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Correction of temperatures and a handy way of
making correction charts for reversing
thermometers.

This paper deals with how we may easily and rapidly, make a cor-
rection chart by means of which we can, in a few seconds, find out the
temperature in situ from the observed temperature at the reversing
thermometer.

If the temperature of the reversing thermometer (f) when read off,
is different from the temperature in situ (7), we have to add a cor-
rection (K) to the observed temperature (7)) to find T,. The most
accurate approximation formula is given by W. Hansex (1. p. 145).

(1) K= — 2"

where 7 = T—¢ and n= T -} v,. v, denotes the volume of the severed
Mercurythread below 0°. g denotes the apparent coefficient of expansion
for mercury in glass. For those sorts of glass which are used in the rever-
sing thermometers at the present time, we may, without making greater

errors than about 19/, use g = —— (K, T, t and v, are given in

6100
°Celsius).
The supposition for the legitimacy of formula (1) is that 7 = T
when ¢ = 7,. Most thermometers, however, are burdened with an
Jindex error (I), ie. the scale is not quite true. We then get that T, =
T -+ I when ¢ = T,. Usually I varies with 7. Instead of formula (1)
we then obtain



Even if I = 1° C the error will never exceed 0.3%, if we write

n I (n+ v+ 1) L

1 T"+1 .,
e 71_1__#%_ ,,»___‘/;}_%_,7
Pl )
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In (3., p. 242) Oscar SunD points out that it is most handy to find
the temperature correction graphically. Oscar Sund uses another
expression for K than formula (2) but also by this formula it saves
time to calculate K graphically. For this purpose we may draw a cor-
rection chart similar to that given by O. Sundin (3). (7 asabscissa, K as
ordinate, and a seperate curve for each integral value of ¢ (see fi ).

(2 K=

A
ng. 2/

Original for making of corvection chart for any

theymometer.

Let us put the first term in formulae (2) equal to C.

3) ¢ =

On transparent millimetre paper we draw n as abscissa and C as
ordinate. A suitable scale is that 1° corresponds to 1 cm along the ab-
scissa and 0°,01 to 0.5 cm along the ordinate (fig. 1 about ?/; nat. rize),

If © is kept constant formula (3) defines a curve on the milli-
metre paper. Curves corresponding to each integral value of =
can be drawn (it is sufficient to draw the curves corresponding to
20 = v £ — 30) in the following way:

At the back of this publication there is a table which gives a series
of values for C by different values for # and # (the most of these values
have earlier been calculated and published by A. SCHUMACHER (2.,
p. 237)). Along the two lines, n = n, and # = #,, we plot the C-values
corresponding to each integral value of z. Then we connect points with
corresponding z-values with straight lines (with pencil). The line corre-
sponding to v = — 25 and that to 7 == — 28 are as examples drawn on
fig. 1. These lines approximately coincide with the curves for v = con-
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stant. The numerical value of the error will be greatest by the abscissa

error (correct ordinate — wrong ordinate) is equal to
ST T T T P
oo 2V (@a—m) (a—n2) -~ 2a 4 m + ne
max o ——- - -

We see that even if |ny—n,| = 40°, F,, . will not exceed 0°,0005.
Consequently it 1s sufficient first to plot the ¢-values on vertical
lines by each 40° and then to connect corresponding z-values with
straight lines. These lines can with sufficient approximation be used as
lines for ¢+ = constant.

According to the definition of # and »

(4 b=mn—uy —T
For v, = 100 we put { = {4
(5) tigg = # — v — 100

By means of formula (5) and the lines for = = constant it is easy
to draw smooth curves for f,,, = constant on the millimetre paper.
Draw these curves in India-ink and rub out curves for ¢ = constant
which were drawn with pencil.

Seen apart from the line for # = —25 and for ¢ = —Z8 which
should have been erased, fig. 1 shows how a part of the millimetre paper
then looks. The curved lines are the curves for /,,, = constant.

The value of {;,, is plotted at the end of each fifth curve. The values
of n are plotted at the top and the bottom of the paper, and C at the side
(in 1/100°)-

In the next section we shall show how this drawing can be used
as original by making of correction charts.

Handy method for preparation of correction charls.

By eliminating #n— « in formula (4) by means of formula (5) we obtain
I = 100 — v, + fyg

We see that by a thermometer with v, = N, { is constant and
equal to 100 — N - #44 at a curve where £, = constant. Hence we
see that by the original we may make a correction chart for any thermo-
meter in the following way:



Table over the value (C) of the function_ [ r\ by different values of n and 7.
00 — in +
2
For negative values of =, C is also negative but forsimplicity the negative signes are omitted in the table.
~ § j 7
;\JZ 50 | 60 | 70 | 80 | 90 | 100 | 110 120 | 130 | 140 E 50| 160 | 170 | 180 | 193 | 200 % 210 | 220 | 230 | 240 | 250 ;Q/
2NN ! T
20 | 0,166) 0,199 0,232 0,266/ 0,300 0,334| 0,368 0,436/ 0,471| 6305 0,540/ 0,574| 0,609 0,644| 0,679 0,714/ 0,750| 0,785| 0.821] 0,856 20
79 157| ,189| 220 ,252] 285 ,317| ,349 414 447| 480 513 546 579 ,612| 645 679 712 ,746] 779 ,S813] 79
78 ‘130 [179] z09| 239 270/ 301| 331 '303| 423 154 .486| 517| 548 5800 .61l 643 ,675| 706 738 770 78
77 141 169 198 227 255 284 313 '371| 400, 129 459 .48s| 518|547 ,577| ,607| ,637| 667 697 728 17
76 132,159 ,186| ,213| ,240| 267 294 340 376 104l 432| 450 487 ,515| 543 571 599, 628 656 685 76
75 ‘24| 149 .174) ,200) 225 .250| 276 327 353 79| 405 431 457 ,483] ,500| 535 562 588 615 642 75
74 116 139 162) 186 210 234 257 '305| 320 353| .378| 402 426\ 451 ,475| ,500| 524 549, 574 599 74
73 108 129|151 173 195 217 239 283 308 328 351 ,373 396 418 441 464 487 ,510| 533 556 13
72 ‘009 |119| .139| 159 180 200 221 262|282, 303 324 344 365 386 407 428 440 471 492 513 72
77| 091 109 12| 146| 165 184 202 240 '250| 278 '207| 316 335 ,354| ,373| ,393| 412| 431 451 471 77
70 0,083 0,100| 0,116] 0,133 0,150 0,167| 0,184| 0,201] 0,218 0,235 (252| 0,270| 0,287 0,304| 0,322] 0,339| 0,357 0,374 0,302, 0410| 0428] 10
9 074,090 ,105] 1200 135 ,150| ,165 106| 212| 227] 243 258 274] 290 ,305] ,321) 337 353 369 ,385 9
s '066] 080 .093- 106 120 133/ 147 174 18| 202| 216| 229 243| ,257| 271] 285 300 314 328 342 8
7 ‘058 .070] 081l 003 105 117|129 153 16s| 177 89| 201 213 225 237, 250 202 274 287 299 7
6 050 ,060| 070/ ,080| ,000| 100 ,110 131 141] 151 162 172|183 ,193| 203 ,214| ,225| 235 246 257 6
5 041 .050| 058 066 075 083 ,092 '109| ‘117] 126| 135 143 152 161 ,170| ,178| 187 ,196| ,205| 214 5
4 ‘0330 C040| '046| 053 060| 067 073 .080| 087 .004 101 108 115 ,122[ 129 136 ,143] ,150| ,157 164 171 4
H |
3 025 030 035 040 045 050 ,055 060/ ,065 070/ )76 081 ,086 001 096 102/ 107, 112} 118 123 128 3
2 ‘017 0200 023 l027| 030 033 037 .040| 044 047 )50/ 054 057 061 064 068 ,071f 075/ 078 0821 083 2
7 ,008| 00| 012 013 015 017/ 018 020 022 023 )25 027 ,029 030| ,032 034 036 037 030 041 043 7
0 | 0,000 0,000] 0,000] 0,000 0,000 0,000 0,000/ 0,000, 0,000] 0,000] (300| 0,000 0,000| 0,000 0,000 0,000] 0,000/ ©,000] 0,000/ 0,000] 6,000 0
;| o008 010] L0120 013 o1sl ,017| 018 ,0z0| 022 ,023] 025 ,027] ,029| ,030] ,032 034 036/ 037 039 L0410 043 — 7
2 017 ‘0200 ‘023 ‘027 030/ [033| 037 .030| 044 .047| 050 054 ,057| 061 ,064 068 071 075 078 0821 085 — 2
3 025 030|035 040 045 050 055 .060| 065 070 076/ .08l 086 ,091| ,096| 102 107 112 118 123 128 -— 3
4 033 0400 046 053] 060 ,067 ,073| ,080| ,087| ,094 101 108 115 122 129 136 143 ,150] 157 104 71— 4
5 (011 050 058 066 075 083 ,092] |100| 109 117 126] 135 143 152 1610 169 178 187} 190 205 214 — 5
6 ‘050|060, 070, ‘080l (000l ‘100l 110, 120 431l 141 151 162 72| 1s2) 193] 203 214 ,224] 235 246 ,256|— O
7 058l 070 081 ,003 105 117 128 40| 152 164 176/ 188 ,210| ,213| 225 237 249 262 274 287\ 299 — 7
$ ‘066|079 093] 106 120 .133| 147 160 74| 18| 202 215 229 ,243| 257 271) 285 299 313 327} 342/ — &
9 074,080 104 120 135 150 165 ,180| 196 ,211| 227| 242 258 273 289 305 321 336,352 ,368| 384 — O
70 0.083| 0,000 0,116| 0,133 0,150] 0,167 0,183 0,201| 0,218 0,235| (252| 0,269 0,286| 0,304| 0,322] 0,339] 0,356| 0,374| 0,391| 0409 0427] — 70
77 001 100 28| 46| 163 183 202 221 230 2ss| 277 206 313 L334 353 373 302 411|431 450 470/ — 77
72 000 119 (130 (150 [1S0| 2000 ,220( 241|261 ,282) '302) 323 344 364 383 400 ‘327 448| 4700 491 512]— 72
13 07| 120 151 173, 104 216 238 261 283 305 327 350 372 ,395| 417 440 463 486 ,509) 532 555 — 73
74 1160 139 162 ,186| 2000 233 257 281 305 ,328) '353) 377| 401 425 450 474 499,523 548|573 ,598| — 74
75 124) 140 '174| |199| 224 250 275 301 .326| .352| 378| 404 420/ 456 482 508 534 561 587 614 640\ — 75
76 ,132§ 1500 185 212 230 266 .203| .321| 345 375 403 430 458 486 514 542| ,570] ,598) 626 654 683 — 70
77 140 169 197 226] 254 283 312 341 ,370] 300 428 457 487 516 546 ,575| 605 635 065 695 725 — 77
78 4o, 170 200|239 260 300, .330| .361| .391| ,422| 453 .484| 515 546 578 ,609| 641 672 704 736 768 — T8
— 79 | 1570 J188| 2200 252) 284) 316 348) ,381| A4L3| 446 478) 511 544 ,577) 610 643|676 710\ 743 177 811 — 19
— 20 0,165/ 0,198] 0,232] 0,265| 0,299 0,333 0,367 0,401| 0,435 0,469| (503 0,538 0,572| 0,607| 0,642 0,677| 0,712 0,747| 0,782| 0,818 0,853| — 20
) : 5| 0,296 401} , |0, _ 18 0;

—Y 173] 208|243l 270|314 340 385 21| 456 492 528/ 565 601 ,637| 674 711} 747 784 821 850 896 — 27
22 181|218, ‘255 '292) 1329| 366/ 403 441 478 516 554 50| 630 G68| 706 ,744) 783 8221 8001 8991 948 — 22
23 o0l 2280 266 305 '344| 383 422 .461| .500| 530 579 618 658 698 738 778 818 850 899 940" 981 — 2J
24 108l 238l 278 318|350 (300 440 481| ,522| 563 GO4| 645 687 728/ 770 812 854 896 938 081 1,024 — 2d
25 2061 248 200, 332 374 a16| 458 .501| 543 586 620 672 715 759 ,802| 846 889 033} 977 1.022] 006 — 29
26 214, 258 301] 345 (380 432 476 .521| 565 .600| 634| 699 744 ,789| 834 879 925 971 1,016, ,062) 109 -— 20
27 223 268 313 358 403 440 405 541 ,587| 633 679 ,726| 772 819, ,866| 913 ,960| 1,008 055 ,103| ,151|— 27
28 231 278 (324 (371) 418 466 .513| .561| .608| 636 704 752 ,S01) 849 898 947 996 045 004 ,L44 194 — 26

29 230, 2870 '336| 354| 433 482 531| .581| .630| 680 729 779 ,820| 880 930, ,981) 1,031 082 133 ,185 236/ — 29
30 0.247| 0,297| 0.547| 0,398| 0.448| 0,499 0,550 0,601] 0,652 0,703| € 754| 0,806] 0,858| 0,910] 0,962 1,014| 1,067| 1.120| 1,172| 1.226] 1,279| — 30
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We find out the v, of the thermometer and the maximum tempe-
rature (7,,,.) it can show. Then we make a copy of a part of the original.
The bredth of the part shall extend from # = v, —3ton = v, -+ 1T ,.,.
and the height from the top to the bottom of the original.

By means of the formulae: T = n — v, and ¢ = 100 — v, -+ &
we can write on the copy the values of 7" and ¢ which correspond to
the v, of the thermometer. In the intersecting points between the line
C = 0 and the lines for ¢ = constant, ¢ = 7.

Then we cut off the parts of the copy where the previous numbers
are entered, and a chart for easy calculation of the first term (C) in
formula (2) is ready.

Seen apart from single thermometers which may have a very great
I on account of having been damaged and repaired, the second term in
the expression for K (formula (2)) may be ignored. In order easy to
add the last term [ to the C-values calculated by the chart, we plot
1 for different T on the chart. [ is plotted along the ordinates in the same
scale as C (in Y;4,° Celsius). Having done this, the correction chart
is ready.

Fig. 2 shows as an example the correction chart for thermometer
No. 000 with v, = 70° and 7,,, = 19°. The copy is taken from 67 to
89 at the scale at the top and at the bottom of the original. The numbers
are entered in the above-mentioned way, and to illustrate how this
is done, the parts of the copy where the previous numbers are entered
are not cut off. The red line on the correction chart is the »/-line« for
thermometer No. 000.

By means of a correction chart as described above and a pair of
compasses we can easily determine K. First we find the point on the
correction chart corresponding to the actual T and ¢, and then we add
I by means of the compass and read K off on the scale at the left-hand
margin of the correction chart, e. g. by thermometer No. 000 (fig. 2)
T =4°5 ¢ =-—1° K = 0°10L

On some thermometers I is, as mentioned above, so great that
the second term in the expression for K (formula (2)) cannot be ignored
le. g. if I = 0,3, n = 200 and v = 20 this term is 0°.01 C). However,
in most cases we can write I = I, -+ ¢ where [,, is a constant and 1
does not exceed a value which substituting / in the second term in
formula (2) gives this term a value greater than 0,°001. Instead of T
we may write 7', defined by 7, = T — Iy i e. T, =n—v, — Iy,
on the correction chart. That [-value which is found by 7 is then
plotted by that T, which has the same value as 7. Now we can use
this correction chart in the same way as the above-mentioned, treating

it as if 7 and not T, is the abscissa.




Fig. 2. (About %5 nat. size).
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With the object not getting too great an opening in the compases,
we can, instead of plotting 7 along the ordinates, add 7,; to the C-values
along the ordinates and plot 7 from the new O-points at the ordinates
in the same way as we plotted I above, because we also then arrive at

K=C+1I,+i=C+1I
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