sacs additional consideration

and under me favorable conditions ite full potential nay be realized.

Fortunately, at the tine these problems me being encountered,

several excellent papers appeared (157,19) establishing the affect of

circuit punters on the response of not of the inetmnente in nee

at that tine. ilncst any shape of titration curve could be explained,

and the limitations or the nethod clearly pointed out. It was now

pceeible to go ahead with the construction or an experimental high

frequency titrimeter and by a series or sinpls tests detenline its

characteristics. Knowing tlnso, the instrument could than be mplied

intelligently to the particular system tc be mama.
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Ibo fregnencz Measuring Imtrmefi

Before taking a decision on the type of instrument to be con-

struotod, the titrinetcrs for which mtficiont details were availnhlc

in published papers were evaluated. Thu instrmnt considered to offer

the scat in terse of flexibility, sensitivity, and stability, in addi-

tion to being easy to construct, was the titrimter reported by iniernon,

Bettie, end Revinson (l). Jensen and Pea-rack (10) need a tuned plate-

t‘unod grid oscillator found to be unstable by other! (1,2,6). Bloodel

and Ualmtedt (2) used a Clapp oscillator using e 6110? tube for work

at hoqmmies of 30 m. and below. The frequency limitations of the

tube could reatrict the nae of any inatrment in which it can used to

ttds frequency range shich was undesirable. The 350 no. oquipmont

reported by the am mm (3) required elaborate sacbining Operations

Uhioh could not be undertaken. The apparatus of West, Burkhelter, and

Brousecrd (2h) seemed to be too cowliceted for the results obtained

in return.

Moreen at. 9.. (1) used a grid dip oscillator circuit employing

a type 955 tube. The tube could be need up to frequencies of 500 no.

if necessary and required relatively little power. We tuning adjuat- .

tents sore neceeeery, the operating frequency being that cemmed by

the oscillator at the beginning of a titration. Chengos in solution

mentratiou were followed by observing changes in the grid current of

the oscillator.
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It we! decided to convert. the instrument into one in which changse

in frequency were mum-ed during e titration. The mechanical layout.

of the immanent we changed, including the design of the call.

A calm-etio diegren of the oscillator is ehmm in Figum 8. The

power mpply oirouii diogrue appear. in Figaro 9. The phyeioel lag-out.

of the instrument is elm in the top end bottom vim of the ohaesie

in Figure 10 end Figure 11.

Cere val teken to keep ell loade to an abeolute ninimn, and in

the leyout. of the per”, en effort was made to producf tin met 33mm-

oel lemt poeeiblo. The tube end its eeoocietcd couponente ware rammed

on e eubohaeeie animated {rm 3/16 inch thick elulinul plea. The

eubohueie in looeted et the extreme left in figure ll. Loosen to the

tubemprovidedtlrougheholeinuntopofthonainohauie nomad

Ihioh e nit-”ole shield emnbly use secured. These detaile eppear in

Figure 12 end Figaro 13.

For frequencies up to 60 m. the operating Iroquoncy of the oscil-

lator we changed by wing ooile having varying More of turns. The

«ulnaldennnedeoftuevyguegewpporerdmtimlyettecmd

to we eubetmtiel been of the coil tom, Figure 15. When plugged

into poeition e opting collar etteohed to the oheeeie gripped the lower

edge of the ehield firmly, completing the ehiolding to the chueie, in

oddities: to preventing any physical nomnt of tho coil newly during;

e titretion, figure 12 end Figure 13.

The cell 1». designed eo that the polyetivlom vessel could be

removed by eilply ending it up vertically out. or the bends end the
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FIGURE 10,

FIGURE 11 .

 
TOP VIEW OF MAIN CHASSIS.

 
BOTTOM VIEW OF MAIN CHIIVSSIS,
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FIGURE 12. CLOSED? OF COIL AND 955 TUBE SOCKETS,

 
FIGURE 13. CLOSED? OF COIL AND TUBE SHIELD IN

POSITION.
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fimaicréer of tin cell humbly. The fit was snug enough to prevent my

migrant of tho maccl relativa to its marmunfihlgc during a titration.

The bands cal—2mg up tho platen of the capacitor wars ripgmrtoi firmly

and insulated from tlzc 2‘9}:aner of tin unit by polystyrene spacers

cttachcfl to tie walls of the heavy gcagc almflmm box which nomad to

shield the sensitive circuit elements from outcidc influences as shown

in Figaro l6 and Figum 1?. The chick-ling c! the unit was completed

by e snug fitting groundcd ring installed in tho upper shield asccmbly

and c.pocitivs contact between the main chassis and tho aluminum ahicld

of the cell was providci by means of e third banana jack and plug. 1

When tho cell was plugged into position and secured to ths bcsc plate

by mm of c mm as slow in Figure 18, it was found that the hauls

coulci be placed any-mare on the inatmut dtlnut cming e detectable

lhift in frequency}

Elecdcl and Helmstuit (2,3) hm! 81mm that in order to carts-Ind the

useful rango c: frcqucncy'mcasuring instruments up to more practical

regions of conductivities, frequencies of 1001nc. and ebovc ucro nccccssr .

The higlmct frequency obtainable using coils in the instrument was ape»

proximately 80 ac. In ordcr to reach 120 cc. e half wavc line had to bc

constructed to replace tie coils previously uccd. The equivalence of

e halt um line to e parallel circuit is discussed clcewlacrc (20).

Tho lino was constructed tron amphcnol R0 8/" coaxial cablc and

tcrminatcd in Impbonol type PL~25* malc coaxial ccblc connoctore. The

male coaxial cable connectors at tho cm; or the 11m ware pluggcd in
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FIGURE 18 .

 
CAPACITY CELL PLUGCED INTO POSITION IN SIDE OF

MAIN CHASSIS,

37
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end finly secured to two resale receptacles mounted on a substantial

base plate sede or 3/8 inch thick brass. The bottom View of the bees

plate is slam in Figure 15. The spacing of the beams plugs soldered

to the center dominate" or the female receptacles was ends the some

esthe speeingorthe teminelplngsot thecoilspreviouslyused.

After removing the sprim collar from the chassis the base plate plugged

into position as shows: in Figure 19.

The entire line andbsse plate appen- in Figure L2 above the BC-

221-0 frsqmmy aster.

Imreesing the wanting frequency of the titriseter to 120 no.

required additional changes to be sends in the «11. Bands could no

longer be used because this construction led to greater values of cell

capacity than could be tolerated. In place of beads two mall plates

curved to fit the contours of the polyettylene vessel were substituud.

The polystyrene spacers that previously ha supported tin bends were

left in position to center the vessel and to prevent plvsicsl displace-

ment or the vessel during e titration. These details War in Figure

21 and Figure 22.

Coupling to the frequency meter we provided through a mall

especitme from the oscillator plate to the Inpheml female receptacle

wanted on the side of the chassis. It was found that s short antenna

commuted to the frequency ester provided sufficient signal for senor-u

in: purposes st the lower frequencies. With this arrangement interb-

ection between the oscillator and frequency meter could not occur.
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FIGURE 19. BASE PLATE WITH FEMALE COAXIAL RmEPTACLES

PLUGGED INTO POSITION ON MAIN CHASSIS.

 
FIGURE 20, FEEDBACK CAPACITORS IN POSITION

ON BASE PLATE.
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The froquonoy motor used was s U. S. troy type BC-ZZl-D hotomiyne

frequency motor. The highest fundamental fraquonoy of the calibrated

oscillator in the frequency motor was 20 use. when uood in commotion

11th the 120 no. titrimoter, s higher hmnio of tho fmdmontol

frequency of the frequency motor oscillator had to be used in order to .

obtain so sudible but note. The beat frequency was unplified by

feeding the audio output signal of the frequency meter into the sudio

channel of so R. C. A. Rider Chemob’st. Ample volxme we provided in

the earphones sfter mplifiostion.

Tho frequonoy stability of the oooilletor in the froquenoy meter

was ohookod sgainst the 5000 loo. standard frequency signal of MN,

lotions]. Bureau of Standards, Weddngton, D, C. After s twlvo hour

rm up period the oscillator showed s downward drift in frequency of

Zmooyolesinsaoninute period. '

The method used for the test was as follows. The 5000 kc. signal

of W? was tuned in on s U. S. Hwy type mo receiver. The oscillator

in tho frequency stator m sdjuoted to zero boot with “W. Svery five

urinates for e period of thirty minutes the frequoncy motor oscillator

as rotunod to zero beat. The results of tho test are recordod in

Tabla I.

”Jun performing s titration, s harmonic of the frequency motor

oscillator was adjusted to zero boat with the 120 mo. signal of the

titriootor oscillstor ofter each Marmot of titront had been aided.

The froqoonoy stability for the combination of the too oscillators was
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Tim Froqacncy

:19, 2am Beat 0111 Reading kc.

0 1375.9 5300

5 13%.? 5739

10 1375.9 . 5000

15 1375.8 L999

20 13731.8 £99?

25 1375.8 1:999

30 1375 .7 L998

Human frequcncy drift: 2 inc. down

*xm, Rational Baron: of Standards, 9300 kc. standard frequency

dctmincd over s 30 minute period. Figure 23 is a plot. of the vault:

of this toot.

It was 0130ch in the ammo of tho work tlmt frequency drifting:

immacod imam-2‘17 upon inserting the fillcd titration vessel into

position in tho call ooccmbly. It was reasoned that. tmcporoturo

changes taking place: in the solution wars the: exam of tho increased

frequency drift. Tho titration mono-l containing a dilute sodium

cMorido solution in which was imcrcod the tip of a Bec‘mcn timmomotcr

adjusted to the expected tooporoture range was inotc-lled into posi-

tion in tho titrimeter. The dial roosting: at zero best on the
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FIGURE 24. INFLUENCE OF SOLUTION TEMPERATURE

CHANGES ON FREQUENCY.



froquonoy actor are recorded together with the tupsraturs of tho

solution mry firs nimtos for o thirty-fin simto period. Figure 2h

is s plot of the results. Tho results indicate that from: drift is

st s sandman shun tho change in tho tmporsturo of the solution is at

s nan-u. Obviously. tonporotm'o chscgos taking plsco in tho solution

as s source of froquonoy drift. but com sftor opproxiutaly ton

simm- hm slspssd. Boforo manning s titrstion the alution was

silos-d to stand for at least ton linutcs to pornit tmpsroturo equi-

librim to ho sstsblishod.

Tbs instruct“. "upended to changes in liquid lml mo dilution

as shown by tho cones of Figaro £5 and 26. Installation of the grandad

ring in tho upper shiold sssonbly of tho coll renders tbs instmont

insensitin to ohongos in liquid lovel soon the ring but hos no effect

on tbs rooms one to dilution. Rs-oxasninotion of the cams of

Figaro 23 so! rigors 26 show that the effects opposs one mother m1

sithin s oortain volume tango can be soda to cm]. ouch othor. It was

found that it titration vars carried out within the range of volm

batman 100 no 110 1:1,, the offoots vars for all practical purposes

eliminated as indicatod in Figaro 2?. The affect on on actual titration

ourvoosobs noninIFigurs 1:5. Itidllbonoted thotintiguro 1:5 tho

initial slepo of tbs lover com is positive and tho initial slope of

thrower-cum is vorymsrlyooro. rho lowrcuru of Figure 145 was

atom“! in tho voluno rmgo 160 to 170 m1. sad the upper cum in

tho volm rungs 100 to 110 :1.
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A sensitivity or woman mm was obtained to test the concen-

tration tongs in which the inltnmont momma. the suns tocImiq‘co

ss used by others was employed (2 .3,II .7 ,1”. Initially tbs "soul was

£111.93 with 125 :1. of distilled water. Ono ml. increments of s 1.0 I!

social clam-ids solution more unified and tho frequency changes recorded.

The sensitivity cum, Figure 28, was obtained by plotting the froquoncy

motor dial realms against the logarithm of tho sodium chloride con-

centration. The curve is s typical one for frequency manning instru-

ments rewrtod earlier by others (2,3,1; {1.19).

11-. has boon slam (2.3.1:.749) that u the abscisss wss tho

logaritIn of tho specific maistams of tho sodim chloride solution

instead of its concentration, tho cw would opoly to any amt-ms

oloctrolyto plscsd in tho saute coll (it tho sms frcqmucy, sad it would

to mosses-y to obtain mamas curves for our. than om electrolyte.

It follow. that tho position of the nidwint of tho curve on the

abscisss and its slops is s faction of the fmquanoy, tho coll parse-

motors, tho sclmt, no the ionic strength of the solution (2,3,II,7,19).

It. is evident that s titrimotcr of this type has adequate sensi-

tivity be two!) certain limits that m find once tho Operating frequency

and coil porouotcrs m solectsd. To pox-tom s succocsful titration

color timco coalitions, tho specific comhmtivity of tbs solution must

be adjusted so that time endpoint will f9.11 somwi'xom flthln this limits

sham by the mitivity curve.

Tho coll parocotors om variable to s limited dogma and are

partially determined by the mount of looting the oscillator can
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with-turd and um ulntdn sustained ”annual and th- tatal

equity petals-11:1: oar-on tho particular inductance in tho parallel

circuit (22,23). In the apex-nun; frequency 1: momma, «annuity

umuummmummmmmmm,mtm mun!

the cell pluto- mat to name! accordingly dumb W» m over-:11

”with“: at tin appnatul at that higher cowl-Int“!!! (19).

Th. «Rottinruléunnecmldbouuduptoéomnbutin

order-tonal!” ntnquamyoqum. tbs callplxto ma hadtoba

Induced to thut Im 1!! 715m 22.

The "Me mam" 

lielativaly few hammta had been 36:25th in which tbs cola-

don was placed in a. Iva-ml in tha field a! the coil of a parallsl

resonant cimlt. with a {In exception. (25) tin-meter- utilizing the

move principle m neonate-action: of the untrmmt reported by

amen md Parr-ask (10,16). Sam infirm axperlanced eonlidsrabls

difficulty in the mag-U11: etion or m mummm to titration. (1 ’25) .

Tho consensu- md to be that tho mutt-mam was suitable and easily

want out of oscillation. It was reasoned that this erratic Mimic:-

m tha vault of large immaasa 1n tm distributed capacity «minted

with the coil.

The Q or a parental rasonamt circuit in decraased by an Meme” 1::

distributad capacity mm}: in the 3451:? may as 1t 1' reduced by an max-am

1:: tbs muctmm mnaatazi into it by an increase in load. Fame, mm:

 

" l1. 8. patent application made.





a solution ia placed within tho field of a coil, the incumd dic-

tflbntcd capacity together with tho normal icon». in the acriu

ncictcnco of the circuit dc. to the conductivity of th- ”lotion,

could aunt in such bony pour dand- upon the occillctor that it

wold cool. to function conplctcly. This coca-d to be a logical

“pl-notion for tho difficultica upcficncod by com cork." in the

application of Jonas and Pmuk'a instrmcnt.

It In obumd that all ofthc inctrmcntc of the coil loaded

typo had 10' cap-rating Incucncica, comcucntly tha coils uploycd

Info of thc lultitum type which hm associated filth than relatively

high value: of distributed capacity. The dictributcd cupccity in in

chant with tho inductance, tim- Icking tho coil occivclcnt to a panllcl

resonant circuit having a natural resonant tummy. The natural

amount from: not: an cpocr limit to the Iroquoncy at which the

coil in useful in providing an inductive reactant» (22). hurting c

cclution of high dielectric ccnatant within tho coil ahould unholy

affect tho natural tomcat frcqucncy of the coil, «:4 erratic behavior-

cocld ba cxpcctcd or any cacillator in strict: tho pcrallcl circuit waa

c circuit clan-ct.

In order to ilprovc co inctnmontc in can}: the solution to ho

titrctcd vac plcccd Iithin tho field of tho coil, com mom or prevent-

in; or lininizing chm: in distributed capacity had to to found.

A! a cutting point the inductance was reduced to a one 1mm loop

coll-tract“! of 1/14 inch coppcr tubing to give it acchonical rigidity.



Thio construction rodccod tho distributod capacity to o Iiniom and

tho anoll oocunt aooooiatod oith tho locp no boliovod to ho diotributod

Iainly along tho circutoronco of tho loop. hrthor, it no roaocncd

thot it tho di-otor of tho titration vooool coo onbotantiolly manor

thon tho diuotor of tho loop, tho oolution could to romod out of

tho rango of tho tiold of tho diotributod capacity of tho loop, and

chongco in tho dioloctric conotont of tho oolntion would turn rolotivoly

littlo ottoct.

with tho dooign or tin inductanco find in thin omi- tho cporot-

in: truancy of tho titriootor would fall in tho froqnoncy rango

botooon 70 no. and 100 no. i tin-Ionic of tho funduontol of tho 30-2214)

Iroquoncy motor oocillotor providing o ouitoblo boot ncto in thio rong'c

could not to found. For thia roaocn tho froqconcy ootor woo diacardod

and tho inotrnoont comrtod to cno in ohich changoo in oolction coupo-

oition ooro dotoctod though changoo in titrinotor cocillotor grid

onrront.

It tho proniao conoorning diatributod capacity ooo correct, the

propcood dooign could noko tho rooponoo of tho inotrmont unduly do-

pondont upon chongoo in oolution conductivity, and tho pc'obloo of

ooparoting rooiotivo and copacitivo compononta eliminated. Bonco, grid

currontroadinp mid bo trucly indicativo of conductivity changes,

an ohculd on: chug» in tho cporoting tummy of the cocillator.

Forthor-cro, any wiring or conductivity chanson by changoo in dioloctric

conotant mold to olininatod rooulting in on incrooao in oonoitivity.

/

/

.x'
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Tho loading on the oscillator was controlled by varying the volume

of aolution in the field of the loop. With oolutiono of higher con-

ductivity thia is occwpliohod by withdrawing the titration vessel

vorticolly along the oxia perpondiculer to tho plane of the 100p. Load-

ing could alao he reduced by enlarging the diameter of the loop, which

could be oneloaoua to loooening the coupling between too tightly coupled

circuita in a radio transmitter.

It loosed that the propooed design would extend the range of the

titrinoter to more practical rogiona of conductivity, with tho possibilo

ity of covering the range of fairly concentratcd oolutiono.

It woo found that the frequency measuring inotrmont could be

easily converted to on inotrment of tho propoeed deoigi. A ochonotio

of the inotrment atppccro in Figure 29. The power oupply circuit io

ohoon in Figure 9. The dctoilo of the cell umbly appear in Figure 3-9.

The new cell neatly woo attoohcd to the cheaeie in the cane

pooiticn occupied previously by the capacity type cell. The loop loada

were tominetod in banana plaza end spaced to match the spacing of the

inculotcd bononl Jocko in tin side of the chuck that served cl tho

tor-incl: to tho grid and plate of tho 955 tube. The feedback and tun-

in; cepecitoro C; and C 1 were ohort lengths of finphonol RO-E/U coaxial

cable aid plugged into the female inplmnol recoptocloc mounted on tin

top of tho chooaio previously used for attaching the 120 no. half owe

line in place. Thooe detaile are ohom in Figurca 1h, 20, and 3.3.

Alphoncl RG-B/U coaxial coblo hoe a minol capacity of 29.5 mfd.

por foot. Therefore, the length of coaxial cable need plus the mall
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amt or oopooitv unooioted with the ”phenol play and Janice do-

torlinod tho oopooity of G; and 0.. Obviously o range of capacity vol

obtained simply by varying the longth of the coaxial cable ottoahod to

tho plug. 33* thio mono my ratio of O; to C, could to obtained to

provido tho proper toodhwk roqnimonto on tho oitmtion dommiod.

Sinoe the total capacity in C; and C. m ontiroly hotuoon the

inner and outor conductoro of the coaxial owleond the outer conductor

no (rounded, C; end C. woro oomlotoly ohioldod {m outside! influences.

If tho conventional typo of tuning capacitor had boon oood, otroy

capacities mid oxiot hotvooo the tuning capacitor, ground, and neigh-

boring objects that would vary with temperature ohongoo, vibration,

and oomionoor netting. Thin variation in otroy capacity oould he I:

oom-oo of oooillotor inotahility, and would be particularly ooriouo ot

the oporoting froquonoioo of 70 no. and no". The polyethylene di-

olootrio separating tho inner conductor from tho outor oouduotor in tho

coaxial cable has e diolootrio what of 2.29 and o pour footer of

0.000}: at all Iroquonoioo from 60 oyoloo up to no no. per second, o

voter uboorption of 0.005 per cent, e softening tomperotm-o hotuoon

103 and 105 dogrooo Centigrade. The nochmioel nobility of tho oomcial

ooblo in excellent and the orator protective vim covering is non-

!vgroooopio end inporviouo on exposure to acids, alkali” and oil: 18).

All of tho show desirable proportioo of tho oooaciol oablo and tho

rigid oomtruotion or common; brookoto, plums, oto., omtrihntod

greatly to tho electrical and mohsniool nobility of tho titrinotor.
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In order to taoilitoto tho aunt-mt or ohmgea in the grid

mat of the oscillator, a 1000 oh rooietor woo inaerted in eerieo

Iith tho grid-leak mietor. the toreinolo of the 1000 oh- rooiotor

were brought out to two banana Jeoko eounted on one aide of tho oheeaio,

providing a convenient and pooitivo motion to the grid current

neter.

The Sargent Hodol HI Polarogroph woo oriented for the ”moot

of oooillator grid current. By inoerting the etanderd 290,000 ohe

'roeiotor euppliod eith tho inotrunent in cool or the dropping nomnry

electrode lead Janka, the unit portomed ae a potentimter. The

principle is illustrated in Hm 31. The loodo molly «meted

to the dropping mar: electrode aeeenbly plugged in the mood Jack

of tho polu'ogrqah, were connected to the tominolo of the 1000 ohm

roeiotor in urine eith the grid-leak reoiator. A port of the grid

biae developed by the oeoillator appoero at the terninole A and B and

en molly looo than 0.20 nolto. With o opon voltoge or one volt on

tho polarogroph any voltage between ooro and one volt could be placed

oomo tho etandord reoiotor by on adjuotnent of the bridge control.

11 t1: potential ooroeo the otandm-d reeietor woo equal to the

biae dmloped aorooo the 1000 on rooietor no out-root eould flow in

the circuit node up of the 1000 oh: meiotor, the loodo A and 3 end

the etandard roeietor. It the bios developod by tho oecilletor changed,

current wold begin to flow in tho oirouit in a direction dependent on

ehether tho bioe not motor or lose than the percentage of tho polem-

graph open voltage applied to the etandard resistor.
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The eoale of the current mum-in; actor of the pclu-opeph ia

280 u. in length. Twenty veloea of eta-rent neutering eenedtivity

ranging {noel 0.003 lion-spa per see. to 1.500 monsoon. per h. cen

be eeleoted by new of e twnty poeition Hitch. After pertoning e

fee exploratory titratione e eeneitivity could be eelected vitb which

the current-chancel enoonnterad in the omzree of e titration covered

the entire 280 III. length of the recorder eoale.

Semitivity curvee were obtained for the titrineter by the name

procedure previoualy need in connection with the treqoomy neaeuring

intro-eat. The onrvee appear in Figuree 32 and 33 and theW-

ing inetment edjmtnenta eppeer in Table II.

In obtaining the canoe two loope of dirrmnt dimetere vere

uployed. Verione ooebinetione o: c; md C. and weasel podticn were

aleo need. fie show in Figure 31;, veaeel position one indioetee e

and” volue ‘of. eolution m eithin the field or the loop. In meal

poeition tan, 1'1er .35, e atelier value or eolotion no in the field

of theloopeinoe the meal had beenuithdrembyan amounteqnol to

the width of the ring that had been inserted between the lip of the

veeeel end t1! ring attached to the aperture in the top or the ahield

medal: of the cell.

A point of intonet in connection with the come in that in order

to reach the more concentrated ranges, the loop diameter wee increased,

reeultinz in a lowered operating frequency. In all titrhetere previou-

ly reported, in order to extend their range or ”nativity to region.
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of higher conductivity, tho operating frequency of tho oacillator had

to be inorcaced (1,2,3,6,7,8,19). am though Blecdol and Helmetadt (3)

core ehlc to reach e frequency of 350 no., the instrument atom no

eemitivity with eolution ccncentrctimze greater than 0.3 cooler in

tone or codin- chloride or 0.1 molar in terms or qurocIacric acid.

The cue enthora (3) were dale to vary the loading on their oscillator

by adjustment of "cool poeition in the end of the concentric lino

employed at the above frequency, but only the uneitivity of the instru-

nent to chengee in eolution cmpoeition m reduced. The adjustment

did not shift the region of am Ieneitivity for higher concentra-

tiona of eodime chloride or hydrochloric acid. ‘e‘itldrasdng the renal

in the preeent inatrunent lonera the aoneitivity or the instrument

eoneuhat, but at the cane tine extende the range of tho inctrunent to

Mgher conductivity regions. Thue it appeara that in the present

inetrnnent, operating frequency in of little significance and cny'

refion of conductivity any be reached by varying 100p dimetcr, voaecl

poeition, or feedback. ‘The operating freoncncy-of the oscillator is

the frequency accused by the oecillator with the particular dimmeion

loop and tuning capacity eclectcd in order to work in a epccific range

of conductivity.

The oonbinatione of loop, vessel position and feedback capacity

need in obtaining the aenoitivity curves by no means cadmuet the

poccibilitica. Intermediate curvee could be obtained with internodiote

value: or cell paracetcra.
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Curve 12am ecurvetnre accumu- um epointotin-

flection had been reached, but the curvature ie believed to be due

to the humor in fidch the dete for the palate on the curve vere ob-

teined. Inetecd of aiding electrolyte to the blution in the ”ml,

the veml wee tint filled with S mler eodim chloride eolution end

distilled veter added in mum-ed portions until the eolution m t ‘

mm. m thie point the meel m filled to cepecity. The meel

wee mud utter recording the initial end final recorder modinge

end e portion of the eolution moved permitting fut-tier dilution.

the original pceiticn c: the meal in the cell nee-bl: m not

perfectly reproducible. This could eoccmt for the mature M.

An indiceted in Table II, m of the canoe vane tor-meted et

the point e: cmhtely duped oecilletione which was due to exceeeive

loading.

Hoe the ehepe of e titration curve ie effected by the oomentre-

tion at which the titration is carried out nay be predicted Iran the

sensitivity came end bee been edoquctely dieculeed by othere

(2.3.1.3,19). The wide range titrimcter is unique ineoter ee theoretic-

elly en infinite amber of eeneitivity curves «1 neileble through

edjuehente of veeeel poeition, loop diameter, lengthe or 0,, and 8.,

end retic- o: C; to c., on that exceeeive curvature 01' revered or titre-

tion curves ee different ooncentretione of ample end titrent are need

can be eliminated by e proper edJuetuent of the titrineter.

The voltage impreecod ecroee tin 1032:) cm resistor in eoriee with

the grid-leek resistor by the micrograph pieces e mall want of



and hint on the emulator. The effect of varying mounts of find

bias on the umitivity curve- in show in Figure 36. m increased

bill fiance: the Ibopc of the sensitivity .m Ilightly. The effect

thaw in Figure )6 resulted from a 100 par cent increase in b130,,

Ordinarily, variation. in {inn-ad him on loss than 10' per cent.

Thu-atom, it my be assumed that adjustments of tin bridge control on

th- planar-p1: ban a negligible effect on sensitivity mama.

Th- imtmnt rammed to changes in liquid low). so than by

Figure 37. am for tho curv- Im obtained by adding manna imm-

uuu of 0.25 molar oodiulm to II! initial 151m at 90 ll. of

0.25 molt: sodiu- chlarida. when the liquid lml in above the: Md

band in the top of the cell shield ummbly, the inatmnz no 1m:-

nsponds to change: in liquid lml.

Tin effect- or change: in liquid level and dilution were aback“!

by adding diatillad water in momma increment! to 75 ll. of 0.25 .013?

uodim oizlorida. Th9 afloat. were found to oppose one another which

account.- torthonflmintheaumofriguro 38.

i.- Bodii‘ication of the Wide Rama Titrimter

Th: 120 no. line Mployed with the frequency maturing Wt

m mbflitum in the plane of C; and C. and the magnitude of the grid

bin indicated that m «cinema- an: oscillating vigorously with 0-,,

1m in Figure 29, in the circuit. The sensitivity can" of Figuma

39 and LO wars obtained utilizing this 120 m. 11:19 and I line
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opproziaotoly one-third longer. Tho moitivity cum. on similar

to than obtained with tho lid! raga inch-wont and tho data pox-tain-

ing to tho mu m givon in toblo III.

Tho Iodo oi‘ oscillation m not dotinitol: ootabliohod, but it is

believed that it in dollar to tho node of oscillation in o ring

oooillotor, 1min}: luggom thot o titrinotor may poooibly be omtructod

using o conventionol ring oscillator.

The troquoncy of tho oooillotor no nonitorod oo olootrolyto m

odciod to diotillod rotor in tho mool and tho operating £212qu of

tho oscillator inorouod uith inoroaoing conductivity. In all otlm-

titrinotoro, including tho uldo range titrinotor provionoly diocuoood,

tho froqnonoy doorouod with increasing conductivity.

Titration! with Promos; HomdnLInots-tmoot

m 0100th apparatus m toned Up for two hour! before use.

i. named volxmo of onplo to ho titrated m tronofomd to the vessel

and diluted to o Iinimm total volmo or 100 ll. nth o mum-ed volm

of distilled water. The vessel on inurtod in tho tiold of tho plot”,

0 notor Mm paddlo otirror introdmod md tho solution otirrod for

too Iinutoo to attain taper-atom equilibrium. tho truancy actor

oooillotor no adjusted to ooro but fit!) tho instrument oscillator.

. Tho dial reading of tho frequency not" m noordod. Immat- of

reagent If. added from o 50 I1. or 10 ll. bunt, on tho litnotion roa-

quirod, and the immune: motor motor-d to sou-o boot otter ouch



2.5.31.3 III

IMSI'ML‘HTB w mama-.23 mm mm; 'rmmmm

Manama 'ro smmvm cumzs

 

Cm . " Frequency Semitivity Bridgo Vonsol ,

Harbor Loop Lino
“I?

(am) (In/nu.) (3 81pm) Position“

5 1 1 91 0.15 11.2 1

6 1 1 91 0.13; 17.0 um“

I. 1 2 103 0.15 10.8 1

3 2 1 95 0.15 10.8 1

2 2 2 1:38 0.06 8.8 2

l 2 2 108 0.56 8.8 l

* Rotor to Tabl- II

n Lino 1 117.5 on. 368/0 Coaxial Coblo

Line 2 85 .0 on. ROS/D Coaxial Cahlo

m Rotor to Table 11

Mt" Volool roiood 3 ca.
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inorooont had boon oddod. Tho titration was carried beyond tho oqoia-

volmo point. Tho frequency Iotor dial roodingo voro plottod ogoinot

ll. of roogont oddod. Curvoo ooro arm though tho poioto. Tho

oquivolonoo point woo road at tho point vhoro too ourno intoroootod.

Prolininory quolitotivo titration of hydrochloric ocid and

ouli‘nrioocidoithoodiulvdmdoooroomiodoottotootiootmont

pot-tom at 12 .2 no. la otondord oolution or phoophorio ooid m

thou umm mu oodim hydroxido a om- mqmmy.

Other neutraliootion mootiono voro oorriod out at 38.8, 6'), and

120 I0. Tho roonlto oro liotod in Toblo IV Ind VI.

A oorioo of precipitation reaction! mo oorriod out ot 120 m.

Tho rooulto ore liotod in Toblo 7 and VII.

Titratim with tho Eidgwfiongo Iitrinotor

Tho titrhotor oscillator and polorogroph A. C. circuit mo wound

up for too hours, or longor. i loom volumo of omplo woo promrod

for titration by dilution with o “wired volume or diotillod voter to

I o ninirm total volun- or 150 .1. The titrotion vooool m lmrod

into tho 23.01:! of tho 100p ond film“ made to tho mammals accord-

ingto tho moodnro ginnbolov. After thooo odjuotaonto hodboon

m. o actor drim glue paddle otirror was installed in position,

immuto or titront moo oil-dad, moor-do:- wading-J token, and tin al.

of titront oddod plotted ogoinot mordor finding. Como mo dram

through tho points and tho oquivolonoo point and ot the iota-notion

of tho onrvoo.
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in illustrotion of tin wrong-smut of tho woroimo io 31mm in

riguro hl. Tho titrinotor ooo connected to tho no volt A. 6. power

lino through o Solo oomtont voltage: tranoi'om to aim. fluetoo-

titans in lino Voltogo.

:mcoduro fogjho PM?MW of tho Wig-13 3&9 Tim”:-

The 7.5 cm. loop and the 10 on. length: 01‘ c. ad 6. m pluggod

into their mop-notion positiooo in the tux-inter. Tho ooloctor switch

of tho Boothkit vocuuo tube voltnetor in W to tho D. G. minus

pooition, and the tango switch to tho throo volt scale. Tho common loud

of tho voltnotor is connected to tho om'eooio of tho titrilotor ad the

D.O.loodoomotodtotho¢ridoftho9§5tubo. Ap-oundloodio

oonnootod rm tho ohmio or the titrimtor to tho ouo pound ooh-

motion oood for tho polorogroph external ground pining tho ohuoio

of both inotruoonto ot tho one potential. It thio io not dam, erratic

oporotion of tho recorder romlto.

‘fho D. X. E. loo-do Ron tho polorogroph oro enacted to tho color

coded bmono amino on ono oido of. tho titrinotor obnoio. Tho pooitivo

n. a. x. lood io motod to tho rod Jock no tho noxotivo lood to

tho block jock. With thio carnation at the D. H. E. loodo, tho D. K.

2:. witch io owitohod to the minus position. Ho duping of tho oolaro-

gray}; circuit in used, 1.0., duping witch turnod off.

Boron tho vouol io laurod into the field of tho loop, tho grid

bioo indicated on tho vammm tube wlmtor ohould be Wkly
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1.2 volts. If tbs Volta; as? m'licatss 8 bias of a‘gprfiaximately 0.51

who, tin oscillate” 18 out. of oscillatla‘n mi is in nae-d of “Mama.

Ins nasal sustaining the lmgvle to ‘53 titre-tad is slowly lammr!

into tbs fix-dd of tbs 1:20;) and the grid bias Waltz-'43s clxmgao on the

vecmn tubs mailman-er Obmrved. is the vesml is lowmd later: that

field of the 100p, this mlution begins to absorb energy rm ths tank

circuit. of the oscillator which ohrm up so o éacmwe in grid bias.

in thy vssml is lower-ed slowly into the (isle! of tin loop tbs grii

bias voltam dtxcraaseo gradually, and will be at a whims when was

ream-:1 is at its lmst point, 1.5., vessel position «ms of Figure 3-6,

I! in tits erg-tuna or busting the mum-:1 into the rim-1d of tins 100;) o

nudism «lemma-:33 in grid bias is observed, usually in the viclzity of

0.7 volto, and tha vsltmetsr indicates o study value of agprofimatraly

0.6 volts upon furthsr lomz'lng of the manual, as cal-Omen is has

cmentrated and is owflowfilng the oscillator. If the vessel is within

ans quarts-2r of an inch or position one man the oscillator goes oat of

oscillation, longer lsngfi-zo of G; and Ca am substituted in plane of

the 19 cm. langfim used up ts um: point. If it is fauna! that the

oscillator will not remain in oscillation with the vessel in p=asitinn

cm: was tbs lengtm of C; md C, have bean extsrrlezi ts 25' cm, the 1’)

cm. 100;) olmelld be smplsyad and the abova procedure repsstsd .

Tbs instrument. has its greatest sensitivity when N»: wuss]. in

10me ta its 1212.111me , and therefore the initial adjustments of tin

titrimetsr simild be made to permit the ample to be titrated with Um
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vessel in position one. Event, utinhcmry results may be obtaimd

with the 733961 in other positions.

To ulsct m intamdiata vessel position, the nasal is lama

310111: into the field of £119 100;) until the oscillator goes out of

animation, ms! than the nasal 1. rained very slowly until a sudden

incl-em in grid his! indicates the oscillator has managed oscillation.

The proper width upswing band in selected and flipped irate position on

the maul to maintain tin nasal in tin poaiticn attained in the above

gamma. figm 37 is an illustration of an inksmediata vessel

Mum.

with extreme comentrationa, mob u 3 molar hfi'fiochloric acid,

um 10 a. 100p and immediate 1mm 0! 0; me! c, are used. In

ddition, a 100 mtd. mica condenser is walled batman the cathode

of tin 955 hi): and W. Th: madman in the cathode circuit at

tho oscillator makes um oscillator more osmium to loading at. an

low:- comentratianl, bat limit. the upper range or the inatment to

approximately one nolar hydrocmofic acid. Bypassing the 1::de

par-it: mar-acme acid in concentration greater than 3 mlar to be

titrated. The grid bias indicated on the unmet-set baton tha vessel

in lomrud into the. field. 0! than laep is appmflmabaly m volts when

tha bypass Bondsman is installed ,, inflicating increased mglituda af

oscillations. The confidanaer in aim in the mimetic diagram of

Figm 29 at C?»

In the titration of a “mug acid adjustmntu are made so that. the

oscillator is Just in and]: ation at. the beginning of a titration to
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obtain a complete titration curve. In tho titration of a mat acid

tho mmummdnnmnnfinomphumotthcutrmm

th- oucillata' 1- at ‘13 point of gang out a: oscillation. Further

«washout. of tho lppfllm m ”do after tho results of In «nylon.-

tory “tram haw bun Inflated. The” mmmu 136113610 changing

t!» ratio or C; to Cg. This «Una-mat varies flu feedback to the grid

of tbs oscillator. Figure 32 than $115 effect of different ration or

C1 to 0.. Cm 5 and 7 m mum umphl. the data pertaining

to the emu 31m in Tabla 11 than that incl-tune! feedback shifts

that mum: our" to region. at ugh-r uouductivity. Owning

mos m7v1thm13how thatC;taC.rmonoumthmm1ty

mu: in map” can... Scanning a tin-tum to the ctr-nights:-

pofliom at sensitivity W, or daunting the atria-tor to opal-ate

on 1 than!» cur-n I111 :11 but eliminate. mam cur-um at titra-

tion 11h“. V

It. 1- Wed mama-arm tannin-1n m1”: mm-

phm of tha operation of th-Wby collecting data for unit-

tivity curve. using I dd. "new of ndjmhmh and plotting out-no

such a than than in Figural 32 md 33. In the operation or an

“Mast" than 11 no th for experience .

 

Polarogaph manna-mats when Used in cmflfim

L 1 fr: $7116 Raw 1- gr

fitter the titrim'her has been rammed preporly, flu span voltage

of t!- polmgraph is adjusted to em volt. er Ion. Bottar control or
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the voltage in “Mined with low: value. of hp»: voltage. rims, if I

voltagootOAvoltslltobo mind ”mutt-inter, and tin [pun

volt-gs in on. volt, thn bridge in on to ten per cent. or the span.

If a 0.1; volt 0pm in and tho bridge cutting in 25 pa! cant. It. in

“sin to adjust the bridge to tin proper valu- IQ the lav-r span

voltage been” ill increment pu- dinl division in considerably 10a,

and booklet!) and on? trml in tho «Adjutant of th. bridge cantrol

produce wmmndlngly halls? "rt-um: in Ipplild Voltage.

rmcmmmmmmmmnummchm

dun witch tar-nod to ti: on position and tho matioa witch inW

to tho 3. I. r. constant. position. with than potting: tho current

maturing circuit of tin polmgrqah in «11' balancing.

A current naming sensitivity of 0.06 310mm. per- m. in

”1.10me for mat. titration. Yho rims» used in thin study was

0.06 in 1.5 nicroampt. per mm.

The pol-mm}: bridge setting depends on tho type of mm being

titratod. In it» titraticn of a twang acid, the per cent of open volt-

ngo in no tainted than. at the begirming or the titration t2» recorder

pointer in near tho 250 m. limit. If a we}: acid in ti rated, the

applied voltage is such that the pointer is war the am limit.

Tho current measuring circuit 01' tbs polarogwph is balanced against

tho potential of the standard call in tin imtmemt before; cmmming

the titration.

It in the couture of an oxgloratorj titrstion the point-3r trawl:

ovar the entire 280 m. Ian-3th of the rooorder- scale before tha titration



io oonzalotod, tho minder of tho titration ourvo may be obtained by

odjuoting tho appropriate couponootion control loving tho pointer up

or down: on tho ooolo oo roquirod and continuing tho titration oo

botoro. Tho pointo corresponding to this latter part of tho titration

cum are obtained by colouloting tho inoromonto botvoon points tron

tin data and whining tho too portion of tho our». Ibo initiol road-

ing or the recorder otter tho upooolo or domaolo motion hoo

boon nodo will correspond to tho loot point obtoinod berm tho adjust-

nont, on! tho increment botooon tido point and tho wounding point

will loooto tho lottoro position on tho graph. All oucooooivo pointo

oro located in this Ionizer.

The data oollootod in the oxylorotory titration io uood to do.

tot-aim thom ourront ohango during tho titrotion and tho proper

odJuotnont of tho polorogrqah oonoitivity control can than be main to

caution tho titration to tho 230 no. longth of tho rooorder ooolo in

oll mcooding titrationo.

Pox-[mo of tho Porfll Remnant Eireuit Titrimotog

E0 ootunl titration were carried out Id“: thin inotmont for tho

following manna. It was oonoitivo to body capacity, the probe p081-

tion in tho hooker, and change: in oolutim lml.

The oxoct point of resonance was difficult to detox-aim oinoo tb

moononco cum on: quite broad at the maxim. The moonoo or oboonoo

of hamnioo of tho mammal {mommy of tho oscillator could not

ho ootebliotnd.



 

1. marina of neutralization and precipitation reactions mm caxt‘ied

out to tut tho performance of tho inswment. The mmlto are 11mm

in Table. IV to VII.

Pmtpinrio acid to: titrated ot 2.2, 353.6, and 120 m. Two bros-3::

wore obnmd in all of the titration curves. .at the tm low? from

quarroiao tho second break was not an prom-mood no at 120 me. Thin is

01mm in typiool mm: for 12 .2 one: 120 me. titrationo mined-303:5. in

Figure 113.

015110 acid was titrated at 33.3 and (:3 mo. Two break titration

ourvu similar to than obtained with phosphoric: coir} at mass: trauma-u

ciao not. obtained.

Aootio acid was titratod at 6,3 and 123 no. i typical 120 rec.

titration cm is atom in Figure 141;. cums for titrationa at 50 m.

maxed more moms-o than those at 120 no .

Boat pmoioion was obtained in a oar-23133 rscorded in Tabla VI. The

titration: were carried out with ' he MP of the burst axtanfiing below

the surface or the solution in the titration vosael.

Tin deviations from the thantiaal equivalence points of all lag}:

frequency titration: m oomidorably higher than those generally to?»

tainod employing indicate"... Tho dawiations my loan at tho higher

frequencies. Straighmr lino-a of the titration cur-ma facilitate-:1 the

location of a mom accurate as? point.
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3. min of precipitation reaction: was oarriod out at 12:} me.

The results are liatad in Tables V and VII. 3 typical titration curve:

for tho titration of nilvur nitrate with ”Jim chloride 1! limit! in

Figuro LS. 311 titration; yiealdod straight lino titration corms. In

the titration of och-11m 1'1er with 031.01% chloride deviation: of

the order of 100 part: par tho-Imam More obtained but in the We

titration: tho deviations varied two to mix parts per thousand.

Blamiel and Kahnntadt (2,3) nonstzmated freqmmy mowing irr-

otmmento . A full compel-incl: batman tmir inotmnonts and than one

omstmcmd for this study cannot be made.

The provision of the order of 3 part. per thousand in their

neutralization titration at 30 mo . were superior to tho precision of

the order of 1‘2 to 60 parts per thousand obtaimd in thin ltudy at

38.8 no. in elaborate, precise frequency avatar at their disposal

obviously accomts for the contrast in maulto. Tinym able to

mom changes in frequency resulting from the addition of 0.335 ml.

incl-Manta of titrxmt. Hoar tho swivel-moo point tho frequemy 03mm

no less than 10:? cycles: per seconI-i wldch would be invasion to detect

with tho audio method omployad in this study.

The above antler: (2) constmtad I 1-333 no. instrument but found

that the instmm‘mt was unstable. Tia-say abmrlomé testing its periomams

boom no great gain in msponaa mnsitivity in the ooncontration rams-'0

of 0.05 solar 30:71:12.0: 033101-1330 mm Mimi.

i. stable 12-3! an. instrument was mooaufflly oonstmotod for tho

pmoont work on! II praotioal titration coll dosignad. 1With more
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9.8

TIBLE VI

ICE-8383 TII‘RLTII‘BIS WITH FRFREERICY KELQJRIHG mam

 

In. , D".

Frequency 3cm Taken 3. 30133.le The». 3.9. 3.7.8.9. 7.9.7.

120 no. mm 25.00 0.013.370 0.6279 1.7!: 1.75 5.75

120 mo. mac 25.00 0.034370 0.627; 1.7h 1.7h 0.00

12:) no. 1333: 25.00 0.024370 0.6279 1.71: 1.73. 0.0.3

1.2:) no. ISL-0 25.00 0.03370 0.0279 1.71; 1.71; 0,00

120 no. mm 25 .00 0.014370 0.6279 1.71: 1.72 11.50

4 £11 Implu diluted to an initial volume of 100 ml.
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T3313 VII

I’REIPITLTIO! REACTIOHS WITH 381318286! 141933321130 mmmr

{77* “A A ’
 

 

 “ 7 ' ' 7 ‘1‘“

:.

 

Subutmo , H1. Theor. 3!. B".

Frequency Titrlud fiomalitylaken Tim-mt flannel”: LP. 81. PJ'J‘.

O

120m. 3320, 0.05001; 100 ram. 1.000 5.00 13.99 2.0

120 19:. 3.3130, 0.05002; 100' 11301 1.000 5.00 11.98 Lo

12:) ac. 3.3130, 0.05001. 1.03“ 13.01 1.000 5.00 3.95 10.0

12010. mo, 0.05003. 3.00“ 3.01 1.000 5.00 we 5.0

 

i Duuud to an initial volun- 02 1-53 I]...

H Initial 7011300 100 1:1.



13777-713330 frnguxf m 33.7.7.71.721: :27;217772at "22717332327 titration 2:233:72123 0:37.217!

be 0bt::123:2:i,

51.92»22:21 am K:zu2‘}focx~.:b (:2, 07.77::- 177:..1‘:::.3. 1;: 53:17:”, MM“, 3.2.

.. . . ., . ..; n. , g 7.17. 2-. .1. . . 74.

21:1203722323 13:753..7773:3327.77.72.72.122: airman-.22 at 31-.- m. 32.3 23.323112172133: 797:3 92:.-

tendad to: 0.3 2417-1377372.11.7.2 02110273737: which is 007.:3.3.2:77:7-1;: ”:22:.17732271 the

1.!” . 3.71 11.2. it (7.....-...~.27?: in 72E2.§..3 33212-7737; 7.23.73: +2332 3.2;? 1:333. i7::1:-;:t277..:;72<27;3t..

173::- ham: 03 22.27472 72...:92. £27: 03743-2177 t0 1327;270:232: 332:. as»::iLiVi-t:y 17:17.23 £077 a

0:13:22:2735.17 07.311 72.173312: it“s-23117:;-.7 222.7:3.1.77 272:7; 5.27323217:71:... , 217.212 :27 -573337101773

32:777:77:22 to b.: 21311313373331.

4. ‘~'.'

_ _‘- 2‘

.31..- 5|. .- - .. .

{-..-7.7.0777 7:717:27. 0f 1.}:3 W7.51 _;-_:r: 7:'3'“77"77:7+7277-3":“‘

(\

£11713 @3113 8.7.3 7.7.9.2757»: with abs-27103.1 3-3.:12232 2.17:3.0.77:1.£3 at. 8372-2217:).

c::2m:3:tr.3t§.0ws . ’32:: 27:: 873171.: :277:2 {27572711379373 in T312710 V111. The 1372:7317-51031

of £323- 71:37:23.101723 samba £27023 2.2370 to 012: 13:33:72.: 12-227 Mahmud,

Tm: bmrafzm 1247:2279: 0709427327723 12’: ever-4,7 2.71.3703: 02:77.73. 3. {72:37:10.2}: 3111-

futrlb eat-7:71.23 221.72.775.1021 c7.27782. in 52:27:12 1.27: £7"ng 1:73. 32:31. 7:72:02: at :21. (1),

had 1-:mvi0nsly nap-327757.341 3:727:73 372751;?3mca of a (300.1b13wb1rm}: in 8"902717.: 30:13

“tram-3n curves.

12,721170071131710 and 23:25 titre: .7271 a? 00:7 73.210323 from 713.17 .1 m; 32:41

72:: t0 2.32m: 22027222721. 22-: 12-27740-1333227. of 71232:: 1721727:27.13:9 11:13:! in T272331: 1‘72

0332333277 0:277- :323 £230 12:27:72.3 13:22.77 1252071322333, ’32:: 71232322::7’313a10:..s~233t2

for the titration of 7:221:700 2720777231 1047:7770:321027370 .1:}. 12712211727721.3771»)?va

sot-31.7372 12177173702343: 21:25 19777778574 by 00:77,: 721713017: 0!: 2:32.77:01:: 57.717.227.173: aging;

13:22:21 172:7! 173.13.053‘2-1217. Games-2 {2113.351 of 13:7: titration are 33:32-31 1:72

“gums L7 and L8.
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2°” 19.94 ML. 0.7949N HCL

0.4772N NAOH

'8— THEORETICAL 2.9. 33.22 ML.

|6«—— “-4

I4

l2 /

IO 11

I 33.23 ML.

8 _ l 1

24 26 28 3o 32 34 36 3e 40 42 44

ML. NAOH

FIGURE 47. TITRATION OF HCL WITH NAOH.

'6 I F I 1

l5 __ 100.3 ML. 3N HCL

4N NAOH

I4

:3

I2

II

no -

so 65 7o 75 so 85 so 95 I00

ML.NAOH

FIGURE 48. TITRATION OF HCL WITH NAOH.
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T29 ms" ‘33 cf titratiox‘w of bur-tic sci—‘1 533;; a? in Tabla It. That)

pmcisinn at the titration: was firm zero to times: 1333343 per thausmd.

FLg-xm L9 sham a typical hark: acid titratflon curve.

In another 83231.29 01' mm mid titre-Meme, the titraation was: con-

tinned wrong}; £314: tiworeticel manobaflc aqniveltmm @1313: for pasaibla

utmzelix 3131-37; of the swam! an'fl £21m mgrl mandala hfif’?gf*3‘fl 1mm.

A alight. break was Csbtzstn'ar} in 12233 C‘ii‘ffl cormsmniirzg to thme points.

The anal-es tetman the titration cxmm lines 5‘»; tvfinsa points were

approrimetéfl" 173 and 1'31? d!"£‘f"‘@f£8 respecti‘mly far the mound am 1.23ch

equivulczma pat-143 in contrast to an $2.313 of a;p:t~0.s:i:3::tsly ISO (l-Tefi??fi~‘iii

betwen tin 11:53:75 at. the first equivalenca mint. In Vii-.1?! of the mall

emf-.33, time eviaiams for palyba-sio neutralir. ration was consumed to be

inmmluslva. 2-. titrathn cum fmm the martian is rapt-oatmeal in

Figure! 5‘13. in obtaintw the titration mzrve, three; separate: but. 1dmti~

cal 8:???1‘38 were use-3 and the titrmatar adjusted for each leflple so

that. infilvifiual bma‘m mam fall on the a'trsisziri’.aat partisan of the

titztimatar sanfltifity came. Em resulting; curve is really a composite

of urea titration, (me far mach emiwzhnze point. Th3 results of

tha tit-mam“ in this Merle: am given in Table XI.

Faint-1932.3 of lgfiimgan pamxida wm threat-91 with aodiwa mum'sxlds.

Tm mild hm33:5 in film ti tration cuw-a wars observed. The initial 35:22.4:

final partisan of 33.13 011N535 mam essentially straight lines, with an

illtflfifl'P-{ilava portion 33311135; 8 alight. cm'vezttm. Typical curves cm

hour: in Figare 51, and the: resulaa compilad in Tabla: XII.
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TsBL-il VIII

TI?R";:11}53 3? H3313‘ 55,1113 E; {’19}!

— A“ .44 _—k A“ 2A.. .. - m—n—n‘ML

321 . 153132.113}! Harmslit!

 

Tam: H332?“ 11.40.21 ‘Thsor. EL? . 3.9.2.? , a”. p .12.? .

1.9. f: 0 .102 - . 21-3}? 31.33 - 0 .L7

9 “ '2 0 '5??? L2 .93 L2 .55 - 0.2!.

L9 .96; 0- .2.52" 0,137; 7-1 ~35"- 21 .33 - 0.1I?

' 1.2 .5. L2 .62 0.12

2h .93 O ,LLZ?2 o .3772 1'3 ~65 1‘3 «63 - u .69

21.33 2.1..I'42 4 5.63

1:? .95 '3 ,1;an c. 34772 21 .32 '21 .23 .. If} .93

“2 '53 5‘2 05:; . 0.?5

1.3 .00 0 .14072 o '1’??? h .25 Ii .25 O .017!

.8- .53 8 .5 0 .00

9 .98 2 .91.? 0 .53.; 15-13 1545 + 2 .55

32 .23 32 .33 + 5,“)?

II .96 2.01.9 o .6313 5 5'1 8 .53 - 1 .25

16063 6 .1}. '0 h .99

£9.95 4 Ann 0.1.??? 21-33 21-39 .. " J47

52.163 1.1: .53 - .50
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1'1: 1

T. 3L3 IX

'3'! ."‘ .fl‘ flint"

.. I.m.;I~..a.: (I? 831 WIFE! ERG}!

Dav. P .P .T .

 

9.7.93.9

0.73;

a ”9&9
«pl-w

3

Pivmmlifif T593113 1:3 .37 . H9? .3 .P .

N303

o,h??2 11.32 £1.55

5.1.??? 33 .222 33 .23

$3.147: 33.22 33 .39

a. 75.93"” 75.59

«9 1.5.8-

.
4

‘
1+ 1 . 5

+ 2 .311.

- 1.32

£- 25.,P. dammimfi by Ctmpee'flium of saint-1mg using E-fiati-grl-fiad

1:)...113 as $.11“ .
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'I'ITETI’T‘KS £1? {33313, ‘i’I’E‘H H303

 

A. .w‘h“

————-

d:

 

m. Ecmality Kenn5.11 t?

Taken H3833 MOE Tlmr. i5}. 8.17.5}, Dir-r. 19.9.77. #

21...?!) 0mo 0 A5172 35.52 35 .73 + 3.09 '

19 .934 0.5510 0 .zmz 28 .345 23 .94 + 2 .31

19.93‘ 0.65110 0317?: 28.).6 25.552 + 2.11

L? .95 0.6310 0.Lm 71.33 71 .223 - 0.2.3

10.00 0 .6510 0.1072 1L £7 11.» .27 0 .00

1:2 .09 o .5310 o .2372 1:: .27 1h .27 0,00
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31:21:15?.3253 in 1.2””-..1455 5art”.51': out wit.”1 the 5.1.15 range 1:15:31.:13.”

5:5 cimsi'ierehly 155:: thy-n $20.55 01:1.21:15:! in 121?. 5:21.105: performed 5:21.532

tin fnwyaancy ntzwmflgxg tusstr.mr:zst. L: 1.2.5 1-2151155 of naufmslizsz”3..

15:54:: 1.1555, 113.51 in Table II, 113:: :2555515215 13511 in 1.3.5 rang": of mm

5:: five parts pm- tbzummi. The 1:153:55 671":35::5 in 5'35 5555.155 13.5%.:

if: 55191.5 II 575 p:~.}b:z‘zslj draw: to that: ““?”im 5'3;1975.3...

:25 most notemr'sig 555553;; 1515551213 in the 1-535525:“: of '2."

r5535 £31 trim-eta2'? 15 that. 5:555 nan-:51 1:7"'50.:3:2,: 5:31.: v.55 turrets-52;:

Q- a...) 1‘4‘ ,.~. .. —:-. ”I"; 7 .. . -n 9,. A.
“131‘ - .' Li‘u i‘>}} "f-j‘l‘h‘i‘ . L 51‘s 1-: a ”bywaiJ: EVL‘XJL t3? r?‘( 'Laggq' E;.§:.flu“air:'1‘” m

{J mu

3301‘5591. 3'15! MM“m 12.51%. 0.. 00““:‘3‘.~‘*.».43mn range 1155 mt. b5-xisn 55522-551.

T125 2155 of a 15532:? lamp, 15:33::- 1515:1115; of C 1 53:1 8, 5:11 15:72.52- cell

”5'5“” ““1 “m33 t!a 5:31.59...811-3322 5.25:5: in which Max:255 15 55111

Wit$151.? ‘3 53.31% ,



R x 5-. D If p- u‘ ..

kl 17:55:36) hJIfiE‘ 3



1.753

3""???‘73‘7‘ ""-‘ 117'

v'J-‘r-wv‘ 1...“? a)

In 23"."1421275111'_ 7, t3;=5 (“TH-1:7 ma.:3..;rinzg; 1:57:253'22555513 a 511-51: 5 5nd

r5151:92:13; 53..1:.2':Cl... . 15:3. 02":11“-5503.“ m5 c0755”: '54:}. 55 wall 53 a. practi-

cal t5.t.“5:.."’.<m 0531.,

T21: 15......31 1.5 815;. 1.2.4.1. 1.3.5 1.-at... sun can?!) ' .221 to the 5:115

mix-11:5 121551.35":7‘: 1:14.337t any fan: 5.2.2.31 chm-.35 in tla cirewwzit. The

early (32:55:: was the Laynen ef a 1‘33 03-. :42 N51. 5535' in a«rim with

1:25: 13,301: 6315 53Fl41~leék 9351.51.31- whim: c1555 1’.at. have: to '05 rmovei if

his: L“:t.......-.t is to bar mannvarted to 132.23 5:”3135132103" assaying type.

The cmrsa at a titraiim may ‘05 {51192551 by similtsrgous emanation of

5253:1395 in hie-.1: grm cam-5.222%. of 535 e-zeillrs‘ter and tr»:-memy 5225:3755 with

either my: 1:11-52 r5535 call or my: czzpmity 12:75 cell. 1355 ina'tmm 1:5

cxmairructmi 56 that it may be converter! to 51:.Em the v3.2.5 1°7253 t.7::

or fix. 633555125131181 +4.75 215511 by chars (1,2,3J2,7), with at. breakimg

a 5...:2.53 8313152151 co..::.=aetlor.. $115 Opel-5&3 £557.15mzyof tisa 0551115501“

”
.
4

may .25 5-1.3c5121 to 2:3,: I‘m-4:155:23: batman e..5 m. an?! 1?”) numbr use of

1.3:: ag'rpmfrrissm 071.1, 115]! WE‘VE! 11.55 , or? 155:2.

‘1} W‘“:5, t}:5 inatmmut is a uniwraal 1:13}: fraqmnegr titzifiszster,

5:515:23; bet.-----‘:‘5.J m 521201.551?.53 £17.: cIsrsctsrias12.151! and. 11.15.22.155: of

practin 3.11;: every type of 13.53;}: frr: 3212:1143j ti.t.r5:~:as-i‘.-::r that baa b55313

diffw'skrfwa-i .

(3:75:55: impm‘: 5:531:55 in £35: meh.....c53. swprgmvnf of the circuit

cmrmp-m5 can .25 535:9 1531.3}: 2'92;2' 137-row 13?; u: ;”“P\J“Mnm"3 of his: wide:1“.



@
4
2
3

r5333 titriaeter. The laybut of the pragant instrument is afiaentiélk?

that of the erigiaal frequaney'namsiring imstramant uni is not n5505-

arm the meat desirable 6213 for 1.215 vial-11 1.1.1135 titfime 1151'.

PM» #2:: parfems-2:211:18 1.1115138 Cami-21:1 51:11. with t? 11.1 9-1215 1:121:31 1.11.111-

metar it is pparent that! (1) in.h1gh frequeney'titrations the 83551-

tivity‘cencantratian range has been extenfiad to at leaat three molar

hydreehlaric acid, a level net heretef re attainefig (2) tha lesding of

the 1:525:3an 3. circuit in the 053.113.51.131: by 1131:;- aelution in the: 511111-5101

0511 is puraly 565132115 and trualj'rapreaantativa of ehaaaea in.the

seneantratiens of iena in tha solution. Subsfiantiatian of claim (2) is

basad on the agreemenm batuaen tbs angle at titration curve linas at

the equivalenee poifit 0btainad in thia sandy to that obtained by'Kolténff

(11) in h13 original canfiufitomatric titretisn of boric 5011 salutiens.

€1.31 raspmiuatiea at $33: beric 15:21.1 flint-1.1011 cur-:3 obtain-3d by

Ealthoff (11) using 113 wide range titrimater censtraeted in thin atufiy

proves that the inatrwmant rasponds only to changes in salutioa con-

éeetirihg 551 its reapensa is iflfifltififil to 115 reagensa obtained'wihh

t}: use of fifiaralan £535 elaetredas at a freaunney'of I??? c.p.3. in

téa ordin5rg'05mfiuctamctric titration. Th5 ahnpe of the titration curves

dbtainefl aging array otixr type of high frequeney'titrimetar iniicsts

1:21:19 their rasrmwa 15 a c-mfi'alifzafiwd Emmflcn of 31:11:23: we? 1:311:11! fm

.W%iflh the raayOflso flaw be chrnfes in conJuetiviiy cannefi‘be separated

with aay-eraree of eartaimty. 3 t firstien carriefl eat on any-instrument

other thin tha wdfle rengw‘tltrimeter daweleped in 111 prreent'uerk is

net 3 eamuetomtrie titration in 1.23;.- 615331351 511112113.



Tm ox’seanaissd range of the this range titrimntrr up t0 tint-m molar

hydrochloric act? is a distinct advantage angina-:3 0%.? tbs comnmtional

canim'tametria app era-3.22.5 mmloyms; Lamersian mpg 918% hm}. be! .

No exha'uatiw study of ti trauma was carriéxfl out. in the pmmnt

mark. Titration: warn mafia-9d to aqueous media and m a rule to sgmfms

titrated by other): to permit. necessary cmpmfims to b; maria. It is

beliwad that the titration: of beds acid repartafl beam are the: first

mmmssful titratiam of burn amid using high frsrpzemcy titmtmn

s*¢;z;::ax‘far-~196

The dawlomant of a truly con-meccmtrm 1.1g}: fm'guancy titrimter

in a windy magnet.» in itself and obvimmh' mast. com fimt. Tire! 8131615.-

catirzn-a of the lastrment are to ba tha subject of continued work in

thin £13316! .
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Cl, C3, -- 11%“) mm mic:

3.1, R3 - 15,033 elf-.231, 1 watt

Rt - 1?“) cm, 2 vac-fits

L1 — 12.2 m; .1:.5' tum? {'3’} (3109‘! wmla‘a-i 1/?” «.115,

33*,8 m; 13’ fawn: 2552!; aware 1mm: 1/‘2' tiia.

60.0 no; 8 tum: £333; close mun-.1 1/2” dia.

1.3 - 1") tum: 3‘32 w’m mam: era-and R!

V; - 9573

Former F‘fit‘fi'Qflj Pif’“?! 9
 

c152,, - 2:) my, L50 v.

L1 - Filter (3303633, Gracoil 2&3‘9‘25

p.21 .. 56‘}??? ohms, 1'1) watts

53$}; - SE31“ T053318 switch

"1'3. .. 3f;-:')~.)-35;5}, 70 238.3 5 7., 3 a.) 6.3 1., .3 a.

v3 - 5Y3

Eli'inAfiwgga Titerlmtfih Fig-331‘? 2? 

{'31, C3 - Rafi/U Coaxial Cams of varying 122mm»

(23, C“ (:5, 0,, (3, .. 11.10 guard, mica

R1, R; " 15,00) 0:133, 1 Wfltt

R;- - 160') ohm, 1 watt

hi; - 130 cm, 2 watt:

1.; «- 1’3 tum! 5‘22 wound amund R,

n - 955’

L1 ~ Loop 5‘1 3/16” copper tubing 15" die” alive? plated

Laap #2 3/153" cap-m1“ tubing; 3 1/3“ dim, silvar plated

Coop 57'") 3/109 copper tubing 2 3A" d111,, silver plug-:1
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