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Equation sheet for Sensor Technologies exam

1. Error, signal-to-noise ratio and dynamic range:

absolute error = (measured value) — (true value)

(measured value) — (true value)
true value
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2. Propagating variance of x through y = f(x):
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3. Propagating multiple variances through a vector-valued
functiony = f(x) = f(z1,...):

relative error =
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where J is the Jacobian evaluated at the given x values,
Yy is the covariance of y, and X, is the covariance of
x. In the case that y is a scalar and all variables are
uncorrelated,
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4. Jacobians:
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5. Covariance matrix for 2 variables x1 and x5:
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where o is the standard deviation and p is the correlation.

6. Kalman filter:

Predicted state: @yx—1 = Fr®r—1 + Brug
Pyjj—1 = FrPe 1 FF + Qu
Yp = 2k — HpZpp—1
Sk = Hkpk|k—1H]? + Ry
Ky = Py H" S}
Ty = Tgp—1 + Kryy
Py = (I — KxHy) Pyjj—1-

Predicted cov.:
Measurement res.:
Measurement res. cov.:
Kalman gain:

Updated state:
Updated covariance:

7. Extended Kalman filter:
Predicted state: &jp—1 = f (&r—1) + b (us)

Measurement res.: Yp =2 — h (1)

Let F}, and Hy, be the Jacobians of f and h respectively.

8. Piezoresistive sensors (strain gauges):
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where o is stress (N/ m?), F is force, A is area, € is strain,
L is length (m), E' is Young’s modulus, R is resistance

and G is gauge factor.

9. Temperature coefficient of resistance:

()
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10. Self-heating of RTDs:
Pp
AT = —
)

where AT is the self-heating error, Pp is the power dis-
sipated in the RTD and ¢ is the heat dissipation constant.

11. Resistance, capacitance and inductance:
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NZA
L= H L= frplo, o =41 x 1077 H/m
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where p is resistivity, [ is length, A is cross-sectional
area, € is permittivity, €, is relative permittivity, d is dis-
tance, p is permeability, and IV is the number of wire
turns in a solenoid.

12. Maxwell capacitance matrix:
Q=CV

Qn )T is the charge on each
%N )T is the voltage

where Q = ( Q1
conductorand V = ( V4
on each conductor.

13. Mutual capacitances can be calculated from the Maxwell
capacitance matrix using

N
Cm,ii = Cii — Z Cik
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Cm,ij = =Cij.
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14.

15.

16.

17.

18.

19.

20.

Thermocouple voltage:
V= E(Tsense) - E(Tref)
where E is the thermocouple characteristic function.

Transimpedance amplifiers:
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where C'; is the capacitance along the op-amp feedback
path, Cj, is the total capacitance at the op-amp input, ¢
is the resistance along the op-amp feedback path, and fr
is the op-amp’s gain-bandwidth product.

Piezoelectric sensors:

Sensor equation: D = [d]T + [¢] E
Actuator equation: S = [d]” E+[s]T
where D is electric displacement, [d] is the 3 x 6 piezo-

electric charge coefficient matrix, 7" is stress, E is elec-
tric field, S is strain and [s] is elastic compliance.

Hall effect sensors:
1B

F = B, Vg=G
qQU X B, H HqNCL

where ¢ = £1.602 x 10719 C is the charge of a hole
or electron, v is charge carrier velocity, B is the mag-
netic field vector and B is the component of magnetic
field perpendicular to both the current and electric field,
Gy =~ 0.71t0 0.9 is the geometry factor, 7 is current, L
is the thickness of the sensor (in the direction of B), and
N, is the charge carrier density in the semiconductor.

Eddy current skin depth:

2
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where p is resistivity, w = 2 f is natural frequency, and
= o 1 permeability.

Linear variable differential transformers (LVDTs) have
a transfer function of the form

V() = SV;IL‘

where V) is the output voltage, S is sensitivity, V; is input
voltage, and x is the displacement.

First order RC filters:

1
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