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Problem 1: The partially designed circuit below is to be used to convert temperature z €
[—20°C, 40 °C] to a floating-point number H(x) = =/ K to be written into variable temp. The circuit
uses an RTD, its model function is Hyy (z) = Ro(1+aqx), where Ry = 1002 and «; = 0.00398/ °C.
The RTD is connected to a —7V source as shown. The ADC response is Hapc(10v,16b)-

R
(a) Complete the design (choose values for Vo 2 R3 B
vg, Ro and R3), so that the ADC input is in &
[0.5V,9.5V] over the range of temperatures RTD !
to be measured. (20 pts)(For reduced credit V1 - ADC
[< 20 pts] make full use of the ADC dynamic TV .

range.)

First, find the voltage at the ADC input:

Ho(Hu(x)) = —Rs <#l(x) * 1%)

Call the resistance at the minimum temperature Rpnin and the resistance at the maximum temperature Riax. using
the boundaries of the temperature range

Ruin = Hy1(—20°C) = 92.04Q  and  Runax = Hy1(40°C) = 115.92Q.

As stated in the problem, the ADC input should be & minimum of 0.5 V this oceurs t the maximum temperature:

U1 U2
H(H;1(40°C)) = 0.5V = —R 2.
(Hu(10°C) (v 1)

similarly the ADC input must be 9.5V at —20°C or

U1 (%]
H.(Hy (~20°C)) =95V = —R 2.
(Hia(~20°0) (i)

The two equations can be combined Dy solving for R3 in each and equating them:

—-05V -9.5V

V1 V1

L2 g
Rmax + R2 Rmin + R2

This equation could be solved Tor either Rs or vo) since it's harder to generate an arbitrary voltage solve for Rs and set
v 10 & nice, convenient, readily available (pr@sum&b\y), 10 VOlTs.

9’[)2
Ry = Ty 168.0Q2.
With R2 and vo 4 value for Rg can QQS'\\y be found:
0.5
Ry = ————— = 574.4Q.
Rmax R_2



(b) Write the interface routine. (20 pts)

double vl = -7.0; /* Volts */

double v2 = /* No need to copy in values from previous page. */
double R2 =

double R3 =

double vadc 10.0; /* Volts */

double nadc = 65535; /* Quantization levels */

double all = 0.00398; /* / Degrees C */

double RO = 100.0; /* Ohms */

int r = readInterface();

To write the interface routine Hy is needed, 1t is found from:
Hy(Hapc(He(Hn (z)))) = H ().

Firstlet r = Hapc(He(H(x))) and solve for .
r = Hapc(He(Hu(2)))
Nadc U1 V2
== R + =
Vadc 3 <R0(1 + oclx) RQ)
-1
<< Vade Vg > 1 ) 1 1
= r - =) = — 1] =
Nadc I3 Ry ) vy Ry aq
Finally, Hy(r) = H(z), where H(z) = 2/ K (from the problem statemaent). This last step is just a conversion from

Calsiug 1o Kaelvins. 1T the values are assigned 1o the variaples above so that all units cancel (VO\YS and ohms, not millivolts
or kQ) then the interface routine is 273.15 plus the value of z above written in C:

Solving Tor  yields:

temp = 273.16 + ( vl / ( r * vadc / (nadc*R3) - v2/R2 ) / RO - 1.0 ) / alil;

(¢) Determine the precision of the temperature measurement. The answer may be given as a formula
using H¢(r), the mapping from ADC output to temperature in Kelvins. (10 pts)

The precision 18 maxg<,<aote | Hy(r) — He(r — 1)| but that answar is not quite good enough because 1t doesn't give
2 value of 7 Without first trying all possible values. 1f the response is linear any 7 will do. The transducer response,
Hip (), 18 linear, but the conditioning circuit rasponse is not. (The conditioning cireuit response would be linear if the
RTD ware placed in the 123 position.) A given change in RTD resistance results in a smaller change in ADC input voltage
when the RTD resistance is high. Put another way, |- H(Hyy ()] is smaller at higher temperatures. Based on the
solution to the first part, higher temperatures result in lower ADC Input voltages, and at the highest temperature the
input voltage is 0.5 V.

Lot i = 0.52118(,1. Then the precision 18 He(rumin) — He(Tmin + 1).



Problem 2: Answer each question below.

(a) Describe how a photomultiplier works and how it is connected to a conditioning circuit. Name
an advantage and disadvantage over a photodiode. (10 pts)

A ph()t()ﬂ strikes the cathode liberating electrons. A bias voltage accelerates electrons towards dynodes which bloek their
path. When an electron strikes a dynode it liberates more than one electron which, due to the Dias voltage, accelerates
towards the next dynode. Several dynodes are p\&QQG Detween the cathode and the anode, the current leaves the device

at the anode.
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Advantage: sensitivity. Disadvantage: high bias voltage, cost, fragility.

(b) A programmer has the option of writing a program that runs as multiple tasks or writing it to
run as one multithreaded task. Name two advantages of writing it as a single multithreaded task.
(10 pts)

As a multithreaded task the different asks can communicate via shared memory which is more emcient than reading and
WTITing a common Tile.

Context switenes batween different threads in a multithreaded task is faster than context switenes betwaeen different tasks.

(¢) Describe a problem with the circuit on the left that does not occur with the circuit on the right.
Explain how the circuit on the right avoids the problem. (10 pts)

A A
< -«
v v

The diferential inputs 1o the instrumentation ampliner cancel noise, this noise is not canceled with the single input used
in the inverting amp\‘m@,r.




(d) Explain how a magnetic reluctance proximity sensor works. Under what conditions could it be
used to measure the speed of a single object? (10 pts)

An Ob}@Qt passes between & gap ina magr\@tle core. The magn@t'\e refuctance of the OD}QQt is different than that of the air
or other medium that normally fills the gap. As the object enters the gap the fleld lines strengthen and as it leaves they
weaken. The Qh&ﬂg‘é in magn@tie Tield SUQT\gU\ induces a \/()\'E&g@ in the \N'md'mg whien is detected by the Qond'\t'\omng
cireuit.

A magnet'\e reluctance sensor could measure SPQQG of the magnet'\e reluctance and size of the OD}QQI within the gap were
Known.

(e) Why is a gray code used in absolute coded displacement transducers? (10 pts)

Baecause thaere is only 4 single bit change from one position to the next and so the prob\@m 0T not-quite-simultaneous
changes in mark-reading transducer outputs when multiple bits enange (QS from 0111 t0 1000) does not oceur.



