INSTRUCTIONS

Type 1433
DECADE RESISTOR

Figure 1-1, Type 1433-T Decade Resistor.

SPECIFICATIONS

Long-Term Accuracy: Qur two.year warranty applies to the toler
ances given below uniess the resistor is damaged by excessive
current. These tolerances apply for low-current measurement at
de or low-frequency as (see helow)

Over-all Accuracy: The resistance difference between that at any
setting and at the zerc setting is equal to the indicated value
=(0.02% 4+ 2 mAy,

tncremental Accuracy: See tabie, This is the accuracy of the
change in resistance between any two settings on the same dial.
Max Current: The max current for each decada is given in the
table below and also appears on the pane! of each decade box
and on the dial plate of each decade resistances unit,

Frequency Characteristic: Refer to Section 3.

Zero Resistance {(R.):  0.001 Q per dial at de; 0.04 @ per dial at

1 MHz; proportional to square roct of frequency at ail frequen-
cies above 100 kiz,

Temperature Coefficient of Resistancs: Less than =10 ppm per

degree ¢ for vaiues above 100 0 and #20 ppm per degree C for

10G d and below, 2t room temperatures. For the 1433°s the hox

wiring will increase the .overail temperature coefficient of the
~ @Q.1- and 0.01-0 decades.

"~ Switches: Quadruple-leaf brushes hear on lubricated contact studs
of 34-in, diameter in such a manner as i0 avoid cutling but yet
give a good wiping action. A cam-type detent is provided. There
are efeven contact poinis (0 to 10 inclusive). The switch resist-
ance is less than 0.0005 Q, The effective capacitance is of the
order of 5 pF, with a dissipation factor of 0.06 at 1 kHz for the

standard celiulose-filled moided phenolic switch form and 0.01 on
the mica-filled phenoclic form used in the 510.G and 510-H units,
Max Voltage to Case: 200C V pk,

Terminals: For 1433, low-dhermal-emf jackfop binding posis on
standard 34-in, spacing. Shield terminal is provided, = soldering
lugs for rear connection.

Mounting: 1433's in lab-bench cabinet, rack models include
mounting hardware; 510's compiete with dial piate, knob, tem-
plate, and mounting screws.

Dimensiohs and Weights: in. {mmj}, 1b {kg):

oo L n by | WiE. | 20
Width* 1234 {315) 1434 {375) 174 (445)
Heignt 3V (89 Bl4 (135)
Depth 5 in. cover-ail, 4 in. behind panel
Net wt 434 (2.2) 534 (2,1 7(3.2} 834 {4.0)
Ship. Wt 5Y2 (2.5 642 (3.0) 8% (3.9) 1044 (4.7)

*Data given for bench models. Al rack models same except 19 in. wide.
Add approx 1 Ib for rack-mount hardware,

Type 510's 3}, in. (78 mm} diameter, 3%, in. {85 mm) behind
panei, 11 oz (0.4 kg) net weight.

Catafog Number Ohms
DECADE ¢ per No. of Type 516 Decades
RESISTGR Bench Rack Type Total Ohms Step Dials Used
Type 1433 1433.9700 1433-9701 1433-U 111.1 0.01 4 AA, A, B, C
: 1433-8702 1433.9703 1433-K 1111 0.1 4 A B CD
1433.9704 1433.9705 1433-) 11,110 1 4 8,C, D, E
14339706 1433-9707 1433-L 111,100 10 4 C, D EF
14339708 1433.9709 14330 1,111,000 100 4 D,EFG
1433.9710 1433.8711 1433-T 11111 0.0 5 AA A B, C D
14339712 1433-9713 1433-N 11,311 0.1 5 A B, C,DE
1433-9714 1433-9715 1433-M 111,110 1 5 B,¢,DEF
14339716 14339717 1433-p 1,115,100 10 5 G D,EFG
1433-9718 1433.9719 1433-Y 11,111,000 100 5 D, E F, G H
1433.9720 | 1433.9721 1433-W 11,111.1 0.01 5 AA A, B, C, D E
1433.9722 1433.9723 1333-X 111,111 ¢.1 ] A B, C, IEF
1433-9724 1433-9725 1433-B 1,111,110 1 6 8,C,D,EF G
1433-9726 1433.9728 14332 11,111,100 10 ] C,D,EFGH
1433-9729 1433-9730 1433-F 111,111.1 0.01 7 AA, A, B, C, D EF
1433.9731 1433.9732 14336 1,111,111 ¢.1 7 AB G DEFG
1433.9733 1433.9734 1433-H 11,111,110 1 7 B,C, D, EF G H
- Totat Resistance Accuracy of Max Power |
DECADE Resistance Per Stap Resista?‘wce Lurrent Per Step AL
BESISTANCE Type Chms {AR) Ohms increments 40° C Rise Watts #H
UNITS $10-AA 0.1 0.01 2%, 4 A 0.18 0,01
510-4 1 0.1 +0.4% 18 A 0.25 0.014
Type 510 510-8 10 1 +£0,1%- 800 mA 0.6 9,056
516-C 100 10 0.04% 250 mA 0.6 0.11
5100 1000 100 +0.02% 80 mA 0.6 0.29
510-E 10,000 1000 +£0.02% 23 mA 0.5 i3
510-F 100,000 10,000 +=0.02% 7 mA 0.5 70
510-G 1,000,000 100,000 #0.02% 2.3 mA a.5 —
510-4 10,000,000 1,000,000 =0.02% 0.7* mA 0.5 —

*0r a max of 4000 V, pk.
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INTRODUCTION

1.1 PURPOSE.

The 1433 Decade Resistors are primarily used for pre-
cision measurement applications that require excellent ac-
curacy, siability, and low zero resistance. They are
convenient standards for checking the accuracy of resis
tance measuring devices and are often used as components
in dc and low-frequency ac bridges and other precision
measuring cireuits, Many models can be used into the rf
range, All models are easily rack-mounted for use as pre-
cision adjustments in measurement and control systems,

1.2 DESCRIPTION.

Al 1433 Decade Resistors with four, five, and six
decades are housed in 3 1/2-inch-high cabineis. The seven-
decade models are approximately 5 1/2-inches high. All
models are available for either bench use or installation in
a relay rack, Refer to specifications.

The panel binding posts are for general use and connec-
tion may also be made at the rear, as is often preferred
for rack-mounted decade boxes,

The 1433 Decade Resistors are an assembiy of 510 De-
cade-Resistance Units in a single cabinet. Mechanical as well
as electricai shielding of the units and switch contacts is
provided by the aluminum cabinst and panel. The resistance

welements have no electrical connection to the cabinet and
panel: a separate terminal is provided for connection 1o the
case,

INSTALLATION AND OPERATION

2.1 DIMENSIONS.

See Figures 2-1 and 2-2 for approximate dimensions of
all 1433 Decade Resistor models,

No. of Dimensions

Decades A B
4 12 3/8 12 3/18
5 14 16/16 14 3/4
B 17 1/2 17 B/16

J 'ii i @gﬁ;ﬁiﬁ

Each decade has eleven contact studs and ten resistors
connected in series, All contact studs in the lower-valued
decades have a silver overlay to ensure stability, All decades.
have a silver zero-setting contact for low and constant
zero resistance,

Winding methods are chosen to reduce the effects of
residual resctances. The 103, 101, and 100{) steps use
winding techniques that minimize inductance. The 0.010
and 0.10) steps are straight wire and hairpin-shaped ribbon
respactively, and the higher-valued units are straight wound
on forms.

1.3 ACCESSORIES AVAILABLE.

Panel-Adaptor Sets are normally supplied with the
relay-rack models. These sets (listed in Table 1-2) are also
available for mounting 1433 bench models in a standard
19-inch relay rack.

Table 1-2
Type 1433 Panel-Adaptor Sets

Panet-Adaptor Set for:

Catalog Number

1433-U, -K, +J, -L, -Q 0480-2080
1433-T, -N, -M, -P, -Y 0480-2070
1433-W, -X, -B, -Z 0480-2010
1433-F, -G, -H 0480-2090

[:% I A
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Figure 2-1. Approximate dimensions of 1433 Decade Resistors with 4, 5, and 6 decades.
Dimensions A and B apply 1o bench instruments without Panei-Adaptor Sets.
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Figure 2-2. Approximate dimensions of 1433 Decade Re-
sistors with 7 decades,

2.2 INSTALLATION,

To install a 1433 Decade Resistor in a standard 19-inch
refay rack using the appropriate Panel-Adapior Set, see
Figure 2-3 and proceed as foilows:

a, Remove the black nylon buttons from the holes in
the side panels of the instrument, These buttons are press
fitted and are easily removed with a small screwdriver.

b. Install the adaptor panet (A) on sach side of the in-
strument, using the 3/8-inch locking screws {B) supplied.
The holes in the side panels are tapped to receive these
screws,

c. Mount the assembly in & standard 19-inch relay-rack
cabinet, using the 5/8-inch No, 10-32 screws (C) and aylon
washers (D) supplied,

2.3 OPERATION,

2.3.1 CONNECTIONS — GENERAL,

The terminals on the 1433 are standard 3/4-inch-spaced
binding posts that accept banana piugs, standard telephone
tips, altigator clips, crocodile clips, spade terminais, and
wire sizes up to No. 10, See Figure 2-4,

The banana-plug patch cords listed in Table 2-1 are GR
catatog items that are readily available for use with the
1433 and associated instruments equipped with 3/4-~inch-
spaced binding posts.

2.3.2 FRONT-PANEL CONNECTIONS.

8 Standard 3/4-inch-spaced binding posts are available on
: the front panel for general use, The high {H)} and low {L)
binding posts are insulated from the panel and used for
regular two-terminal applications. For grounded operation,
connect the ground link between the ground {G} terminai
wH and the low (L} terminal, Refer to section 3 {Frequency
Characteristics) for a detailed comparison of two- and three-
terminal connections,

REMOVE BLACK
HYLON BUTTONS

Figure 2-3. Relay-rack instailation of a 1433 Decade Resistor.

Tabie 2-1
Patch-Cord Accessories
.y Cuatalog
Type Description
e 3 Number
™ { 274-NQ Double-plug patch cord, in~line cord, 36" long 02749860
W:}% — 274-NOM Double-piug patch cord, in-line cord, 24" long 0274-9896
274-NQS Double+piug patch cord, in-line cord, 12" long Q274-9861
[ W ' 274-NP Double=plug patch cord, right-angle cord, 36" long  0Z74-9880
v o = | G 274-NPM Doubte~plug patch cord, right-angle cord, 24’ long 0274-9892
! . - P bl " -5
Lﬁ 274 N?.S Double-piug patch cord, right-angle coxd, 12’ long 0274-98582
L < 274-NL Shielded double-plug patch cord, 367" long 0274-9883
! e 274-NLM Shielded double-plug patch cord, 24" long 0274-9882
= I d _ 274-NLS  Shielded double-plug patch cord, 12" long 0274-9862
274-LLB Single-piug patch cord, black, 36" long 0274-3468
274-LLR Single-plug patch cord, red, 36" long 0274-9492
— prm— 274-LMB Single-~piug patch cord, black, 24”' long 0274-9847
= | ] 4 174-LMR  Single-plug patch cord, red, 34" long 0274-9848
274-1.5B Single-phug parch coxd, black, 12" long 0274-9849
274~LSR Single-plug patch cord, red, 127 long 0274-9850
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Banana plug R,

stabilized by ﬁ
shoulder
N when fuily inserted. For metai-top
4 Sl,tar;dard ‘ Plug enters @ binding post only.
¥ telephone tp binding post body

assuring contact even
when nut is loose.

T

o e —
& B Spade terminal Clamps
Slender W with %" throat all wire sizes
altigator clip 4 wili ctamp up to No. 10
fits inside jacktop |4  under nut. without cutting,

Figure 2-4. Methods of connection 1o binding-post terminais,

2,3.3 REAR CONNECTIONS,

To make connections at the rear of the instrument,
refer to Figure 2-5 and proceed as follows:

a. Remove the two 6-32 screws {A} and the panel (B).
The high (H) and low {L} terminais on the front panel ex-
tend directly to the rear and are available for connection
when the panel is removed,

b. Make connection to the rear terminals, using leads
equipped with lug or spade connectors, or solder the leads
to the terminal lugs provided at the rear of the instrument.
if grounded operation is desired, connect the ground link
between the ground {G) terminal and the low (L) terminal
on the front panet,

¢c. Reinstall the panel (B), using the two screws (A)
previously removed,

A C
Figure 2-B. Rear view of 1433 Decade Resistor showing
exposed rear terminals {left) and rear tarminals fully con-
nected {right).

NOTE

In order to provide an opening for connection
leads, mount the panel with its siot toward the
right, as shown in Figure 2-5, When connections
are not made at the rear, mount the panel with
its slot facing toward the left to seal the instru-
ment from the outside dust and dirt,

2.3.4 READOUT,

All 1433 decades have clesr, easy-to-read dials with
numbered steps from 0 to X {X = 10}, When setfing the
decace switches, observe the decimai {reference} point on
the panel and remember that X equals ten units, For ex-
ample, using a 1433-T as shown in Figure 1-1, a value of
54.3() is obtained by settingthe decade switches as follows:

0 5 4,3 0= 5430
or .
05 4.2 X= 5430

Note in the above example, that X is equal to a value of
ten 0.010) units in that decade, or one 0,1{1 unit in the
next decade to the left,

The following example iliustrates the result of setting
all decades in a 14337 to X,

Dial Settings .. uvenen X X X.X X
Resistance Value ...... 1,1 11,1 0Q

PRINCIPLES OF OPERATION

3.1 FREQUENCY CHARACTERISTICS.

® Singie Resistor. As the operating frequency is raised, the
residual capacitance and inductance changes the terminal
resistance of a single resistor from its low-frequency value.
For frequencies where the resistance and its associated re-

4
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sidual reactances behave as lumped parameters, the equiv-
alent circuit of such a resistor can be represented as shown
in Figure 3:3. In this circuit, L. is the equivalent inductance
in series with the resistance R, and C is the equivalent
capacitance across the terminals,



@Single 510 Decade. An equivalent circuit for a single, shieid-
ad 510 Decade Resistance Unit mounted in a 1433 decade
box is shown in Figure 3-1 {the values are approximate
because they depend on the vaiue of the resistance steps
used in the particular decade), The change in effective

o.M AR AL

Figure 3-1. Eguivalent circuit for a single decade
in a decade box,

series™ resistance of an individual decade is shown in Fig-
ure 3-2. The series resistance of the high-valued decades is
reduced because of shunt capacitance at higher frequencies,
The series resistance of the low-valued units is increased

because of skin effect,

& 55 STEPS

A InSTERS

[T ETEes
0 00 a STERS

- Tisn
SONTNTN l2ka

1p0aa S0ka 20aa e

B 3 D) iy ]

]
FREQUENCY

Figure 32, Maximum percentage change in series resistance
as a function of frecuency for Type 510 Decade-Resistance

Units,

The parallel™” resistance of the high-valued decades
changes much less than the series resistance because it is not

affected by the lumped shunt capacitance,

@Decade Boxes, When several decades are installed in a 1433
decade bhox, the complete equivalent circuit becomes too
complicated to be useful. A much simpler circuit, such as .

the one shown in Figure 3-3, is desirable,

R L
A TAVASSEE g g W
L o—j¢ oy
hY
/1
C 1433.3

Figure 3-3. A simplified equivatent circuit
for 2 decade box with the low (L) terminai
tied 10 case.

*Seriés resistance = real part of impedance: Z= R +jX
**Parallel resistance = 5 G= real part of admittance:

Y=G+iB

www.valuetronics.com

in figure 3-3:

R =setting of the decade box.

Lo=Lo #NL & L1 +Np AL+, . ...

where Lo & 0,1 pH per decade x number of decades in
anit 10.2 pH,
ALI,ALZ,.
carlons.
Ni,N2,..

C =Cy +MCq

where Co ~ 15 pF
Cy ~ 19 pF
M =number of unused decades (set to zero) pre-

ceding first decade used.
The phase angle (Q) for this circuit is:

Q = (§~RC).

. . A values from table in specifi-

. * settings of corresponding decades.

At low values of R, the ‘ﬁ' term is dominant; at

high values of R, the RC term is more imporrant.

The effective series resistance is:

R, = —Lor

1 +wlRC

The effective parallel resistance is:

WAL?
R = 1t e—
p “R( Rz)

At low vakues, the series resistance remains constant to
rather high frequencies because inductance has no effect on
Rs. At very low values, skin effect increases Ry {see Figure
3-2},

At high values, the series resistance falls off rather
rapidly with frequency, because of capacitance, The paratlei
resistance, however, is not affecied by the lumped capaci-
tance shown in the simple equivalent circuit {see Figure
3-3). The parallel value is affected by distributed capaci-
tance and dielectric loss not shown., An approximate equa-
tion that considers these effects on Ry is:

a;2L2

R, RE +T g2 - R10"13 ~ 4R 210724

- 2’5w2RRY10-24:]

The leO“IBterm represents dielectric loss, the next
term represents distributed capacitance in the first decade
used (not zero), and the last term represents distributed
capacitance in the first decade if it is not used {set at zero),
where R_ is the total possible value of that decade. {The
last term is not used if the first decade is not set 1o zera,)

When the case is not tied to either terminal, the decade
resistor becomes a three-terminal circuit as shown in Fig-
ure 3-4,

In Figure 3-4:

R zsetting of the decade bc_}x
L=bo tN1 &ALy, #+Np ALy 4., ...



where L, A 0.1 uH per decade x number of decades in
unit +0.2 pH.

ALy, ALz, . .. A values from table in specifi-
carions.
Ni, N3, ...~ settings of corresponding decades

Cy Tlo Mz +8 pF.
where Mz = number of unused decades (ser to zero)
preceding first decade used.
Cp =19 My 120 pF.
where My = number of decades after first used (non-
zero) decade,

Cg =2 pF.

o
e

LAY

H O—-a L | S—
‘w.
cq Cp
1433.7

0

Figure 3-4. Equivalent, three-terminal circuit for a decade
box with neither terminal tied to case,

SERVICE

4.1 WARRANTY.

We warrant that each new instrument manufactured and
sold by us is free from defects in material and workman-
ship, and that, properly used, it wili perform in full accor-
danee with applicable specifications for a perio_d of two
years after original shipment. Any instrument or component
that is found within the two-year period not to meet these
standards after examination by cur factory, Distriet Office,
or authorized repair agency personnel will be repaired or,
at our opiion, replaced without charge, except for fubes
or batteries that have given normal service.

' 4.2 SERVICE.

The two-year warranty stated above attests the quaiity
of materials and workmanship in our products, When dif-
ficuities do occur, our service engineers will assist in any
way possible, 1f the difficuity cannot be eliminated, please
write or phone our Setvice Department, giving full infor-
mation of the trouble and of steps taken to remedy it, Be
sure to mention the type and serial numbers of the instru-
ment, '

Before returning an instrument to General Radio for
service, please write to our Service Department or nearest
District Office, requesting a Returned Material Tag. Use of
this tag will ensure proper handling and identification. For
instruments not covered by the warranty, a purchase
order should be forwarded to avoid unnecessary delay.

6
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Figure 3-b. Approximation of distributed
capacitance effects,

There is also some distributed capacitance {Cq} from the
resistor to the case, as shown in Figure 3-5, This capacitance
has the effect of increasing the effective inductance by an
amount of approximately N3R2C x 1073 where N is the
setting of the first used {not zero) decade, R is the total

wvalue of the decade resistor, and C is 2 pF,

MAINTENANCE

4.3 MINIMUM PERFORMANCE STANDARDS.

Direct-reading, resistance-measuring instruments that are
accurate enough for measuring 1433 performance specifi-
cations are not commercially available. It is suggested that
the following National Bureau of Standards publications be
referred to for information on apparatus and procedures
necessary for such measurgments.

@ Meathods, apparatus, and procedures for the comparison
of pracision standard resistors, F. Wenner, J. Research, NBS
25, 229, {1940).

® Precision resistors and their measurement, J. L, Thomas,
NBS Circular 470, 32 p {1948),

@ Calibration procedures for de resistance apparatus, P.B.
Brocks, NBS Mono 39, (1962).

4.4 SERVICE AND MAINTENANCE NOTES.

4.4.1 GENERAL.

The 1433 Decade Rasistor will need littie service over
the years, Should one of the resistance decades become
faulty, it is recommended that the complete switch as-
sembly be replaced. This can be done by competent user
personnel or the instrument can be returned to General
Radio for service. Use the parts list as a guide in deter-
mining which parts may be replaced.



4.4.2 CABINET REMOVAL, CAUTION

Ta avoid damage to the knob and dial assembly,
do not pry the knob loose with a screwdriver
or similar flat tool, and do not attempt to twist
the knob from the shaft,

The cabinet is easily removed to gain access to the in-
terior of the instrument: place the cabinet on a flat surface
with the rear panel facing upward, remove the three 10-32
screws and |lockwashers from the rear panel (¢, Figure 2-4),

and slide the cabinet up and directly away from the front ¢. Release the No. 3-32 set serew in the dial-assembly
panel, hub and pull the assembly from the shaft.

Te reassemble the unit, place the instrument on a flat @ KNOB INSTALLATION, To install a knob and dial as-
surface with its front panel facing down, slide the cabinet sembly: :
into place, and reinsiafl the three 10-32 screws and lock- a. Mount the diai assembly in the correct position on the
washers in the rear panel, shaft (see step a under KNOB REMOVAL),

b. Make certain the dial clears the panel and lock the No.

3-32 set screw.
44,3 PARTS REPLACEMENT,

' NOTE
Refer 1o the parts list and Figures 4- -2 . : .
oD ed Resist P Units and thg €s 4t 1 tahnd 4-2 for 510 With the dial assembly properly instailed, the
ecade nesistance Units and other parts that i
i . P may require end of the shaft should not protrude through
repiacement. . s .
p . the dial-assembly hub so that it interferes with
KNOB REMOVAL. Toremove aknob and dial assembiy: proper seating of the knob
a. Set the decade to the X position. .
b. Grasp the knob firmly with the fingers and pull it ¢. Place the knob on the dial-assembly hub and push it
straight away from the panel, in until it snaps into the groove,
FARTS LIST
REF. NO. DESCRIPTION PART NQ.
Jhol JACK, Binding post assembly 4060 -0108
192 JACK, Binding post assemhly 4060 -G158
1103 JAGK, Binding post assembly 0938 -2022
5101
thry ECADE ASSEMBLY, 510-A4, 0.01R/step 05104001
SLO7* T 51044, 0,18/ step 03104002
. 5108, 12/sten 0310-4003
310 -0, 10R/step 55104005
, 310-D, 1004/ ster 03104105
, S1B-E, 1 kQ/srep 0310-4006
DECADE ASSEMBLY, 510-F, 10 kil/step GRL0-4007
DECADE ASSEMBLY, 510-G, 100 k&/step 05104008
DECGADE ASSEMBLY, 5i0-H, 1| MQ/step (510-4009
Mechanical Replacement Parts;
KNOB ASSEMBLY 53005420
DIAL ASSEMBLY §120-2033*
DIAL ASSEMBLY B120-2040%
DIAL ASSEMEBLY 3120-2043%
CONNECTING WIRE LINK, Ground strap 50450 -480%
*See Higures 4-1 and 4-2
MNete: There sre no Federal Stock Numbers for these parts.
Table 4-1
Resistance Per Decade — All 1433 Models
{Refer to Figures 4-1 and 4-2)
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- 00 steps 11} STEPS 40 STERS o stEPS
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| i
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4359 i S Saaae Soms AR si0%
a3y 10A STEES o4 sreey 10 s1ERs Gudl STERS Q1% STEPS
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mre | TR | PRR | map | W S
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DIAL ASSEMBLY.

NOTE
DIAL Amembly i wsed on alf 1533 Ducide Re
MARKING FOR sitors with 4, & and § decades Schemaric s
SO0 THRI $I05 typigal of all but 7-decace modls (see Figura 4-2).
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&

Figure 4-1, Schematic diagram for Type 1433-T, -N, -M, -P, and -Y Decade Resistors,

DAL ASSEMBLY

DLAL ASSEMBLY
[Pare No, S120-2040

(Part %0, 5120-20411
oy v

i

e o)
1
w0E s -]
506 L Y
45 %
HE Sty e
MARKING FOR
$108,104 & 105

MARKING FOR
S 103,105 8 07

Figure 4-2. Schematic diagram for Type 1433-F, -G, and -H Decade Resistors,
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