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O ABSTRACT 0O

In this wok, we performed a simple experiment to measure the linear expansion of a
tungsten wire over the temperature range 300-3600 K. This experiment is based on the
using of a laser with a wavelength of 532 nm to light the ordinary tungsten filament of
P21W car lamps under gradual heating, which leads to a change in the dimensions of the
filament, the dimensional changes are measured in the shadow images, these changes are
associated with current-voltage values in order to calculate temperatures and then calculate
the coefficient of linear thermal expansion CTE(The coefficient of thermal expansion) in
this field. In addition to measuring the frequency of vibration of the wire in the field 300-
1400K. This low-cost experiment with tungsten enables science students to understand the
thermal behavior of tungsten as a refractory metal, and allows for many low-cost
measurement to aid in future refractoriness and to test new calasses of refractory materials.
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300 0.0031 | 300 4.43 383.5 | 695.06
350 0.0254 | 350 4.48 540 687.88
400 0.0479 | 400 4.55 554 686.92
500 0.094 | 500 4.65 682.5 | 674.62
600 0.141 | 600 4.74 876.33 | 635.77
700 0.189 | 700 4.82 958.23 | 605.38
800 0.2375 | 800 4.89 1012.83 | 574.48
900 0.2865 | 900 4.97 1094.73 | 520.85
1000 0.3365 | 1000 5.05 1143.87 | 475.6
1100 0.387 | 1100 5.13 1193.01 | 419.77
1200 0.439 | 1200 5.22 1242.15 | 351.41
1300 0.491 | 1300 5.32 1277.64 | 293.21
1400 0.545 | 1400 5.43 1362.27 | 117.57
1500 0.6 1500 5.55 1403.22 | 10.77
1600 0.657 | 1600 5.68
1700 0.716 | 1700 5.83
1800 0.776 | 1800 5.98
2000 0.902 | 2000 6.32
2200 1.036 | 2200 6.72
2400 1.178 | 2400 7.18
2600 1.328 | 2600 7.71
2800 1.489 | 2800 8.34
3000 1.662 | 3000 9.12
3200 1.852 | 3200 10.09
3400 2.068 | 3400 11.33
3500 2.158 | 3500 12.07
3600 2.285 | 3600 12.87
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Sample Form | Ro(Q) | <Ll yhd | Jsall s Lc lo (MmM) | u
d(mm) | Do(mm) | (mm)
[A] TAIWAN P21W6V C-6 0.18 0.08 0.31 10 16 3.87
[B] ZEEMOH 12Vv21W C-6 0.55 0.08 0.345 8 489 |4.31
[C] HALAWA 21W6V | C6 | 018 | 0125 | 0615 6 39 | 49
[D] AU-LITE P21W12V E13 | C-6 0.55 0.08 0.58 7 48.9 6.5
[E] TARIFA 21W12V C-6 0.55 0.08 0.57 6.3 48.9 7.1
[F] TUNGSRAM 12V 21W C-6 0.55 0.08 0.59 6.2 48.9 7.3
[G] EAGLEYE 12V21W C-6 0.55 0.09 0.71 7.6 61.9 7.8
Korea
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(3)Jdsaal) A LS
Al il ady aaiy) cBlalas ad :(3)J g2l
R/Ro T/T, T Co C, G, C; (Aal/1,) | (Al/15)% | 2C,
1 1 300 -1.41E-03 | 143E-03 | -1.70E-05 | 5.48E-06 | 1.03E-05 | 0.001034 | -1.1E-07
2 1.777685 533.3056 -1.41E-03 2.54E-03 -5.36E-05 3.08E-05 1.11E-03 | 0.111101 | -2E-07
3 2.488918 | 746.6755 | -1.41E-03 | 3.56E-03 | -1.05E-04 | 8.45E-05 | 2.13E-03 | 0.213023 | -2.8E-07
4 3.160165 | 948.0496 | -141E-03 | 4.52E-03 | -169E-04 | 1.73E-04 | 3.11E-03 | 0.311419 | -3.6E-07
5 3.803164 | 1140.949 | -141E-03 | 5.44E-03 | -2.45E-04 | 3.02E-04 | 4.09E-03 | 0.40862 | -4.3E-07
6 4.424514 1327.354 -1.41E-03 6.33E-03 -3.32E-04 4.75E-04 | 5.06E-03 | 0.506118 | -5E-07
7 5028418 | 1508.525 | -1.41E-03 | 7.19E-03 | -4.29E-04 | 6.97E-04 | 6.05E-03 | 0.605002 | -5.7E-07
8 5.61778 1685.334 | -1.41E-03 | 8.03E-03 | -5.36E-04 | 9.72E-04 | 7.06E-03 | 0.706121 | -6.4E-07
9 6.194714 | 1858414 | -141E-03 | 8.86E-03 | -6.51E-04 | 1.30E-03 | 8.10E-03 | 0.810179 | -7E-07
10 6.76083 2028249 | -141E-03 | 9.67E-03 | -7.76E-04 | 1.69E-03 | 9.18E-03 | 0.917776 | -7.6E-07
11 7317385 | 2195216 | -1.41E-03 | 1.056-02 | -9.09E-04 | 2.15E-03 | 1.03E-02 | 1.029441 | -8.3E-07
12 7.865393 | 2359.618 | -1.41E-03 | 1.12E-02 | -1.056-03 | 2.67E-03 | 1.15E-02 | 1.145645 | -8.9E-07
13 8.405683 | 2521.705 | -1.41E-03 | 1.20E-02 | -1.20E-03 | 3.26E-03 | 1.27E-02 | 1.266819 | -9.5E-07
14 8.938945 | 2681.684 | -1.41E-03 | 1.28E-02 | -1.36E-03 | 3.92E-03 | 1.39E-02 | 1.393358 | -1E-06
15 9.465766 2839.73 -1.41E-03 | 135E-02 | -1.52E-03 | 4.65E-03 | 1.53E-02 | 1.525629 | -1.1E-06
16 9.986644 | 2995993 | -1.41E-03 | 1.43E-02 | -1.69E-03 | 5.46E-03 | 1.66E-02 | 1.663976 | -1.1E-06
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17 10.50201 | 3150.604 | -1.41E-03 1.50E-02 -1.87E-03 | 6.35E-03 | 1.81E-02 | 1.808724 | -1.2E-06
18 11.01225 | 3303.676 | -1.41E-03 1.57E-02 -2.06E-03 | 7.32E-03 | 1.96E-02 | 1.960181 | -1.2E-06
19 11.51769 | 3455.308 | -1.41E-03 1.65E-02 -2.25E-03 | 8.38E-03 | 2.12E-02 | 2.118638 | -1.3E-06
20 12.01863 | 3605.588 | -1.41E-03 1.72E-02 -2.45E-03 | 9.52E-03 | 2.28E-02 | 2.284376 | -1.4E-06
3¢, a Co C, C, Cs (Al/15) | (Al/1o)% 2C, 3¢, a
5.48E-08 | 4.71E-06 | -3.97E-04 | 3.33E-04 | 3.40E-04 | -8.56E-06 | 2.68E-04 | 0.026764 | 2.27E-06 | -8.6E-08 | 3.29E-06
1.73E-07 | 4.74E-06 | -3.97E-04 | 5.92E-04 | 1.086-03 | -4.81E-05 | 1.22E-03 | 0.122197 | 4.03E-06 | -2.7E-07 | 4.87E-06
3.4E-07 | 4.82E-06 | -3.97E-04 | 8.29E-04 | 2.11E-03 | -1.32E-04 | 2.41E-03 | 0.240729 | 5.64E-06 | -5.3E-07 | 6.22E-06
5.48E-07 | 4.96E-06 | -3.97E-04 | 1.05E-03 | 3.40E-03 | -2.70E-04 | 3.78E-03 | 0.378267 | 7.17E-06 | -8.5E-07 | 7.42E-06
7.93-07 | 5.13E-06 | -3.97E-04 | 1.27E-03 | 4.92E-03 | -4.71E-04 | 5.32E-03 | 0.53193 | 8.63E-06 | -1.2E-06 | 8.5E-06
1.07E-06 | 5.34E-06 | -3.97E-04 | 1.47E-03 | 6.66E-03 | -7.41E-04 | 6.99E-03 | 0.699488 1E-05 -1.7E-06 | 9.47E-06
1.39E-06 | 5.58E-06 | -3.97E-04 | 1.67E-03 | 8.60E-03 | -1.09E-03 | 8.79E-03 | 0.879119 | 1.14E-05 | -2.2E-06 | 1.04E-05
1.73E-06 | 5.86E-06 | -3.97E-04 | 1.87E-03 | 1.07E-02 | -1.52E-03 | 1.07E-02 | 1.069278 | 1.27E-05 | -2.7E-06 | 1.11E-05
2.1E-06 | 6.17E-06 | -3.97E-04 | 2.06E-03 | 1.31E-02 | -2.03E-03 | 1.27E-02 | 1.26862 1.4E-05 -3.3E-06 | 1.19E-05
2.51E-06 | 6.51E-06 | -3.97E-04 | 2.25E-03 | 1.56E-02 | -2.64E-03 | 1.48E-02 | 1.475951 | 1.53E-05 | -3.9E-06 | 1.25E-05
2.94E-06 | 6.87E-06 | -3.97E-04 | 2.44E-03 | 1.82E-02 | -3.35E-03 | 1.69E-02 | 1.690196 | 1.66E-05 | -4.6E-06 | 1.31E-05
3.39E-06 | 7.27E-06 | -3.97E-04 | 2.62E-03 | 2.10E-02 | -4.16E-03 | 1.91F-02 | 1.910374 | 1.78E-05 | -5.3E-06 | 1.37E-05
3.87E-06 | 7.69E-06 | -3.97E-04 | 2.80E-03 | 2.40E-02 | -5.08E-03 | 2.14E-02 | 2.135584 | 1.91E-05 -6E-06 1.41E-05
4.38E-06 | 8.14E-06 | -3.97E-04 | 2.98E-03 | 2.72E-02 | -6.11E-03 | 2.36E-02 | 2.364987 | 2.03E-05 | -6.8E-06 | 1.45E-05
4.91E-06 | 8.61E-06 | -3.97E-04 | 3.15E-03 | 3.05E-02 | -7.26E-03 | 2.60E-02 | 2.597804 | 2.15E-05 | -7.7E-06 | 1.49E-05
5.47E-06 | 9.1E-06 | -3.97E-04 | 3.33E-03 | 3.39E-02 | -8.52E-03 | 2.83E-02 | 2.833299 | 2.26E-05 | -8.5€-06 | 1.52E-05
6.05E-06 | 9.62E-06 | -3.97E-04 | 3.50E-03 | 3.75E-02 | -9.91E-03 | 3.07€-02 | 3.07078 | 2.38E-05 | -9.4E-06 | 1.55E-05
6.65E-06 | 1.02E-05 | -3.97E-04 | 3.67E-03 | 4.13E-02 | -1.14€-02 | 3.31E-02 | 3.30959 2.5E-05 -1E-05 1.57E-05
7.27E-06 | 1.07E-05 | -3.97E-04 | 3.84E-03 | 4.51E-02 | -1.31E-02 | 3.55E-02 | 3.549104 | 2.61E-05 | -1.1E-05 | 1.59E-05
7.92E-06 | 1.13E-05 | -3.97E-04 | 4.00E-03 | 4.91E-02 | -1.49€-02 | 3.79€-02 | 3.788728 | 2.73E-05 | -1.2E-05 | 1.6E-05
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Tl Ul | Sl
T (K) (A) | (AL/Ly)% | (AL/Ly)% | (AD/Do)% | (AD/Do)% | (AL/Ly)%
300 0 0.001034 0 0 0 0

731.5282 | 0.25 | 0.205722 0 0 0 0.734844

1024.205 | 0.5 0.349399 0.367422 | 0.122474 | 0.122474 0.61237
1477.923 | 0.75 0.587982 0.122474 | 0.244948 | 0.367422 0.673607
1904.281 1 0.838676 0.979792 1.22474 | 0.306185 0.428659
2247.608 | 1.25 1.065773 1.22474 1.775873 | 0.520514 0.857318
2523.014 | 1.5 1.267826 1.592162 | 1.898347 | 0.489896 1.102266
2782.122 | 1.75 1.47655 1.959584 | 2.571953 | 0.673607 1.83711
3048.967 2 1.712667 2.327006 1.83711 | 0.979792 2.082058
3269.788 | 2.25 1.925929 2.204532 | 1.714636 | 1.653399 1.83711

3503.1 2.5 2.170388 2.694427 | 1.469688 | 2.106552 2.694427
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