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1 The Circuit

The purpose here is to combine a bit of practice with Ohm’s Law, Kirchhoff’s Laws and a typical
Wheatstone bridge such as is commonly used with resistance wire strain gauges. This is shown
in Fig. 1. An element of reality is introduced by making both the power supply and the sensing
instrument “imperfect”. I.e., the supply has finite, rather than ideally zero, output resistance and
the meter has finite, rather than infinite, input resistance.
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Figure 1: A Bridge Circuit with Power Supply Output and Instrument Input Impedances

2 The Parameters and the Problem

The circuit shown in Fig. 1 will be solved using idealized and somewhat realistic models of a strain
gauge bridge. In the first instance the power supply or battery is assigned a (low) resistance Rs =
0.5Ω and the sensing instrument, often a millivolt-meter, with a (high) resistance of Rm = 100kΩ.
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In the second instance Rs = 0 and Rm → ∞ will be set. The other resistors are represented by
two “up” or tensile gauges whose resistances have thereby increased from nominal 300Ω values
to R1 = R3 = 300.1Ω and by two “down” or compressive gauges whose resistance have thereby
decreased to R2 = R4 = 299.9Ω. The other given parameter is the open circuit voltage of the
battery e12 = 5V.

2.1 Kirchhoff’s Laws

These two relations are called respectively branch and node laws. The first states that the current
flowing in any branch between two nodes is constant and the voltage drop (difference) between
nodes, in the assumed direction of current flow is the product of the current and the effective
resistance between the nodes. The node law states that the sum of currents entering a node must
equal the sum of those leaving it. Any incorrectly assumed direction will be identified by negative
values of unknown parameters that are otherwise positive.

2.2 Problem Formulation

Given values are resistances R1, R2, R3, R4, Rm and Rs and the voltage e12. The unknowns, to
be calculated, are the currents i1, i2, i3, i4, im and is and the voltages e23, e14 and e34. First we
write the six branch equations.

R1i1 − (e12 − e14) = 0, R2i2 − (e12 − e23) = 0, R3i3 − (e23 − e34) = 0

R4i4 − (e14 − e34) = 0, Rmim − (e23 − e14) = 0, Rsis − e34 = 0 (1)

Then the node equations are written. There are four but since there are only nine unknowns in all
one can be used as a closure equation or a “check”. For the solution presented, the last equation
was discarded from the solution set.

i1 + i2 − is = 0, i1 + im − i4 = 0, i3 + im − i2 = 0, i3 + i4 − is = 0 (2)

3 Results

The results using the small, finite value of Rs and the large, non-infinite value of Rm are presented
on the left. On the right are results produced with Rs = 0 and Rm →∞.

i1 8.319459262mA 8.333.mA
i2 8.316475851mA 8.333.mA
i3 8.319459262mA 8.333.mA
i4 8.316475851mA 8.333.mA
im 16.58916761nA 1.666.pA
is 16.63893511mA 16.66.mA
e23 2.504989192V 2.500833333V
e14 2.503330275V 2.499166667V
e34 8.319467557mV 0

e23 − e14 1.658917mV 1.666.mV

Assess the relative advantage of Rm = 105, 109, ∞.
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4 Bridge Balancing

Examine Exercise V in your lab manual and the circuit with the variable resistor shown there.
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Figure 2: Strain Gauge Bridge with Balancing Circuit

The circuit is reproduced in Fig. 2 to show the additional parameters e56, i5, i6, i7 and the balancing
circuit R5, (R6 + R7). Both of these are 25kΩ resistors and R6 and R7 are separated so that
the potentiometer setting can be calculated. This equivalence accounts for the last equation that
contains any Ri. It is not really a branch equation. Notice also that balancing makes Rm irrelevant
because it makes im = 0, regardless. This makes e23 = e41; these voltages will be labeled e1423 in
the equations as will the necessary condition i2 = i3 introduce the common current variable as i23.
There are eight branch equations, one resistance equation and four node equations. Once more
there is one more equation than variables and the last node equation is discarded because it is one
of four that contain no given data. Using previous values for gauge and internal resistors we now
write the equations and compute the 12 unknown values.

i1R1 − (e12 − e1423) = 0, i23R2 − (e12 − e1423) = 0, i23R3 − (e1423 − e34) = 0

i4R4 − (e1423 − e34) = 0, i5R5 − (e1423 − e56) = 0, i6R6 − (e12 − e56) = 0

i7R7 − (e56 − e34) = 0, isRs − e34, R6 + R7 −R5 = 0 (3)

i1 + i23 + i6 − is = 0, i23 + i4 + i7 − is = 0, i4 + i5 − i1 = 0, i5 + i6 − i7 = 0 (4)

Results are tabulated as follows.
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i1 8.313756451mA
i23 8.319300803mA
i4 8.324848852mA
i5 −11.0924023µA
i6 205.9786117µA
i7 194.8862094µA
is 16.83903587mA
e34 8.419517933mV

e1423 2.505041689V
e56 2.782351747V
R6 10.76640062kΩ
R7 14.23359938kΩ

e12 − e1423 2.494958311V
e1423 − e34 2.496622171V

Comparing values with the original bridge circuit in Fig. 1 one sees that the circuit is a precision
voltage divider. Given the imbalance specified, the potentiometer splits the resistance in the
approximate ratio 11:14 but the voltage imposed on the two halves of the circuit differs by only
1mV similarly the additional cost, or current drain, of the added circuitry is only about 200µV.
We will see more voltage divider circuits in the course. They have a few more rôles to play.
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