Biomedical Instrumentation Spring, 2003

Problem Set 6
Due Tuesday Feb. 25, 2003

1. A gold foil strain gauge has an unstrained resistance of 350 Ohms at a temperature of 20 °C. It is to
be used in a biomedical application at a temperature of 37 °C. The temperature coefficient of
resistance for gold is 0.0037 per °C, and the gauge factor for the gold foil is 2.1.

a. What will be the unstrained resistance of the strain gauge at body temperature of 37 °C?

b. How much strain would be required to produce the same resistance change as was produced
by the temperature change from 20 °C to 37 °C when the strain is applied with the strain
gauge maintained at a constant temperature of 20 °C?

c. Based upon the answers to parts a and b, do you think that temperature changes can be a
problem for gold foil strain gauges? Explain your answer.

2. A chromel-alumel (Type K) thermocouple is being used to monitor the temperature of a high-
temperature process occurring at a temperature of 380 °C in a drug manufacturing factory. The
factory is located in the sunny southern part of the United States, and on this particular day in
August, the air conditioning system in the factory has broken down causing the factory to get rather
warm. The reference junction of the thermocouple is at the factory temperature when its voltage
output is 14.186 mV. What is the temperature of the factory? A section of the NIST standard table
for type K thermocouples is attached.



ITS-90 Table for type K thermocouple

Thermoelectric Voltage in mV

°c 0 -1 -2 -3 -4 -5 -6 =17 -8 -9 -10

-270]|-6.458
-260|-6.441 -6.444 -6.446 -6.448 -6.450 -6.452 -6.453 -6.455 -6.456 -6.457 -6.458
-250]-6.404 -6.408 -6.413 -6.417 -6.421 -6.425 -6.429 -6.432 -6.435 -6.438 -6.441

-240|-6.344 -6.351 -6.358 -6.364 -6.370 -6.377 -6.382 -6.388 -6.393 -6.399 -6.404
-230]-6.262 -6.271 -6.280 -6.289 -6.297 -6.306 -6.314 -6.322 -6.329 -6.337 -6.344
-220|-6.158 -6.170 -6.181 -6.192 -6.202 -6.213 -6.223 -6.233 -6.243 -6.252 -6.262
-210|-6.035 -6.048 -6.061 -6.074 -6.087 -6.099 -6.111 -6.123 -6.135 -6.147 -6.158
-200]-5.891 -5.907 -5.922 -5.936 -5.951 -5.965 -5.980 -5.994 -6.007 -6.021 -6.035

-190|-5.730 -5.747 -5.763 -5.780 -5.797 -5.813 -5.829 -5.845 -5.861 -5.876 -5.891
-180|-5.550 -5.569 -5.588 -5.606 -5.624 -5.642 -5.660 -5.678 -5.695 -5.713 -5.730
-170|-5.354 -5.374 -5.395 -5.415 -5.435 -5.454 -5.474 -5.493 -5.512 -5.531 -5.550
-160|-5.141 -5.163 -5.185 -5.207 -5.228 -5.250 -5.271 -5.292 -5.313 -5.333 -5.354
-150|-4.913 -4.936 -4.960 -4.983 -5.006 -5.029 -5.052 -5.074 -5.097 -5.119 -5.141

-140]|-4.669 -4.694 -4.719 -4.744 -4.768 -4.793 -4.817 -4.841 -4.865 -4.889 -4.913
-130|-4.411 -4.437 -4.463 -4.490 -4.516 -4.542 -4.567 -4.593 -4.618 -4.644 -4.669
-120|-4.138 -4.166 -4.194 -4.221 -4.249 -4.276 -4.303 -4.330 -4.357 -4.384 -4.411
-110|-3.852 -3.882 -3.911 -3.939 -3.968 -3.997 -4.025 -4.054 -4.082 -4.110 -4.138
-100|-3.554 -3.584 -3.614 -3.645 -3.675 -3.705 -3.734 -3.764 -3.794 -3.823 -3.852

-90|-3.243 -3.274 -3.306 -3.337 -3.368 -3.400 -3.431 -3.462 -3.492 -3.523 -3.554
-80|-2.920 -2.953 -2.986 -3.018 -3.050 -3.083 -3.115 -3.147 -3.179 -3.211 -3.243
-70]-2.587 -2.620 -2.654 -2.688 -2.721 -2.755 -2.788 -2.821 -2.854 -2.887 -2.920
-60|-2.243 -2.278 -2.312 -2.347 -2.382 -2.416 -2.450 -2.485 -2.519 -2.553 -2.587
-50]-1.889 -1.925 -1.961 -1.996 -2.032 -2.067 -2.103 -2.138 -2.173 -2.208 -2.243

-40]|-1.527 -1.564 -1.600 -1.637 -1.673 -1.709 -1.745 -1.782 -1.818 -1.854 -1.889
-30]-1.156 -1.194 -1.231 -1.268 -1.305 -1.343 -1.380 -1.417 -1.453 -1.490 -1.527
-20]-0.778 -0.816 -0.854 -0.892 -0.930 -0.968 -1.006 -1.043 -1.081 -1.119 -1.156
-10|-0.392 -0.431 -0.470 -0.508 -0.547 -0.586 -0.624 -0.663 -0.701 -0.739 -0.778

0| 0.000 -0.039 -0.079 -0.118 -0.157 -0.197 -0.236 -0.275 -0.314 -0.353 -0.392

°c 0 -1 -2 -3 -4 -5 -6 =7 -8 -9 -10




ITS-90 Table for type K thermocouple
Thermoelectric Voltage in mV
°c 0 1 2 3 4 5 6 7 8 9 10
0| 0.000 0.039 0.079 0.119 0.158 0.198 0.238 0.277 0.317 0.357 0.397
10| 0.397 0.437 0.477 0.517 0.557 0.597 0.637 0.677 0.718 0.758 0.798
20| 0.798 0.838 0.879 0.919 0.960 1.000 1.041 1.081 1.122 1.163 1.203
30| 1.203 1.244 1.285 1.326 1.366 1.407 1.448 1.489 1.530 1.571 1.612
40| 1.612 1.653 1.694 1.735 1.776 1.817 1.858 1.899 1.941 1.982 2.023
50| 2.023 2.064 2.106 2.147 2.188 2.230 2.271 2.312 2.354 2.395 2.436
60| 2.436 2.478 2.519 2.561 2.602 2.644 2.685 2.727 2.768 2.810 2.851
70| 2.851 2.893 2.934 2.976 3.017 3.059 3.100 3.142 3.184 3.225 3.267
80| 3.267 3.308 3.350 3.391 3.433 3.474 3.516 3.557 3.599 3.640 3.682
90| 3.682 3.723 3.765 3.806 3.848 3.889 3.931 3.972 4.013 4.055 4.096
100| 4.096 4.138 4.179 4.220 4.262 4.303 4.344 4.385 4.427 4.468 4.509
110| 4.509 4.550 4.591 4.633 4.674 4.715 4.756 4.797 4.838 4.879 4.920
120| 4.920 4.961 5.002 5.043 5.084 5.124 5.165 5.206 5.247 5.288 5.328
130| 5.328 5.369 5.410 5.450 5.491 5.532 5.572 5.613 5.653 5.694 5.735
140| 5.735 5.775 5.815 5.856 5.896 5.937 5.977 6.017 6.058 6.098 6.138
150| 6.138 6.179 6.219 6.259 6.299 6.339 6.380 6.420 6.460 6.500 6.540
160| 6.540 6.580 6.620 6.660 6.701 6.741 6.781 6.821 6.861 6.901 6.941
170| 6.941 6.981 7.021 7.060 7.100 7.140 7.180 7.220 7.260 7.300 7.340
180| 7.340 7.380 7.420 7.460 7.500 7.540 7.579 7.619 7.659 7.699 7.739
190| 7.739 7.779 7.819 7.859 7.899 7.939 7.979 8.019 8.059 8.099 8.138
200| 8.138 8.178 8.218 8.258 8.298 8.338 8.378 8.418 8.458 8.499 8.539
210| 8.539 8.579 8.619 8.659 8.699 8.739 8.779 8.819 8.860 8.900 8.940
220| 8.940 8.980 9.020 9.061 9.101 9.141 9.181 9.222 9.262 9.302 9.343
230| 9.343 9.383 9.423 9.464 9.504 9.545 9.585 9.626 9.666 9.707 9.747
240 9.747 9.788 9.828 9.869 9.909 9.950 9.991 10.031 10.072 10.113 10.153
250110.153 10.194 10.235 10.276 10.316 10.357 10.398 10.439 10.480 10.520 10.561
260|10.561 10.602 10.643 10.684 10.725 10.766 10.807 10.848 10.889 10.930 10.971
270]10.971 11.012 11.053 11.094 11.135 11.176 11.217 11.259 11.300 11.341 11.382
280]11.382 11.423 11.465 11.506 11.547 11.588 11.630 11.671 11.712 11.753 11.795
290]11.795 11.836 11.877 11.919 11.960 12.001 12.043 12.084 12.126 12.167 12.209
300|12.209 12.250 12.291 12.333 12.374 12.416 12.457 12.499 12.540 12.582 12.624
310|12.624 12.665 12.707 12.748 12.790 12.831 12.873 12.915 12.956 12.998 13.040
320|13.040 13.081 13.123 13.165 13.206 13.248 13.290 13.331 13.373 13.415 13.457
330|13.457 13.498 13.540 13.582 13.624 13.665 13.707 13.749 13.791 13.833 13.874
340|13.874 13.916 13.958 14.000 14.042 14.084 14.126 14.167 14.209 14.251 14.293
350|14.293 14.335 14.377 14.419 14.461 14.503 14.545 14.587 14.629 14.671 14.713
360|14.713 14.755 14.797 14.839 14.881 14.923 14.965 15.007 15.049 15.091 15.133
370]15.133 15.175 15.217 15.259 15.301 15.343 15.385 15.427 15.469 15.511 15.554
380|15.554 15.596 15.638 15.680 15.722 15.764 15.806 15.849 15.891 15.933 15.975
390|15.975 16.017 16.059 16.102 16.144 16.186 16.228 16.270 16.313 16.355 16.397
400|16.397 16.439 16.482 16.524 16.566 16.608 16.651 16.693 16.735 16.778 16.820
410|16.820 16.862 16.904 16.947 16.989 17.031 17.074 17.116 17.158 17.201 17.243
420117.243 17.285 17.328 17.370 17.413 17.455 17.497 17.540 17.582 17.624 17.667
°c 0 1 2 3 4 5 6 7 8 9 10



