. : 'Itables are attached t@ thxs exam: {1] a unit conversion table, and
~ [2] Student’s t-variable table. S o

DO NOT OPEN THIS EXAMINATION UNTIL YOU ARE TOLD TO DO SO.

This is a 70-minute exam. You will be given several ‘last-minute warnings’ during the
last few mmutes of the exam. Any exam net tumed in on time will 1mmed1ately loose 10




y in the dens1ty

er’ of sxgmﬁcant |

where

1(1 Hg) 1 1.01x105paxlmmH
= —(1 mm Y el iehiathot
T &= 2\ 7760 mm Hg g

1
= =(133 Pa) = 67 Pa,

(3%

and

ur =05(1°C) =0.5(1 K) =05K.

101325 2 1 23)1/2
v {[W( ] +[M(67)] }

(4.00 x 1076 +0.62 10—6)” 2

Thus,

]

2.15 x 1073 kg/m?.
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Problem No. 3 (25 points): An analog-to-digital (A/D) converter with the manufacturer’s
specifications listed below is to be used in an environment in which the A/D converter’s
temperature may change by 10 °C. Determine the converter’s [a] quantization error (in
mV), [b] instrument error (in mV), [c] combined standard uncertainty (in mV), and [d]
overall uncertainty in the converted voltage (in mV) assuming 95 % confidence and using
the ‘large-scale approximation’ for the coverage factor.

Epsr OVtol0V
M 12 bits
Linearity +3 bits/Ersr

Temperature drift 1 bit/5 °C

SOLUTION
The instrument uncertainty is the combination of uncertainty due to quantization errors, eg.

and to conversion errors, €.,
uMpE = ‘/eZQ +e%.

The resolution of a 12-bit A/D converter with a full scale range of 0V to 10V is given by (see

Chapter 6)

EFsr 10 .
= 2 = e == 2.4 mV /bit.
2= = 0% mV/bi

The quantization error per bit is found to be

ep =050 ={12mV. |

The conversion error is affected by two elements:

linearity error = ¢j = 3 bits x 2.4 mV/bit
=7.2mV
1 bit o .
temperature error = ey = 350 x 10 °C x 2.4 mV/bit

= 4.8 mV.

Thus, an estimate of the conversion error is

2
ey =\/e%+e2

= /f(7.2 mV)2 + (4.8 mV)2 =18.6 mV.

The combined standard uncertainty in the digital representation of the analog value due to the
quantization and conversion errors becomes
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