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The instn¡ment should be tested as soon as it is received. If it faile to operate properly, or is damag-

ed in any way, a claim should be filed with the carrier. A full report of the damage should be obtained by

the claim agent, and this report should be forwarded to us. We will then advise you of the disposition to

be made of the equipment and arrange for repair or replacement. Include model nu¡nber and serial number

when referring to this instrument for any reason.

WARRANTY

Quan-Tech Laboratories, Inc. warrants each instrument manufactured by them to be free from defects

in material and workmanship. Our liability under this warranty is limited to servicing or adjusting any in'
strument reh¡rned to the factory for that purpose and to replace any defective parts thereof. Electronic

tubes and batteries are specifically excluded from any liability. This warranty is effective for one year

after delivery to the original purchaser when the instrument is returned, transPortation charges prepaid by

the original purchaser, and when upon our examination it is disclosed to our satisfaction to be defective.

If the fault has been caused by misadjustments, misuse, or abnormal conditions of operation, repairs will
be billed at cosi. In this case, an estimate will be submitted before the work is started.

Calibration checks of this instrument can easily be made in accordance with the instruction.manual.

Routine readjustments should never be attempted. If, however, the instrument has been damaged and re-

quires recalibration or alignment, explicit calibration procedures as defined in the instruction manual must

be followed.
If any fault develops, the following steps should be taken:

I. Notify us, giving full details of the difficulty, and include the model number and serial number. On

receipt of this information, we will give you service data or shipping instructions.

2. On receipt of shipping instructions, forward the instrument prepaid, to the factory, If requested, an

estimate of the charges will be made before tlie work begins provided tìe instruriìent is not covered by the

warranty.

SHIPPING

The instruments should be packed in thei¡ original containers, or in a strong exterior container and

sumounded by two inches of shock absorbing material.

I.LCI.Ill,-

43 SOUTH J.EFFERSON ROAD

20t-887.5508

l|lHIPPANY, NElry JERSTY 07981



M0¡lEt 315

RESISTOR-IIfIISE TEST SET

GENERAT

rTt
llrc Nfottcl 315 is a ('orìrl)¿r(t, llerr<lr-size instrrnuent lor r¡rirkirrs ¡rre<ise r¡tr:rrr-

titative ltìeasurelììerìts oI excess lesistot--noise.'l'he intlex oI t¡te¿tsttrcnteut is

microvolts-per-volt in a decatle of frequency, expressed in decibels as recom-
mended by the National Bureau of Stan<Iards.*,

SPECIFICATIONS

RANGE ...,Resistor Test Ronge - 100 ohms to 22 megohms.

Noise Voltoge - 0.ó microvolts in o decode to
1000 microvolts in o decode.

FITTER

,Applied DC Voltoge - 3 to 300 volts.

....Geometric meon 1000 cycles, fìot-topped bond.
poss.

DETECTOR ......

OUTPUT

....Pure RMS.

.........lndicoted for both noise volioge ond opplied DC
voltoge on seporote ponel rheters os well os
onolog outpuls for doto processing. AC monilor
iock included.

ACCURACY OF NOISE VOTTAGE
MEASUREMENT ............. ....,..., 4. 50/o

DIMENSIONS ....15" W x ll" H x ll" D overoll, weight 30 lbs.,
completely self-contoined.

POWER INPUT .. ..117/234 volts,50-ó0 cycles, ó0 wotts

*See: "4 Recommended Stor;dord Resislor Noise Test Syrtem," G. T' Conrod, Jr.. N. Newqon, &

Stonsbury; l.R.E. Tronsoction of lhe Professionol Group on Componenls Port¡; Vol. CP.7, No. 3,

l9ó0. Reprint ovoiloble from Quon-Tech Loborolorie¡ on requert.

A. P.

Sept

MflDEL 315
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RESISTOR MEASUREMENTS

.. l. F<rr inìtial oPeration of the Resistor-Noise Test SYSTEM NOISE and nore noise reading on NOISEset, ¡rlu€ the ¡rower corrl into a suitable source o[ meter. If necessary, adjusi lvf ETER MULTIpLIER to
I)ower. Refer to the plate on the rear of the insru- give an on scale reading.
ment near the ¡rower tortl lbr the voltage 

-,.Ï1,1: 5. Switch FUNCTION switch to TOTAL NOISE
;i:T:ij,ilïi:i:l'ïtr'ïïlil: i:',ir'"ïåïä: i:: S"'j voLrAcE 1o¡usr ,o upp-p.i"ie uort.
Turn the switch to rhe. oN. posiiion. si"¿"-;h;;;"; iFj;,JITlt"l 

voltage values can be-ôbtáine<l from
vacuum tubes containecl in this instrument, a few min-
utes tvarm-t¡p will be require<l. 6. To obtain the Noise Inclex, microvolts per volt

2. Insert the resistor to be tested in the test jig, in a.decade, merely subtract the dc voltage reaåing (D)
Inaking st¡¡'e that firm contact is macle with the resisioî in db from the total noise voltage reading g¡ ifi aU.
leacl. Ilefore closing the top, make sure that the volt- For-resistors having small amouñts of noise, túat is, a
ag9 t9 be a¡>plied to the resistor is nor excessive. small difference between system noise (S) and total

3' Set RESISTOR RANGI control ro the value in- noise, a correction factor f(T - S), musì be applied.
rlicatetl t'or the test resistor. This correction.{actor yy Ue obtained from thd graph

4. Set the FUNCTION switch to CALIBRATE. in Figure I_2. Thus the Index _ T _ tf(T _ S)i__D
Close the test jig top and adjust the CALIBRATE in db.
ADJUST control until the NoIsE meter reads at the 7. Noise Index in db may be convertecl to noiseCAL line (10 db). Switch the FUNCTION switch to voltage in microvolts¡vott by..i".;iüi;'rig"..'r-1.

DIODE MEASUREMENTS

, 6. Close the cover and ser the FUNCTION switch
to TOTAL NOISE. Set the VOLTAGE ADJUST con_
trol to the value calculated in Step 5.

7. Insert the Zener Diode in the jig and close rhe
cover. The DC Voltmeter will read thð Zener voltage,
and the Noise merer the Zener noise. If there is lãss
than l0 db difference from the value noted in Step 3,
use the Correction Chart for presence of System Nó¡e,
Figure l-2, as with resrsrors.

EACK.BIASED DIODES:

l. Turn the i¡rsrument on and allow to warm up
for a few minutes.

2. Place a shorr circuit in the test jig, set the FUNC-
TION switch to CALIBRATE, and adjusr the NOISE
met€r to the CAI-:tine (10 db). Remove the short cir-
cuit.

3. Set the RESISTOR RANGE switch to the 250K-
22M position. Set the FUNCTION switch to SySTEM
NOISE, close the tesr jig cover, and nore rhe NOISE
reading (this reading should be somewhat less than
r8 db).

4. Set the FUNCTION switch to TOTAL NOISE
and set the VOLTAGE ADJUST conrol to the de-
sired voltage. NOTE: The minimum supply voltage in
the Model 315 is 20-30 volts.

5.. Insert the diode in the test jig and close the cover.

ZENER DIODES:

L Turn the instrument on and allow to warm up
for a few minutes.

2. Place a shorr circuit in the test jig, ser the
FIJNCTION switch to CALIBRATE and adjust the
NOISE meter to the CAL line (10 db).

3. Set the FUNCTION switch to SYSTEM NOISE
an(l note the NOISE meter reading. (This reacling
should be somewhat less than -S dh.) Remove thè
short circuit..l

J

J

J

J

J

4. Select the appropriate position on the RESIS-
TOR RANGE switch.

Resistor Rrs - R¡r * Zener
Range R30l + R303 Currenr

0.lK- < 2.5K 2,600 l0- 30 ma
2.5K- < 25K 11,600 3- lOma
25K- ç250K l00K 0.3- 3 ma

250K- 22M I Meg 30.300 pa

5. Calculate the re<¡uired DC supply voltage, which
equals the Zener voltãge plus the 2ô.tä. .u.rãrr rimes
the isolating resistor. Vrrt. : Vz * (I ¿ t R,r) (For
example, a 6 volt Zener with 5 ma through it. 6 f
[(5 x l0-3) (11.6 x r0r)] - 64 vDC). WARNTNG:
Do not exceed the maximum Zener current for each
range to limit dissipation in the isolating resisror.

t0ltEt 315 t-l



sEcTrfllr 1 - 0PERATIIIG lllsTRucTl0lls

Note the'noise rea<ling. If there is less than l0 tlb dif-
ference from the value t¡otetl in Step 3, use tl're Correc'
tion Ohart for Presence of Systenr Noise, f igure l'2,
as with resistors.

6. If the DC Voltage reading changes from Step 4,
it inclicates leakage in the diode, which may be cal-
crrlated ás the difference between the two voltage read-
ings through the I megohm isolating resistor.

REMOTE OPERATING CABLE, TYPE I IO7
'I'his instrument is supplied ùith a Remote Cable,

1'ype 1107. Extreme care should be exercised when
usiñg this.cable to prevent errors in noise readings clue
to extraneous noise or hum pickup or capacitive load-
ing of the signat lead. The cable termination should
bJproperly rnielded from both magnetic and electro'
static fields and the signal lead should be provided
rvith a low capacitance interlock switch to prevent the

operator coming in contact with the high voltage pres-
ent when in TOTAL noise position.

When the instrument is used without this remote
cable the instrument jack, J802, shoulcl be shieldecl
with the shield cover provicled.

See Schematics, T-1903 and T-1904, for Remote
Cable connections.

l-2 ùt0DEr 315
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TABTE I.I. RECOMMENDED OPERATING CONDITIONS

r,â wûtt ond
Hiqh Wottoge Rating¡

tis, 1/¿ oild I /t0 Wqrt
Rotínqs

R

o
R,t,

O
(D)*
db

v
Volts

P

MW

(D).
db

v
Volts

P,',.

MW

l0.l
I r.ó
r 3.5
l 5.1

16.9
ì 8.3
19,2
t 9.9
20.7
21.4
22.3
23.1

24.0
24.8
25.8
26.6
27.4
28.3
29.2
29.9
30.8.
3ì.5
3 2.3
33.2

34.0
34.8
35.8
3ó.ó
37.4
38.3
39,2
40.0
40.7
4t.5
42.3
43. r

44.0
44.8
45.8
46.5
47.5
38.ó
40.0
4r.0
42.1

43,1
44.2
45. I

46.0
46.8
47.6
48.0
48.0
48.0
48.0
48.0
48.0
48.0
48.0
48.0

48.0
48.0
48,0
18.0
48.0

3.2
3.8
4.7
5.7
7.0
8.2
9.1
9.9

10.8
r ì,8
r 3.0
14.3

r 5.8
17.3
19.4
21.2
23.4
26.0
28.7
3l .2
34.3
37.4
4t.2
45.3

50.0
54.8
61.2
67 .l
7 4,2
82.2
90.8
98.7

r08
ìt8
'r 30
ì43

158
173
194
212
234

85.0
99.O

112
127
143
tóì
ì80

200
2r8
240
250
2so
250
250
250
250
250
250
250

250
250
250
250
250

r00
r20
ì50
ì80
220
253
250
250
250
250
25C
25J

2s0
250
250
25C
250
250
250
250
250
250
250
250

250
25C
250
25J
250
25J
250
25C
250
250
250
25C

250
250
250
25C
253

26.8
29.7
32.2
34.3
3ó.5
38. r
3 9.5

40.0
39.ó
38.4
34,7
28.4
23.2
18.9
ì ó.0
r 3.3
r t.2
9.2
7.6

6.2
5.2
4.2
3.5
2.8

t0.I
r 0.9
I 1.8
12.5
13.4
I 4.3
I 5.1
r 5.8
16.7
t7 .5
r 8.3
19.2

20.0
20.8
2t,7
22.5
23,1
24.3
25.2
25.9
26.7
27.5
28.3
29.1

30. l
30.9
3l .8
3 2.5
33.4
34.3
35. I
35.8
36,7
37.5
38.3
39.2

40.0
40.8
41.7
42.5
43.4
38.ó
40.0
4ì.0
42.1
43. ì
44.2
45. ì

46.0
46.8
17.6
48.0
48.0
48.0
48.0
48.0
48.0
48.0
48.0
48.0

48.0
48.0
48.0
18.0
48.0

3.2
3.5
3.9
4.2
4.7
5,2
5.7
6.2'
6.9
7.5
8.2
9.1

ì 0,0
r r.0
12.2
t 3.4
r 4.8
16.4
ì 8.2
19.7
21.7
23.7
26.1
28.6

32.0
35.0
39.0
42.0
47.0
52.0
57.O
62.0
ó9.0
7 5.0
82.0
9t.0

'ì 00
I ì0
122
r34
t48
85.0
99.0

I t2
127
r43
tóì
r80

200
2t8
240
250
250
250
250
2s0
250
250
2s0
250

250
250
250
250
250

100
ì00
r00
r00
r00
100
100
r00
r00
ì00
r00
r00

r00
r00
100
r00
r00
ì00
r00
ì00
ì00
r00
r00
100

r00
r00
100
r00
r00
r00
ì00
r00
l0c
ì00
ì00
ìo0

t00
100
ì00
r00
r00
26.8
29.7
32.2
34.3
3ó.5
38.r
39.5

40.0
39.6
38.4
31.7
28.1
23.2
t 8.9
I ó.0
13.3
'I ì.2
9.2
7.6

6.2
5.2
4.2
3.5
2.8

l-4
*D-20 logroV
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THEflRY flF flPERATIflII

l'he lfotlel 315 is conpletely self-contained antl re-
r¡uires ¡ro ac<essories for o¡reration. Ilasically, this in-
stnüilenI s€rl,es t.() nìeasute the increase in noise <lue
t() crrrl'e¡tt ¡;assirrg tlrroyeh a resistor.

1-he sirn¡rliÊe<l bkrck tliagrarn of the sysrem slrolvn
in Fisul'e 2-I illustrates [l]e ¡rrirrci¡tles o1 o¡;eration.
'l-he tlc sLr¡r¡rly su¡r¡rlies a v¿rriable <k: volrage lronr 30
to 450 r'<.¡lts t<-¡ rhe tesr resisror antl is isolaterl by the
isolati<¡n resistol's shown. l'lre rlc voltage across tlìe
lesistor is nreasr¡re<l u'ith a !'acuulìt tube voltmeter antl
the a<: rlnise is arn¡rlilìetl, filteretl anrl metererl r,r,ith a
tllerrnal tyl)e uteter. Sinre the test resistors are ol rli[-
lererrt irn¡retlances, talibration ol each rlilÌerent value
rnay be ltatle by a(l.iustnle¡ìt ol tlìe systenr gain. 'I'htrs,

ISOLATION
R E SISTOR

TEST
RESISTOR

tc¿

the noise nteasuled is e<¡uivalent to that whicll .rvoultl

conre lrorìt a I ohnr generator i¡l series with a test l.e-
sist<¡r in the sa¡ne llta¡ìlìer as the calibr.at.iot-r sortrce .

Figure 2-2 ol the tletailetl lllock tliagrarn is an ela-
boration oI the sirn¡llifrerl .rliagraur a¡rtl is giver-r in
ortler to sirtr¡rlily servicing ancl locat.ion oi ¡;arts in the
eqrriprneut sh<lultl it be reqrrire<l..

Iigure 2-3,'fypical !'ilter, is a ¡rlot of the four sec-
tiolì Ilutter\vorth Ilanclpass Filter employe<l in the
ilrstrument. Slight tleviations (in the order o[ a few
percent) nrav be lr¡t¡ntl frorlr unit to unit. The frltel.
has been tlesignetl rvith a center frequency of 1000
r:ycles an<l havirrg a l0()0 cycle balxlpass.

,l

J

J

J

J

J

J

)

METER

THERMAL TYPE
M ETER

M0DEr 3t5

POWER SUPPLY
30 -450 VDC DC VTVM

CALIBRATION
SOURCE

tKc

A C AMPL IFIER
8 BAND PASS

FI LTER

2-0

FIGURE 2.I. BTOCK DIAGRAM OF SYSTEM
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GEII ERAt CURREl{T ilflISE DISCUSSIflII

The limitation in sensitivity of electronic systents
ilue to noise has been knon'n Íor over 30 vears. Iivell
icleal anrplifrers have a threshokl tleternriåerl by the
resistance of the signal source. Ny<¡uist's fornrula,
baserl on the staristic al theory of thermotlynanrics,
gives the noise voltage at rlìe terminals of an im¡rerl-
Íl¡ìce.

' Ii1¡,! - Clk T lì t<¡t'. e(ì. I

u,

rvltere 8,,,! : r¡tìs valtre ol tlre tllerlilal nr¡ise vOlt-
age, irr r'<llts.

k - lì<¡ltzrrìarì's ('onst¿rìt, l.3fì X l0 :::t

.foir IesT tlegree.
T - 1'em¡)er¿ttr¡t'e irr rlegrees Kelvin.
Il - lla¡rtlrvirltlr ol nreasrrfirrg s),sterìr in

cycles.
R - Real ¡ralt ol tlre irn¡retlance Z, in

olrms.

.\lthorrgh rnost engineel's' al'e ex¡rericncerl r,r'itlr tlre
ltoise generatetl in v¿l(ur.lnt tr¡l;es, lerv llave ull rrnt[er-
stantling ol the t),¡)es ol' nragnitrrrles ol noise serìer-
aterl iD other ele(tl'o¡ric tlevites su(ll as, transistots arì(l
r¡ther serni-c:<¡nrllrctors, electrolytic < a¡racitors, a nrl <:rrr-
¡'e¡lt carrying resistors. Per!ra¡ls one ol tl¡e le:rst r.e¿rl-

izetl, but ilnl)ortant sour('e ol rroise, is tll;rt r¡l < rJr.r.ellt
carrying resistors.

II crrrrent is ¡rasse<l through a l'eriistol', :ilr iltr.r.euse
in noisê above the tllern¡al noisr o<'ct¡rs. I n wir.e
wountl, a¡rtl soure n¡etal fìl¡rr resistors, tllis ellect is ol'
seconrl oxler anrl rìray not lle <lete< table t¡nless the
resist<¡rs are larrlty. Hor.r'ever, in resistors, srrcll ¿rs r.onl-

¡rosition, tle¡.rusitetl c¿u lro¡l l esistors, a¡rtl t:er'tailr tnetir l

filrn resist<.¡rs, lhe efle(ìt is by no nìeans rrcgligilrle antl
rnay exc'eerl the tlteoretical value lry an onlet' ol nrirg-
nitu(le or more. -fhe use oI srrch noisy resistors in cr.iti-
<'al .¡roints ol lolv level r:ir'<r¡its rrray irroease tlle tl<¡ise
at the in¡lut by tlre Sallre Iact<t¡.

Unlike thernral noise, rvhich is "flar" or irrtle¡ren"
tlent o[ lre<¡uency (well into the eigarl,cle region), r'e-
sistor currerrt rroise has u rle<i'easilrg ¡rorveI r.s. l|e-
(llrency sl)e('trunì. J'he relatíorislti¡r of lre<¡rrerr<.v. rlr.

currellt, arlrl ¡loise ilr a resistor is giverr irr the cr¡rrlr
tio¡r,

e(/)': clol-v eq.2

where e (/). : Nfean st¡rrare noise voltage ¡rer. r.r,r'le
o[ l¡antlrvirlth at a lre<¡rrenc.y. /.(jonstant rle¡rentleut ul)olì tlìe lìoise
<¡uality of the lesistor.
<lc cumenq in arn¡ls.
Freqrrerrcy in cycles.
1.4 to 2.2 tlepentletìt ulx)rì the re-
sistor, antl lras a rtrcan value o[ l.!).
t.0.

l'lrus, [<¡r ntost l)url)oses e(lì.¡atiolì 2 rrray lle r,r'r.itren,

e (/)' : Clg l- I et¡. 3

sl'rowing the I / l chara<'teristics ol nc¡ise l)ower. slre< tr.rrl
rlensity.

T-he resistor curl'ent noise lor a given lr¿rntln'itltlr
rtray be obt¿rinerl by iirtegrati<ln of e (/)r

E¡ : "f . fD,':.r¡ e<¡. {ir

si.<:eã[l : (it!./-r, the'

Ii,.,: ! <',lt¡ t11, eq. Jlr

I-
f-
Q:

v

or

tJ

J

J

J

J

J

Ii,.: - (ll:r l¡l f
["

[,
c(1. 1(

ti
E,.! t

u,

l()Ir (ln /, - ln /,) eq. 1tl

eq. {ezf = [,,,,, (;)]
It can lre seen lrorn li<lrration .le that l¡anrlrvitlths

havirrg e<¡tral ratios o[ u¡r¡rel to lon'er cut-r¡l[ Ire<¡uen-
t:ies, such as octaves <-¡r rlecarles ol b¿rntlr.r'irltll, the < rrr-
rertt lroise nragnitrr<les are e<¡rral.
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sEcTr0il 3 - GEIIERAL CURREIIT 1{0lSE DISCUSSI0I{

The National Bureau of Stan<lartls has recommenrl'
ecl the unit nricrovolts ¡rer I'olt ill a tìecatle in tlll as a

stan<larcl for cttrrent noise in a resistct'. There are two
atlvantages of this unit; one, the ease o[ measttrement;
nn,l tluo, the fanriliarity of the tertns lor the engineer'

The above unit or INDIIX is tlefinetl as:

f!
INt)L,X : 20 log 

- 
<lb (in a tlet:atle ol lrequency)

. v eq.5

Therelore e(luation 4e rrtay be chatrgetl to
1¿¿

llc nraskerl lrv tlternl¿tl trt¡ise at higlrer lret¡tretrcies. llt
l)racti('e, tllis is trst¡allv trtte allove 100 kt'. Iìoth ther-
nral noise artrl current nc¡ise have a (iattssiitn or tìor-
rnal voltage am¡-rlitutle rlistlil¡ution. Since theit' sottr< es

rrre in<lepentlen¡ they ntay be atltletl as shorvlr,

fìtL'll)t¡rl E,,t * E,',1t
1i

r/'

where E,,l - total rnìs (:t¡rretìt voltage.
V - tlc voltage.

Í, k f " - 
lower an<l tr¡r¡ler eflective llatttl¡rass
linrits.

Since <rrrrettt troise is of a l/f tìature, its eflect will

rKc

l e<1. 7

Figure 3-l shou's the noise sl)ectral tlensity as a [unc-
tion of fre<¡uency of a ty¡ri<'al l0 K Yz lvatt resistor
rvith 20 volts rlc a¡rplietl.

This resistor has a curretlt ttoise INDEX o[ apl>roxi-
mately -10 clb (0.3 rvr'v itr a tleca<le). It has been
lou¡rcl from the evaluation o[ a large quantity o[ com-

¡rosition resistors that nearly all fall in the rartge of
0. I to l0 rv,/v in a decade o[ current noise.

\t:e may arkl the noise in tlecacles in an r m s fash-
ion. Thar is, for 2 clecacles of. l/f uoise we have 1Æ
times as nruch noise voltage, ancl for 3 clecades /3
times as much. It shoulcl be pointetl out that we have
not a(l(le(l equal banclwidths but equal percentage
bandwidths. Thus, for banclwidths otller tlìan one
rleca<le e(luation 6 must be usetl.

FREQU ENCY

tOKc lO0 KC tMc

(
f"tl2

E,.' _ v l0INDEX,,20 log eq. lì

î
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FIGURE 3.I. NOISE VOLTAGE SPECTRAT DENSITY

IOK OHM COMPOSITION RESISTOR, 20 VDC
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SECTIflil S.GEHERAI GURßEIIT IIÍIISE DISCUSSIÍI]I

APPUCATIONS:.

In orrler to al)ply the Inclex <¡l crrrrent noise of a
resistor in r:ircuit rlesign one must knorv the Inrlex,
the voltage anrl the ¡rosirion in the circuit. Let us look
at a lcrv l)ractical ap¡rlications of this noise. Since com-

1-rosition reSistors of reasonable quality have an Index
reasonal>ly close to 0 rlb in a tlecarle, we can see that
the current noise voltage is more a tunction of the
allpliecl rlc voltage than o[ the value o[ the resistor.

Assume a l0 K resistór has an Inclex o[ 0 dl_¡. This
resistor r.r'ill appear as a noise generaror of l0 K im-
perlance antl for every volt of dc applietl to its termi-
nals the gerìerator will clevelop I pv of current noise
in one decacle of banclwiclth, or, in a bandwiclth from
l0 cycles to l0 kc (three decades) 1.73 rvlv of noise.
For ten volts <lc it woukl generate 17.3 pv of noise.

-r5v.

By cornparisolt, tlìe thernral noise over the sarne balrtl-
witlth u'oulcl be 1.25 u.v. If tllis resistor rvere the l)ias
resistor o[ a tra¡tsistol in¡rut st.age as sh<¡tvn in Fig.
3¡2(a) the noise woultl be l{ rin¡ei the theoreti<:al
minimum.

The effects of current noise ale quite uoticeablc
even in the plate circuits o[ vacuurn tube arn¡tlilìers.
ancl to a lesser exterìt in transistor collector cil'cuits.
The l00K resistor in Fig. 3-2(b) having a noise Lrtlex
o[ 0 db ancl 100 volts ap¡rlied voltage woukl result in
approximately 5.5 v,v of ¡roise equaterl ro the inl)ut, or
an equivalent input resístance of 0. l6 nrggohnts. In
this application negative feeclback r¡'oulcl retluce the
nctise in proportion to the feecll¡ack.

Sinrilai results will be founrl in operarional ampli-
fier f'eedback, r'esistors, powel' supply references, servo
loops, etc.

R

B+

il I
roov

t
I

Ì

-t

(o) (b)

FIGURE 3.2. WPICAT RES¡STOR CURRENT NOISE SOURCES
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sEGTl0ll 4

CIRGUIT ANALYSIS

P'OWER SUPPTY

(Bor¡rd No. ló97-3) (Schemqtic T-1901)

The power supply shown on Schematic T-1901 sup-

plies ali regulated dc for the instrument' The refer-
ènce for these supplies is the Zener Diode CRll2.
'lfransistors Q104, Q105, Ql06 and Ql07 form a double
diflerential ampliÊer. Ql06 drives the base of Ql03
which is the pass transistor antl supplies -26 volts for
the transistor amplifiers, filters, measuring circuit antl
the filaments of all vacuum tubes except Vl0l. qlOl
and Ql02 function as a sub-supply for f26 volts usetl

in the vacuum tube voltmeter. The reference for this
sub-supply is formetl by the volta¡çe divicler network
Rl03 and Rll7. The variable outPut voltage (f30 to

f450 volts) is obtained from Vl0l and is varied by
Rl07 which in conjunction with Rl06 and Rl27 form
a voltage divider and obtains its reference from the
CRII2. Ql09 and Ql08 form an emitter coupled
ampliñer to drive V104, and in turñ Vl0l. The f300
volt and fl50 volt output obtained from Vl02 and
Vl03 supply voltage for the vaiuum tube voltmeter
and preamplifier tubes respectively.

VACUUI,I TUBE VOITMETER
(Boord No. ló97-3) (Schemqtic T-1902)

The vacuum tube voltmeter design consists of a

balancecl pair of tubes V202 ancl V203. The meter
multi¡rlier atterìuator merely acts as a shunt at the
grid and is in series with the 8 megohm resistor fou¡ì(l
in the resistor test circuít schematic. V20l is a Protec-
tive diorle to clamp severe overloads ancl keep them
from reaòhing the transistorized portion of the circuit'
Q20l and Q203 act as ¡çrouncled collector impedance
converters. Q202 operates as a <lifferential cletector ancl
clrives the output meter and dc analog outPut. The
rneter is adjusted to read full scale for l0 volts at the
analog output.

CATIBRATING OSC¡LLATOR

(Boord No. ló97-ó) (Schemqtk T-1902)

The calibrating oscillator consists of a tingle tran-
sistorizecl transfoimer coupled oscillator with a reson-
ant tank in the collector circuit. The magnitude of
oscillation is controllecl from the base tie point and
may be adjustecl over narrow limits hy R221. The

magnitucle of the 1000 cycle signal at the output to
the test circuit should be 650 microvolts. The calibrat-
ing oscillator circuit is se¡>afately regulatecl by CR204.

RES|STOR TEST CIRCUIT
(Schemqtic T-1903)

The sensitive portion of the resistor test circuit is
enclosed in an iron shielcl below the chassis, and the

¡rosition of leads in this area is critical.

PRE.A'IIPLIFIER

(Boord No. ló97-7) (Schemotic T-1904)

The entire Pre-Amplifier is doubly shielded,
and well filtered supplies are included. The
amplifier consists of Q404 operating as asource
follower which is used on all ranges excepfthe
0.1K - 2.5K range. Here the FET is by-passed
to obtain lower system noise using the rransistor
input directly.

ISOLA.ÏION AMPTIFIER AND ATTENUAIOR
(Boord No. ló97-7) (Schemolic T-1905)

The purpose of the isolation ampliñer is to provicle
isolation and gain between the variable gain arljust
(CALIBRATE ADjUST) ancl the meter multiplier
artenuaror. It consists of a FNP-NPN-PNP feeclback
triple and has a gain of appr'oximately 150.

FITIER AMPTIFIER

(Boord No. ló97-2) (Schemotic T-190ó)

The filter consists oL a 4 section Butterworth filter,
and each filter section operates essentially in the same
mannei. The output impeclance of each'transistorize(l
amplifier in the frlter is quite low, and the input im-
petlance is determinecl by the base biasing resistors of
each section. The Q of each of the filter resonant sec-
tions is determined by the respective base biasing re-
sistors. Thus, each section of the filter is isolated from
the other, and gain is obtained without overload due
to interference,

4-0 it0DEt 3r5
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IIEASURING CIRCUIT

Comprcssor ond Amplifìcr
(Boord No. ló97-9) (Schemotic T-l9O7l

Csrrier Oscillqtor ond Amplifier
(Boqrd No. ló97-lO) (Schemqtic T-1908)

The entire meter amplifier consists of an input+olt-
age amplifier Q70l and Q702, voh¡me compress'crr

CR70l, CR702, CR703, CR704 and Q703, a power
amplifier Q704, Q705, Q706 and Q707, a hot wire ele-

rneñt R729 and a level detector. The principle of
o¡leration of this part of the circuitry is to provide the
hbt u'ire elemerlt R729 ¡vith a constant average ampli-

sEcTr0r 4-clRGUlT Amtrsls

tude signal. This signal results in heating of the resis'
tive element The resistance due to heating oÏ the ele-

ment is then detected by measuring the magnitude of
a 100 KC carrier signal which is supplied to the hot
wire element by Q803. Q802, Q80l amplify the carrier
signal across the hot wire element. This signal is rec-
tified by CR80l and CR802. A threshold detector and
ampliñer consisting of Q709 and Q708 amplify the
error signal between the reference threshold (adjust-
able by R735) and in turn control the volume com-
pressor to maintain a constant amplitude signal again
at R729, the hot wire element. This signal should be
in the order of 2 volts.

I

.t

J

I

J

J

J

J
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MAI 1{TE1{41{C E AilII CATIBRATI fl 1{

The components and transistors in the Model 815

are conservatively rated and should provide long and
trouble free service. If, however, the instrument has
been damaged and recalibrationì or alignment is re'
quired, the following instructions should be foliowed
explicitly, or the instrument returned to the factory.
Instructions are given on the Warranty page for the
procedure to be followed should it be desired to re-
turn the instrument for any reason.

Although the Model 315 is a complex instrument,
trouble shooting can readily be done in sections as in-
dicated in the Block Diagram, Fig. 2-2.

Do not change any adjustments without a thorough
knowledge of the circuit and the functions of the ad-
justment.

Standard transistor servicing care should be used
throughout. Transistors can be easily damaged with
large transient voltages. Therefore, take great care not
to short any terminals when making measuiements on
the ptinted-circuit boards.

In solderinþ to the printed-circuit boards, have the
iron only hot enough to make a rapid clean solder
joint. DO NOT use a solder gun. DO NOT apply any
force that would tend to push the coPPer away from
the board.

REMOVAT FROÍUT CASE

l. Removè the four (4) feet and the two (2) binder
head screws from tl¡e bottotu o[ the case.

2. Slide the instrument gently out of the front of
thel case.

CATIBRATION

Befote alignment is attempted the operator should J
become familiar with the Theory of Operation of this
instrurnçnt, see Theory of Operation, Section 2, then
proceed as follows:

POWER SUPPIY

CAUTION: The power supply contains high volt-
ages.

J l. -2ó Volr Supply
a. Remove the 807 tube (Vl0l).
b. Apply power and adjust Rl 14 to obtain -26Volts relative.to ground on Pin #4, Vl04 (Boarcl No.

r 697-3).
c. Adjust Rll0 for minimum ripple and best regu-

lation to line voltage variations.
d. Re-adjust Rl l4 to again obtain -26 Volts.

CHANGING INPUT VOLÎAGE
This instrument has been designed to operate from

a I 17 V.A.C. or a 234 V.A.C. power source. The plate
on the rear of the instrument near the power corC
indicates the voltage and frequency at which the in-
strument should be operated.

Should it be desired to change the input voltage,
l. Remove the instrument from the case.

2. Change the transformer primary connections by
móving the jumpers on the 4 terminal barrier strip
located near the power cord (See Figure 5-l).

3. Change the fuse. For l17 V.A.C. operation, the
fuse should be zl Amp Slow Blow; for 234 V,A.C.
operation the fuse should be rl Amp. Slorry Blow.

4. Reverse the plate located near the power cord to
read the correct voltage.

JUMPER

For l17 V.A.C. operolion Fo¡ 234 V.A.C. opcrotion

FIGURE 5.I. INPUT VOTTAGE BARRIER STRIP

2. +26 Volr Supply
a. Measure the f26 Volt supply at Pin #7, V104.

The voltage will normally be between f25 to+27.5
volts.

b. No adjustment is provided, but the voltage may
be changed by modification of RllTA if necessary.

3. +150 ond *3(þ Volr Suppllcs
ã. Measure the VR regulated supplies. These volt-

ages should be approximately f300V'on Pin #5 of
Vl02 and +150V on Pin #5 of V103.

CAUTION: DO NOT operate the power supply
with any but the 807 tube (Vl0l) removed.

4. Heqter Voltoges
a. Measure the heater voltage on Pins cf4 and #5 of

the 5879 tubes, V104, V201, V202 and V203. Heater

J

J

oo

oo

oo

oo
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voltage should be between 6VDC and 7VDC. These
tubes are connected in series, and a faulty heater on
gne will effect all others in the string.

/ 5. VlOl Supply
a. Measure the screen and plate voltage of the 807

tube socket. and cap with the tube removed from the
socket. Plate voltage should be -f 550V to {700V with
respect to grouncl. Screen voltage Pin JÊ2 should be
a¡rproximately f l70V with respect to the cathode (Pin
#4).

ó. Voriqble *30 ro *450 Volr Supply
a. Remoae þouer and insert the 807 tube (Vl0l).
b. Set the VOLTAGE AD.JLTST control (R107)

approximately /3 clockwise.
c. Apply p-ower and check the control of the vari-

able regulatecl voltage as measured at the 807 tube
cathode (Pin #4) and ground.

d. With the VOLTAGE AD.JUST control full clock-
wise, the voltage should normälly be between 470Y to
480V. Rl27 may be selected to adjust this maximtrm
voltage.

D.C. VACUUfrt TUBE VOtTi'tElER
CAUTION: DO NOT operate the power supply

with any of the 5879 tubes removed.

l. V2O2-V2O3 Bqlqncc
a. Ground the input to V202, (Pin +l), ancl connect

a DC voltmeter, 3V range, to the DC ANALOG OUT
PUT jack (J201).

b. Select'ã pair of 5879 tubes ÍorY2O2-Y203'to indi-
cate zero voltage with R2l6 (Front panel screw tlriver
adjust pot) near the center of its range.

c. A DC voltmeter connected between the cathodes
of V202 ancl V203 (Pins #3) should also inclicate zero
voltage.

2. DC Vohmeter Colibrotlon
a. Insert a resistor (approx. 470 ohms 2 watt) in the

resistor test jig, set the VOLTAGE ADILIST control
to minimum setting, and set the METER Ì\{úLTI-
PLIER Switch to 0 DB position.

t¡. Cr¡nnect a f)C voltmeter across the resistor anrl
with the door interlock switch energized set the volt-
age to lOV. The FUNCTION switch must be in the
TOTAL NOISE position in order to obtain a voltage
at the resistor terminals.

c. Adiust R207 to obtain l0\' dc at the DC ANA-
l,OG OUTPUT jack (-1201).

d. Switch the voltage METER MULTIPLIER
Switch to the +20 DB position and re-adjust the front
panel screwdriver adjust control (R216) for an indica-
tion of lV at the DC ANALOG OUTPUT iack (.|201).

e. Repeat Para. c &'d above until'l0V-and "iV 
at

.f201 is obtained for 0 Dts ancl f20 DB I\,ÍETER
N{ULTIPLIER positions.

f. With lOV present at .J201 as above, adjust R2l0
for lOV indication on DB-VOLTS meter (N{201).

SEGTIOT 5. TAITTTTATCE ATD CATIBRATIÍIT

g. As some interaction .is present in the above acl-
justments of R210, R207 and R216, the above cali-
brating sequence must be repeatecl until lOV at .f201
ancl lOV meter indicarions are obtainecl for the 0 DB
¡rosition of the I\ÍETER N,ÍULTIPLIER Switch (S201)
and IV at J20l ancl lV merer indication for the J-20
DB position of the I\.ÍETER MULTIPLIER Switch
(s20r).

h. Remove the 470 ohm resistor from the test jig
and check rhe meter calibration at 100\¡ fbr the f20
DB position of the IVIETER I\ÍLILTIPLIER switch
and 400V for the +40 DB position of the I,ÍETER
MULTIPLIER switch increasing the VOLTAGE AD-
.JUST control as necessary to obtain the above voltages.

i. Insert a 1.2 megohm resistor in the tesr jig anrl
rvith the VOLTAGE ADJLTST control at the maxi-
mum voltage setting ancl the RESISTOR RANGE
switch (5304) in the 250K - 22M position, the volt-
meter shoulcl indicate at least 2l8V (4G.8 DB).

CAIIBRATING OSCITTATOR

l. Colibrqrion
a. Using a shielclecl cable and sensitive vacuum tube

voltmeter, measure the level of the I000 cycle calibrat-
ing oscillator ar the CAL. jack (.1301).

b. Adjust this level to 650 microvolrs by means of
R22l (access to this adjustment may be marle through
the hole in the side of the chassis).

I KC FIITER

l. Bondwidth
a. Connect an audio oscillator, approximately lV at

1000 cycles to the CAL. jack (.f30t), with the I\ÍETER
MTILTIPLIER in the f40 DB position, antl the
FUNCTION switch in the SYSTEI\{ NOISE posiiion.

b. With a short circuit in the test resisror ji[, set the
CALIBRATE AD-JUST control ro bbrain a 500 micro-
volt signal at the input to Q60l as measurecl with a
VTViVf. Connect the !'TVM ro rhe ourput of the filter
at C6l4 ancl measure the flarness of tl.le filter anrl -3DB bandwiclth.

c. The -3 DB points should normally occur ar 618
cycles and 1618 cycles. The bancl top witl normally bc
llat -ç21à over approximately 500 cycles.

d. The banclwidth and bandpass shape are derer-
mined by the "Q" adjustmentt It6l l, R613, R635 anrl
terminating resistor R645.

l. Cqlibrotion
a. With a short circuit in the resistor test jig, the

FUNCTION switch in the CALIBRATE position, the
CALIBRATE AD.JUST conrrol full counterclockwise
to the minimum gain position, adjust R706 to obìain
approxirnately 260 millivolts RMS at the NOISE jack
0701).

b. hrcrease the CALIBRATË AD.IUST conrrol to
obtain 1.00V RIvfS at the NOISE jack (.J701).

J
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J
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SEGTIOT 5. TAITTETATGE ATD CALIBRATIÍIII

c. With the calibrating signal level as in paragraph
b, adjust R735 to obtain lOV DC at the NOISE ANA-
LoG jack (J702).

d. With the calibrating signal level as in paragraph
b, adjust R7l6 until the NOISE meter indicates 20 DB.

INTERNAL NOISE

l. Syrtcm Noire
a. With a short circuit in the resistor test iig, the

FUNCTION switch in the CALIBRATE position, set

the CALIBRATE ADJUST control for a NOISE
meter indication of l0 DB (CAL mark).

b. Switch to SYSTEM NOISE. Residual noise will a-
normally be below -l5.DB. (A meter indication ol )Z'-
DB with the I\{ETER MUI,TIPLIER switch in the

-::iåïilntX"ùo* circuit rrom the resistor resr iis.
With the RESISTOR RANGE switch in the 0.1-2.5 K
position, the system noise will normally increase 5 to
7 DB.

d. Switch to the 2.5-25K position. The system noise

will normally be between -3 ancl -l DB.
e. Switch .to the 25K-250K position. The system

noise will normally be between 5.5 DB and 7.5 DB.
f. Switch to the .250K-221\{ pocition. The system

qoise will normally be belween 14 DB and l8 DB.

2. Currcnt Noim
a. Measure resistor current noise for the following

values of. good wire wound resistors (See operating
instructions).

lK at l6V DC
lOK at 50V DC

l00K at l60V DC
I Meg. at Nfaximum voltage

b. No increase over system noise will normally be
observed.

SCHEMATIC TEGEND

K - 1000

@: Screw Driver Adjustment

T : Factory Select

Unless Otherwise SpeciÊed:

All Resistances in Ohms

All Resistors r/2Watt

All Capacitances in Microfarads
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Changes and improvements in the semiconduc-
tor products available for corhmercial use necessi-
tale type changes from time to time. To eliminate
confusion and costly paperwork, many of these
changes nill be'covered in the following legend.
fhe purpose of this legend is ¡o acknowledge the

fac¡ that the type number on a semiconductor found

in a piece of equipmen¡ ç'ill not necessarily cor-
respond sith :he type number given on the sche-
matic diagran.

The legend is not intendedtobe an interchange-
ability list alrhough in many cases good quality

stilc0lt0lJcToR ttGffi0

ÎTPE fl OX SGIIET¡TIO TYPE fl IX EOUIPTEXT

componenrs* wirhin a given caregory may be substi.
tuted with acceptable results. Normally, replace-
menrs should be made using components having the
same rype number as the componenr bcing replaced.

Those componçnrs bearing an asrerisk on rhc
schcmatic diagram are factorl' selec¡ed componenrs
and shou ld be obtained from euan-Tech Labora-
rori es.

*lt should be noted rhar rhe incoming inspection
procedure followed at euan-Tech Laboratories in-
cludes noise screening on most semiconductors.
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T1¡180
T1494
1N703
1N709
1N2859
1N2862
1N/1824
1N3253
1N3254

2N396A
2N414
2N929
2N1515
2N1613
2N2219
2N2603
2N3250
2N270
2N1306
2N1304
2N3250
uc240
2N36¡14
2N3566

2N1613
2N1613
1N7¿18
1N753
1N3253,1N3254
1N3254
1N3604
75A4
75A4

¿UXlG759, rUXl D653, 2N3644
2N3964. ¿UXl G759, 4JXl D653, 2N36¡[4
2N0N2, A642, 2N3566, A322, A324
2N36¿[4
2N3566,2N3643
220N2, A642,2N3566, A322, A324
2N3250
2N3644
2N36¿04
2N3566
2N3566
2N3251
2N4869,2N38t9
2N3250,2N3251
2N3643

l
J

J

J

J

J

I - l00O

SCHETATIC LEGEXD

Unless Otherwise Specified:

Ø -Scr.* Drlver Adjustment

fT'l- Front Penel Control

All ResÍstances in Ohms

All Resistors 1/2 lVatt

t - Factory Select All Capacitances in Microfarads 8120169
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