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WARRANTY

This Ballantine Laboratories, Inc. product is warrBnted against defects in materials
and workmanship fOf a period of one yea, from the date of shipment, except for
batteries, electron tubes, vacuum thermocouples, and certain other components, if
any, listed in this manual. Ballantine Laboratories, Inc. will, at its option. repair or
replace products which prove to be d9fective during the warranty period providsd
they are returned to Ballantine Laboratories. Inc. prepaid, and provided the proper
preventive maintenance and calibration procedures as listed in this manua' have
besn followed. Repairs necessitated by misuse of the product are not covered by
this warranty. NO OTHER WARRANTIES ARE EXPRESSED OR IMPLIED. iN·
CLUDING BUT NOT LIMITED TO THE IMPLIED WARRANTIES OF MERCHANT­

. ABILITY AND FITNESS FOR A PARTICULAR PURPOSE. BALLANTINE LAB­
ORATORIES, INC. IS NOT LIABLE FOR CONSEQUENTIAL DAMAGES.

CERTIFICATION

Ballantine Laboratories, Inc. certifies that this equipment meets atl applicable
Baflantine specifications at time of shipment from the factory as determined by
thorough testing and inspection. Ballantine further certifies that frs measuraments
are traceable to the United Stares National Bureau of Standards. All instruments
used in calibrating Ballantine products are standardized by systematic reference
to NBS-traceable standards as described in the validation procedures shown
below.

REfERENCE STANDARDS

DC lOmV·750V 0.01.0.04'1.
2OHz·5OkHz O.5v.sooV 0.03'1.
2OHz·1OMHz 0.5V·100V 0.1'1.
OC-3OMHz 0.5V.l00V 05~

DC-700MHz 1~.Q.5V l%-NBS
lOMHz·l000MHz lV-JOOV l%-NBS

~
WORKING STANDARDS

TRANSFER VM BALLANTINE, l600A
MICROPOTENTIOMETERS BALLANTINE 440
RATIO TRANSFORMERS, GERTSCH

CALIBRATION CONSOLE 100Hz-100kHz fOR
0.25'1. ACCURACY INSTRUMENTS

LEVEL CHECK - DAILY
ATTENUATOR CHECK - 6MONTH
DISTORTION CHECK - I MONTH
FREQUENCY RESPONSE CHECK - 3MDNTH
GROUND CURRENT CHECK - 3 MONTH

CALIBRATION CONSOLES 2H;r·2(lMH;r fOR
'''-3'1. ACCURACY INSTRUMENTS
LEVEL CHECK - 1 WEEK
ATTENUATDR CHECK - 6 MONTH
OlSTORTION CHECK - 3 MONTH
FREaUENCY RESPONSE CHECK - 3 MQNTH
GROUND CURRENT CHECK - 3 MONTH

CROSSCHECK CONSOLE 2·2OMHI fOR'''-3% ACCURACY INSTRUMENTS

LEVEL CHECK - 1 WEeK
ATTENUATOR CHECK - 6 MONTH
DISTORTION CHECK - 3 MONTH
FREQUENCY RESPONSE CHECK - 3 MONTH
GROUND CURRENT CHECK - 3 MONTH

S"'.nt;""$ Ouality AS'$urM'l~prov.m utisfi«1 the requ;mnentsof MIL-I45208
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CAUTION

INPUT CURRENTS EXCEEDING 6.5mA ~ d~ or ae rms will destroy de reversal
error performance of the high precision dual bottle thermal element. Never
exceed 6.5mA input current.

Take special care to keep input current from exceeding 6.5raA \lIhen
adjusting the overload protection trip adjustment AIAIR16.

Input overloads greater than 6.5mA rns will destroy the de reversal
error performance but will not bum out the heater in· the themel element
which is protected against catastrophic burn out by the overload protection
circuit.

•



-

SECTION I
INTRODUCTION

-

-

,-,. GENERAL

, -2. This instruction manual provides operating and
maintenance instructions for the Ballantine Model 1600A
Auto-Balance AC·DC Transfer Standard (hereafter
referred to as the ATSI. Included in this manual are a
general description of the ATS. operating instructions,
theory of operation, maintenance instructions, schematic
diagrams and a repair parts list. The 1600A is illustrated
in Figure 1-1.

1-3. The information contained in this manual refers
to the standard version of the ATS and is current only
to the date of publication, Differences in equipment
components, specifications and performance resulting
from Ballantine Laboratories continuous product im-

provement program or customer design and application
requirements are described in addendum sheets. The 1600A
frequency range extends to 30MHz. The 1600A MOD BB
frequency range extends beyond 100 MHz. Both units
are covered in the main body of this manual.

,-4. PURPOSE AND USE OF THE EQUIPMENT

1-5. The ATS is designed to permit a semi-skilled operator
to make rapid and precise true rms measurements of a-c
voltages with a minimum of operator participation. thereby
eliminating the possibility of operator error. The ATS
also has the ability to provide manual transfer and balancing
measurements (i.e., orthodox AC·DC transfer standard
operation). The applied signal under measurement is attenu­
ated and applied to a thermoelement which produces a doc

------
-_.

/

Figure 1-1. Model 1600A Auto-Balance AC-DC Transfer Standard

,-,



voltage proportional to the heating (rms) value of the signal.
An internally generated d-e voltage having the same heating
value is then substituted for the applied signal and this
d-e voltage is coupled to auxiliary readout instrumentation
to provide a true rms equivalent of the applied signal.
The manual transfer mode of operation allows the
operator to initiate the point in time at which the AC to
DC transfer occurs and, in some instances, allows more
accurate measurements than is possible in the automatic
mode. The manual balance mode requires the operator to
manually blance the unit and, while being somewhat more
time-eonsuming, it is still a rapid operation and permits
highest accuracy measurements down to 2 Hz_

1-6_ GENERAL DESCRIPTION

1-7. The ATS is a semi-automatic AC-DC transfer
standard which provides a d-e output voltage equal to the
true rms value of complex Ii.e., pulsed, squarewave,
triangular-wave and other non-sinusoidal signals having
a crest factor of up to 10;1) or sinusoidal signals. The
doc output voltage generated is applied to an auxiliary
readout instrument, such as a doc differential or d·c digital
voltmeter, which indicates the d-e rms equivalent of the
applied input voltage.

1-8. The ATS employs the same thermoelement and
roaxial attenuators for sensing both the applied a-e
signal and the internally-developed balancing voltage,
thereby eliminating problems due to mismatch. Both
the attenuators and the thermally-lagged ther~element

are housed in compartments of an easily removable
transfer assembly (Model 11600A - see Figure 1-2).
Removal of the transfer assembly permits its use as a
conventional AC·DC transfer standard and also permits
its shipment to NBS for re!"Orts on AC·DC differences
with an uncertainty of tess than 0.005% (to 20 kHz) and
0.01% (up to 50 kHz).

1-9. The ATS employs a positive-action peak-sensing
overload system that does not clip the input signal. This
feature eliminates the possibility of erroneous measure­
ments due to undetected clipping or shunting of the applied
signal. A non·locking pushbutton switch is provided to
permit removal of the overload protection capability when
measuring signals having a crest factor greater than 2: 1 and
to optimize accuracy when measuring signals above 100 KHz.

1-10. A 12-position range selector switch, in conjunction
with the internal attenuators, enables the measurement of
input voltage levels from 0.25 to 1000 volts. Since the
thermoelement has a squarelaw response, the range
selection technique employed ensures that the equipment
will not balance when the thermoelement driving current

1-2

~

~

~

Figure 1-2, Model 11600A Transfer Assembly

falls below approximately one-half the rated level of
5 milliamperes. This design oonsideration assures good
signal·to-noise ratios for all measurements. A thirteenth
switch position provides selection of External Remote
Range Programing.

1-11. When the ATS is operating in the automatic trans·
fer mode, special circuitry prevents automatic transfer
until the thermoelement emf output rate of mange is
O.002%/second or less. This ensures against inaccurate
measurements resulting from the thermoelement's not
having reached equilibrium. A normal transfer is accomp·
lished in typically 10 seconds; however, when ~here is a
large change in heater current, the time required for the
thermoelement to ream a stable blance is extended
resulting in a somewhat longer measurement time.
When the ATS is operated in the manual transfer mode,
the instant of transfer is manually determined. In manually­
balanced operation, the operator adjusts the level of
the internal balancing voltage until a null indication
is obtained and then achieves transfer by manual
switching.

1-12. ACCESSORIES

1·13. The supplied and optionally available accessories
are listed in Table 1-1.

1-14_ EQUIPMENT SPECIFICATIONS.

1-15. Refer to Table 1-2.



TABLE 1·1. OPTIONAL ACCESSORIES

Accessory Ballantine Part No. Functjon

Rad< Mount Slides 1600A MOD·15 Enables 1600A to be slide-mounted in standard
19·inch rack

Rack Mount Dust Covers 51100151L Rack Mount Dust Covers, 2 required

Extender, Card 89100011A Service aid

Power Cable 33100000A 6 foot power cable

CONNECTING CABLES

50 Pin to 50 Pin 12253A External program cable, 6 foot

24 Pin to 24 Pin 12254A Cable used when 11600A is operated out of main frame,
6 foot.

Cable Assembly, DVM 89-10129·1F Used when 1600A is operated with Ballantine
3600A DVM (J16 to DVM)

Cable Assemblies, External 89-10126·1F Used when 1600A is operated with external thermal

Thermocouple converter with 3-Pin receptacle 1394A and 1396A series.

89-10128-1 F Used when 1600A is operated with external thermo-
couple. Supplies de transfer voltage to external
converter GR connector.

Cable, Test and Calibration 89-102371F AC Calibration Test Cable (for P15)
ADAPTERS AND CONNECTORS

7-Pin Connector (Plug) P14 31100390A Used to connect external transfer programming cable

MS-3106A-16S-1P to ATS.

(clamp) 31100860A Cable damp, AN3057.a

5Q.Pin Connector (Plug) P15/P300 31100500A Used when 11600A Transfer Assembly is operated in·

Amphenol Blue Ribbon dependently of main frame. Also used with Remote pro-

57·30500 gram command outputs (J16) and Remote Ranging
Program Input (J300).

24·Pin Connector (Plug) P3 31100370A Used when 11600A transfer assembly is operated inde-

Amphenol Blue Ribbon pendently of the main frame.

57·30240

10-Pin Connector (Plug) P15 31100650A External thermocouple output connector and/or

MS3106A·18·1P jumper plug.

(clamp) 31100660A Cable clamp AN3057·10

3-Pin Connector (female) J 31100020A Used for thermocouple output when 11600A Transfer

MS·3106A-1OSl·3S Assembly is operated Independently of main frame.

(clamp) 31100100A Cable damp AN3057·4

'T' Connector (GR874 Series) 10186A Permits monitoring of applied signal by auxiliary

equipment.

Adapter, GR874 to BNC 12620A Adapter GA to female BNC, for input connection.

Adapter. double banana to BNC 12616A Shielded adapter for DC output voltage_

female

1·3



TABLE 1-2. SPECIFICATIONS

INPUT
Frequency Range: DC, 5 Hz to 30 MHz usable 2 Hz beyond 100 MHz with internal attenuators. Operation to 1 GHz

possible with external thermal converters.
Voltage Range: 12 ranges and Remote Program (Option 03)

All voltages DC and RC rms
0.25 to 0.5 Volts DC. 5 Hz to 30 MHz usable beyond 100 MHz
0.5 to 1 Volt DC,5 Hz to 30 MHz usable beyond 100 MHz
1 to 2 Volts DC,5 Hz to 30 MHz usable beyond 100 MHz
2 to 4 Volts DC,5 Hz to 30 MHz usable beyond 100 MHz
4 to 8 Volts DC, 5 Hz to 30 MHz usable beyond 100 MHz
8 to 16 Volts DC,5 Hz to 1 MHz usable beyond 30 MHz
16 to 32 Volts DC,5 Hz to 100 kHz usable beyond 5 MHz
32 to 64 Volts OC,5 Hz to 100 kHz usable beyond 2 MHz
64 to 125 Volts DC,5 Hz to 100 kHz usable beyond 1 MHz

125 to 250 Volts DC,5 Hz to 100 kHz usable beyond 1 MHz
250 to 500 Volts DC,5 Hz to 50 kHz usable beyond 350 kHz
500 to 1000 Volts DC. to 50 kHz usable beyond 250 kHz
Under Range: -10% of low end of Voltage Range
Over Range: +lO%of high end of Voltage Range
Resistance: Nominally 200 n per Volt (5 mA (de) full rangel
Overload: Protected to 125% of full range rms for sine wave signals and to 175% peak to 10 MHz.
Standby Operation: Standby push button switch opens input in AC Mode until overload switch is reset. This permits

interchange of input signals without loading source or damaging thermocouple. Overload protection may be disabled
by front panel momentary push button for crest factors to 10 to one of full range. This feature permits transfer
measurements in strict accordance with NBS practice. Duty factor of input pulse train must not be more than the
inverse of 10 times the crest factor nor may rms range limits be exceeded.

Overload Protection: Peak sensing circuit opens input and protects each range to 1000% or 1500 Volts peak whichever
is less. Protection derates by approximately 5% per MHz above 10 MHz. Illuminated reset push button restores
operation. Overloads greater than 10:1 must not last longer than 1 ms.

Crest Factor: 1.75 to one at full range; 3.5 to one at bottom range; Great~ than 10 to one with overload circuit disabled.
Overloads must not exceed 10:1 for> 1 ms at a duty factor of 10%.

ACCURACY OF AC TO DC TRANSFER
Internal anenuator in 11600A
Manual Mode: (See Table) (all specs in table are to be considered t indicated tolerance)

Measurement uncertainty referen~ by NBS certification.
DC. 5 Hz to 20 Hz ±O.12%
DC. 20 Hz to 20 kHz to.02%
DC. 20 kHz to 50 kHz to.03%
DC. 50 kHz to 1 MHz to.OB%
DC. 1 MHz to 10 MHz ±0.12%
DC. 10 MHz to 30 MHz to.25%
DC. 30 MHz to 60 MHz to.75%
DC. 60 MHz to 100 MHz ±1.5%

EXTERNAL THERMAL CONVERTER MODE
External thermal converters having unique characteristics may be connected to the 1600A and used in Auto Balance
and Manual Precision measurements to 1 GHz and 250 V are possible with external converters. AC/DC balance is
automatic but connections to external standard are transferred manually. Accuracies of the external thermal con·
verters (such as Ballantine 1394A. 1395A and 139BA) apply.

AUTO AND MANUAL TRANSFER MODES
±0.005% of range additional to manual mode accuracy

DC REVERSAL ERROR
±0.OO75% nominal at full range (5 rnA); Derated typically to ±0.015% at 2.5 mA thermo element current. Optionally
available thermoelement provide reversal errors of less than ±O.OO5%

(Optional MOD 88 provides 0.005% reversal error thermoelements.)

1-4
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TABLE 1-2_ SPECIFICATIONS IContinued)

AC/DC Transfer Accuracy AC/DC Difference as a % 01 ReadIng
wllh Reference to NBS Cerlllied Standard at Ballantine

STANDARD 1600.'

5H, 20 kHz 50 kHz 100 kHz 1 MHz 10 MHz
Voltage to to to to to to
Range OC 20 kHz 50 kHz 100 kHz 1 MHz 10 MHz )0 MHz

0.25·0,5 II .O05~ 0.01:0: O.Ol~ O.O5~ O.O5~ 0.75'" "0.5-1 II .005$ O.OlS 0.01:1 0.055 0.05:;: 0.75:;: "1-2 \I .oos: 0.015 0.015 0.055 0.05:;: 0.75:;: "2-4 , .oos:;: 0.015 0.015 0.055 0.05" '" ".-a , .oos:; 0.015 0.015 0.05: o.os: '" "8-16 \I .OOS: 0.0l: 0.01: 0.OS5 O,05S - -
16-52 II .005:; 0.015 0.015 o.os: - - -
32-64 II .005: a.oa O.OlS 0.055 - - -

64-125 \I .Il(I}S 0.0l: O.OlS 0.05: - - -
lZ5-250 II .ooss o.ovo: a.on: 0.05: - - -
25D-500 II .005S 0.015: 0.015S 0.0655 - - -

500-1000 \I .Ocri:;: 0.OJ5S 0.D55S O.O75l:: - - -

1600A-MOD88

>5 H, >20 kHz >50 kHz >100 kHz >1 MHz >10 MHz
Voltage to to to to to to >100 MHz
Range 20 kHz 50 kHz 100 kHz "'H' 10 MHz 30 MHz

0.2S~.OS O.O~ o.ou: o.oy,; 0.05~ 0.115" " "0.5_1 0.01" 0.009" 0.03% 0.05" 0.Xl" " "1-2 0.01" O.ooe,. 0.025" 0.05" O.:Hl" " s%1_' 0.01: 0.007" O.On: 0.04" 0.3lr.O " ".-, 0.01" O.oono 0.02% 0.04" O.)~ " -
0-1. 0.01~ 0.000" 0.02: 0.01<: O.solo 1.5,. -

16_32 0.0l:; 0.008" 0_= o.~ - - -
32-6' O.O~ O.O~ 0.03:0 O.U: - - -
64-125 o.OlS 0.01" 0.03:0 - - - -

125-250 O.OlS O.O~ O.~ - - - -
25D-SOO O.OlS O.OlS o.os: - - - -

500-1000 O.O~ 0.03:0 0.065: - - - -

Althou!t' not indicated in the 16OOA-KD88 Table above, the tr....fer
accuracy of this ~1 .t ''OC'' ill the ._ U (Jl the Hodel 16OllA.

DC OUTPUT
Voltage: Equal to rms value of input voltage (0.25 to 1 kV to 2 mA max.)
Resistance: < 12 n to 8 Volt range MOD 88: < 0.1 n to 10 V

<25ilto125Voltrange <1 ilto100V
<60nto 1 kVrange < 10 nto 1 kV

Stability: (after thermoelement achieves equilibrium)

0.002% for 15 seconds for 0.5 to 32 Volt ranges
0.008% for 15 seconds for 32 to 125 Volt ranges
0.01% for 15 seconds for 125 to 500 Volt ranges
0.02% for 15 seconds for 1 kV range

After complete stabilization 14 to 6 hours) and with constant temperature and line voltage.

Automatic trigger 15 seconds after transfer to DC for triggering DVM and automatic recycle to AC in Auto Mode
assures best transfer reading accuracy.

Ripple and Noise lrmsl: 90 dB below full scale or 100 pV whichever is greater. Noise is measured over bandwidth from
20 Hz to 100 kHz with true rms voltmeter.
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TABLE 1-2_ SPECIFICATIONS (Conlinued)

DC SEARCH METER ACCURACY
±5% of full range; 0 to 1.6, mirror backed scale with front panel range multiplier indicator.

NULL RESOLUTION
0.005% minimum per minor scale division for 5 divisions either si~e of zero. Resolution decreases thereafter. A 5 x
null expansion momentary push button switch provides 0.001% (10 ppm) null resolution.

REMOTE OPERATION
Output Signals:

a) One of 12 lines closed to floating line for program outputs and remote identification of range setting and command
switches for external DC DVM ranging.

bl Trigger of > 3 Volt negative from> 1 k!2 . source. Trigger is< 200 I1S wide and occurs nominally 3 seconds
(Fast) or 10 seconds (Normal) after transfer to de mode.

c) Contact closure to ground during AC Mode interval.
d) Contact closure to ground during DC Mode interval.

Input Programming Commands:
a) Contact closure to remotely reset to AC Mode in Auto Balance Mode. This contact closure can be used to over­

ride Auto Recycling after ac transfer voltage is read and thereby speed up measurement cycles. Remote contacts
must switch 5 amps at 28 Volts dc.

b) Standby - Contact closure to ground for> 10 mS will open input attenuator in AC mode. Requires Manual Reset
from front panel.

c) Remote operation of the range attenuator by selecting one of 12 ranges in decimal code is available as Option 03.
All input lines are DTL and TTL compatible with negative true logic. Saturated transistors or contact closure to
ground must stay locked during entire AC/DC transfer cycle. Opening all lines provides standby operation with
input disconnected.

AC BALANCE TIME
Auto Balance and Manual Transfer Modes:

Normal - For rated precision ten to 25 seconds typical (contingent on thermo element time constant and amplitude
stability of input signal which must have < 0.002% drift per second).
Fast - For signals with noise and amplitude instability. Input signals may have drift <0.005% per second for Auto
Transfer. Total "Fast" measuring time typically 2 to 8 seconds.

DC READOUT TIME:
Auto Balance Mode:

DVM trigger pulse after transfer gives delay for time constant of thermocouple in DC Mode.
Normal - 10 to 15 seconds for rated precision
Fast - 4 to 10 seconds at lesser precision
Reset - 45 seconds (typical) after DC transfer ATS reverts to AC input measuring mode. Automatic reset may be
switched off by switch located on rear panel. All timing periods may be varied to suit other requirements.

Manual Mode, Manual Transfer Mode: Manually controlled by the operator. DVM Read Command Trigger Pulse
available as in Auto Balance mode.

WARM-UP TIME
Negiigible: 2 minutes for average use; 30 minutes for rated accuracy; 4 to 6 hours for optimum stability.

TEMPERATURE
Storage: -4Q°C to +75°C (Option MOD 88: _55°C to +60°C Storage +21°C to +25°C Operating)

o 0 •

Operating: +lO°C to 4Q°C (usable 0 C to 50 C)

HUMIDITY
Operating: 20 to 80% RH (usable 0 to 95% RHI

ALTITUDE
Storage: to 15 km (50,000 feet)
Operating: to 500 V; 3 km (10,000 feet)

to 1 kV; 1500 m (5,000 feet)

1-6
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TABLE 1-2_ SPECIFICATIONS (Continued)

MAINTENANCE INTERVAL
90 to 180 days in normal use.

RECERTIFICATION INTERVAL
Recertification to NBS calibration standards. Six months after delivery and each 12 months thereafter in laboratory use.

POWER: 115 or 230 Volts ± 10%.50 and 60 Hz (MOO-Da and MOD·BB, 50 to 400 Hz)
Nominally 60 VA at 115 Volts, 60 Hz

SIZE
Cabinet: 216 mm (8-1I2in.)H x 500 mm (19·5/Sin.)W x 572 mm (22·1I2in.)D
Rack Mount: 176 m (6-15/16in,)H x 480 mm (18·7/Bin.)W x 546 mm (21·1/2io.)D
Behind Panel: 505 mm 119-7/Sin,)

WEIGHT
In cabinet (total): 27.3 kg 160llbs.
Rack Mount configuration (without cabinet): 18.2 kg (40) Ibs.
Model 11600A Transfer Assembly only: 8.2 kg (18) Ibs.
Shipping weight (total): 34 kg 17611bs.

NOTES:
Accuracies of the 1600A are referenced to the midpoint of a General Radio B74 "T" connector, and a Ballantine
11600A transfer assembly or Ballantine 1394A Series thermal converter work ing standard certified by NBS.

Ballantine warrants that each 1600A is ready for NBS certification and NBS supplied correction data. Ballantine can
arrange for this service at cost plus a small handling charge, but recommends that the customer uses the instrument
for six months to fully stabilize all components prior to the expense of NBS certification

TABLE 1-3_ AVAILABLE PERFORMANCE OPTIONS

1600A MOD·e)J

1600A MOD·08

1600A MOD·15

1600A MOD-SS

Remote programming of 11600A range attenuatOfS. See Table 1-2 above.

50 to 400 Hz power line frequency range.

Rack slide kit for installation in 19 inch rack.

Extended frequency range and certification to 100 MHz. See Table 1-2 above. Also includes
MOD-OS for 50 to 400 Hz power line frequency range and dust covers PIN 51100151 L.
and Ell:tender Card 89100011 and Test Cable 89102371 F as supplied accessories.

Figure 1-3 ,Some Optional Accessories 1-7



SECTION II
OPERATION

2-1. GENERAL

2-2. This section contains instructions for the in$tall~tion

and operation of the AlS. It is strongly recommended that
the operator become thoroughly familiar with the material
in this section before anemPting to operate the equipment.
Failure to do so may compromise the accuracy that hn
been engineered into the AlS.

2-3. INSTALLATION

2-4. UNPACKING. Unpacking and handling of the ATS
requires that the normal precautions and procedures appli·
cable to the handling of sensitive electronic equipment be
followed. The contents of all shipping containers should be
checked against the packing slip to ascertain that the ship­
ment is complete.

2-5. INSPECTION. After the ATS has been removed from
its shipping container, visually inspect the equipment for

indications of any damage that may have occurred during
shipment. Remove any shipping blocks or retainers. Check
the front panel controls for freedom of movement, full
travel and positive-<letent locking. Note any evidence (such
as broken glass, dents, etc.) indicating that the equipment
has sustained a severe mechanical shock. To check that the
ATS is operating properly, perform the Minimum Perfor·
mance Standards Checks detailed in Section IV.

2·6. MOUNTING. The ATS is normally furnished for
benchtop use. Optionally available accessories permit the
equipment to be modified for rack mounting. (See figure
2-1 for equipment dimensions.)

2-7. Benchtop Mounting.

The 1600A ATS is normally furnished with a sturdy
"Optima" case and requires no special installation pro·
cedures. Simple rack slides permit the ATS to be with·
drawn from its case after the removal of front panel
retaining saews.

The equipment has four plastic feet that will not mar the
work surface. A tilt-bar is provided on the underside of the
equipment which, when extended provides a convenient
angle for front panel viewing.

2·8. The 115V·23OV slide switch at the rear of transfer
assembly A1 should be set to the position correspondiAg to
the available a-c line voltage. This switch is accessible from
the rear panel of the ATS and can best be reached using a

2-1

small-bladed screwdriver. When the, switch is set to the left,
the ATS is set for operation from a 115·volt line. Conversely,
when the switch is set to the right, the equipment is set for
23O·volt line operation. Once the switch has been properly
set, couple the ATS to line power. 50160 Hz_ MOO-oB
or MOO·88 permit operation 50 to 400 Hz.
The 0.5 Ampere slo-olo 3AG fuse is applicable to either
115 or 230 volt operation.

2·9. Rack Mounting. The 1600A AUTO-BALANCE trans·
fer standard may be mounted in a standard 19 inch relay
rack. It will occupy seven inches of panel height.

To mount the unit in a rack remove it from the bench
mount cabinet. Simply remove the retaining screws at the
sides of the front panel and withdraw the unit from the
cabinet.

2-10_ Remove the two slide bars on the side of the 1600A
by removing their retaining screws. If desired, the slide bars
in the cabinet may be removed and installed in the relay
rack. The slide bars on the side of the 1600A can then
remain mounted and used to fit the 1600A into the rack.

Ballantine can supply a standard set of rack mount slides
and these can be attached at the factory. Please consult
factory for information on factory installed Rack Mount
option MOD·15.

Ballantine also recommends installation of optional top and
bottom covers (Part Number 51·10015·1L; 2 each required)
when the unit is used without the bench cabinet.

If the rack installation is subject to shock and vibration,
rear mechanical supports for the 1600A are recommended.

Observe grounding precautions to avoid measurement errors.

NOTE

The 1600A is a precise thermally sensitive instrument.
DO NOT mount next to high temperature equipment or in
strong magnetic or RF fields. DO NOT exceed the specified
temperature range and avoid temperature change rates
exceeding 5°C per hour when the 1600A is used to make
operating precision measurements. Avoid forced air cycled
ventilation system to optimize measuring accuracy. 00
NOT mount the ATS in strong AC magnetic fields or
subject it to excessive radiated or conducted EM!. Provide
accessibility to rear connectors and switches when the
1600A is rack mounted.

•



CAUTION

INPUT OJRRENTS EXCEEDING 6.5~ .:!:. de or Be rms will destroy de reversal
error performance of the high precision dual bottle thermal element. Never
exceed 6.5mA input current.

Take special care to keep input current from exceeding 6.5mA when
adjusting the overload protection trip adjuabment AIAIR16.

Input overloads greater than 6.5mA l'ftlS will destroy the de reversal
error perfomence but \IIill not burn out the heater in the theme! eiement
II/hich is protected against catastrophic burn out by the overload protection
circuit.
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2-11. OPERATION

2-12. OPERATING CONTROlS,lNDICATORS AND
CONNECTORS, The controls, indicators and connectors
required for operation of the ATS are illustrated in figure
2-2; their functions are described in table 2·1.

2-13. GENERAL INFORMATION. Although the ATS is a
relatively simple instrument to use. the operator should read
paragraphs 2-14 through 2-21 for the background material
required to obtain maximum service from the equipment.

2·14. Setting RANGE VOLTS Switch. If the voltage range
of the applied signal is known. the operator need only set
the RANGE VOLTS switch to the appropriate psoition and
couple the voltage to be measured to either the AC INPUT
0.25·32V or AC INPUT 32-1000V connector. as required.
Should the signal be of unknown level. employ the con·
ventional voltmeter technique of setting the RANGE VOLTS
switch to the highest voltage range (500 TO 1000) and
couple the signal to be measured to the AC INPUT 32·1000V
connector. If balance cannot be achieved. the ope.-ator
should inaease the sensitivity of the ATS, switching
input connectors when required, until a balance is achieved.

2·15. Signal Stability. The ATS is designed to measure the
rms value of stable a-c voltages. Should the AC indicator
light remain illuminated andlor the front panet meter

continuouslv "hunts" or "slews" when the ATS is operated
in either the AUTOmatic or MANUAL TRANSFER mode, it
is likely that the applied signal is unstable. To judge the sta·
bility of the applied signal, the operator should switch to the
manual balance mode and attempt to null the meter using the
MANUAL BALANCE COARSE and/or FINE controls.
If a balance condition cannot be maintained, the applied
signal is fluctuating too rapidly to permit a measurement of
specified accuracy to be made. Under these conditions the
measurement should be made in the manual balance mode
and the reduced accuracy (due to the fluctuation of the
signal) should be noted. In AUTO Transfer use FAST mode
fOr input signals drifting <O.005%/sec.

2·16. Sources of Error. Various sources of error may be
present when employing the ATS. These sources are de­
tailed below so that the user may be familiar with them and
allow for them to obtain maximum accuracy.

a. Loading effects. The input impedance of the ATS,
particularly on the low voltage ranges. is relatively tow (due
to the current required for the thermoelement heater and
the shunt input capacity presented by the relay controlled
range attenuatod and will therefore have a loading effect
when connected to the voltage source under test. Voltage
sources having a non-zero output impedance andlor poor
regulation characteristics will therefore develop two different

Figure 2·2. Operating Controls, Indicators and Connectors
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TABLE 2-1. OPERATING CONTROLS,INDICATORS AND CONNECTORS

-

Figur.2-2
Index No.

1

2

3

4

5

6

7

8

9

Control, Indigtor or Connector

AC INPUT O.25·32V connector A1J5

RANGE VOLTS switch Al53 and dial
(13 position rotary switchl

TIMES METER READING dial

AC INPUT 32·1l::100V connector A1J6

Mechanical zero adjustment screw

Meter Ml

AC Indicator OSt

TRANSFER RESET switch S4
(Pushbutton)

DC indicator DS2

Function

Connector employed when RANGE VOLTS switch is
set to measure applied voltages between 0.25 and
32 volts rms. Connector is General Radio 874 series.

Permits operator to select anyone of 12 voltage
measurement ranges as indicated on dial

0.25 to 0.5 volts
0.5 to 1.0 volts
1 to 2 \IOlts
2 to 4 volts
4 t08 volts
8 to 16 volts
16 to 32 volts
32 to 64 volts
64 to 125 volts
125 to 250 volts
250 to 500 volts
500 to 1000 volts

A 13th fange enables remote range programming. (PGMI

Provides factor which, when multiplied by the
front panel meter DC OUTPUT VOLTAGE scale
indication. enables the operator to determine
{within 5%) the rms value of the app'ied siglllli
after AC to DC transfer.

Connector emp'oyed when RANGE VOLTS switch
is set to meas....e applied voltages between 32 and
1000 volts rms. Connector is General Radio
874 series.

Permits mechanical zero·~ttiog of meter pointer at
BAL center line when power is disoonnected.

Indicates proximity to null condition (Oon BAL
scale) when AC indicator is illuminated and mode
switch is set to MANUAL BALANCE, AUTO or
MANUAL TRANSFER; indicates doC output voltage
Ion DC OUTPUT VOLTAGE scale) within 5%
when DC indicator is illuminated.

Illuminates when ATS is in a< balancing state
Ii.e.• applied signal being automatically or manually
nulled).

When mode switch is set to MANUAL BALANCE
or MANUAL TRANSFER, permiu the operator to
switch between a-c balancing and d~ output states;
when mode switch is set to AUTO. permits operator
to recycle ATS for another measurement.

Illuminates when ATS is in d·c output state (i.e.•
doc equivalent of applied signal rms voltage is being fumished
at DC OUTPUT binding posts).
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TABLE 2·1. OPERATING CONTROLS, INDICATORS AND CONNECTORS (Conl'd)

Figure 2-2
Index No.

10

11

12

13

14

15

16

17

18

19

20

21

22

2·5

Control, Indicator or Connector

Mode switch Sl
13 position Rotary switch)

MANUAL BALANCE FINE control
R2 (10 Turn Control)

MANUAL BALANCE COARSE
control Al (10 Turn Contrell

TRANSFER CHECK switch 55
(Mom. Pushbutton)

OVERLOAD PROTECTION PUSH TO
RESET pushbutton switch/indicator
52/053 (pushbutton)

OVERLOAD PROTECTION PUSH TO
DISABLE pushbutton switch 53
(Momentary pushbutton)

a.SA fuseholder A 1XF1

POWER PUSH pushbutton switch!
indicator A1S1/AlDSl

-DC OUTPUT binding post A 1J2

+OC OUTPUT binding post A1J 1

STANDBY switch 56
(Momentary pushbutton)

NULL X5 switch 59
(momentary pushbutton)

FAST!NORMAL switch 57
(Double throw toggle switch)

Function

Permits operator to select operating mode:

MANUAL BALANCE - operator must manually
balance null meter before manually transferring
to doC output state;

AUTO - ATS automatically nulls and switches
to d·c output state;

MANUAL TRANSFER - ATS automatically nulls
but operator must manually switch to d·c output
state.

Permits vernier adjustment of nulling voltage,
when operating in manual balance mode.

Permits coarse adjustment of nulling voltage
when operating in manual balance mode.

Provides a quick check for the nulling circuitry
when ATS is in the d·c output state {i.e., DC in·
dicator iIIuminatedl. Depression of the switch
should cause the front panel meter to indicate
nearness to null when in the d·c output state.

Illuminates when an overload has occurred.
Momentary depression of the switch resets the over­
load protection circuitry. Note that if the overload
remains or the indicator lamp within the switch
fails. the circuitry cannot be reset.

When held depressed, disables the overload pro­
tection capability. This feature permits the measure·
ment of a-c signals having a crest factor of up to
10: 1 and optimizes accuracy above 100 KHz.

Line fuse. O.SA 3AG Slo·Blo

Controls application. of line power to ATS. When
equipment is coupled to line power and switch is
depressed, indicator will illuminate.

Common (ground) d·c output terminal.

Positive d-c output terminal.

Disconnects input by opening attenuator
thru overload circuit activation. Operates
only in AC mode.

Increases Null resolution by factor of five
to 10 ppm (0.001 %,.

Operates in Auto Balance modes to provide
NORMAL high accuracy transfer on steady
signals or FAST transfer when signals have
amplitude drift < 0.005% per second.

-
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TABLE 2-1. OPERATING CONTROLS,INDICATORS AND CONNECTORS (Cont'd)

Control, Indicator or Connector Function

REAR PANEL CONNECTORS AND SWITCHES NOT SHOWN IN FIGURE 2-2

115V-230V switch A1S2
on 11601A Transfer Assembly

Line Power Receptacle
on 11601'A Transfer Assembly

Remote programming connector J14
(7 Pin MS Connector)

AUTO RECYCLE switch sa
(2 position slide switch)

Remote thermo converter connector J15
(10 Pin MS Connector)

Remote DVM range command and trigger
output Connector J16.

(50 pin Blue Ribbon)

Remote ATS Range Programming
Input connector J300. (Option 03)

(50 pin Blue Ribbon)

output levels: one while the ATS is in the a·c balancing
state (loading the source) and a second when the ATS is in
the doc transfer state (voltage source removed from ATS
input attenuatod. The output voltage of the ATS, as
indicated on the readout instrument, will be the voltage of
the loaded source.

b. Losses in interconnecting wiring. Since the ATS has
an input impedance of approximately 200 ohms/volt, the
voltage drop in the wiring interconnecting the voltage source
and the ATS may introduce a measurement error, particularly
when the low voltage ranges are employed. It is recommended
that short heavy leads be employed when interconnecting
the equipment.

c. Thermal emb in d-e output system. Non·similar con­
ductors employed to couple the DC OUTPUT binding
posts to the readout instrument will introduce thermal emfs.
it is recommended that conductors of the same material
(copper) be employed.

d. Settling time. When the ATS transfers from the a-c
balancing state to the d·c output state in the AUTO mode,
the internal doc substitution voltage builds up to balance
that voltage stored in the digital memory circuit. The
operator should allow approximately 15 seconds to elapse
before reading the d·c output voltage.

Enables ATS to operate from either a 115-volt or
230-volt a-c line.

Receptacle for 3 wire power cable 33100000A.

Permits operation of the ATS (in AUTOmatic mode)
from a remote location. Requires jumper connecting
pins per Table 2-2 in local operation.

Provides for automatic reset to AC in AUTO mode
after 45 second waiting period after transfer from
AC to DC. Also provides for manual reset operation
from front panel or remote programmer.

Permits operation of external thermal converter
from ATS. Also provides access to thermo element
couple output emf during calibration. Requires jumper
connecting pins per Table 2·2 in local operation.

Permits range tracking of remote dc readout DVM
with ATS range switch A1S3. Also provides DVM
"read" trigger 10 seconds after ATS transfer to DC.

With oPtion 03 permits remote ranging of ATS
range switch A1S3 when latter is in PGM position.

e. Stability. Due to inherent temperature-dependent
drift in the thermoelement output (~0.01%1minuteafter
a to-minute warmup), the ATS output voltage should be
measured as soon as the instrument has "settled" in the doc
output mode. If a potentiometer system or differential
voltmeter is employed as the readout instrument, balance
the readout instrument as closely as possible after the ATS
has transferred to the d-e output state. Repeat the measure­
ment cycle a second time and then null the readout instru·
ment. Note that, for maximum d-e output stability, the
ATS should be allowed to warm up for at least 4 hours be·
fore measurements are made.

f. Auto-Zero. The 1600A Auto Balance ac/dc Transfer
Standard incorporates circuitry which automatically trans­
fers from the signal input ac measuring mode to the dc
output read mode. The ideal dc read time occurs some
15 seconds after transfer since then the same thermal con­
ditions occur in the dc transfer system as existed at the ac
measuring point at which transfer was initiated.

Making a dc reading too early does'not provide the dc
transfer voltage loop time to reach stable equilibrium re­
quired for repeatable 100 ppm measurements. Waiting too
long (>20 seconds) causes changes in the thermal equilibrium
and thermal drifts which will cause additive errors to accrue
to the transfer dc reading.
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It is advisable to read the dc transfer voltage on the 15 sec.
basis. Although the thermocouple is suitably "thermally
lagged" and low temperature coefficient metal film multiplier
resistors are used, it must be remembered that the thermal
transfer standard is basically a "thermal" sensing instrument.
The extreme sensitivity of the 1600A can resolve ambient
changes of as little as 20 millidegrees Celsius and the transfer
dc output reading should be made within the time con·
straints indicated above to assure specified transfer accuracy.
These read-out timing conditions apply equally to the
AUTO, MANUAL BALANCE. and MANUAL TRANSFER
operating modes.

The 1600A is thermally lagged to provide precise. accurate,
and repeatable transfer measurements within the timing
constraints indicated. To certify readings, it is recommended
that three to four transfer readings are made. Delete the
first reading and average the remaining readings for best
results. It is recommended that the AUTO operating mode
be used in re'cycle mode to make continuous ac/dc/ac
transfer measurements.

Slide switch sa is located on the rear panel of the 1600A.
When set to OFF position. the front panel RESET push­
button initiates switd! to ac Mode. When 58 is set to ON.
the reset from dc to ac is automatically recycled approxi­
mately 30 seconds after transfer from ac to de mode. This
continuous recycle adds an Auto-Zero feature to the Auto
Balance Mode which avoids transfer errors caused by long
term thermal variations.

It is recommended that AUTO mode is always used with
Switch S8 in Auto-Zero recycle mode.

Should dc readout be accomplished with a manually
balanced potentiometer which requires more time to read
than a DVM, then attention must still be given to the above
precautions. The 1600A must be continually recycled to
remove thermal drift "zero" errors. Make a number of
transfer readings at frequent or auto-recycled intervals
while bringing the potentiometer to finite balance. If
absolutely necessary, resistor A14R14 may be inaeased to
lengthen the automatic recycle time interval.

The ideal time for reading the dc transfer voltage is at the
same equilibrium point where ac to dc transfer was initiated.
See paragraph for a full discussion of the DVM "read
trigger" program output provided at approximately 15
seconds after transfer to dc.

g. Attenuator heating. When measuring voltages between
250 and 1000 volts, the power dissipated by the input
attenuators will produce a slight change in resistance. It is
recommended that the MANUAL TRANSFER mode be
employed when measuring such voltages and that transfer
be made after the signal under measurement has been
applied for approximately two minutes (thereby allowing the
input attenuator resistance to stabilize).

2·7

h. Repeatability. Lack of perfect repeatability is due to
internal noise, finite digital memory resolution, contact
resistance in switches and relays. thermal effects on
attenuators. etc. Since these error sources are random in
nature. several measurements should be made and the reo
suits averaged to obtain ultimate accuracy.

i. Push OVER LOAD DISABLE on second measurement
of ac signals having components above 100 KHz.

2-17. Mode Selection. The ATS has three modes of operation.
each selected by the ~tting of the front panel switch. \\'hen
the switch is set to MANUAL BALANCE. the operator
manually adjusts the MANUAL BALANCE COARSE and/or
FINE controls until a null (0 on the meter SAL scale) is
attained. After transfer. the voltage at the DC OUTPUT
binding posts will be equal to the rms value of the applied
a-c stgnal. While this mode of operation provides the greatest
measurement accuracy (due to the finite resolution of the
digital memory circuitry in the AUTO model. it is slightly
more time consuming - although substantially faster than
conventional AC-DC transfer standard measurements.

2·18. When the mode switch is set to AUTO or MANUAL
TRANSFER, the ATS balances automatically. In the AUTO
mode, AC to DC transfer is performed automatically while
in the MANUAL TRANSFER mode the AC to DC transfer
point is determined by the operator. Manual transfer mode
is used for moderately unstable input signals.

2-19. Voltmeter Operation. The ATS can be employed as a
voltmeter to provide a relatively coarse indication of applied
signal levels. When the instrument is operated in either the
automatic or manual transfer mode, the d·c equivalent of
the applied a-e signal rms level can be read by multiplying
the meter DC OUTPUT VOLTAGE scale indication by the
factor specified on the TIMES METER READING dial after
transfer has been achieved. The voltage thus obtained will
be within ±5% of the true rms level of the input signal.

2·20. Overload Protection. An overload protection capability
is provided which will automatically remove the applied signal
from the attenuator/thermoelement circuitry whenever the
peak value of the applied signal exceeds 175% of the selected
range high voltage peak. Thus, if the RANGE VOLTS
switch is set to 125 to 250 and the peak value of the applied
signal is in excess of 437 volts (although its rms value is
between 125 and 250 volts), the overload protection
circuitry will be triggered. The OVERLOAD PROTECTION
PUSH TO RESET pushbutton switch/indicator will ilium·
inate to indicate that an overload condition was and/or is
present. The ATS will not be capable of measurement until
the overload oondition has been corrected (i.e., setting the
RANGE VOLTS switch to a higher range and depressing
the OVERLOAD PROTECTION PUSH TO RESET push·
button switch/indicator).



TABLE 2·2. CONNECTOR PIN IDENTIFICATION

- Remote DVM
Commands Output

Connector J16
(mates to Amphenol

57-30500)

Remote Thermaloonverter
Connector J15

(mates to

MS,3106A- 18· tP connector
with

MS-3057-1O clamp)

Remote ReHt
Connector J14

(mates to
MS·3106A·I6S-'P connector

with AN·3057-8 clamp)

Remote Ringe Programming
Input Connector J300
(mates to Amphenol

57-30500)

1 Not Used
2 500 to 1 kV Range Select
3 250 to 500 V Range

Select
4 125 to 250 V Range

Select
5 64 to 125 V Range

Select
6 32 to 64 V Range Select
7 16 to 32 V Range Select
8 8 to , 6 V Range Select
9 4 to 8 V Range Select

10 2 to 4 V Range Select
11 1 to 2 V Range Select
12 _5 to 1 V Range Select
13 _25 to .5 V Range Select

14-24 Not Used
25 Common

26-49 Not Used

50 Case Ground

-

-

Pin

1
2
3
4
5
6
7
8
9

10
11
12
13
14

15
16
17
18
19
20

21
22
23
24
25

26-49
50

Function

PGM
500 - 1 kV Range
250 - 500 V Range

125 - 250 V Range
64 - 125 V Range
32 - 64 V Range
16- 32VRange
8- 16VRange
4- BVRange
2- 4VRange
1- 2V Range

.5 - 1 V Range
.25 - .5 V Range
Read pulse
Shield
Not Used

Not Used
Not Used
Not Used
Not Used

Not Used
Not Used
Not Used
Not Used
Program Ground

Not Used
Case Ground

Pin Function

A DC High Voltage Inter·
connect

B TC pos.. OUT
C TC pos. IN
D DC Low Voltage Inter·

connect
E DC low Voltage Inter-

connect
F Shield IN

G Shield OUT

H DC High Voltage Inter-
connect

I TC neg. OUT
J TC neg. IN

Dummy plug used when re­
mote thermocouple not reo
quired.

Connector MS·3t06A-1B·P
and 9760-16 cap with bead
chain removed.

NOTES:

1) The High Voltage cut off
jumper (pins H·A on P15/J15)
and the low voltage cut off
jumper (pins E·D on P15/J15)
must be removed when using
External Thermal connectors.
This applies de transfer voltage
to the external thermal can­
lIerter and disconnects the in·
ternal attenuator which would
otherwise parallel the external
converter.
2) Jumpers H·A and E-D must
ALWAYS be installed when
using the 1600A in its norm·
ally intended internal attenu­
ator operation. Failure to in·
stall these jumpers will render
the internal attenuator de
mode inoperative.

Function

A Remote DC Mode Indi-
cator

B Remote Indicator Com-
mon

C Remote AC Mode Indi-
cator

D External Reset line·
E External Reset line·
F Chassis Ground
G No Connection

"Normally closed together:
alJumpel" lor normal operation
blNC momentary push bunon

for remou~ reset.

P;n Function

2-B



2-21. The overload protection circuitry is normally not
intentionally disabled unless signals having a high crest
factor (greater than 2:1) are being measured. When such
signals are applied to the ATS, the overload protection
circuitry (if not disabled) would remove the input when the
signal peak value is greater than 175% of the selected range rms
high limit. When the rms level of the applied signal will not
damage either the attenuator or thermoelement, the over·
load protection circuitry may be disabled by holding the
OVERLOAD PROTECTION PUSH TO DISABLE push­
button switch depressed for the duration of the
measurement. Observe overload derating above 10 MHz and
for short 1< 1 mS) transients) .

EXAMPLE
Assume that the a·c signal to be measured has
a peak value of 150 volts and a crest factor of
3:1. When the operator sets the RANGE VOLTS
switch to 125 TO 230, the ATSwil1 not be
capable of providing a meter indication of 0 on
the BAL scale since the rms value of the applied
signal (SO volts) is below the selected measure­
ment range.
When the operator switches to the next lower
position of the RANGE VOLTS switch Ii.e.,
64 TO 125), the ATS will still not balance
because the rms value of the applied signal is
still below the selected measurement range. Note
that the peak value of the applied signal is less
than 175% of the selected range high voltage limit
of 125 volts. 125 x 175% '" 219V Therefore the over­
load protection circuitry will not be triggered.

Sin~ a null was not obtained, the operator now
sets the RANGE VOLTS switch to 32 to 64. The
peak value of the applied signal is now in excess
of 175% of the selected range high voltage limit,
causing the overload protection circuitry to
trigger and remove the applied signal from at­
tenuator netwOf'k. The OVERLOAD PROTEC·
TION PUSH TO RESET pushbutton switchlindi·
cator will illuminate to indicate that an over­
load condition exists.

To measure the rms value of the applied signal,
the operator should depress the OVERLOAD
PROTECTION PUSH TO DISABLE switch and,
while holding this switch depressed, moment·
arily depress the OVERLOAD PROTECTION
PUSH TO RESET switch. The OVERLOAD
PROTECTION PUSH TO RESET indicator will
no longer be illuminated and the operator can
perform the selected measurement. After
transfer has been achieved, the operator should
set the RANGE VOLTS switch to the next
higher range and then release the OVERLOAD
PROTECTION PUSH TO DISABLE pushbutton
switch.

2-9

CAUTION

To prevent damage to the thermoelement, follow the above
example whenever high crest factor signals are to be meas·
ured (I.e., null cannot be obtained on initial setting of the
RANGE VOLTS switch).

It should be stressed that the overload protection circuitry
is not designed to serve as a range indicator and that con­
tinuous overloading of the ATS may result in the eventual
degradation of the thermoelement.
The thermoelement is not covered by the warranty.
2·22. Standby. A standby mode is provided to eliminate
the possibility of damaging the thermoelement when chang·
ing input cables Of' switching signal levels. Standby switch
S6 is provided to activate the overload protection circuit
and thus disconnect the input from the attenuator. S6 is
activated by depressing a momentary pushbutton switch on
the front panel. It functions only when the ATS is in the
AC mode.

The overload lam~ DS3 lights to show standby operation.

When ready to resume normal operation the overload pro­
tection reset switch S2 is pushed to reconnect the input
connectors to the attenuator.

2-23. MANUAL BALANCE OPERATION. To operate the
ATS in the manual balance mode, process directed in the
following steps.

a. Couple the ATS to line power and momentarily
press the POWER PUSH pushbutton switch; the in·
dicator portion of the switch should illuminate.
Allow the ATS to warm up for at least 20 minutes.

b. Set the mode switch to MANUAL BALANCE.

c. Set the RANGE VOLTS switch to obtain a dial
indication of 500 to 1000. Push the STANDBY push­
button and note that the overload lamp is illuminated.

d. Interconnect the equipment as illustrated in
figure 2-3. coupling the voltage source under measurement
to the AC INPUT 32·1000V connector. Set input voltage
and RANGE VOLTS switch into range.

e. Note which indicator lAC or DC) is illuminated.
If the DC indicator is illuminated, momentarily
press the TRANSFER·RESET pushbutton switch AC in·
dicator will become illuminated and the DC indicator will
become extinguished.

f. Note if the OVERLOAD PROTECTION PUSH TO
RESET indicator is illuminated. If it is, momentarily depress
the OVERLOAD PROTECTION PUSH TO RESET push­
button switch. The indicator should become extinguished.

g. Adjust the MANUAL BALANCE COARSE andlor
FINE controls to obtain a meter indication of 0 on the
BAL scale. When this indication is obtained, the ATS is
ready to be set to the doc output state. To increase



-

-

-

resolution at balance push NULL X5 pushbutton. This
gives maximum resolution of 10ppm per minor scale
division.

NOTE

1. If it is not possible to obtain a meter indication of 0 on
the SAL scale, the RANGE VOLTS switch is set to the
wrong range. See the example following paragraph 2·21.

2. Transients developed when switching between RANGE
VOLTS switch settings (particularly between the 16 TO 32
and 32 TO 64 positions) may cause the overload protection
circuitry to trigger. If this occurs, momentarily depress the
OVER LOAD PROTECTION PUSH TO RESET pushbutton
switch.

WARNING

A substantial shock can occur if the operator
inadvertently oontacts the +DC OUTPUT and
-DC OUTPUT binding posts when the DC
indicator is illuminated. The -DC post is
chassis ground.

h. Momentarily depress the TRANSFER·RESET push·
button switch to place the ATS in the doC output state; the
DC indicator should illuminate. A doC output voltage
equivalent to the rms value of the signal under measurement
can be obtained from the indication of the digital VM or
potentiometer connected between the +DC OUTPUT and
-DC OUTPUT bi ndi ng posts. Note that a less accurate
reading can be obtained by noting the meter DC OUTPUT
VOLTAGE scale indicatiori and multiplying this value by
the factor indicated in the TIMES METER READING dia1.

i. To perform another measurement, repeat steps
e through h.

2·24. REVERSE MANUAL BALANCE OPERATION,
To operate the ATS in the reverse manual balance mode
(i.e., using the ATS to provide a reference output level and
then setting the rms value of the applied signal to equal this
voltage). proceed as follows.

a. Couple the ATS to line power and momentarily
depress the POWER PUSH pushbutton switch; the indicator
portion of the switch should illuminate. Allow the ATS to
warm up for at least 20 minutes.

b. set the mode switch to MANUAL BALANCE.

WARNING
A substantial shock can occur if the operator
inadvertently oontacts the +DC OUTPUT and
-DC OUTPUT binding posts when the DC in­
dicator is illuminated.

c. Set the RANGE VOLTS switch to obtain the desired
voltage and note which indicator (AC or DCI is illuminated.
If the AC indicator is illuminated, momentarily depress the
TRANSFER·RESET pushbutton switch; the AC indicator
will beoome extinguished and the DC indicator will be
illuminated.

d. With the voltage source set for minimum output level,
interoonnect the equipment as illustrated in figure 2-3.

e. Adjust the MANUAL BALANCE COARSE and/or
FINE oontrols until the desired rms voltage level (as in·
dicated on the doc digital voltmeter or potentiometer null
is obtained.

f. Without further adjustment of either the MANUAL
BALANCE COARSE and/or FINE control, momentarily
dePl"e5s the TRANSFER-RESET pushbutton switch; the
DC indicator will become extinguished and the AC in·
dication will be illuminated.

g. Carefully adjust the output level of the voltage source
until the pointer of the ATS meter deflects to an indication
of 0 on the BAL scal.e. When this occurs, the voltage source
output level has been set to the desired value.

2·25. AUTOMATIC BALANCE OPERATION. To operate
the ATS in the automatic balance mode, proceed as directed
in the following steps.

a. Couple the ATS to line power and momentarily de·
press the POWER PUSH pushbutton switch; the indicator
section of the switch should illuminate. Allow the ATS to
warm up for at least 20 minutes. Set the Auto Recycle
slide switch sa on the rear panel to "OFF".

b. Set the mode switch to AUTO; the AC indicator will
become illuminated. Set the NORMAL/FAST toggle switch
to NORMAL.

c. Set the RANGE VOLTS switch to obtain a dial in·
dication of 500 TO 1000. Push the STANDBY pushbutton
and note that the overload lamp is illuminated.

d. Interconnect the equipment as illustrated in figure 2-3,
coupling the voltage source under measurement to the AC
INPUT 32-1000V connector. Set input voltage and RANGE
VOLTS switch into range.

e. Note that the OVERLOAD PROTECTION PUSH TO
RESET indicator is illuminated. If it is, momentarily de-
press the OVERLOAD PROTECTION PUSH TO RESET
pushbutton switch. The indicator should become extinguished.

WARNING

A substantial shock can occur if the operator
inadvertently oontaets the +DC OUTPUT and
-DC OUTPUT binding posts when the DC in·
dicator is illuminated.

2-10
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Figure 2-3. Equipment Interconnection Diagram

f. After approximately 15 seconds, the meter pointer
will deflect to an indication of a on the SAL scale. At this
time the AC indicator will be extinguished and the DC in·
dicator will illuminate. A d·c output yoltage equivatent to
the rms value of the signal under measurement can be ob­
tained from the indication of the d·c digital voltmeter or
other readout instrument connected between the +DC OUT­
PUT and -DC OUTPUT binding posts. Note that a less ac­
curate reading can be obtained by noting the meter DC
OUTPUT VOLTAGE scale indication and multiplying this
value by the factor indicated in the TIMES METER READ·
INGdial.

NOTES

1. If it is not possible to obtain a meter indication of 0 on
the SAL scale, the RANGE VOLTS switch is set to the
wrong range. See the example following paragraph 2-21.

2. Transients developed when switching between RANGE
VOLTS switch settings (particularly between the 16 TO 32
and 32 TO 64 positions) may cause the overload protection
circuitry to trigger. If this occurs. momentarily depress the
OVERLOAD PROTECTION PUSH TO RESET pushbutton
switch.

2-"

i. To perform another measurement. momentarily de­
press the TRANSFER·RESET pushbutton switch.

To obtain the advantage of Auto Zero operation set rear
panel Auto Recycle switch 58 to ON. The ATS will make
a new reading approximately 45 seconds after transfer
from AC to DC. There is no further need to manually
push the RESET switch.

2·26. MANUAL TRANSFER OPERATION. To operate the
ATS in the manual transfer mode, proceed as directed in
the following steps.

a. Couple the ATS to line power and momentarily de·
press the POWER PUSH pushbutton switch; the.indicator
section of the switch should illuminate. Allow the ATS to
warm up for at least 20 minutes.

b. Set the RANGE VOLTS switch to 500 TO 1000.

c. Set the mode switch to MANUAL TRANSFER and
note which indicator lAC or DC) is illuminated. If the DC
indicator is illuminated, momentarily depress the
TRANSFER·RESET pushbutton switch; the DC indicator
will be extinguished and the AC indicator will illuminate.

-
-



- Push the STANDBY pushbutton and note that the overload
lamp is illuminated.

d. Interconnect the equipment as illustrated in figure
2-3, coupling the voltage source under measurement to the
AC INPUT 32· 1OOOV connector. Set input voltage and
RANGE VOLTS switch into range.

e. Note that the OVERLOAD PROTECTION PUSH TO
RESET indicator is illuminated. If it is, momentarily de·
press the OVERLOAD PROTECTION PUSH TO RESET
pushbutton switch; the indicator section of the switch
should be extinguished.

WARNING
A substantial shock can occur if the operator
inai:lvertently contacts the +DC OUTPUT and
-DC OUTPUT binding posts when the DC in­
dicator is illuminated.

f. After approximately 15 seconds, the meter pointer
will deflect to an indication of 0 on the BAl scale. When
the pointer comes to rest within one-half division of 0,
momentarily depress the TRANSFER-RESET pushbutton
switch. At this time the AC indicator will be extinguished
and the DC indicator will illuminate. A d·c output voltage
equivalent to the rms value of the signal under measurement
is available at the DC OUTPUT binding posts and can be
read by means of the doc digital voltmeter or potentio­
meter. Note that an approximate reading may be obtained
by noting the meter DC OUTPUT scale indication and
multiplying this value by the factor indicated in the TIMES
METER READING dial; this feature permits presetting of
differential voltmeter or potentiometer controls.

NOTES

1. If it is not possible to obtain a meter indication of 0 on
the BAL scale, the RANGE VOLTS switch is set to the
wrong range. See the example following paragraph 2~21.

2. Transients developed when switching between RANGE
VOLTS switch settings (particularly between the 16 TO 32
and 32 TO 64 positions) may cause the overload protection
circuitry to trigger. If this occurs, momentarily depress the
OVERLOAD PROTECTION PUSH TO RESET pushbutton
switch.

g. To perform another measurement, repeat steps c
through 1.

2-27. AUTOMATIC BALANCE OPERATION FROM A
REMOTE LOCATION. To operate the ATS in the auto­
matic balance mode from a remote location, proceed as
directed in the following steps.

NOTE

This procedure assumes that the voltage under measurement
does not require resetting of the RANGE VOLTS switch.

a. With the ATS removed from line power, remove 7
pin plug P14from J14 on the rear panel.

b. Remove the jumper between contacts D and E from
plug P14. Also see Table 2-2.

c. Fabricate a remote control box (see figure 2-4) and
interconnect the ATS and remote control box as illustrated
in figure 2-5.

d. Couple both the ATS and the remote control box to
line power and energize the equipment.

e. Set the ATS mode switch to AUTO and the RANGE
VOLTS switch to that range compatible with the signal to
be measured.

f. Operate the ATS as in the standard AUTOmatic balance
mode (refer to paragraph 2-26), using the pushbutton switch
on the remote control box to switch between a-c balance
and d·c output states. Note that range switching and resetting
of the overload protection circuitry cannot be accomplished
at the remote control box. Range programming may be
accomplished when option 03 is installed in the ATS.

2-28. INDEPENDENT OPERATION OF TRANSFER
ASSEMBLY Al. At times it may be required that the trans·
fer assembly (11601 A) be operated independently of the
remainder of the ATS system. Such instances occur when
the transfer assembly is sent to the National Bureau of
Standards for a test report on AC·DC difference. The wiring
for independent operation of the transfer assembly is illus­
trated in figure 2-6. Note that the circuitry shown by heavy
lines are the minimum required for independent operation.
Plus and ·15 volt supplies are required only to operate the
overload protection circuits.

CAUTION

If the transfer assembly is to be operated
without the operation of the overload protec­
tion capability, care must be taken to ascer­
tain that the voltage range setting of the
RANGE VOLTS switch is compatible with
the a-c voltage to be measured.

2-29. To remove the transfer assembly from the equipment
frame, proceed as directed in the following steps:

a. With the ATS unenergized remove the unit from its
bench mount case or from the rack.

b. If the ATS contains top and bottom chassis dust
covers PIN 51-10015-1 L remove these two covers.

c. Disconnect the 3 high voltage BNC connectors, the
50 pin Blue Ribbon and the 24 pin Blue Ribbon connector
from the mating receptacles in the 11600A transfer
Assembly. Remove the front panel collet knob by first reo
moving the knob cover to gain access to the collet lock nut.

d. Place the 1600A ATS on its left side (with the 11600A
at the bottom).

2-12
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e. Remove the four screws that hold the transfer
assembly to the struts in the equipment frame.

f. Carefully place the ATS rightside·up.

g. Gently slide the transfer assembly toward the rear of
the equipment and, using both hands, carefully lift the
transfer assembly out of the equipment.

2-30. EXTERNAL THERMAL CONVERTER. Provision is
made for the use of external thermal converters where this
may be advantageous. Thermal convertef5 to 1 GHZ operation
such as Ballantine Series 1394A and 1396A are recommended.
The 1600A is set up for this mode of operation simply by
removing P15 from J15 at the rear panel and connecting a
suitable cable between J15 and the thermocouple dc output.
such as Ballantine part 89-10126-1 F for three terminal
connectors on thermoconverter outputs. Refer to Table 2-2
and Figure 92·10037·1C. Connect cable Ballantine Part No.
89-10128-1 F to the dc output terminals of the 1600A.
Disable the Auto·Recycle switch S8 on the rear panel.

To make a transfer reading. connect the unknown ac source
being measured to the input of the thermocouple. Balance
the ac loop in the usual way. depending on the mode of
operation of the 1600A. When the de transfer has taken place.
disconnect the unknown Ole source from the thermocouple
and Quickly connect the free end of de output cable. part
number 89·10128-1 F to the thermocouple. Allow 10 to 15
seconds for the dc loop to stabilize and read the dc voltage
on the DVM. When high voltages are involved. care must
be taken in handling the dc output cable to avoid a severe
shock or damage to the equipment.

CAUTION

External thermoconverters are not protected
by overload protection. Extreme care must be
taken that the input voltage to the thermo con­
verter and the 1600A ATS Voltage Range
selection match the maximum anticipated input
signal to the thermo converter.

2-31. EXTERNAL PROGRAMMING OUTPUT FOR
TRANSFER READOUT DVM RANGE. Manual Range
selector switch AIS3G on the 11600A provides
selection of one of 13 output points corresponding
to each of the 12 attenuator ranges and the PGM ex­
ternal remote program selection range. All thirteen
points and the common are available at AIS3G and
the rear panel 50 pin connector J16. The interconnect·
ing cable is provided with jumpers to provide range coding
for external programable digital voltmeter 3600A when
using connecting cable 89-10129·1F.

The Program Output is available from the factory and
provides installation of the universal "one of 13"
points range output p>ogram. J16 is then wired with
pin 2 through pin 13 wired sequentially from the
0.25 to 0.5 V attenuator range rode on pin 13 and the
500 V to 1 kV range code connected to pin 2. Pin 1
codes the PGM output and pin 25 is the common for
this program.output system. See Table 2·2.

Switching of voltages to 100 Volt de is permitted but
inductive loads with currents over 10 rnA should be
diode surge protected. Inductive loads oYer 20 mA
should be avoided. Off ground operation to 200 Volts
dc is ~rmissible. Avoid ac signals on these program
output lines and if necessary. provide EMI suppression
since transfer errors could be caused by stray coupling
in the 1600A from unknown or uncontrolled external
systems tied to this remote range output programming
system.

A trigger output signal is available to program trigger·
able DVM's to read at the "most precise" thermal
point occurring some 15 seconds after the transfer
from ae mode to dc mode. This trigger output is a
unique "Read" feature and assures best accuracy and
optimum repeatability. It minimizes operator error
and variables caused by indeterminate timing and
thermal time constants.

The "Read" trigger is a 4 Volt negative trigger of
200 usee duration. It is capactively coupled to pin 14
of J16 and is referenced to the 1600A +3.9 V de supply.
Its negative transition source impedance is 0, and
positive transition approximately 1 kG. Avoid cap­
acitive loads in cables and receiving units with shunt
capacity greater than 175 pF and keep resistive load
at son or greater. A 50n terminated transmission
system is recommended.

When using Ballantine Model 3600A DVM, the
3600A is automatically programmed by the range
switch of the 1600A Auto Transfer Standard. Cable
assembly Ballantine part number 89-10129-1 F is con·
nected between the 3600A and J16 at the rear of the
1600A Auto Transfer Standard.

2·32. REMOTE RANGE PROGRAMMING OF THE
, 1600A TRANSFER ASSEMBLY. Remote Range
Programming MOD-C3 is optionally available to permit
remotely activating the range attenuator.

When MOD-03 option is installed and the RANGE VOLTS
switch on the 11600A is set to PGM position any of the
12 ranges from 0.25V to 1 kV may be remotely selected.

Rear Input Connector J300 is provided for connection
of external range programmers to the 1600A.lt isa

2-14
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89-10126-IF(3-PIN CONNECTOR)
( LENGTH 3' FTl

89-10129-IF
(LENGTH 3' FTl

§
OPTIONAL JI. JIO

DVM
COMMA NO

PROGRAMING
CABLE

THERMO 1600ACONVERTER

139%
1396A

! ii JlJ2
AC

~SIGNAL It bfl' 3600A

~
SOURCE

Z"
89-10r28-IF

(LENGTH 3' FTI •

Figure 2·7. External Thermo Converter Block Diagram 92-10037-1C
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50 pin Amphenol Blue Ribbon connector (Amphenol
57-40500). Mating connector, Ballantine Part 31­
l00SO-QA (Amphenol 57·30500) is optionally avail·
able as is a 6 foot mating program cable, Ballantine
Model 12253A which terminates in 50 pin connectors
at both ends.

Electrical activation is by 12 lines of TTL compatible
signal levels or contact closure to ground. One of
twelve lines only must be activated to select one
attenuator range. A range is selected by a "low" level
of less than +0.3 Volts or a contact closure to ground.
Current sinking capability must be greater tllan 10 rnA.
This is the "zero" or command level. All other range
program lines must be at voltage levels of +5 .to.5 Volu.
The latter is "1" state level and presents a nominally
greater than 2.000n source impedance to the external
programmer.

All range program inputs are decoupled through solid
state optical isolators. 5 Volt bias voltage may be
supplied from the external programmer or internally
from the 1600A. When external +5 V bias is provided.
ground c,Jrrents and noise interference are minimized.
Off ground operation of .t200 V dc plus peak ac is per·
mitted.

It is recommended that the programmer is a break before
make contacting type to avoid having more than one
attenuator range activated simultaneously. Range selection
may be randomly sequenced. It is also recommended
tllat range switching be acoomplished in dc Mode and
at rates slower than one change every 2 seconds to prevent
overload trip.

Reset may be remotely programmed and all other 1600A
remote features are independently usable with the remote
ranging option.

Table 2·2 gives the pin connection for remote ranging J300.

Remote ranging circuits are coupled through solid state
optically activiated isolators. These solid state relays.
K311 through K322, provide selection of range and operate
seated reed relays K321 through K332. The ranging
relays select ranges normally chosen by manual
attenuator selector switch S3A and S38. The reed relays
K321 through K332 select internal dc transfer voltage
multipliers normally chosen by manual attenuator selector
switch S3C and 530. In addition. K340 is a SPOT reed
relay used to provide error feedback to either low or
high voltage systems as normally selected by switch 53E.
Interconnection is provided by 50 pin blue ribbon connector
J310 mounted in the 11601A.

The front panel output voltage indicating meter is not
active when remote range PGM is selected, although it
still functions as a null indicator in the ac operating
mod•.

MOo.Q3 is normally installed at the factory.

2-33. PACKAGING INSTRUCTIONS.

2-34. SHORT TERM STORAGE. If the ATS is to be
stored for a short time, cover the equipment with suitable
protective covering (such as a sheet of plastic or paper)
and store the equipment in a clean and dry area that is not
subject to extreme temperature variations.

2-35. LONG TERM STORAGE OR SHIPMENT. If the
ATS is to be stored for a long period, or shipped, proceed
as directed below.

a. If the original wrappings and carton have been
saved. package the equipment as illustrated in figure 2·8.

b. If new packing material is to be employed, first
wrap the ATS in a moistureproof barrier such as a
plastic bag. Place the equipment in a suitable box or
carton and fill all empty spaces with suitable filler material
to prevent possible shifting of the equipment. Seal the
box or carton. Should conditions warrant rugged packaging,
enclose the sealed box in a carton in an outer wooden
aate or metal transit case.

c. Always "block" the rack slides and the unit in the
bench mount case with shipping blocks made of heavy
duty corrugated cardboard to prevent motion of the instru·
ment within the enclosure during shipping shock and
vibration.

2-36. If shipment is to the factory:

a. Notify Ballantine in advance and include detailed
reasons for return inside the box along with your name,
company name, telephone and full mailing address. Also
include the purchase order number.

b. Properly label and address box with several typed
labels or an indelible pen.

c. Mark the box FRAGILE ELECTRONIC INSTRUMENT­
DO NOT DROP OR THROW. It is reoommended that the
shipment be fully insured against loss or shipping damage.

d. Ship prepaid by truck or Air Freight to:

Ballantine Laboratories
90 Fanny Road
P.O.60x97
Boonton, N.J. USA 07005

2·16



2·17

~U"ER'lfO------/
".U,rf~K,

CU'~IO"'"G____
PAC••••

lUE .onl

CUSH,ON,NO
P.c......
'.n Hon)

_____"ul~:~~m

," 8' ".".

HOU
I. ,.oTt"'o. TO et CONT"OuEO D£.IlIn

CUS"'ON'Na. "OUC.'O .V'"U'U "In
.E•. oOv.I.EC, .. 'L-C- .....
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