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AUTH0RIZA1'ION 

1. The tests herein reported wer1:1 authorized by reference (a) . 
Other pertinent data are listed as referance (b) to (e) inclusive . 

Reference {a) Buships l~r C-$67/69 (480D) of l Dec. 1941 to NRL. 
(b) RCA Manufacturing Co. ltr of 6 August 1941 to Buships. 
(c) RCA Manufacturiqg Co . ltr of 14 November 1941 to NRL. 
(d) ijpecifications ~E 13A, 474B of 19 September 1935 with 

aadenda of 6 F'ebruary 1939 and 4 February 1941. 
(e) NRL Report No~ R-1347A of 19 March 1937 . 

OBJECT OF TEST 

2 . The object of 1.he test was to determine, first, "'hether the 
maximum phase shift introduced by the balance amplifier circuit is of 
sufficient magnitude to introduce inherent deviating influences or 
otherwise mitigate against satisfactory operation of such a device; 
second, whether the additional noise level introduced by ~he balance 
amplifier se r iously compromises the satisfactory operation of the 
equipment; third, to <let~rmine by comparison methods, any advantages 
or disadvantages inherent in the subject equipment ovar ~hose of a 
standard model DP-9 direction finder; fourth, to recommend any changes 
or modifications that may be ascertainbd as being desirable . 

ABSTRACT OF TEST 

3~ The equipmont furnished the Laboratory was given a series of 
electrical tests in comparison with a standard model pP~9 aquipment 
(loaned by the k.~S of lffiL) . The tests are listed below; 

A. General direction findor performance . 
B. Sensitivi~y with loop ~xcitation. 
C. Sensitivity with balance antonna t:xcitation for both balance 

and st:nsd conditions. 
D. Bquali ty of balancd effects at the ma.xj..mum s1;1t"l;ings of t.ha 

balanct:r . 
E. Variation of quadrature voltage ~ith rdspect to tho balancdr 

setting,. 
F. Ratio of 11he balance sensitivity to loop sonsitivi-c;y. 
G. Variation of noist:l output with r1:1sptic1. \,O vhd balanc<Jr 

setting. 
H. Balanc~ &dnsitivity with respect to changes in lint: voltago. 
I . Signal to nois~ ratio variation with respect to changtis in 

line voltage . 
J . Determination of the s:1ff-,ct of tho balanCl:l circuit upon i;ha 

11 Q11 of the loop cir(;uit. 

- 1 -
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CONCLU:,IONS 

It is concluded: 

(a) 'I'ho.t the subject equipment product:1s good bl:lc..rings with a. 
shortar bale.ncd am .. c:nna that a s·i;andard modal LP- 9 direction 
finder. 

(b) That the noise introduccld by t.hd balance amplifier 1ncrao.s~s 
with displacement from z<.Jro balance and has ·c;ht:l ..iffclct of 
decreasing the useful svnsitivity of th~ dquipment at the 
increased balancer settings. 

(c) 'l'hat it is e.dvani.ageous to use t.h<l bJst possibl_; balancs:i 
antenna. 

(d) That variatiot1 of linl:l voltag\°J produc.,,s excossive instability 
in the balancer adjustment . 

(e) That both <.llectronic control and amplification of balance 
voltagos are worthy of further study. 

- 2 -
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E.ECOMMENDATIJNS 

It is recommended : 

(a) That suitable powdr supply r(;lgulation bcl incorpor~~ud to 
rdduce balanct::i variations caused by lino voltage fluc~uutions. 

(b) That the timt::i constant of the 11 eltic"t.ronic oyu II bd rt::duced 
to.permit moro rapid op0ration. 

(c) '1.'hat the sansd resistors b.: connoctr:,d for mini.mum resistance 
at counter-clockwise rotation as in the standard model DP 1 s . 

(d) That propiJr steps bti taken to reduco the shock appli<::d to ·c;h0 
output metur wh,m tha sense bu"t;ton is prei:.sed. 

(e) That t.he an~dnna and sanse relays b~ designed ~o opdrate at 
a somt::what lower voltagcl, 

(f) That the sp(;lcif"ications be so altbr..-:d as 1,0 eov.:Jr the changes 
adoptt:id. 

- 3 -
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DESChlP1ION OF MATERihL U'~D1R T~ST 

4 . The equipment furnished by -che manufacturer (11.CA Manufacturing 
Company of Camden, New Jdrsey) for test , consisted of the following 
uni ts: 

Radio Direction Finder Receiver 
A- C Power Unit 
Loop Pedestal 
Loop 
Loop - Receiver coupling cable 
Power ~upply Cable 

No type No . 
'l'ype CrtV20049 
1Jpe CrtV69007 
No type No. 
No type No . 
I~o type No . 

5. 'l'his equipment is essentially a model DP-4 direction finder 
with 'the loop connec-ced direc'tly to 'the receiver through the loop 
cable with -che exception that ~he receiver unit incorporates a 
balance-sense amplifying system. 'lhE:1 standard mutual induc'tance 
balancer .1.s replaced ..... ith an 1.:1lt:11. . .-~ronic balancer consisting of 'two type 
1851 tubes so connected that with zero setting of the balancer both 
tubes are biased 'to cut- off • .il.s 'the balancer is turned in a "plus11 

direction one tube begins to amplify and in a "minus" direct.ion the 
oth~r ~ube becomes active . The antenna vol-cage is applied directly 
to the grids of both tubes. The plates of ~he two tub~s are connected 
to opposite sides of the loop circuit -~hrough coupling condensers. 
ThE:1 vernier adjustment operates an auxih.ary bias con'trol for II fine" 
degree of balance . An elec~ronic eye is also incorporated for ob­
servation of minima.. 1'he ale c"Crical features of the balance ampli­
fier are shown in t'lates 16 and 17 and are more fully aescribdd in 
reference (c). 

6. The equipm,mt availabld at the Laboratory for comparison pur-
poses, was a standard modl;ll DP-9, with -che loop conneutea directly to 
the roceiver unit, consisting of ~he following units: 

Radio Direction Finder keceivdr 
Model DP-9 No . 171 
J\-(, Pow1::1r Unit 
Loop 
Loop Pt:d1::1stal 
Loop hecaiver Coupling CablE:1 
Power Supply Cable 

Type No . ~nV46040 
'lype No. CnV:0::0049 
'I'ype r.o. C1,V69046 
Typ.: do. CnV69047 
No tyJ?e No. 
i'lo type No. 

1'he units supplied by thci rtC.i. 11'1.anuf'acturing Company w1:1re de,livered 
to the Laboratory on 18 Novdmber 1941 . Tha tds-r;s Wdrd s-cartl:ld on 
27 Novcmb~r 1941. 

METHJD JF 1'EST 

7. Tdst (h) ~as madQ ~ith thd equipm:lnt Sdt up ndar a mdtallic 
bulkhead surfacti in a corridor of building 29 o.t N'RL in such o. way 
as to simulate actual shipboard condi~ions as much as possibld . 
1he oalance antenna was eractt1d so as to r~quird balancer Sdttings 
of approximat~ly 40 divisions on the standard model DP -9. 

- 4 -
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8 . '.rests (B) to (J) inclusive Wl:lre mado.:, in a shielded room of such 
dimensions that the ,:1ffdct of th,:1 shit:lciing UiJOn th0 inductancti of 
the loop was negligibl,:1 . ThQ powur supply line to 1,;h0 room is uquipped 
with an isolai.;ion vrtmsformar and suitable r - f filt~rs . 

9. ro~asuring dquipmant employed for the i.;ost consistdd of the 
following uni ts: 

General Radio Model LP-1 Signal Gonerator No. 86 
Rayth(:;on 120 watt Voltage hclgul~tor 
2 General Radio vuriacs 
Bdlantin<:l bloc'tronic Voltmeter 1\/Iodel 300, No. 310 
Ballan.;ine Electronic Amplifier Model 200 No. 42 
Boon-con Radio Corporai:;i on, "Q,u 1vleter i,iod<:;l 160 A No. 434 . 

10 . Genu ral Dir,:1ction Findar Performance Tesi:;. The standerd model 
DP-9 equipment was first s0t up in a corridor of building 29, NRL. 
The antenna was <:lrectud to the top of thd building about two f<:let 
away from the wall and its length udjustt1d so as to require about 40 
divisions on the balancdr scale for several broadcLst stei:;ions. This 
required a physical vertical hdight of approximnt,:1ly 25 feet. Ths:: hor­
izontal h,ngth wo.s about 15 feat . Obst1rvctions v«-jrc i.;aken on available 
signals to detdrmind displactlment end quality of minima, r~action of 
bale.nee and othor pertinant data os shown in Table I, 

11 . The special model DP recdivur unit was th<Jn substituted for 
~h<:l standard model DP- 9 ruceiv~r unit and similar obs0rv~tions made . 
Th0se are list,:1d in Table II. Both rt.?cc i vers w0rs:: udjustud "to 'the 
loop und sunso antunnas according -co ~h8 modal DP- 9 instruction book. 
Savural minor Sdrvice jobs were performud on both rcc~ivur units before 
proper operation was obtained . 

12 . The v~rtical portion of the bulanc0 antonna was then rdduced 
to a height of ~bout 10 f0ct; of this about four foot w0re outside of 
the building . This was inndequut0 for th-3 balancing of most st~tions 
on tha standard model DP- 9. Balance ¼as sti 11 obtainable on thd specic.l 
L7.odel DP-9 as shown in Table III . A tust ,.us ulso made at this timd to 
determine ths:: effoct of line voltagd vario:tion on th,:1 bah,ncer setting . 
The results erv shown in ?lat0 14 . 

13 . Sensitivity ~~th Loop Excitc.ti on . In the measurement of overall 
sensitivity with Loop ~xcitation, the loop o.nd loop pedestal of tha 
subj0ct equipment was ins1.,all0d neur the centor of a sc:roc;ned room 
approximately 21 by 15 by 12 feet in dimtmsions . Thu effect of 
screening upon the loop inductc.ncc was considered negligible . The 
r-f vol'tuge from tho signal gen,:;rator was applied .;o th-, cent,;ir of 
the loop throu~h the 10:l attanuator pad and shield~d leads. Leakage 
from the signal gen,:1rutor to th!;I loop was not dd'tc:c·v:::bl~ with the 
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loop in any pos1 tion. Both equiptrk,nts W<:Jru then moasuri:;d o.ccording to 
the proc~dure givdn in rcf0r0noe (e). All m00.surdmants wer~ mo.de c-w 
input voltage. 

14 . Sensitivity with Balcncl:l Mtonna bxcito:c;ion. 'I'h!d OV(ff0.11 

sonsitivities of both 1:,quiprunts with ~he balanc8rs sdt at th0ir 
maximum st1ttings were measured by applying a c -w signal voltego ut a 
given frequency froin c standard signal gent:lrator to the antc;nna 
terminal and ground through ·chC::J standard du.nmy antenna pad. :::.cns-
i ti vi ty 1neasuroroonts Wdrtl mo.do at maximum stittings of ·c;he bab.ncor 
(t 50 for tho standard model DP and+ 80 for the spocial modol DP) 
at each of ~he five fr~quency s0ttings on tinch utrnd ut which sens­
itivity mt1asurdml:lnts with loop tixcitation word made. Similar measure­
ments werl:l made with ·1:.he sense button dt1prossdd so us to cut out the 
balancer circuit and insert thcl sonse circuit. For the l~ttcr measure ­
ments the sense resi.tor for ~Qch band wus stit for Zuro r dsistanco . 

15. t.quality of Balanc13 Eff'ects at the rlus and Minus ,;fa:>..ima of tho 
Balancer. 1his rul~tion was dotvrmindd froill ~hu svnsitivity m~asurv­
roE,nts as doscribed in raf~ronc0 (e). 

16. Variavion of Quadrnturo Volvagu with Respect to th~ s~tting of 
the Balanc-:r. 'l·fie m<lthod of maasur_,m1;::nt for this tvst was th(j sarn,;; as 
for determining the balanc~r sensitivity with balance ant0nna excitation, 
using c -w input voltag~ as d~scribcd in paragraph 14, eXCdpt thD.t m~ns­
uremonts Wtire made at co.ch 10 divisions of ~hti b~lancer dial scald . 

17. Ratio of Balancor Sonsitivity to Loop Sensitivity. ThcJSo ratios 
werEI ce.lcufot_,d fro •. 1 thcJ dr..ta obtainod for loop sonsitivity und corre;s­
ponding balanc0r SJnsivivities at "hb maximum settings ~f the balnncor . 
The svnsivivivy data in oith0r case w~re conv~rttid in~o terms of micro­
voh s p--r mut..:r field s 1,r..;ngth r.,quir0<i 1or stc.ndard output. An <:Jffect­
ivo htiight of two met~rs for the b~lnnce ant~nna was nssumod in accord­
ance wi1:,h refuroncc (e). 

18 . Noise Output vvith Rospvct to Balonc-,,r Se.,ting. The s,:msit.ivi ty 
of thu spl:lciul Model DP wz.s adjusttid to giv,;; 60 micro~,utts of noisd 
output ~ta balnncor setting of zvro . The noise outpu"s nt each 10 
divisions of the balancur scalu both plus ~nd minus, wore m0asured . 

19 . Balancur Go.in -v1ith R-:spect to Line Volto.gu V1,.rie.tions. For 
this t.:1st th(;:) grid Lad to the r-f umplifi<.:Jr tubo ,,as disc~nn<::ctod 
from the tube und connoct.-:1d by o. short shiuldvd 100.d ton Modul 300 
Ballentine electronic voltmot0r . A 100 kc signc.l was d~liv.-:1r0d from 
th.. signal &un~r~tor through a stundcrd dummy antenna pad to the 
an--ccnno. circuit of thd spucial modul DP recuivor the loop circuit 
buing rvsonunt . The si

0
nul gcn~r~vor output nticessary to maintain 

an arbitrary value of 0.0003 volts on "the electronic volt,nct.-:1r was 
nottJd for each of fiv.: values of lin0 voltc.gt1 to the rectJiv.-:1r . 

- u -
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20 , Loop Balanovr end s~ns~ Sensitivi ty with Respect to Line Voltage 
Variations. Sansitiviti0s w0r"' m0asured at 100 kc as doscribcid in pur­
ngrcphs 13 and li for four vuluo;.J s of lin<"J vol tago:3 , 

21. Loop Circuit "Q". The 11
~

11 of \.h8 loop alona wus mt:lo.sur.;d at 
1200 kc on u Boonton .liadio Corporation Model 160A "Q" mat<lr and found 
to have o. valu"' of 108. Th0 "Q.11 mutv r was then us<Jd to apply 0 . 02 
vol~s ~t 100 kc to the loop canter. The B~llantin~ ~l0ctronic Volt­
mater wa s canndctad in plaoci of the r - f amplifior grid and tha voltage 
gain of th~ complete loop circuit dettlrminEJd to be G7.5, NO change 
was indicated by removing thu balance amplifi ~r ~ub.;s or by disconn<lct­
ing tho balanctJ amplifit,r coupling condc:ns,3rs f r om th,;i tunl;ld circuit. 

DATA RECORDED DURING Tl:!.S1' 

22. Information tukvn from the du~Q r ~corded during ~he t ests is 
containod in Tables I to III and plctus 1-15 uppvndud hor0to. 

PRJBABLE ERRORS IN ItE&UL'i'S 

23. All tests "1',<lrd carEJfully conductt:d so o.s to muintain nunimum 
brrors in observations o.nd in 1na.nipulation of 1.,ru controls of the 
~quipmant unddr test or of the m0asuring apparatus . lusts involving 
tho s~andard signal generator output voltage rdading have an ,:;:stimn.tad 
overall nccuracy of t 10-/o. i'lidth of minima aro includdd ,,ith "Gable 
of data to permit estimating ~he accuracy of thu observations. 

RESULTS OF TEST 

24. B&lancer varietions on n number of observations ov~r the 
fr~quency band produc~d no ddt~ctabld shift of minimum. Th<:l balancing 
voltage supplied by the balanc<:J ::.implifia r is, ths:Jrdiorv, proporly in 
quadrature to the loop voltag0 . 

25. '.J.'he noise intr oduced by t he balance o.mplifie r for different 
balance st:ttings is show-a on Pl a t e 15 , 

26. The subject oquipm0nt in its prds~nt forffi is considdred to be 
unsatisfactory as regards line voltage va. ic.tion cff.;ct on thcl gain 
of che balance amplifh,r. Data are 6 iven on PlU'Ct.lS 12, 13 i;.nd 19. 

27. Gunvrc.l uirec..,,ioa F ind-=ir f-,rformc.ncl;.l Ttlsts . The opt;ration 
of the equipment undur simulatcld shipboc..rd condit.ions is shown in 
To.blc,s 1-3. Thv subj-:ct. equiplH.:::nt gava n::>rmc.l bale.ncu on a number 
of stations with an ant0nna of such short length that tha standard 
model DP- 9 failud ~o givd balance . Plate 11 givus thd ual ancdr gain 
oft.ho subj~ct aquipment ovdr th0 st.andard modol DP- 9. It was noted 
that small changes in lind voltage SJriously afidcted thu balance 
when s1;:ot on thi;:i minimum. Do.tu war<J to.ken c.s shov.n on Plates 12, 13, 
o.nd 14, 

- 7 -

DECLASSIFIED 



DECLASSI~ !';;;J 

,8. ~onsitivity M13asuri.iments . &cnsitivity mce.surcm,:;:nts with '"ithcr 
loop or bo.lancc: o.nt..,nna wtir"' mo.ci0 l..t fi vu frciqu,.,ncy sut tings for co.ch 
band or both c:quipmunts . Sunsitivi~it:ls arv givun in. latcs 1 and 2 . 
Tht:l curves labolcd "loop" wclre muo.sur cld ~.i th loop dxci to.ti on . Those 
la.b,:ilcd II senst.i 11 and "Bal" ± 5011

, "Bal - 0011
, 

11 B::.l i 8011 und 11 B0.l. - 8011 

wur~ mc:asurad with balarrcu antenna dXCitation. ~ens<:l s~nsitivitit:::Js 
waro mc:asured wi-..,h the s,;;ns.J r<.1sistors r<:lduci.::d -co z-ero. 

,9. balancur sensitivitius with respdct to b~lanc~r set-c;ings aro 
givun on Plates 3 to 8 . Bucause of the: brcatur balunco sc:nsitivities 
of thu s~cial rdcuiv~r the scalo ordinates of plates 6 -c;o 8 are 
difforimt by a fac-c;or of 10 fro.a thoso of Plates 3 to 5 . Since tht$ 
input of tho bulanco amplifier is untunod, adjustment of tho balanc~r 
away from zero (blockod grids) incrcaso tho noise level by as much as 
10 decibels (PlatJ 15). This constitutds an actual dt:::Jcrco.so in th0 
usal.Jlt:::J s1..msitivity of tha rtJceivur, o.nd m.a.y, thvroforv, widdn thd 
obs1:1rvud minimum by a fc.ctor of abou-c; thr<J1J, .JVon though th0 balanc1:1r 
is perf.;ctly cdjust1.:d . Since this is a function of bala.nc-::r setting, 
rather than o.ntonno. volta

0
1;J, b~st rasults rvquira a largo balanco 

antenna in ordor to minimize th<:l d1;1gr1;j tJ of balunce ru,1plifica.tion 
employed . Put anothur v,ay, for e givun siz..; of bale.ncl;J ::i.n-cunna , 
if tho i.\iod~l DP-9 w.::,rc unable to balancu, i;h;; special modol might 
balanc~ succl;jssfully, but ~ith an abnornully wide minimuo. This 
noise difficulty could b..-:: ov<;Jrcom<:l if a -cunod o.n1.oo11no. circuit with 
90 dogrl;Jc phas3 shiftdr ~urd usud for thu bal~nc~ amplifier. How­
dVt:r, the slightl;jst mel- tracking b1;1t~l;Jcn blo.ncu ~ntunno. and loop 
circuits would caus..i ph. sing 1Jrrors loo.ding to displuc1;1d minima. 
These phaso errors ~2paer to .rokv ~uch o. design impructic;_;,blo to 
:nanufo.c-c;ura c.nd J1ll..in-c;ain in accurc,1.<:1 o.lign.m1.nt . 

30 . Th<:l ratios of balunc_, s"nsitivity to loop sensitivity in 
pt:rcunt of loop s-,nsitivi ty for th<J two uquip::n_n-c;s ~ru givdn on Plo.tu 
9. Tho rctios of sense S,;Jnsitivity to loop sunsitivity o.ro given on 
Pla. t u 10. 

31. '.J.'ht: ratios of t.ne b&li:ncu to loor scnsit1vl·1.oi-.is of ·1.hu speciu l 
model DP W,::ru di vidud by those of .... hc1 st-na;..:,rd modul DP-9 und thu SI.! 

valuus plottud on ?let_, 11 as 11 gcin11 of t.hc sp_,cial rvcciv.:r ov~r tha 
standard rocuivor. 

32 . Ba l nncur "gain" vo.ric.tions voith rvspvct to bt..lanc1Jr Sl::tting at 
5 valuos of line voltag0 ere plotted on platt: 12. Th" vuluus indicatod 
o.ro thu microvolts frora thu signal gt:nc1rctor , ~pplied through a sto.ndard 
dummy to thu antenna t1Jrmincl, nuc~ssary to produc~ tho arbitrary valu~ 
of 0 , 0003 volts at th~ grid t~rminal of thu r-f runplifiur tubu as rue.d 
on -chv l1lectronic voltill~t..:r und a~cad~ amplifi~r at 100 kc . 

33. Balnncv, sonssJ and loop sonsitivity and thair ratios in 
pvrcant of loop sensitivity,,ith r..ispuct to line;; voltagv v.::.rio.tion 
at (100 kc) are giv~n in plat~ 13. 
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34. Comm~nts on Subject Equipm~nt . The spoci&l uquip~unt furnishod 
by "th~ mc.nu1acturdr wus not intundvd to rvprusvnt a finishvd mechanical 
product; therefore , tho tusts wor~ confinoa "tO thosd h&ving ~ diruct 
b~aring on thd clvc~rical performanccl of "the bc.lancu amglifivr . 
Attantion is invit<ld "to s.Jvurc.l fuatur..1s that should bd consid-Jr,,d in 
o.ny cquipmdnts that might bv or durud. 

35 . The SdnS~ resistors arv not connuc"ud so as "tO give tho srunv 
dir1:1ction of rotation f'or zl.lro rusistanc<J as in thd sc.o.ndard modul 
DP' s . 

36. 'l"h<J timd constant of the ~luctroni c uy<J is "too gr 0at for good 
obsorvation of thu minimum. 

37. Thd ruc-,i V.3r output mtitvr is subjoctdd to a hvavy dl,Jctrical 
shock when thu sense button is pressed . 

38 . Thd antvnna grounding and s~ns~ relays ruquir~ ut least 105 
vo l ts a . c . for opvrution . 

39 . '!'ha frvqu..:,ncy covvro.go of 1,h-3 high fruquvncy bond do., s not 
ox"tcnd abov~ 1325 kc . 

40. Th0 image response on th~ high frclquvncy bend is not within 
the spocificotion l imit . 

41. Th~ vlcctricul and mcchcnical 2cros of tho balancvr see.lo do 
not coincid.J . 

42. Tho ndc1:: s si ty for Vl:lrnh:r c,; ontrol .:m .. he:: bal c.nc"'r detn.cts 
from si mplifi ud balancer opvrc."Lion . 

43. If dv sirablt , thd sea le of th.: bo.l ...nc.:: r can bcl di vidud in to 
50 divisions plus and minus inst~od of 80 plus .md minus as at pr ~scnt . 

44. If dosirnb l o, 2 ddgr~es of bal ancu could be madu avnilabld by 
switching or chnnging th~ onlancu rvsistor valu~s . 

.. 9 -
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CONCLu~ION5 

45 . It is concl udud: 

(a) 

(b) 

(c) 

(d) 

(e) 

. 
Thv subj~ct oquipm~nt pr oducus good boarings with a short~r 
balance antonna than a standar d m~d~l DP- 9 direct i on finde r. 
'.that .,htj noise intr oduc-id by th<:! balanco amplifier incraasc:s 
with di splac-:mcmt f'roin ze r o balance and has thcJ ~ ff act of 
decr,.rnsing th., usuful s0nsi ti vi ty of tho t,quipm;;;nt .:1t ,:,ho 
incroas~d balancor sott i ngs . 
That it is advantag0ous ~o use thu bost possible balance 
antonna . 
That vari ation of lin0 vo l tage produces cxcissiv~ instab­
ility in ,:,hu balancor adjustm~nt . 
That both a l 0ctronic con~r ol and amplifica,:,ion of balanc~ 
voltag~s aro worthy of fur ,:,hu r study. 
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T.hBLE 1 

Standard Mod~l DP-9 

(Total Balonc~r Divisions !50) 

Band Station Frt;;q. (kc) Kin. Bd. Min. Bo.l. #idth.:,f Min . 

l NSS 113 180.0 f,3G 10 -1.7 1/4° 
2 ( ~iA) 338 108.5 l-32 289.0 -.'.>2 1/5° 
3 1wCAO 600 41.2 -26 Z21.4 f-26 20 

3 ii'MAL 630 152 .5 - 5 332.2 f- 5 1/5° 
3 v'IRC 980 50 .o -35 229.5 +35 1/10° 
3 1"/BAL 1090 142.0 HS 322,0 -45 lo 

3 WOL 1260 140.0 f:38 320.0 -38 1/2° 
3 iVJSV 1500 48.5 - 5 G28.5 f- 5 1/10° 

TABLE 2 

Specinl Mod~l DP 
(Total Balance r Divisions t80) 

l NSS 113 180.0 -21 0 tl9 1/4° 
2 (WA) 338 107.5 -22 288.2 U9.5 20 

3 'NCAO 600 42.5 +20 221.8 -20 30 
3 WM.AL 630 152 .o + 2 332.0 - 5 1/10° 
3 t/RC 980 50.2 f-20 230.0 -22 1/4° 
3 vVBAL 1090 143.5 -28 327 .5 f-29 lo 
3 ~1JL 1260 169.5 -21 351.2 f-18 1/2° 
3 wiJSV 1500 

TABLE 3 

DP-9 Special DP 

Station Min. Bal. Min . Bal. 

l/'IM.kL 150.5 -i::2 151.0 tl2 
WRC 53.0 X 53.0 f39 
WOL X X 141.5 -41.5 

X Unable to balance. 

Note: Data in Table 2 W.J re ·Gakon s ..:veral hours afte r that in Tabl<:1 l. 
Data in Table 3 were all taken with a 15 minut~ p~riod. 
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