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THERMAL TRANSIENT TEST SYSTEM 

GOVERNMENT INTEREST 

This invention may be made, used or licensed by or for the 
US. Government pursuant to contract D AA K-10-84-C 
0206 awarded by the Department of the Army. 

FIELD OF THE INVENTION 

This invention relates to testing thermal transient response 
characteristics of a resistor and more particularly to deter 
mine automatically the value of an unknoWn resistance and 
for setting the null condition of a Wheatstone bridge during 
such testing. 

BACKGROUND OF THE INVENTION 

Prior art thermal transient testers employ a manually 
balanced Wheatstone bridge. This bridge comprises tWo 
?xed resistors in tWo branches; an electro-explosive device 
under test forming a third branch and a set of variable 
resistors forming a fourth branch. The electro-explosive 
device comprises a pyrotechnic device having a pair of 
terminals to Which is connected a bridge Wire of relatively 
loW resistance. A pyrotechnic material encases the bridge 
Wire. When an electric current pulse of suf?cient amplitude 
is applied to the device terminals, the bridge Wire is heated 
to a point Where the ignition temperature of the pyrotechnic 
material is reached and the pyrotechnic material ignites. It is 
important to test these pyrotechnic devices for proper resis 
tance values of the bridge Wire and also for the thermal 
response characteristics of the bridge Wire to ensure that the 
pyrotechnic material Will in fact ignite When an ignition 
current pulse is applied to the device terminals. OtherWise 
failure of the device to ignite creates safety and other 
problems. 

For these reasons the transient tester mentioned above is 
utiliZed in the prior art for determining both the resistance of 
the device and for testing the thermal response characteris 
tics of the device to ensure the device meets its speci?ed 
requirements so that it Will in fact ignite in response to an 
appropriate ignition current signal applied thereto. 

To test such devices for thermal transient response, the 
device is inserted as one arm or branch of the manually 
balanced bridge. The variable resistors are shifted in value 
for nulling the bridge. A current pulse is then applied to the 
bridge input nodes. The current pulse has an amplitude 
sufficient to heat the bridge Wire of the electro-explosive 
device an amount suf?cient to generate a thermal response 
in the bridge Wire. The thermal response is then measured 
and observed on an oscilloscope for appropriate analysis. 
This approach is cumbersome and aWkWard and, further, the 
number of devices tested is limited to several per minute in 
response to the need for an operator to balance manually the 
bridge for each device, test the device, remove the device 
and insert a neW device and rebalance the bridge for the neW 
device. 

The bridge is balanced or nulled in order to cancel the 
effect of the resistance value of the electro-explosive device 
under test. In this Way, the thermal response characteristic 
curve of the device is a measure only of the thermal response 
of the device and does include the actual resistance of the 
device Which may complicate the test result. 

The present invention is directed to a need recogniZed by 
the present inventors for an automatic system for testing the 
electro-explosive device described above automatically and 
rapidly. This automatic testing of the device results in 
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2 
several problems including automatically measuring the 
device resistance and automatically balancing the bridge so 
as to achieve a null condition for applying a thermal tran 
sient current signal to the device. 

SUMMARY OF THE INVENTION 

A test apparatus according to the present invention pro 
vides a resistance of a certain value and includes control 
means for generating at least one control signal. First circuit 
means include a settable resistance responsive to at least one 
control signal for setting the settable resistance to a ?rst 
value approximating the certain value. Second means are 
responsive to the at least one control signal for setting the 
settable resistance to a second value Which is substantially 
the same as the certain value. 

In accordance With one embodiment of the present 
invention, the control means includes means for automati 
cally causing initially the setting of the settable resistance to 
the ?rst resistance value and then automatically causing the 
setting of the settable resistance to the second resistance 
value. 

In a further embodiment, the ?rst circuit means includes 
a resistor ladder netWork of series connected resistances of 
different ?rst values and said second means includes a 
second variable analog resistance means in series With the 
?rst circuit means. 

The apparatus in accordance With a still further embodi 
ment includes a bridge netWork having ?rst and second pairs 
of opposing nodes Wherein a resistance is betWeen each of 
the nodes. The ?rst pair of nodes comprises an input to the 
bridge netWork and a second pair of nodes comprise an 
output of the bridge netWork. The current value at the second 
pair of nodes is the same for providing a null current value 
therebetWeen When the resistances betWeen each input node 
and a ?rst output node have the same relative value as the 
resistances betWeen each input node and the other output 
node. A settable resistance is betWeen one of the output and 
one of the input nodes. 

In accordance With a still further embodiment, the settable 
resistance comprises a linear resistance ladder netWork and 
an analog FET resistance in series With the netWork. The 
resistance ladder netWork has its resistance value set by a 
voltage thereacross generated by the device under test and 
the FET resistance value is set by coupling the FET to the 
output nodes of the bridge and causing the FET to servo in 
a manner to balance the bridge automatically. 

IN THE DRAWING 

FIG. 1 is a circuit schematic diagram of an apparatus in 
accordance With one embodiment of the present invention; 

FIG. 2 is a circuit diagram of a Wheatstone bridge for 
illustrating certain principles of the operation of the circuit 
of FIG. 1; 

FIG. 3 is a circuit diagram of a four Wire circuit for 
measuring the value of a resistance for explaining further 
principles of the present invention in the embodiment of 
FIG. 1; 

FIGS. 4 and 4A are circuit diagrams of a constant current 
pulser generator utiliZed in the embodiment of FIG. 1; 

FIG. 5 is a circuit diagram of the settable resistance R4 
and the null bridge circuit of FIG. 1; 

FIG. 6a is a circuit diagram of a relay operated resistor of 
the resistor ladder netWork of FIG. 5; 

FIG. 6b is a chart illustrating exemplary resistance values 
utiliZed in the circuit of FIG. 6a; 
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FIG. 7 is a block schematic diagram of a timing circuit for 
generating certain timing signals utilized in the embodiment 
of FIGS. 1 and 4; 

FIG. 8 is a timing diagram illustrating the different timing 
relationship of the signals employed in the embodiment of 
FIG. 1; and 

FIGS. 9a through 9f are oscilloscope Waveform displays 
illustrating different thermal responses of a unit under test 
(UUT) employed in the circuit of the embodiment of FIG. 1. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

In the folloWing description the same reference numerals 
in the different ?gures refer to identical parts. The single 
conductor Wires in the different circuits may represent either 
single conductors or multiple conductors or computer data 
buses. In FIG. 1, circuit 10 comprises a Wheatstone bridge 
12 having input nodes 2 and 4 and output nodes 1 and 3. A 
resistance is betWeen each of the nodes. Resistances of ?xed 
value R2 and R3 are betWeen respective pairs of nodes 2, 3 
and 1, 2. A settable resistance R4 is betWeen nodes 1 and 4. 
AsWitch S2 is betWeen node 1 and one terminal of resistance 
R4. SWitch S2 is schematically represented as a manual 
sWitch, but in practice may be relay operated, a transistor 
sWitch or other sWitching device. 
A ?fth node 5 is connected to node 4. A resistance Ro 

formed by a unit under test (UUT) is coupled betWeen nodes 
3 and 5 by a ?rst contact resistance RC1 Which is betWeen 
nodes 3 and 3‘ and a second resistance RC2 betWeen nodes 
5 and 5‘, the nodes 3‘ and 5‘ comprise contact terminals for 
receiving the leads of the UUT. The values of resistances 
RC1 and RC2 represent the contact resistance of the UUT 
inserted into connectors represented by the nodes 3‘ and 5‘ 
and are relatively negligible in comparison to the value of 
R0. By Way of eXample, the value of resistance R2 may be 
5 ohms and the value of resistance R3 may be about 2660 
ohms. The resistance value of the UUT RO may be about 5 
ohms. The value of resistance R4 is set to approXimate the 
value of R3 to form a balanced bridge so that the current at 
nodes 1 and 3 is nulled, a null condition being represented 
by 

Node 3‘ is connected to a sWitch S1 terminal 8 and node 
5‘ is connected to a sWitch S1 terminal 14. Node 3 is 
connected to sWitch S1 terminal 16 and node 5 is connected 
to sWitch S1 terminal 18. SWitch S1 selectively connects 
either terminals 16 and 18 or terminals 8 and 14 to the inputs 
of ampli?er 20. 

Depending on the sWitch position of sWitch S1, the output 
of ampli?er 20, signal e, is a signal Which manifests either 
the resistance value R0 of UUT alone or the resistance value 
of the contact resistances RC1 and RC2 in addition to the 
resistance value R0 of UUT. In the sWitch position as shoWn 
With S1 connected to terminal 16 and 18, the resistance 
values of RC1, RC2 and UUT are represented by the output 
signal of ampli?er 20. When the sWitch of S1 is connected 
to terminals 8 and 14, only the resistance value R0 of UUT 
is measured. The former value including RC1, RC2 and R0 
is represented by signal e, FIG. 8, period t6, Which is 
supplied to a recorder and display (not shoWn) for eXample 
a digital oscilloscope and/or other recording system. The 
contact resistance is compared to R0 to determine if the 
contacts are Worn and should be replaced. Normally a signal 
representing the value of RO is otherWise generated during 
period t1. 
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A constant current pulse generator 22 is coupled to the 

nodes 2 and 4 for supplying a sequence of tWo successively 
generated contant current pulses signal f, FIG. 8. A control 
24, Which may be a computer, controls the pulse generator 
22 and the sWitch position of sWitch S1 and sWitch S2 Which 
couples the output of ampli?er 20 to null bridge circuit 26. 
Control 24 controls the state of sWitch S1 With signal d, FIG. 
8. 
The null bridge circuit 26 receives the signals at nodes 3 

and 5 to set the coarse value of R4 and the signals at nodes 
1 and 3 to set the ?ne value of R4 to balance the bridge in 
response to appropriate control signals from the control 24 
during period t1. Also, the circuit 26 opens and closes sWitch 
S2 for selectively opening the bridge in period t1, signal h, 
for the purpose of measuring the value of the resistances R0 
or RC1, RC2 and R0 during the balance portion of a cycle 
period t1‘. The value of the signal at the nodes 3 and 5 
applied to the null bridge circuit 26 is used for purposes of 
setting the value of R4 during t1 for coarse nulling the bridge 
12. The output node signals at nodes 1 and 3 are applied as 
inputs to ampli?er 28 for the thermal transient test response 
of the UUT When the UUT receives constant current pulse 
32, FIG. 8, period t2. Pulse 32 is of suf?cient amplitude to 
heat the UUT resistance an amount to elevate its temperature 
so as to produce a thermal response characteristic Wave 

curve f, period t2. 
In FIG. 8, the output of the current pulser generator 22 

signal j comprises tWo pulses 30 and 32 forming a test cycle. 
Pulse 30 has a duration t1 of about 15 ms. At the end of this 
15 millisecond period a trigger signal is generated folloWed 
by a 1 ms null current folloWed by transient test current 
pulse 32. Pulse 32 has a settable duration of 1 to 99 ms in 
one ms steps, preferably about 20 to 30 ms in duration. 

Pulse 30 serves several purposes. It is utiliZed to produce 
a current at nodes 3 and 5 in FIG. 1 and creates a voltage 
across the UUT alone and in combination With RC1 and 
RC2, the latter of Which is sensed by ampli?er 20 When the 
ampli?er 20 is connected as shoWn by sWitch S1 in solid 
line. The value of the resistance of UUT is also measured in 
response to the current pulse 30 by the normal state of sWitch 
S1 (the open state of FIG. 1) so that it connects terminals 8 
and 14 to ampli?er 20. This couples only the resistance of 
UUT to ampli?er 20 Whose output signal e represents the 
resistance value R0 of UUT. At the beginning of the cycle in 
period t1, period t1‘ signal h, the sWitch S2 is opened by the 
null bridge circuit 26 so that the current pulse 30 is forced 
primarily through UUT. 

During period t1‘, signal h, the output signal at nodes 3 and 
5 representing the value of the resistance RO is applied to the 
null bridge circuit 26. The null bridge circuit 26 in response 
to this signal sets the value of resistance R4 of the settable 
resistance approximately to the value of resistance R3 using 
the voltage across the cold R0 of UUT. SWitch S2 is then 
closed at end of the period t1 producing an output signal at 
output nodes 1 and 3. The signal at the output nodes 1 and 
3 represents the null condition of the bridge 12. This signal 
is applied to the null circuit 26 Which then ?ne tunes the 
value of resistance R4 so that R3/R2=R4/RC1+RC2+RO and 
the current at nodes 1 and 3 eXactly match and the bridge is 
nulled. That is, in response to any difference in currents at 
nodes 1 and 3, generated by the coarse value of resistance R4 
set using R0, R4 is altered by circuit 26 using the bridge null 
current until the bridge is nulled. All of this occurs Within the 
15 ms of period t1. 

FIG. 3 represents the circuit of FIG. 1 When the sWitch S2 
is open. Rx in FIG. 3 represents R0. A volt meter V across 
resistance Rx measures the voltage across this resistance in 
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response to a current ?owing through the network compris 
ing series resistance RC1, Rx, RC2 and a variable resistance 
RV. The current ?owing is IQ. A battery 13 applies the 
current. The voltage produced by the volt-meter V is a 
measure of the value of Rx. The condition of FIG. 3 is 
represented by the state of the circuit of FIG. 1 when the 
switch S2 is open and the switch S1 is connected as shown 
in solid line to terminals 16 and 18. The resistance R2 of 
FIG. 1 represents the value of RV in FIG. 3. The battery 13 
represents the pulse generator 22. 

After switch S2 is closed, the circuit of FIG. 2 is pro 
duced. In FIG. 2, a wheatstone bridge 12‘ comprising 
resistances Rx, R2, R3 and R 4 are connected in four branches 
in which a meter M is connected between two output nodes 
1 and 3 between resistance branch pairs R3, R4 and R2, Rx. 
The battery 13 is connected to the input nodes 2 and 4. The 
value of resistance R4 in FIG. 2 is varied until the meter M 
registers a null, that is, no current ?ows therebetween at 
nodes 1 and 3. In FIG. 1, circuit 26 sets the value of R4 when 
switch S2 is open to produce the condition of FIG. 3 and 
then is closed to produce the condition of FIG. 2 so that the 
current at nodes 1 and 3 during the latter portion of the 
period t1 of pulse 30 is set to a null. 

After the bridge is nulled, the second current pulse 32, 
FIG. 8, is applied by generator 22 to nodes 2 and 4, FIG. 1. 
This pulse has suf?cient amplitude such that it will heat the 
resistance R0 of UUT. At this time because of the heating of 
UUT, its thermal response characteristic is such that its 
resistance changes so that the current at nodes 1 and 3 shifts 
as illustrated by signal f, FIG. 8, in period t2. This signal is 
ampli?ed by ampli?er 28 and applied to a recorder and 
oscilloscope display (not shown) for recording the thermal 
response characteristics during period t2. Because the unit 
under test resistance RO has been balanced in the bridge 
when the bridge has been nulled the value of resistance RO 
is not included in the waveform f, period t2. 

The various responses of the UUT for different UUTs 
having different thermal characteristics is illustrated in 
FIGS. 9a through 9f. FIG. 9a illustrates a normal response. 
FIG. 9b illustrates a poor bridge wire weld. That is the unit 
under test resistance RO is not properly connected to its 
terminals causing an open condition and thus the poor 
response. FIG. 9c illustrates a relatively steep response 
curve at the leading edge of the waveform which illustrates 
entrapped solvents, phase transformation and so. FIG. 9a' 
illustrates a poor contact in which the response curve does 
not curve smoothly from its Zero level. FIGS. 96 and 9f show 
other defective conditions of the unit under test including 
bridge wire movement due to an air gap, FIG. 96, and a low 
thermal response, FIG. 9f. 

In FIG. 4, constant current pulse generator 22 is shown in 
more detail. Control 34, which may be a computer, is set into 
operation via a manual/automatic switch 36 which is a front 
panel/manual switch on the system. The control 34 includes 
encoded instructions and associated memory for storing the 
current levels of the transient pulse 32 of waveform j, FIG. 
8. Also, appropriate addresses are stored in the control 34 
which address decoder 38. The current pulse 32 is in the 
form of data and supplied to registers 40 and 42. The 
decoder 38 supplies decoder addresses to multipleXors 44 
and 46. The data from the decoder 38 sets the multipleXors 
to either process current pulses automatically as set by 
control 34 or manually as will be described. The control 34, 
in the automatic mode, supplies data representing waveform 
j, FIG. 8, pulse 32 to register 40 and to register 42 via lead 
48. This data on lead 48 supplied to registers 40 and 42 
represents the automatically set test currents for the transient 
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6 
thermal response test, pulse 32. The registers 40 and 42 
serve as latches for storing these values until outputted to the 
multipleXors 44 and 46 as selected by the address decoder 
38. 

Oscillator 50 provides a manually set slow or fast output 
through a switch 51 which selects a rate for incrementing 
counter 54 up or down as selected by switch 52. The counter 
52 is used to manually select the value of the amplitude of 
the current of waveform j, pulse 32 for the thermal transient 
test mode. MultipleXor 44, according to the position of 
switch 36, passes the data from register 40 to a comparator 
56. A set pulse duration device 61 is coupled to multipleXor 
44 for setting the duration of pulse 32. Device 61 comprises 
an array of BCD switches for setting the duration of pulse 32 
in a range of 1 to 99 ms. MultipleXor 46 passes to its output 
either the automated selected test current values or the 
manually selected values of counter 54 to multipleXor 58. An 
input to the multipleXor 58 is a set balance current device 60. 
Device 60 manually sets the balance current, pulse 30, 
amplitude to a critical value for a given system. Once set, it 
no longer need be reset as it is only for calibration. The 
balance current pulse 30 is always provided automatically. 
Mode select switch 36 causes timing control 96 to generate 
a mode select signal m applied to multipleXor 58 which 
selects either the manually generated pulse 32 or the auto 
matically generated pulse 32. 

In the manual mode, the test current digital value for pulse 
32 is derived from the output of the up down counter 54. On 
power up, the counter 54 is cleared to Zero. Using the 
manual controls on the front panel, switches 51 and 52, 
counter 54 is incremented or decremented to set the ampli 
tude of pulse 32 using a selectable fast, for eXample 62 HZ 
or slow, for eXample 2 HZ count rate. These count rates 
determine the digital value of pulse 32 amplitude. The 
operator places a front panel safety switch (not shown) to the 
safety position. This is to preclude applying current to the 
bridge network and adjusts the current display on display 80 
to the pulse 32 value desired using the up and down control 
switch 52 and the rate control switch 51. 

Under control of control 34, register 42 holds the digital 
value for the test current level pulse 32 for automatic 
operation. It is important to note that the actual digital value 
in register 42 may not be precisely related to the actual 
current obtained at the UUT. However, the current relation 
ship will be suf?ciently close. The test level current digital 
value pulse 32 is determined by register 42 or counter 54 
according to the automatic/manual switch 36 and switches 
51 and 56. 

The set balance current device 60 is a set of DIP switches 
which provide 10.00 milliamps of current for creating pulse 
30 for balancing. Device 60 is an internal control and is used 
to set the balance at current pulse 30 during calibration and 
is not utiliZed thereafter. The multipleXor 58 receives the 
output of multipleXor 46 and device 60. MultipleXor 58 
supplies its output as an input to digital to analog converter 
62, which produces an analog signal representing pulses 30 
and 32. MultipleXor 58 is automatically switched from 
producing pulse 30 to producing pulse 32 by signal k from 
control 96. 

The output of converter 62 is supplied as an input to 
constant current generator 86 to the inverting input of 
ampli?er 68. The output of ampli?er 68 is supplied to a triple 
Darlington transistor network represented by PNP transistor 
ampli?er 70. The ampli?er 68 output is supplied to the 
control electrode of ampli?er 70. The emitter of ampli?er 70 
is connected to the inverting input of high impedance buffer 



H1793 
7 

ampli?er 72 Whose output is supplied to a threshold current 
sense circuit 74 and to a sample hold circuit 76. The 
threshold current sense circuit 74 senses When the current of 
pulse 32 from ampli?er 72 eXceeds a desired threshold value 
and provides a signal to indicator 78 such as an LED for 
indicating When the current of pulse 32 has exceeded that 
threshold. The output of the sample hold circuit 76 is 
supplied to a voltage to current converter 79 Which supplies 
its output to a digital display 80. The display 80 displays the 
current values of the generated pulse 32 so that an operator 
operating sWitches 51 and 52 can visually observe the value 
of the currents being being generated by the system either in 
the manual or automatic modes. The indicator 78 indicates 
to the operator When the current of pulse 32 has exceeded the 
desired threshold level. The output of converter 79 is also an 
acknowledge signal for control 34. 

Constant current generator 86 includes a voltage regulator 
82 Which supplies a constant voltage, for eXample 9 volts dc, 
to current range selector 84 and to the non-inverting input of 
ampli?er 72. Range selector 84 comprises a series of three 
settable resistances Which are selected from a front panel 
sWitch on the system for providing three ranges of test 
currents. For eXample the ranges are set to 2, 20, and 200 
ohms corresponding respectively to 2,000 milliamp, 200 
milliamp, and 20 milliamp ranges for pulse 32 using a 
sWitch (not shoWn). The voltage drop across the range 
sensing resistance corresponds to a maXimum current for 
that range When the voltage drop is 4.096 volts, the maXi 
mum output of converter 62. Which one of these resistors is 
selected determines the current range for the output current 
of ampli?er 72. The output of the range selector 84 is 
supplied to the emitter of transistor 70 and to the inverting 
input of ampli?er 68. The ampli?er 68, transistor 70, selec 
tor 84 and buffer 72 form the constant current generator 86. 

The constant current pulses 30 and 32 produced at the 
output of ampli?er 72 manifest the value of the analog 
voltage produced by converter 62. In turn, the value of the 
code Words supplied to the converter 62 is determined by the 
multipleXor 58 Which provides in sequence a balance test 
current pulse 30 and a thermal transient test current pulse 32, 
signal j, FIG. 8. The output of ampli?er 72 in generator 86 
is a constant current at that value supplied by converter 62 
having a range of current values determined by selector 84. 

Ampli?er 68 serves as a servo to drive the transistor 70. 
The servo loop circuit attempts to alter the current ?oW 
through the selected series sense resistance of range selector 
84. The series sense resistances of selector 84 provide a 
voltage drop Whose current is applied to the non-inverting 
input of ampli?er 68. Therefore, the series range selector 
serves to select a particular level of output current in 
accordance With the selected resistance. 

The output current from ampli?er 68 is also supplied via 
the collector of transistor 70 to sWitches 88 Which are 
ganged together and are under control of logic control 90. 
SWitches 88 may be a Darlington transistor netWork Which 
provides the output of ampli?ers 68 and 70 either to a 
dummy load 92 or to output terminal 2 of bridge 12, FIG. 1. 
The other terminal 4 of the bridge is connected to a reference 
potential, for eXample, system ground. The current from 
transistor 70 branches into the tWo paths determined by 
sWitches 88. When supplied to terminal 2 the current is 
supplied during pulses 30 and 32. When not used for 
measurement, the current ?oWs through the dummy load 92 
Which may be a 2 ohm 3 Watt load resistor. This reduces the 
sleW time for establishing the current ?oW during the pulses. 
Without the dummy load, the current Would be required to 
sleW from Zero to the desired level Which Would increase the 
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8 
test time. Thus the dummy load provides a more rapid test 
cycle. To reduce poWer dissipation, both sides of the 
sWitches 88 are off before and after each pulse 30 and 32. 
Current is never shut off during the pulse period but is 
merely transferred from the dummy load 92 to the bridge 12. 
Logic control 90 is also responsive to a control signal 
applied at terminal A from comparator 56 signal g, FIG. 8. 
This indicates the end of a test cycle and causes the sWitches 
88 to sWitch from the position shoWn in solid to the other 
sWitch position. Signal k is a timing signal Which starts the 
period of pulse 32. The operational ampli?ers and D/A 
converter 62 settle during the time the dummy load is 
connected. SWitches 88 may be tWo Darlington netWorks. 
An oscillator 94 supplies a clock, for eXample, 1 ms clock 

cycle, to timing control 96 and to pulse duration counter 98. 
The test pulse duration of pulse 32 can be set under manual 
control to any value from 1 to 99 ms as mentioned above. 
The 1 ms basic time period is derived from oscillator 94. 
This is a 2.048 MHZ oscillator Which is fed to counter 98. 
The counter 98 output maintains a precise 1 ms period. This 
clock signal output from counter 98 is fed to a dual decade 
counter forming comparator 56. During the test cycle, the 
comparator 56 counts until the output bits are equal to those 
at the other inputs thereto. These other inputs are supplied by 
multipleXor 44 from register 40. It should be recalled that the 
inputs from multipleXor 44 are the data supplied by the 
computer 34 via register 40. The multipleXor 44 based on the 
input signals determines Whether the pulse duration Will be 
based on the front panel thumbWheel sWitches (not shoWn) 
or the value loaded into register 40 by computer control. In 
addition there are gating functions applied to the comparator 
56 Which determine if and When the count process begins. 
These gating functions are not shoWn. The output of com 
parator 56 is signal g, an end of cycle signal, supplied to the 
control logic 90 via terminal A. 
A timer 100 responsive to the oscillator 94 generates 

repeat clock signals on line 102 Which is coupled to timing 
control 96 through manual sWitches 102 and 104. A second 
terminal of sWitch 102 is connected to a manual push button 
sWitch 106. Depending on the position of sWitch 102, either 
the pulser generator 22 Will generate multiple repetitive 
cycle of signal j or Will generate a single cycle. SWitch 102 
is coupled to push button sWitch 106 such that only a single 
cycle is produced. Push button sWitch 102 is on the front 
panel. 

SWitch 36 selects Whether or not the current pulse 32 
produced at terminals 2 and 4 is manually produced or 
automatically produced. SWitch 36 selects the manual posi 
tion as shoWn in solid line. The balance pulse 30 is alWays 
the same. When coupled to the automatic position, the 
timing control 96 is coupled to the ?re signal output of 
control 34 Which automatically operates the timing control 
96 to generate the appropriate timing signals for automatic 
operation. The term “?re” means to generate pulses 30 and 
32 automatically. The repetitive operation of the signal 
produced by timer 100 is applied to control 96 in the manual 
position of sWitch 36 and in the repeat position of sWitch 
102. 
Timing control 96 is responsive to the oscillator 94 for 

generating a balance clock signal a, FIG. 8, a synchroniZa 
tion signal (sync signal) b, a trigger signal R/ C, trigger signal 
k and a cycle duration signal CD. The trigger signal k is 
produced at the end of the current balancing pulse 30 and is 
applied as an enable signal to the pulse duration counter 98, 
FIG. 4. This causes a comparator 56 to generate trigger 
signal g Which is used to operate the logic control 90. The 
trigger signal k is timed to be generated by the initial 
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transition of the cycle duration signal CD. This latter signal 
manifests the duration of the pulses 30 and 32 in a given 
cycle. 

The timer control 96 also generates a signal R/C. This 
signal is supplied to the control 90 for starting the conver 
sion cycle of D/A converter 62. That is, When logic control 
70 receives the signal R/C, the sWitches 88 sWitch position 
to that shoWn in solid, the sWitches previously being in the 
position in Which the dummy load 92 receives the current 
from current generator 86. When the R/C signal is received, 
this starts the cycle Which occurs slightly after the start of the 
cycle duration signal CD. 

There is thus a 15 ms ?xed period of loW level current 
output pulse 30, a one ms delay period of Zero current and 
then the high level test current level pulse 32 is applied to 
terminals 2 and 4 for the speci?ed duration. Timer 100 
includes, for example, a monostable/astable multivibrator 
(not shoWn) to trigger the repetitive pulse cycles. The 
manual period can be adjusted and is set to one cycle per 
second in this embodiment. 

The computer interface With control 34 comprises an 8 bit 
parallel input. All input and output lines to the computer 
interface are TTL logic levels. Four of the bits are the data 
bits and the remaining four bits are used to address the 
address decoder 38. After the data and address bits are set, 
control 34 toggles a data available line to load registers 40 
and 42. Register 40 is used to ?re the current pulser 
generator 22 under control of control 34. At the end of the 
test pulse 32 duration, a pulse from converter 79 is returned 
on a data accept line 81 to the control 34 to signal the 
completion of a test cycle. 
When the converter 62 has all ones on its input it registers 

a 4.096 volt output. HoWever, this is in a preferred embodi 
ment and other values may be used in accordance With a 
given implementation. The repetitive pulse cycle of timer 
100 may be set preferably at a 1 HZ repetition rate. 

In FIG. 7, circuit 110 generates the timing signals utiliZed 
in the present system. Abalance clock signal a from control 
96 is applied to a clock and gate 112 Which receives as a 
second input an enable signal from the Q output of a ?ip?op 
114. The clock input of ?ip?op 114 is received from a one 
shot monostable multivibrator 116 Q output. The reset input 
of one shot multivibrator 116 is the cycle duration signal C D. 
The Q output of multivibrator 116 is also supplied to a reset 
input of counter 118. The output of gate 112 is supplied to 
the clock input of counter 118 and to an inverter 120. The 
output of inverter 120 is applied to the ST input of decoder 
122. 
One output of the counter 118 is supplied to the INH input 

of decoder 122 Which may be a 145 14b decoder. The other 
outputs of counter 118 are supplied to the data inputs of the 
decoder 122. One output of the decoder 122 is applied to the 
reset input of a one shot multivibrator 124. The Q output of 
one shot multivibrator 124 is a count disable signal on line 
126. This count disable signal is applied to the reset input of 
?ip?op 114. The outputs of the decoder 122 provide trigger 
timing signals for the various circuit functions. 

One output is a ?rst control signal R+RC. Asecond signal 
is signal R/C. Athird signal is supplied to the clock input of 
?ip?op 126 Whose reset input is received from an output of 
decoder 122 for generating sample hold signal S/H. A fourth 
signal is generated via ?ip?op 128 Which receives as its reset 
input a signal from the output of decoder 122 output. The Q 
output of ?ip?op 128 is bridge control signal h. By Way of 
example, the signal R+RC may be one ms Wide and occurs 
13.5 to 14.5 ms from the start of cycle duration CD. Signal 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

65 

10 
R/C may be one ms Wide and occurs 5 to 6 ms from the start 
of the cycle duration CD. The signal S/H may be one ms 
Wide and occurs 11.5 to 12.5 ms from the start of CD. Bridge 
control circuit signal may be 5 ms Wide and occurs 1 to 6 ms 
from the start of the cycle duration signal CD. Circuit 110 is 
included in timer control 96. 

In FIG. 5, the adjustable resistance R4 and null bridge 
circuit 26 are shoWn in more detail. The current from the 
bridge 12 FIG. 1 is supplied to terminals 1 and 4. The current 
Im at node 1 is applied through sWitch S2 Which is a relay 
having a coil 131 Whose contacts normally are closed as 
shoWn for supplying the current Ii” to the resistor R4 
netWork. When a bridge control signal h‘ is applied to the 
coil 131 the contacts of sWitch S2 sWitches to the other 
sWitch position and opens for a period of about 5 ms starting 
one ms after the falling edge of C D. This action causes all the 
balance level current pulse 30 to How through the UUT in a 
test arm of the bridge 12. 
The balancing current pulse 30 provides the current at 

terminals 3‘ and 5‘ to ampli?er 130 Whose output is applied 
to analog to digital converter 132. The output of A/D 
converter 132 is supplied to a set of decoders 136, 138, 140 
and 142. Decoder 136 receives an input bridge control signal 
h. Asecond input to the A/D converter 132 is the R/C signal 
Which occurs at the end of the bridge control signal h When 
the relay 130 returns to its normally closed position of FIG. 
5. The voltage across terminals 3‘ and 5‘ represents the cold 
resistance R0 of the unit under test. This voltage is applied 
to the converter 132 through ampli?er 130 and is decoded by 
decoders 136 through 142 Which address selected ones of 
the series connected resistances K0—K11. The resistances 
K0 through K11 each have a ?xed value for example as 
illustrated in the Table of FIG. 6b Which Will be explained 
in more detail beloW. 

The resistances K0—K11 are serially connected in accor 
dance With the encoded output signals of the decoders 
136—142. The converter 132 receives the voltage, signal e, 
across terminals 3‘ and 5‘ and according to the value of that 
voltage provides an output digital code that is predetermined 
to select certain of the resistances K0 through K11 Which 
together approximately match the resistance R3. This is a 
quantiZed value. This sets an approximate value of R4 so 
that it is close in value to that of resistance R3. In effect, the 
converter 132 provides a digital output number that repre 
sents the value of the resistance R3 in response to receiving 
a voltage at terminals 3‘ 5‘ corresponding to resistance R0. 

Converter 132 acts as a multiplier performing a function 
similar to that of a digital multimeter display Which converts 
a voltage to a digital readout. In this case, hoWever, the 
digital number produced by converter 132 is used to select 
resistances. By Way of example, the resistance R3 may have 
a value of 2660 ohms as mentioned previously, Whereas the 
resistance R2 may have a value of 5 ohms. The resistance of 
the series connected resistors K0—K11 thus are set to 
approximate a value of 2660 ohms. This resistance is set to 
be relative to the value of the resistance RO since it is the 
relative relationship of these resistances Which is important 
for balancing the bridge. That is, the value of R3/R2 should 
be the same as the value of R4/RO including the contact 
resistances RC1 and RC2. HoWever, the value of the contact 
resistance RC1 and RC2 are considered negligible for this 
purpose. As their values increase, the system Will measure 
those values as mentioned previously Which Will indicate 
that the socket for the UUT needs to be replaced because 
those resistances are too high. Thus, the value of RO is a 
determining factor by Which of the resistances K0 through 
K11 are selected. 
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In FIG. 6a, a representative resistance K0 comprises an 
NPN transistor 144 Whose control electrode is connected to 
terminal 146 Which is coupled to an output of the decoder 
138. The emitter of transistor 144 is coupled to a reference 
potential, i.e., ground. A diode 148 cathode is connected to 
the collector of transistor 144 and its anode is connected to 
the emitter. Resistances are supplied in circuit With the 
transistor 144 for bias. Apositive voltage is coupled through 
relay coil 150 to the collector of transistor 144 and to the 
cathode of diode 148. Relay coil 150 has a normally closed 
position in Which contact 152 bypasses the serially con 
nected resistances X and Y. The contact 152 in its normally 
closed position connects terminal 154 to terminal 156 
bypassing resistances X and Y. Upon receipt of a control 
signal from decoder 138 at terminal 146 the transistor 144 
causes the relay coil 150 to be coupled to ground. This 
causes a current to How through the relay coil 150 causing 
the contact 152 to sWitch position. This connects the resis 
tances X and Y in circuit betWeen terminals 154 and 156. Y 
is a settable resistance Which is preset to a given value. The 
values of resistances X and Y are shoWn in the table of FIG. 
6b for each of the serially connected resistances K0—K11. 
All of these resistances K0 through K11 are identical in 
construction eXcept for their values as shoWn in FIG. 6a and 
are serially connected as shoWn. When the appropriate 
relays 150 of each of the resistances K0—K11 are coupled 
according to the encoded output of decoders 136 through 
142, set by converter 132, the values of those resistances that 
are connected in series approximate the relative value of 
resistance R3 to that of R2 so that the relative value of R4 
to RO is approximately the same. 
Asecond ampli?er 160, FIG. 5, is connected to a sample 

hold circuit 158. The inputs of ampli?er 160 are connected 
to nodes 1 and 3 Which are the null output nodes of the 
bridge 12, FIG. 1. This represents the balance current of the 
bridge. Because the value of R4 is set approximately to that 
of R3 and the relative values of R4 to R0 are approximately 
the same as the relative values of R3 to R2, further ?ne 
tuning of the value of R4 is required to more precisely 
balance the bridge 12. Therefore, any null current that is not 
Zero betWeen nodes 1 and 3 Will provide a signal input to 
ampli?er 160 Which provides an output to sample hold 
circuit 158. 

The output of sample hold circuit 158 is controlled by the 
S/H signal applied to the sample hold input for producing an 
output at line 162 in response to the S/H signal. The output 
on line 162 is supplied to the gate electrode of ?eld effect 
transistor (FET) 164 through resistance 166. A resistance 
168 is coupled to the drain and control electrodes of FET 
164. The drain electrode is also coupled to the output of the 
last resistor K11 of the resistor netWork R4. A third resis 
tance 170 is coupled across the drain and source electrodes 
of the FET 164 and to the output mode 4 of bridge 12. The 
source electrode is coupled through capacitor 172 to the 
sample hold circuit 158. 

During the period of signal R/C Which occurs about 5 ms 
from the falling edge of CD and Which has a duration of 1 
ms, convertor 132 converts the analog voltage at its input to 
a digital value that is proportional to the UUT device 
resistance RO+RC1+RC2. 

The logic signal S/H activates sample and hold circuit 158 
for the FET ?ne balance control. This signal goes loW for 
example 11.5 ms from the falling edge of CD and remains 
loW for 1 ms. During this period the FET changes resistance 
to achieve a more precise balance of the bridge 12 circuit. 
The FET 164 connected in circuit acts as servo loop and 
attempts to make the current at nodes 1 and 3 at the input of 
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12 
ampli?er 160 Zero. The resistance of the FET varies in small 
amplitude values and is suf?cient for achieving a balance of 
the current at nodes 1 and 3. 

The logic signal Waveform d, FIG. 8, is used to sWitch the 
input sense lines to ampli?er 28, FIG. 1. This signal goes 
high 131/2 ms from the falling edge of CD and remains high 
for one ms. This is for measuring the contact resistance RC1 
and RC2. When this signal is loW, the output of ampli?er 
160, FIG. 5, during the balance portion of the cycle, pulse 
30, is proportional to the resistance R0 of the unit under test. 
When the signal is high, the output of ampli?er 160 is 
proportional to the device resistance plus the contact resis 
tance RC1+RC2. When the bridge is open during bridge 
control signal h the balance resistance of RO above is 
established by the circuit. This occurs for a period of about 
5 ms. At the end of this period the bridge is balanced and the 
balance of the current U/SE 32 is applied. After the 
balancing, the device resistance RO plus the contact resis 
tance RC1 and RC2 are ascertained for measurement and 
recording purposes. 
At the end of pulse 30, after the 1 ms delay When Zero 

current is present, the test current pulse 32 level is applied 
to the UUT for determining the transient thermal response of 
the UUT. The actual value of the current pulse 32 as it is 
applied across the UUT is of no interest at this time. 

In an eXample, assume a 5 ohm resistance for the UUT 
and the voltage across the UUT is 0.05 volts. This voltage 
is sensed at the differential input of ampli?er 130. FIG. 5, 
Which ampli?es this voltage by a factor of 120 yielding a 6 
volt output. This 6 volt output is applied to the converter 
132. The converter 132 is set With a reference precise 10 volt 
level, such that the digital output is 6/io of the 4095 binary 
count maXimum or 2457. This digital output is latched by the 
bridge control signal h into the decoders 136—142. The 
output from these decoders are used to drive the transistors 
144 of the resistances K0—K11 of the relay netWork. If a 
given bit is a logic high, it Will cause a corresponding coil 
relay 150 to energiZe. If the relay coil 150, FIG. 6a, is 
energiZed, it Will cause the ladder netWork resistance value 
for the relay to be added into the netWork. If all bits are loW, 
therefore, the ladder netWork Will assume a total value of 
about Zero ohms. If all bits are high, the total netWork 
resistance is about 4095 ohms total. thus, for a 5 ohm 
resistance for the UUT, the ladder netWork Will assume a 
total resistance of about 2457 ohms, Which in turn Will cause 
the bridge to be approximately balanced When the current is 
applied to both arms of the bridge 12 nodes 2 and 4. 

After the course balance value is established by coupling 
the resistances K0—K11, the balance current is then sWitched 
so as to be directed to both arms of the bridge circuit at nodes 
1 and 3. Bridge sWitch S2 is closed There is a feW ms of time 
allocated for relay settling time. 
The nonlinearities of this device prevent accuracy nor 

mally needed in a system from being achieved. HoWever as 
the FET is used in the present invention its characteristic 
resistance is used to provide a resistance essential for 
balancing the bridge. The digital output of the converter 132, 
FIG. 5, is a digitiZation of the input voltage. The draWback 
of a digitiZed signal is due to quantization Which results from 
the analog to digital conversion. Thus the FET solves both 
problems by smoothing out the normal quantization varia 
tions of the digitiZed output of the converter 132 and the 
coupled resistance in the netWork of resistances K0—K11. 

Thus both an analog based FET and a digital sWitched 
resistance ladder are utiliZed to provide automatic high 
speed bridge balancing. The resistance ladder reduces the 
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effects of the FET nonlinearity by a factor of one thousand 
to four thousand. This results in an undetectable level of 
nonlinear FET effects. In contrast, the relatively small value 
of the resistance provided by the FET alloWs correction for 
quantization errors in the resistor ladder netWork of resis 
tance R4. Thus the circuit provides both precise rneasure 
rnent and a balanced bridge in a fraction of a second. 
What is claimed is: 
1. A test apparatus for providing a resistance of a certain 

value comprising: 
control means for generating at least one control signal; 
?rst circuit means including a settable resistance respon 

sive to said at least one control signal for setting said 
settable resistance to a ?rst value approXirnating said 
certain value; and 

second means responsive to said at least one control 
signal for setting said settable resistance to a second 
value Which is substantially the same as said certain 
value. 

2. The apparatus of claim 1 Wherein said control means 
includes means for automatically causing initially the setting 
of said settable resistance to said ?rst resistance value and 
then automatically causing the setting of said settable resis 
tance to said second resistance value. 

3. The apparatus of claim 1 Wherein said ?rst circuit 
means includes a resistor ladder netWork of series connected 
resistances of different ?rst values and said second means 
includes a second variable analog resistance means in series 
With said ?rst circuit means. 

4. The apparatus of claim 3 including a bridge netWork 
having ?rst and second pairs of opposing nodes Wherein a 
resistance is betWeen each said nodes, the ?rst pair of nodes 
comprising an input to said bridge netWork and said second 
pair of nodes comprising an output of said bridge network, 
the current value at said second pair of nodes being the same 
for providing a null current value therebetWeen When the 
resistances betWeen each input node and a ?rst output node 
have the same relative value as the resistances betWeen each 
input node and the other output node, said settable resistance 
being betWeen one of said output and one of said input 
nodes. 

5. The apparatus of claim 4 Wherein a second resistance 
is betWeen the other output and said one input nodes and 
having a second value, said control means including means 
for sensing said second value and for producing said control 
signal in response to said sensing. 

6. The apparatus of claim 5 including means for providing 
a ?rst constant current pulse of a ?rst magnitude to said 
bridge netWork for providing a current through said second 
resistance rnanifesting said second value and for nulling said 
bridge netWork With said settable resistance, said ?rst mag 
nitude being suf?ciently loW such that the resistance of said 
second value eXhibits negligible temperature change during 
said providing and said nulling and then providing a second 
constant current pulse of a magnitude suf?ciently greater 
than the ?rst magnitude for increasing the temperature of 
said second resistance. 

7. The apparatus of claim 6 including means for auto 
rnatically successively applying said ?rst and second pulses 
to said bridge netWork and including means for recording 
the thermal response of said second resistance caused by 
said ternperature increasing. 

8. The apparatus of claim 6 including means for setting 
the duration of each said pulses. 

9. The apparatus of claim 6 including means for setting 
the amplitude value of said ?rst and second current pulses. 

10. The apparatus of claim 6 include current range setting 
means for setting the current values of said pulses to 
different ranges of values. 
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11. The apparatus of claim 3 Wherein said second resis 

tance is non linear, said ?rst circuit means including means 
for generating a ?rst signal rnanifesting the value of said ?rst 
resistance, means for digitiZing said ?rst signal, said control 
means including means for causing said digitiZed signal to 
select certain of said series connected resistances to provide 
a digitiZed linear approximate value of said series connected 
resistances, and said second means including means for 
coupling said ?rst and second means in series to form a third 
resistance, said control means for coupling said ?rst and 
second means so the third resistance forms one branch of a 
Wheatstone bridge and for applying a current to said bridge 
such that the value of said third resistance assumes a nulling 
value for the bridge. 

12. The apparatus of claim 11 Wherein said bridge has 
?rst, second, third and fourth branches, said third resistance 
comprising the ?rst branch, a fourth resistance comprising 
the second branch, a ?fth resistance comprising the third 
branch and a siXth resistance comprising the fourth branch, 
the ?rst and second branches having resistance values sub 
stantially different than the resistance values of the third and 
fourth branches, said control means including means for 
generating said control signal to response to a sense signal 
generated in response to sensing the value of the ?fth 
resistance. 

13. The apparatus of claim 12 Wherein said control means 
includes arnpli?er means for amplifying said sense signal, 
analog to digital converter means for digitiZing said arnpli 
?ed sense signal and address means responsive to said 
digitiZed signal for selecting said certain series connected 
resistance and Wherein the value of said ?fth resistance is 
substantially loWer than the value of the third resistance. 

14. The apparatus of claim 13 Wherein said ?fth resistance 
has an unknoWn value approximately of the same magnitude 
as the siXth resistance, said control means including means 
for determining the value of said ?fth resistance. 

15. The apparatus of claim 14 Wherein said control means 
includes means for opening said bridge to provide a voltage 
across said ?fth resistance rnanifesting the value of said ?fth 
resistance. 

16. The apparatus of claim 13 including means for pro 
viding a current pulse through said ?fth resistance to elevate 
the temperature of said ?fth resistance after said nulling and 
means for recording the thermal response of said ?fth 
resistance to said elevated temperature. 

17. Apparatus for determining the thermal transient 
response of a resistor cornprising: 

Wheatstone bridge means including a plurality of resistor 
branches, a ?rst resistor forrning one of said branches; 

a settable resistor forming a second of said branches; and 
means for automatically setting the settable resistor value 

so that the relative values of said ?rst and settable 
resistors are the same as the relative resistor values of 
the remaining branches. 

18. The apparatus of claim 17 including means for gen 
erating a signal rnanifesting the value of said ?rst resistor, 
means responsive to said signal for automatically setting the 
value of said settable resistor to approximate the resistance 
value of the resistance in a third branch, means for auto 
rnatically nulling said bridge means with said settable resis 
tor to substantially the same value as said resistance value in 
said third branch, means for injecting a current through said 
?rst resistor to elevate its temperature after said nulling and 
means for recording the thermal response of said ?rst 
resistor in response to said elevated temperature. 

19. The apparatus of claim 17 Wherein said means for 
automatically setting including a resistor ladder netWork of 
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series connected resistances of a plurality of ?rst linear 
values and a second variable analog non linear resistance 
means in series With said ?rst circuit means, and ?rst means 
responsive to the sensed value of the ?rst resistor for 
selecting certain of said series connected resistances and and 
second means responsive to the null current value of the 
bridge for setting the analog resistance means so that the 
settable resistor value is such that said bridge means is 
substantially nulled. 

20. The apparatus of claim 17 including means for pro 
viding a ?rst current pulse of a ?rst magnitude to said bridge 
means for nulling said bridge means With said settable 
resistance, said ?rst magnitude being suf?ciently loW such 
that said ?rst resistor eXhibits negligible temperature change 
during the nulling and then providing a second current pulse 
of a magnitude sufficiently greater than the ?rst magnitude 
for raising the temperature of said ?rst resistor. 

21. The apparatus of claim 20 including means for auto 
matically applying said ?rst and second pulses to said bridge 
means and means for recording the response of said ?rst 
resistor to said temperature raising. 

22. An apparatus for automatically nulling a Wheatstone 
bridge comprising: 

?rst, second, third and fourth resistances each forming a 
different branch of said bridge, the ?rst and second 
resistances having different values, the third and fourth 
resistances having values corresponding to the respec 
tive values of the ?rst and second resistances, said 
bridge having input nodes betWeen the ?rst and second 
resistances and betWeen the third and fourth resistances 
and output nodes betWeen the ?rst and third and 
betWeen the second and fourth resistances; 

means for supplying said second resistance of unknown 
value and approximately the value of the fourth resis 
tance; and 

means for automatically setting the value of the ?rst 
resistance to null said bridge at said output nodes. 

23. The apparatus of claim 22 Wherein said ?rst resistance 
comprises a linear resistance in series With a non linear 
resistance, said means for automatically setting including 
means for approximating the value of said third resistance 
With said linear resistance and means for changing said 
approximate value of said third resistance With said non 
linear resistance to substantially null the bridge by setting 
the value of said non linear resistance. 

24. The apparatus of claim 23 Wherein said linear resis 
tance comprises a ladder netWork of serially connected ?Xed 
value resistances and said non linear resistance comprises a 
?eld effect transistor (FET) connected in series With said 
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ladder netWork and servo means responsive to the null signal 
value of said bridge at said output nodes for setting the 
resistance of said said bridge With the resistance of said FET. 

25. The apparatus of claim 23 Wherein said means for 
approximating the value of said ?rst resistance includes 
means for injecting a current through the second resistance 
to produce a voltage manifesting the value of said second 
resistance and means responsive to said voltage for gener 
ating a control signal for selecting the value of said linear 
resistance to approximate the value of said third resistance 
and means responsive to said control signal for sensing the 
current at said output nodes caused by said injected current 
and for setting the value of said non linear resistance so that 
the values of the currents at said output nodes match. 

26. The apparatus of claim 22 further including means for 
automatically injecting a constant current through said sec 
ond resistance after said bridge is nulled for determining the 
thermal response of said second resistance. 

27. The apparatus of claim 26 including a constant current 
generating means for generating a ?rst current pulse of a ?rst 
value for said nulling and a second constant current pulse for 
determining said thermal response, said ?rst and second 
pulses being generated successively. 

28. The apparatus of claim 27 including a current gen 
erator for generating a constant current of a given amplitude 
corresponding to the ?rst current and dummy load means for 
receiving said current of a given amplitude corresponding to 
said ?rst current pulse prior to applying said ?rst pulse to 
said bridge. 

29. The apparatus of claim 27 Wherein said current 
generator comprises means for providing a digital signal 
manifesting the amplitude of the ?rst and second currents, 
digital to analog converter means for creating an analog 
signal corresponding to said digital signal, ampli?er feed 
back means for generating a constant current from said 
analog signal and terminal means for supplying said con 
stant current to said bridge input nodes. 

30. The apparatus of claim 29 including pulse duration set 
means for setting the duration of each said ?rst and second 
pulses. 

31. The apparatus of claim 30 including pulse amplitude 
setting means for setting the amplitude of said ?rst and 
second pulses. 

32. The apparatus of claim 29 including means for auto 
matically generating said ?rst and second pulses. 

33. The apparatus of claim 29 include means for selecting 
current amplitude values of different ranges for said ?rst and 
second pulses. 


