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PREFACE TO TWENTY-FOURTH EDITION

Ixn this Edition no alteration has been made to the Phyysic:
Tables, but the Mathematical Tables have been revised an
enlarged. Tables of natural sccants, natural cosecants, an
natural cotangents have been added; the squares %
reciprocals table has been expanded; there is a change
the presentation of logarithmic sines, logarithmic cosinessq
logarithmic tangents to conform with the usual examinaf
requirements. The Publishers are indebted to Profeq
A. C. Aitken, F.R.8. for his work on this edition, especis
for his re-checking of the accuracy of the tables.

June 1950
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6086 | 6108 | 6129 | 6151 | 0172 | G104 | 6215 | (6230 | 62567 4 7111418
6300 | 6321 [ 6341 | 6362 | 6383 | G404 | 6424 | 6415 | 0405 3 7101417
6506 | 8527 | 6547 | 6807 | 8557 | 0607 | G527 1 ees? | 6icy ) 3 Y1013 17
4706 | 6726 | 6740 | 6760 | 0785 | 6804 | 6824 | 6543 | 626 3 7101316
§901 | 6920 | 6939 | 6058 | 8077 | 8904 | 7015 | 7034 | 7053 3 6 91316
080 | 7100 | 7128 § 7146 | 7165 | 7183 | 7202 | 7220 | 7238 34 01213
7275 | 7203 ; T31L | 7330 | TI48 | TIO0 | Tidg | FA0R | Ta20Q 3 6 w12 1h
7455 | 7473 | 7301 | 7509 | 7526 | Thaq | 7562 | THTH | Thu¥ 3 6 912156
7632 | 7619 | 7667 | 7684 | TYOL | 7710 | 77306 | 7753 | 7Tl 36 91214
7805 | 7822 | 7839 | 7850 | 7B73 | 7800 | /007 | 7H24 | TO41 | 3 6 O (i1 14
7875 | 7002 | 8008 | BO25 | BO42 | 8059 | A075 | 04z | 8109 3 6 81114
F142 | BI58 | 8175 | 8191 | 8208 | 8224 | 841 | K257 | 8274 8 6 81114
8300 | 8223 | 8330 | 8355 | 8371 | 8u8H | R4D4 | A420 | 8436 35 8)1114
8468 | 8484 | 8301 | 8617 | 8533 | 8540 | =565 | Bodl [ BOST ] 3 5 8] 1113
8629 | 8644 | 8AGO | BATO | 8692 | 8708 | 8724 (8740|8755 3 6 8| 1113
8787 | 8803 ?-8!!5 BS31 | S350 | Aa00 | Han) (Bso7 18022 3 5 &) 23023
8544 | Bg59 | 8975 | 8090 | 9006 | 9022 | 9037 | 053 | D0GS 3 5 8(1013
909 | 9115 91'30 G146 | 0181 | 9176 | 9102 | 9207 | 9223 3 6 B|1013
9254 | 6269 | 5244 § 9360 | 9315 | 0330 | 0348 [ B361 [ 0376 | 3 5 8| 1013
9407 | 9422 | 0438 | 0453 | 9468 | 0483 | 9499 | 0514 | 9620 3 5 81013
G360 | 0575 | Lot | 9605 | 9821 | 9630 | vehl | 0668 | DOR1 3 5 B|1013
9712 | 9727 | 9742 | 9057 | 0772 | O7RA J 0=03 | D518 | 9833 3 5 81013
9864 | 9879 | 0804 | 0000 | 8924 | 0030 § qus! 2970 | Qs 3 5 81013




NATURAL

SECANTS

19

1-4142

1-4396
1-46G3
1-4045
15243
1-5557

1-5860
1-0243
10616
1-7013
1-7434

19833

IRE.Ei)
1 1Hs7 1

10410
2:0000

20627
2-1301
2-2027
22512
2-3002

2-4586
2-6503
2-6695
2.7501
2:02348

30718
3:2301
3-4203
3-62a0
3-8037

4-13%6
+-4454
4-3007
5-2408
5-7588

4:3025
71851
B-2055
05641
11-474

1434
14-11
L23-65
57-30

&

4167

4422
4600
4974
o273
5500
5925
6279
8655
7478
7929

Mean Diferences

» a2’ a8’ 5
rzy|&¥ys
4203 | 4318 | 4344 4870 4 8 13| 1T 21
dasd | 4581 | eo0a | 4635 4 v 13| 28 22
4830 | 4439 | 4557 | 4916] 5 9 14| 10 23
5121 | 5151 | 5182 | 52121 5 10 15 [ 20 25
5429 | 5461 | 5403 | 6525 | 5 10 16 |21 20
5756 | 5708 | 5822 | 5856 | 6 1117 |22 28
6099 | o125 [ e171| B207| 61218 | 24 20
6164 | 6r02 | 6340 | 6578 | 6 12 19| 25 31
aane | oanz | eos2 | corz| 7 13 20 | 20 33
7268 | 7a05 | 7348 7301| 714212838
700 | tra5| 7vor| weav| 7 15 22 | 3037
8166 | 8214| 8283 | ssiz| 816 24 | 42 40
863 | Bri4 | 8760 | 8318 8 17 25 | 34 42
o104 | 9240 | 9304 | 9360 | o 18 27 | 86 45
graz | 9821 | suso| ood0] 10 19 20 | 39 40
0371 | 0434 [ 0498 | o562 | 1o 21 31 | 42 52
1025 | 1003 | 1162 1231 | 21 22 34 | 45 56
1730 | o | 1877 1052 11 24 36 | 48 60
2300 | 2570 | 2650 2730 | 13 26 39 [ 52 65
3314 | 3400 | 3ame | sara] 14 2842 677
4207 | 4300 | 4305 4400] 1§ 31 46 | 62 77
I S E—
5180 528z | 5384 5488
02321 6354 | 6460 | 6350
7307 | a2 | 7633 | 7778
aaua | w2t | BOGO | G009
o106 | 0250 | 0407 | 0561
1681 1918 | 2017 | 2189
3440 3024 | 3517 | 4009
518 5020 | 5343 | 6060
quo7 | 7807 | BL40 | BIWT
0211 § 0486 | 0765 | 1048
Aean di 3
atzo| 3460 | sro2 | 4121 | ,?n?f,ﬂn;‘;", ¥
s360 | 6uaz | 7321 | 7706 sufclently
o593 | 1034 | 1484 | 142 AcCUrate.
5308 | 5023 | 8470 | 7ol
1227 | 1830 | 254G | 3222
8454 | 9273 | 0112 ] 0072
7oi2 | 8700 [ 9787 | 0905
o711 | 1129 | 2593 ] 4105 .
e201 | 8250 [ 0a38 | 2403
1303 | 13-34 | 13-65 | 13-90
16-86 | 17.37 | 17-061 | 18-40
2354 | 24.92 | 2605 | 2720
4003 | 2408 | 4775 [ 5200
143-2| 1910 | 286'5 | 5730




18 NATURAL SECANTS

Mean Differences
o e 1 | e | 2 | 300 | 36 | 42 | Ap | sy |

1" 2 45
0° (R1-0000 1 0000 | 0000 [ 0000 | 4000 | 0000 [ 0001 J 0001 |00t (o0l ] 0 o] ¢ o
1 ((1-0002] 0002 | 0002 | 0003 {0003 | 0003 | 0004 J 0004 (0005 [0008 |0 0 O 0 o
2 || 10006 | 0007 | 0007 § Gneks | 0009 | 0010 | 0010 J OUIT | o2 |03 )0 ¢ 0| 1 1
3 110014 | oo | oo | oy | oors | 0019 [ onzo Joozl [oo2e |eo23 o 0 1] 1 1
4 || 1-0024| 0026 | 0027 [ 0028 | 0030 | 0031 | 032 o034 (0035 |ons7 Jo 0 1| 1 1}
5 1110035 | 0040 | 0ou1 | o0kt | 0015 | 0048 | 0048 | 0G0 | 0051 33]e 2 11 1 2
6 || 1-0035 | 0037 | 3o | oont | 0063 | ones 7looco [oorr Joor3 o t 1| 1 2
7 || 10075 | 0077 7o | 002 | oot | aoso [ aomo Joonl |onog (oo o 1 1| 2 2
g |[1.o008] 0101 | 0103 1 etos J o108 [ o111 | ot Jotwe |orig (o220 1 1 2 2
9 [ Loizs] o127 [own 0iss [mse | 0159 [onz Jods [ o8 | osI fo 1 1] 2 2
10 || 1-0154 | 0157 | 0151 | 0164 | 0167 | 0170 [ 0374 | 0177 {0180 [ O34 |2 1 2| 2 3
11 |[1-0187 | 0191 | 0194 | 0108 | 0201 | N205 | 0209 11 2] 23
12 [j 10223 | 0227 | 0231 | 0235 | 0239 | 0243 [ 0247 t 120 % 3
13 || 1-6265 0267 | 0271 | 0276 | 0230 | 0234 | 0248 11 2| 3 4
14 | 10306 | 0311 | 015 | 0320 | 0324 | 0329 [ 0334 12 2| 3 ¢
15 ([ 10353 | 0358 | 0383 | 0367 | 0972 | 0377 | 0382 12 3| 38 4
16 [ 1:0403 | 0408 | 0415 | 0410 | 0424 | 0429 [ 0435 511 2 3| 4 4
17 o457 oubd | vos | 0474 | 0430 | 0485 | D41 ) 12 8) 4 5
18 || 10515 | 0521 | 0527 | 0533 | 0339 | 0545 [ 0551 546 3 123|435
19 || 10576 | 0533 | naap | 0305 | o060z | onus | 0615 |on2z [ oe28 |onss |2 2 3| 4 &
20° || 1-0842 | 06£9 | 0655 | 0662 | 0849 | 0676 | 0683 | 0630 | 0GB7 | o704 |1 2 8| 5 6
20 || 10711 0710 | 07og | 0733 | Ov40 | 0748 | 0755 JO7a3 |O7v0 | O0PrA |1 2 4] 5 O
22 | 10785 | 0703 | 0301 | 0808 | 0316 | ouze | 0R32 |00 L osas jows6 |1 3 41 5 7
23 Jmsm 0472 ( 0230 | 0828 | nos | 0003 [ 013 Juu21 | ovz2o (oo |1 3 4| 5 7
24 | 10946 ] 0us5 | D063 | 0972 Jous1 [ 0959 [ 0908 J 1007 [ 1016 | 1025 [1 3 4] 6 7
25 |j1-103s] 1093 | 162 [ 2061 | 1070 | 2070 | 1089 | fved | 1lu7 (2117 |2 3 5| & &
26 ‘11123 1236 | 1143 [ 1135 | 1164 | 1174 [ 1184 | 1104 1203 (12132 3 6| O &
27 | 12231233 | 1243 | 1253 | 1204 | 1274 [ 1284 | 120 [ 1805 [ 152 3 6) 7T 9
28 | 1-1326) 1336 [ 1337 {1352 | 1368 | 1370 [ 1300 J1e0r [ 1n2 J 1|2 4 51 7 9
26 |1 1-1434 | 1435 | 2450 | 1467 | 1178 | 1490 | 1501 J 1512 [ 152y [issa |2 £ 6] B 90
30° )| 11547 ) 1339 | 1370 | 1582 | 1504 | 1668 | 1618 J 1630 | 1642 | 1634 |2 4 8! B 10
31 || 118660 1679 | 1801 | 1703 | 1718 | 1728 | 1741 | 1753 | 1768 (1770 ]2 4 @ | 810
32 11702 1805 [ 1818 [ 1530 | 1844 | 1457 | 1870 | 183 | 17 (10102 4 7| Bt
3% | 11924 ] 2037 | 1051 | 1064 | 1978 | 1062 | 2006 | 2020 | 2084 | 204d | 2 5 7} 011
L |1-20r,z 2078 | 2001 | 2105 | 2ruo | 2334 ' 2l4g | 2163 | 2178 (2108 |2 58 70102
35 || 12208 ) 2223 | 2238 | 2253 | 23638 | 2283 [ 2200 | 2314 | 2320 | 2345 )3 5 81013
35 3 T2R4L[ 2376 | 2392 0408 2424 1 2440 1 2458 | E4v2 [ 24RD (250503 5 81113
37 | 12521 ] 2538 | 2554 | 2a71 | 2388 | 2605 | 2622 | 2635 | 2650 | 2673 |3 6 8 |11 14
38 | 1-2000| 2708 | 2725 2749 2700 | 2778 | 2706 [ 2<13 [ 2wl [ 240 )3 6 9 [ 3210
39 || 1-2368 | 2858 | 2004 | 2023 | 2041 | 2900 [ 2973 | 2007 | 3016 | 3u35 |3 6 8 (1214
30° 13054 | 3073 | 3003 | 3112 § 2131 | 3151 | 8171 J 3190 | 3210 [ 3230 |8 7 10 | 13 10
41 | L3250 3270 Szm 3311 | 3331 | 3352 | 33v3 | 3303 | 3¢14 8435 |3 710 ) 14 17
42 i) 3| 3oz | nse7 | goep [ 3esr | 4 722 ) 2418
4z 7 332 | 3855 [ asvd |4 811 |15 19
A4 1069 | 4003 | 4118 [ 4 8 12 (16 20




NATURAL COSECANTS 21
A S ]
N.B.—Subthre! Meah TG rences
I . . t “
] Mean Differences
0 6’ 12' i | 24 | 500 | 36 | 42" | a4y 54"
res sy
45° | 14142 | 4218 | 4003 | 4GGu J 4044 | 4020 | 3856 | 3072 | 3040 ) 4925 | 4 8 12| 18 20
45 1-3902 | 2378 | 3855 [ 4832 | 3800 | 3780 | 3T03 | 3741 [ 3VIA [ 389G | 4 8 311 ) 15 19
47 1-3673 | 3051 | 3620 | Aby7 | 268D | 4563 { 9542 | a5v0 | 3408 | a7 | 4 7 11 ] 24 1y
48 ) 31-3456 F 3435 | 8114 | Jaug | 3373 | 3352 | 833 3311 [ 32ub | 9270 1 3 7 10y 14 17
IWQ 1-3250 | 3230 | $210 | 2100 | 3L7L | 9101 | 3181 | 4222 | 3003 [ 40T3 |3 7 10 13 36
L) 1-3054 | 3025 | BOLG | ROUT | 2978 | 2000 | 2041 | 2023 | 2bud | 2866 |3 6 9| 12 15
51 || 1-2868 | 2340 | BAJ1 | 2893 [ 27006 | 2778 | 2760 | 2742 | 2725 [ 2708 |5 6 W |12 15
52 12600 | 2673 | 2650 | 2630 | 2022 | 2005 | 2364 | 2571 [ 2554 (4338 |3 0 8 | 11 14
53 112521 | 2505 | 2480 [ 2472 ] 2456 | 2440 | 2924 | 2408 [ 2362 | 2370 |3 5 4 | 11 13
54 1:230] | 2345 | 2320 | 2317 | 2260 | 2283 | 2268 12253 [ 2248 Loy la B OB Y10 43
55 1-2208 | 2193 | 2178 | 2163 | 2140 | 2104 | 2120 | 2003 [ 2001 | 2006 |2 5 7 [ 10 1=
56 12062 | 2648 1 2004 | 2020 | 2006 [ 1002 [ 1978 | 1064 | 1951 (207 )2 5 T 911
5¢ n 2-anes L300 1 28070 Ian ) 1676 ) 2857 | 1uag P 2pad | 3818 | Wsas )2 4 7 91t
58 ([ 1-17920 1779 | 1766 | 1v53 | 174% | 1728 | 1740 | 1703 | 1691 | 679 |2 4 & 314
59 14666 | 1654 | 142 | 1630 | 1613 | 1606 | 1594 | 1082 | I5TG | 2550 |2 4 & 8 1
60° 1547 ] 1535 | 2524 | 1612 | 1561 | 1400 | 1478 | 24067 | 1456 | 1445 |2 4 O 8 9
61 11454 | 1423 | 1432 § 1401 | 1390 | 1379 | 1303 | 1367 (247 [ 1336 02 & 5 70
62 11326 | 1335 | 1305 | 1204 | 1284 | 1274 | 12G2 | 1253 | 1243 [ 1283 Q2 4 5 70
63 #13223 01213 | 1203 | 230 | 234 2274 [ 236 | E15h (104 ) 1135 02 3 5 L
64 11126 § 2137 | 1107 | 10y | 1080 | 3670 | 1070 | uel | o522 L ADe3 § 2 4 5 4 3
&5 1-1034 | 1025 | 1016 LCB- 05488 | 0SS | (sl | T2 | (UG3 | DUD5 A 1 3 4 8 7
66 100280 0938 | 0029 | Do) Fousn | 0004 | 0506 J 0888 | DBBD ) 0872 M1 3 4 B T
b7 || LUsGe | 0=30 | Ondd | 0A40 | 0332 | Gd2g | DS16 | 0408 | 0801 JoTus |1 8 4] & T
2] 1075 UiTR | DT70 1 Q703 | GFh5 | OF4R | 0740 | 0733 | OTH6 | 071 |1 2 ¢ 58
69 10713 | 0704 | G697 | oRo0 | 06483 | 0676 | 066y | 0662 | 0655 | 064B |1 2 8 5 6
70° || 1-0842 | Do35 | 0028 | 0622 § 0615 | UGGy | D602 | 0595 [ 0582 (o3 | L 2 3 4 6
Tt 10376 | 0570 | 463 | D557 | 0551 | 0545 | 0530 | 0533 | 0527 10521 |1 2 3 i 5
72 10315 0369 | 6503 | o257 J 0491 | G485 | tdS0 J 0474 U8 | g 12 203 4 &
% 1:0457 | 04533 | 0440 | (4G | 0435 | 0426 | 0424 | 0419 | (413 |Dd0R |1 2 3 4 4
13 403 | 0308 | 0393 | 0348 | 6382 | 0377 (U372 | 0UA7 | 0363 (6354 1 2 3 3 4
TS5 (| 1-0353 ] 0348 | 0343 | 033a | 0334 | 4320 | 0224 | G320 | 03156 | OSL1 1 2 2 3 4
6 1-0306 | 0302 | 0207 | 0203 | 0289 [ 0284 0276 7102671 v 2 3 4
v 10263 | 0Z58 | 02533 | 0251 | 0u47 | 6243 02...'.0 gush | 028l | o227 1 1 2 4 3
8 10223 | 0220 [ 02i6 2121 0200 | 0205 | 0201 | OLYS | 0104 (0198 |1 1 2 23
79 1-0187 | 0184 | D180 | Ol77 | 0274 | Q170 [ @267 | OI0L | O16L | DIS7 L L 2 Z 3
BG* || 10154 | 0351 [ 0148 | OL45 | 0242 | 0139 | Olze | 0139 |o0le0 (o227 |0 1 1] 2 2
8 T2 0120 1 G109 | 018 | 0114 | 0120 { Q303 J 0106 (0103 ( DIDL J O 1 2 2 3
82 || L0088 | 0600 | 0003 [ Qg | ousp | 00zn | 0asd ous Joord [eois lo 1 1) 1 2
a3 10075 | 0073 | Gl | DOpy | 006T | OOGs | 00GE | 0061 | DOSO [ 0057 10 1 1 12
84 0035 | 0045 | 0601 | 6000 | 0018 | GG | 0045 | 0043 | G4 0G40 | O 6 1 11
85 1-0038 § G037 | (035 | Gos¢ | 0052 | 0031 | G930 | 0028 | 0027 | 0026

86 10024 | 002 | (022 | D021 | 0020 | 601n | o018 | 0017 [ 0016 J wels o 0 ) 11
87 I F00I o3 | 0OIZ | 003k | Oule | GUig ) oone ooy | 007 oz |0 0 6 1 1
89 1 1-0006 ] O | D005 | 0004 | 9G04 | 0003 | Wl JD0ND | QU0 fwoz |0 0 O 4 B
a9 EDO02 | 000L | 0001 [ 0001 | 0GOL | 000D | 0o | owod | 0000 | dum | & 0 O g 0




NATURAL COSECANTS

N .B.———Sﬂ:'dmrt Mean Differences

Bu— Q i
-1

QoMo Wb

BRalon AR —

énd ..' f

SR
ot

IFAPRCY

Mean Diffcrences
& 1 8 g 24 | 30 | 36 | 42 | Ay | 54
VY (&Y

5730 | 286-5 | 101-0 | 1432 | 114G | 05-49 | 8185 | 71-G2 | 03-G0

52:00 | 47-75 | 4408 | 40-93 | 38-20 | 35-81 | 43-71 | 31-84 | 30416
27:20 | 2605 | 24-92 | 23-88 [ 2295 | 22-01 [ 2123 | 20-47 [ 2077
18-49 1 37-01 | 1737 | 1686 | 18-38 | 15-63 | 1550 | 1500 [ 14-T

14-99 [ 13-65 [ 13-34 | 1303 | 12-75 | 12-47 | 12-20 [ 2195 | 1171
2493 | 0336 | 8260 6201 [ 4334 | 2477 0685 | 8095 [ 72E3

4103 | 2593 1 1120 ]| V11| 8337 | 7004 | 5711 | 4457 | 3238
Q005 | 9797 | 8700 | To4d ) 6413 | BRLL| 4635 | wdsd | 2757
0L72 | OTI2 7 BRVH] B454 | Tos5 | 4R71] 61VL | BIGG | 4637
3228 | 2540 | JER0 | 1227 | NAAO0 | Qo3 9351 | BISL| 8164
TOZ3 | 0470 | 5028 | 6400 | 4874 | 4362 3560 33067 | 2883 | Mean differences
not sufficiently
1022 [ 1484 | 1034 ] 05981 0159 | 0732 ] 0313 | 8901 | 8404 accurate.
T7u0 | 7321 | ewd2] 6560 | 62t | RR41] 5280 | 5137 | 470l
4121 | &798 | 3460 8150 2837 | 2537 | 2223 | 1923 | v
1048 | G705 | G446 ] 0211 | 9049 | 6472 ] 0408 [ 9LLT [ 8400
B337 | 814D | 7807 | 7657 | 7420 | 718G | Owis | 0727 | 6502

GO0 | 5843 [ 5620 ] 5418 | 5208 | K00 | 4700 [ 4508 | 4300
4009 [ 3317 | 36281 M40 | 3205 [ sor2 ] 28091 | 2712 2635
2188 2017 | I848] 1681 | 3515 | W352| 1100 1030 | 0472
Q61 [ 0407 | 0256 ] V106 | 8957 | 0311 ] 9665 | 8521 | 9379
PODO | BOGO [ S824 | K088 | BHG5 | K422 B2U1 | 8161 | BOBZ

78 | 7653 [ 7H200 THOT | VA5 | T1eh | To46 | 8927 | 6811
GLH80 | 6466 | G35 6242 | 8131 Go22] bDIS | 5205 | 000
488 [ 5284 | 52420 5180 | BOTH | 4878 | 4879 | 4780 | 4443
G300 [ 4305 | 43000 4207 | 4113 4022 3u21 | 3241 Avar| 15 81 48 | 62 77
574 | 486 | 3100 Q 314 | SRS | S144 | 3000 | 2070 2304 ] 14 268 42 | BT 71

2730 2650 | 2570} 2400 | 2412 | 2333 2255 | 2170 | 2103] 13 26 39 | 52 65
10562 | 1877 | 18030 1730 | 2457 | 1os4 ] 15603 | 1441 | 1371 ) 11 24 36 | 48 60
B2 1162 [ 1003 ) 1025 | 0057 | Q860 | 0824 | 0757 | 0692 11 22 34 { 45 36

V40 | 0380 | 9821 ar62 D703 | 0045 | 0567 | D530 | w473 10 L0 éo 39 4%

0560 | 6304 | 9240 ] 9104 | 0439 | ot ] ond1 | 8077 BrAt] D 18 27 | 36 45
8818 | 8706 | 8714 | 8643 | 8612 | 8561 8520 | 8360 B4tu| & 17 25 | 84 42
9312 | 82cd | 8213 ] 8166 | BL1a | so70f 8023 | 7576 | Fouo] S 16 24 | 32 40
FRAT | 7791 | vv45 | 7700 [ 7065 | T6IQf TH0G | T522| T4V8) T 15 23 | 30 7
V301 | 7348 | 7505 | V265 | T22L | Tivef 7137 YOu5| Toid4] 7 14 21 (28 33
6972 [ €032 | 6362 | (852 | 6812 | 6772 | 67a3 | 6684 | B8RS | 7 13 20 | 28 31
6578 | 0540 | ootnz | 6464 | 6427 | G3un | 6053 | G315 | 62Fe| 61219 (25 9
6207 | 8174 [ 6Lis | Gong | 60as | Guza | sund | 5050 6925 | 6232 18 |24 9
byo6 [ 5822 [ B7Rs | 6765 | 6V21 [ bAss | 5655 [ s622| 6560 6 21 17 | 22 oA
5525 | G493 | 5461 5420 6398 | 5366 | 6135 | 5304 | 5273| b 10 16 | 21 ¥
5212 | 5132 | 5161 6121 5092 | BOGR| 5082 | 5003 | 4974| 5 2015 | 20 25
4016 | dua? [ 4309 5 4502 [ 4774 47406 | 4728 4650 | b 9 14 | 19 23
46:35 | 4008 | 4381 4564 | 4627 | 4501 | 4474 | 4448 | 4402] 4 0D 13 | 18 8
4370 | 4344 | 4315 | 4203 | 4267 | 4292 4217 | 4292 4167 4 B 13! 17 21




NATURAL COTANGENTS 23

N.B.—Subtract Mean Differences

!
Mean Differences

o % 12 | 1e |2 | 300 | 36 | 42" | 4B 54 |

2y |45
o306 | 0861 | 0827 | 9703 | 9759 | 0725 | 9001 | 6 11 17 | 28 20
9556 | 0523 | 0400 | 0457 | 0424 | 0301 | 0358 | 6 11 17 | 22 28
2 guy | olus [ 0163 | 9131 | 0000 | c0a7 [ 0036 | 511 18 | 21 27
B 97s 8010 | 8578 | 8847 | Ba14 | 8785 | 8754 | B724 | 5 10 16 | 21 26
49 08603 | se62 | 8632 | 8601 | K571 | a5it | 8511 | 8481 | 8451 | 6421 | 5 10 15 | 20 25
50° || 0-830L | w6l [ 8332 | 8302 | 8273 | 6243 | 8214 | 8185 | B156 | 8127 | 5 10 15 | 20 2¢
5[ || 08098 | 8060 | 8040 | 8012 | 7083 | 7054 | 7026 | 7308 | 7860 | 7841 | 5 9 14| 19 24
52 lu»wma 7785 | 7757 [ vroo | vvol | 7673 | 7646 | 7018 | 7500 | 7563 | B 0 14 | 18 23
53 ' O7ou6 | 7308 | 7481 | Ti54 | 7427 | 7400 [ TeTa | 7340 [ 7310 {7202 | 5 0 14 | 18 23
50 ogoeslaeae | 1212 | e b s bsie b Tior Raso b qosa freea ba s 1318 22
55 .| 0002 | 6076 | 6050 | 6024 | 8390 | o373 | ooz | es22 [ eres erTi |4 o013 |17 21
56 | 06745 | 6720 | coos | ecao | ooa4 | oc1n | a504 | 6500 | 6544 | 8519 | 4 813 )17 2
57 '}o-msu 6469 | 6445 | 6420 | 6395 | 6171 | 6346 | 6322 | 6207 [ 62v3 | 4 812 [ 10 20
58 ‘0-6249 6224 | 6200 | 61re | 6152 | 6128 | 6104 | 6080 | 6058 | oon2 | 4 812 16 20
59 ‘o-mm 5035 | 5061 | 5038 | 5914 | 5890 | 5867 | 5344 | 5420 | 6707 | 4 812 | 10 20
60° |‘0-5774 5730 | 5727 | 5704 | 5681 | 5658 | 6635 | 5612 | 5580 | 5566 | 4 8 12 | 15 10
61 ‘0-5543 5620 | 5408 | 5475 | 5452 | 5430 | 5407 | 5384 | 5362 510 |4 8111519
62 [l0-5817 | 5205 | 5272 | 5250 | 5228 | 6208 | 5184 | 5161 | 513w [ 6u7 [ 4 7 11 )16 18
63 | 0-5095 | Gu73 | BO51 | Doz | 5008 | 4086 | 4004 | 4042 | 4021 | 409 |4 7 111518
64 1104877 | 4656 | 4usd | 4815 | 4701 | 4770 | 4748 | 4727 | 4706 | 4681 |g 7 11| 14 18
65 | 0-4683 | 4612 | 4821 | agoo | 4578 | 4557 | 4530 | s515 | 4404 | avm $ 7111818
66 |1 0-4452 | 4471 | 4411 | 4300 | 43690 | 4348 | 4327 | 4307 | 4286 | 4265 |3 7 10| 14 17
67 ||0-4215 1 422¢ | 4204 1 4183 | 4163 | 4142 | 4122 | 4101 | 4081 | 4001 |3 7 10 14 27
68 | 0-4030] 4020 [ 4000 | 3970 | 3059 | 3030 | 8019 | 4309 | 3379 | 350 [ 3 7 10| 13 17
69., [0-5533&! 4101 3799 | 3770 | 3759 | 3730 | 3710 | B600 | 3679 ) 3ene |3 Y 10 ) 1317
T0° | 0-3040 | 3620 | 3600 | 3581 | 3561 | 8541 | 3522 | 3302 | 3482 | 3103 |3 710|183 16
71 ln~;443 3424 [ ad04 | oa2rs | 9365 | 2346 ) 8327 | 3307 | 9288 | 3260 | 3 6 10 13 16
72 0 o-sz4v| 3230 [ 211 | 3191 | 3172 | 2153 | 3134 | 4115 | 3008 [ 3076 | 3 6 10| 13 16
I3 [ a3057 | 3048 [ 3009 | 3000 | 2081 | 2082 | 2043 | 2024 [ 2905 | 22k6 [ 3 & 0| 13 1%
4 1 0-2367 1 240 [ 2a50 | usla | 27o2 | 2778 | 2754 | 2736 | 2717 [ 2608 |3 6 9 113 16
75 |O-2679 2061 | 2042 | 2023 | 2605 | 2586 | 2508 | 2640 | 2530 | 2512 |3 6 9 [ 121G
T | 02493 ) 2475 | 2458 | 2438 | 2410 | 2401 | 2382 | 2364 [ 2345 {2327 |3 6 @ [1215
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292 NATURAL COTANGENTS
N. R —Subtract Mcan Differences
r ’ Mean Differcnees
e |y || % % | A | g { 53
| ey ‘ v SJ
0l = 573028845 | 1010 | 143-2 | 114-6 | 9549 | 8185 71-02'03'06
| I|57-20 |52-08 | 4794 | 44-07] 4092 [ 3910 35-80 | 5360 [ 21-92 | 30-14
2 |[28-64 | 2727 | 26:03 [24-90] 23-88 | 22-00 | 22.02 | 21-20 | 20-45 | 19-74
3 (/7908 |18-40 1780 [17-31]16:93 | 18-85 | 15-50 | 1544 | 15-08 | 1467
4 111490 |13-05 1502 | 13-50 ] 13-00 | 12-72 | 1243 | 12-18 | 11-91 [ 1168
5 || 1243 |11-20 [10-89 | 10-78 | 10:58 | 10-39 | 20-20 | 10-02 | 0-845 | 9-677
& (| 9-5144 ] 8572 | 2052 | 0579 | 0152 | 7769 | 8427 | 5126 | 3863 | 2638
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10°f] 5-6713 | 6140 | 5579 | boz26 | 4436 | 3955 | 3425 | 2o4 | 2422 | 1929 | Mean differences
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1T || 51446 | 0970 | 0504 | 0035 | o504 | 9152 | 8716 | 8288 | 7867 | 7453 nccurate,
12 {14-7046 | 6aa6 | 8252 [ oons | 5423 | 5107 | 47a7 | 2374 | 4015 | 3602
'SJ 48313 f2u72 | 2635 | 2303 | 1078 | 1653 | 1335 | 1022 | 0713 | 6408
14 || 40108 9312 | 9520 | 92s2 | 8047 | rea7 | g2 | a118 | 7R48 | 7533
5 1 37921 | 7062 | 6806 | 8554 | 6405 | 6059 | 5816 | 5576 | 5330 | 5105
16 ! 3-4874 | 4644 | 4420 | 4107 § 3977 | 2759 | 2344 | 3332 | a122 | 2014
17 1| 32700 ] 2508 | 2305 | 2100 | 1010 | 1716 | 1524 | 1334 | 1148 | 0061
18 ||3-0777 | 0505 | 0415 | 0237 | ooat | 0887 |'6714 | 0544 | g373 | 0oa
19 120042 | 8478 | 8710 | B350 | 8397 | 6239 | 8083 | 70D | 7776 | 7625
20°!| 27475 | 7az6 | 7170 | 7034 | 6889 | 6746 | 6605 | 6464 | 6325 | 6187
21 L 2.6051 | 5016 | 5782 | 5640 | 5517 | 6386 | 5257 | 5129 | 5002 | 4878
22 1 54751 | 4027 | 4504 | 4223 | 4202 | 4142 | 023 | 2000 | 3780 | 3073
2% || 2-3059 | 4115 | 3322 | 3290 | 2109 | 2008 | 2aso | 2731 | 2673 | 2508 _
24 (| 2-2460] 2355 | 2251 | 2148 | 2045 | 1043 | 1842 | 1742 | 1642 | 1543 | 17 34 51 | 68 &5
25 | 2.1445 | 1248 | 1251 | 11556 | 2060 | 0ves | 0872 F 0578 | oos6 | 0504 | 16 21 47 | 02 7%
I -
26 |2-0503) 0413 | 0323 | 0233 | 0145 | 0057 | 0070 | 0ss3 | o707 | 9711 | 15 20 44 | 58 73
27 || 19620 | no12 | 9458 | 0375 | 9202 | 9210 | 8193 | o047 | 8067 | 8337 | 14 27 41 | 53 64
28 1| 1-8807 | 5728 | 8630 | 8572 | 8405 | 8418 | 8341 [ e2cs | 8190 | Aris | 13 20 38 [ 61 64
29 |1.8040 | 7066 | 7893 | 7420 | 7747 | 7675 | 7003 | 7on2 | 7461 | 7401 | 12 24 36 | 48 €0
30°| 1721 | 7ust | 7382 | 7133 | 7045 | 0077 | 0009 | 6242 | 6775 | 0700 | 11 23 34 [ 45 56
31 (| 16843 | es77 | a512 | 6447 | 63m3 | 6319 | a25s | 6101 | mios | cos |21 22 32 | 43 53
32\ 1-6003 | 5041 | 5880 | 6818 | 5757 | 5607 | 5037 | 5577 | 5517 | 5458 | 10 20 30 | 40 30
33 |1-5300 | 5340 | 6282 | 5224 | 5160 | 5108 | 5051 | 4004 | 4038 | 4882 | 10 10 29 [ 36 48
3% 1| 1dron | 4770 | 4715 | 4659 | 4005 | 4550 | 4496 | 4442 | 4395 [ 4435 | 9 18 27 38 45
3511-42.31 4200 | 4176 | 4124 | 4071 | 4019 | 3068 | 1010 | 3865 | 3314 | v 17 26| 34 43
36 1| 13764 3713 | 3063 | 9613 | 3564 | 3514 | 3405 | 3416 | 3307 | 9310 | & 18 23 | 33 4(1}
37 || 1-3270 ] 3222 [ 3175 | 8127 | 3079 | 3082 | 2985 | 2038 | 2809 | 2846 | & 16 24 31 ;S
38 || 127en | 2753 | 2708 | 2662 | 2017 | 2572 | 2527 | 2482 [ 2437 | 2303 | 8 15 23| 20 38
39|1-2::-m oans | 2261 | 2018 | 2174 | 2181 | 2088 | 2045 | 2002 | 1960 | 7 14 22| 29 e
20° 1| 1-1018 | 1875 | 1833 | 1792 | 1750 | 1708 | 1667 | 1626 | 1686 | 1544 | 714 21 28
al || 11504 | 1463 | 1423 | 1383 | 1343 | 2903 | 1263 | 1204 | 1304 | 1345 | 71320 27 38
a2 1106 | 1067 | 1028 | 0000 | 0051 [ 0913 | On75 | 0R37 | o700 [ 0761 | 6 13 18 2-5 a3
23 | 10724 | o6 | 0640 | 0612 | 0375 [ 0538 | 0501 | 0464 | 0428 [ 0302 | 6 1218 24 30
a4 ‘ 1.0356 | o310 | 0283 | 0247 | 0212 | 0178 | 0141 | 0105 | o070 | o035 | 61218 | 2
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24 CIRCULAR OR RADIAN MEASURE
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<2067 | 2995 | 8002 | 3050 | 9037 | 3054 | 83072 | 050 | 8207 | 3124 PDiflerence
S3142 | 3169 | 3174 | 3104 | 3251 | 3229 | 3244 | 3264 | 3241 | 3200
=314 | 3334 | B351 | 3303 | 980 | 3405 1 8421 | 3438 | 3450 | 3473 for is
<3401 | 8508 | 8526 | 8543 | 3060 | 3578 | 3605 | 3613 | 36W0 | 3643 1

21 3005 | 3631 [ A700 | 3718 | 37A5 [ 3TE2 | 8770 | 3787 | 3805 | 3923 2
22 13840 ) DBST | 3HTS | 9892 | 3810 | 3027 | BG4 | F00R | 3079 | 30T 47
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26 || -4338| 4555 | 4ava | 4560
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SQUARES, CUBES, SQUARE ROOTS, CUBE ROOTS,
RECIPROCALS AND RECIPROCALS OF SQUARE ROOTS
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1] 2601 132661 7-1414 37084 001981 2925432 014003 004428
52 2704 140643 72111 3.7325 0-01923 228035 0-13868 [ Q4385
53 2800 148877 72802 3-7563 (Q-01887 230217 0-13738 004344
54 2016 157464 73485 37708 0-01852 23-2379 0-17608 003303
g5 3025 166375 7-4162 38080 001518 23-4521 0-13484 Q-04264

56 a6 175016 74813 3-82569 0-01786 | 23-8643 018363 | 004228
57 3240 135193 7493 3-84B5 001754 23-B747 013245 001139
1] 3364 105112 7-6158 3-8700 0-01724 24-0832 0-14131 0-04152
59 3481 205379 7AHR11 2-1A30 0-01685 232800 | 013010 [ 004117
60 83600 216000 77460 3-9149 0-01067 244049 | 0-12010 | 0-HO82
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. 1 1
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[1] 3721 226981 78102 8-0365 001639 240982 0-12804 0-04049
82 3ndd 238428 T-8740 30070 0-01613 24-8008 0-12700 004016
63 3469 250047 7-9373 3-0701 0-01587 250008 1 0-12599 0-0H3084
64 1004 262144 8000 40000 0-01563 252042 0-12500 003053
65 225 274625 80623 40207 0-01538 25-4051 0-12403 0-03922

66 4366 2R7406 8:1240 40412 Q01615 258005 0-12309 Q03802
67 44R0 300763 8-1454 4-0615 0-(H1403 25.-8844 | 012217 0-03R63
68 40624 514432 8-2462 40817 | 001471 | 26-0768 | 0-12127 | 0-08815
69 4761 32r509 B-1064 4-1018 001449 26-279 0-12039 0-0a807
70 4900 313000 8-3666 4-1213 0-01429 26+4575 0-11952 0-03780

Fil 5041 357011 8-4201 4-1408 0-01408 268458 0-11R68 0N3753
712 5184 373248 B-485R 4-1603 001360 26-R328 0-11785 0-0727
3 5320 3xN17 85440 4-17493 ¢-01370 270185 011704 001701
T4 5470 4anihzl4 88023 4-1043 0-41341 27-2029 311625 003670
Fi] 6625 421375 8-0603 4-2172 0-01333 27-3861 0-11547 003651

16 5776 4380760 8-7178 4-2358 001316 275881 0-11471 003627
Yid b9 456532 8-7750 4-2543 0-01290 27-7488 | 0-1139%% 0-03004
8 0084 474562 8-a318 42727 0491282 270285 011323 0035”1
ks G241 493039 B-8R82 4-2908 Q-01268 Z8-1n69 Q- (1251 Q-03550
B0 4400 512000 8-9443 4-3080 0-01250 28-2543 011180 0-038530

8l 6581 531441 9-0000 43247 0-01235 28-4604 0-11111 00315
82 6724 551468 940554 4-34d 5 0-01220 28:6358 | 011043 0-0340
0 4880 h71787 0-1104 4-3021 00205 25-8097 Q-10076 0'0347{
24 2056 592704 0:1652 4:3705 001190 28-9R28 0-10011 003450
B5 7225 614125 9-2193 4-3968 0-01178 291548 0-10847 063430

86 7208 6360356 0-2736 4-43140 001163 20-3258 0-10783 0-03410
87 7569 658503 03274 4-4310 ¢-01149 204058 QI0721 0-033%0
88 774 AR1472 0-3808 44480 0-01136 20-6648 0-106060 0073771
89 7921 704069 14340 444647 0-01124 20-8:420 G- 105600 G-03352
90 BLGO 720000 94868 1-4814 001111 80-0000 | 0-10541 003333

91 8281 753571 0-5304 44970 | 0-01090 | 30-1602 | ©0-10483 | 0-03315
92 8464 TIBGEE 95017 45144 | 0-010RT | 30-3315 | 014426 | 0-03257
93 8540 804357 B-843T 4-5807 Q-G1673 | 304458 | Q10370 | O-O32TH
94 30 R30554 0-G854 ¢3468 | 001064 | 306504 | 0-10814 | 003262
95 9025 857375 07468 4-562¢ | 001033 | 80-8221 | 0-10260 | 003244

96 | 0216 | 884716 97080 | 45780 | 001042 | 30-0839 | 0-10208 | p-03227
97 0400 12673 B-R4RG 4-hia7 0-01031 | 31-1348 | 0101563 | 0-03211
98 | 964 | g4ri02 04095 | 4-8104 | 001020 | 31-3050 | 0-10102 [ 0-0319%
99 | 8801 | 070200 99499 | d-6261 | 0-01010 | 31-4H43 | 010050 | 0-03178
100 | 10000 | 1000000 | 10-0000 | 4-0416 | 0-01000 | 31-6228 | 0-20000 | 003162
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SQUARES, CUBES,

SQUARE ROOTS, CUBE

ROOTS,

A
RECIPROCALS AND RECIPROCALS OF SQUARE ROOTY
- 3= 1 — 1 1
n nt [ n 7 = ion = —_
'J l\/ n ‘J Jﬂ ,jltm

! 1 1 14000 10000 3-1623 | 1-00000 .

2 4 8 | 14142 | 12309 14721 | Go70711 | o.abes
3 ] 27 17321 1-4422 5-4772 | 0-57735 | o.10

4 16 =) 90000 1-5474 6-4245 | 030000 | 013

5 25 125 2.2361 1-7100 7071 | 044721 | 014142
6 36 2-4405 18171 | 0-16667 7-7460 | 0-40825 | 0-12910
7 40 2.6458 19128 | 0-14238 8-36668 | 0-37796 | 0-11052
8 44 24284 2-0000 012500 B-1h43 0-33355 | 0-11lisq
G R 30000 206801 D-11111 13868 | 0-93333 | 010541
15 100 3-1023 2-1544 0-10000 130000 0-31023 010000
I 121 3:3160 22240 | 0-00001 | 104881 | 0-30151 | 0-00535
12 143 3-4641 22804 | 008333 | 109545 | 0286688 | DM
13 169 4-6056 23513 | 0-07642 | 11-3018 | 0-27735 | 088771
14 190 3.7417 2.4101 [ 0-07143 | 11-8322 | 026726 | 0-8452
5 pri 3-8730 24002 | 008667 | 12-2474 | 0-25820 | 0-08165
16 256 40000 2.5108 128481 | 0-25000 | 0:07008
17 240 419481 25713 13-0884 | 0-24253 | 0-07670
I8 324 4-2428 Z-6207 13-1164 0-23570 007454
19 361 43389 265684 137840 | 022042 | 0-07255
20 400 44721 2.714¢ 14:1421 | @-22361 | 0-Q7071
2| 441 415826 29580 | 004762 | 14- 4014 021822 | 0-00001
22 131 4-6004 2.8020 | 0-04545 021320 | 0-05742
23 520 47058 2-8430 04345 0-20K61 JHN9E
24 570 4-RQUO 2.2845 | 004167 ; 020412 | D055
25 625 5-0000 2.0240 | 003000 | 138114 | 00000 | 0-00325
26 078 50000 2.0625 | 003846 | 16-1245 | 019612 | 0-06202
27 729 - 20000 | 003704 | 184317 | 019245 | 0-0KLE
28 T84 5.0360 | 0-03571 | 16-7232 | 015598 | 0-05078
29 811 30723 | 0-03448 | 170204 | 0-18570 | 003872
30 200 31072 | 003333 | 17.3206 | 0-18257 | 00574
37 901 54 31414 | 0-03226 | 17-800% | 017061

32 1024 5 3-1748 | 003125 | 17-38%5 | 0-17678
i3 1089 5- 32075 | 0-03030 | 13-1650 | 0-17408 -
34 1156 5- 32300 | 002041 | I | 017150 | 003423
35 1225 5 32711 | 0-02857 | 18-7083 | 0-10003 | 0-05345
36 1206 - 8-3019 | 002778 | 18-0737 | 0-16067 0-05270
7 1369 6+ 3:3322 - 192354 | O-16440 | 005149
38 1444 6 3-3620 19-6938 | 0-16222 | 005130
19 1521 - 3-3912 197454 | 016013 | Q03004
40 | 1uoo LB 3:4200 20-0000 | 0-15811 | 0-05000
41 1681 88021 8- 84482 | 002490 | 202485 | 0-15617 | 0-D:ID
42 1764 T4088 6- 34760 | 002381 | 20-4930 | 015430 | O«MEHD
4% 1840 70507 ¢ 35034 | 002328 | 207364 | 015250 [ @-0aAl2
44 1934 85184 §- 3-53083 0-02273 | 209762 | 0-15076 | D-44I6T
45 2025 91125 6- 35360 | 002222 | 212332 | o-14007 | 04714
% | e2ne 07338 | 8 35830 | 002174 | 214476 | 0-14744 | 004683
47 | 2200 | 103Re3 | A 36048 | Q21u8 | 224795 [ Q1T | 004013
48 2304 110562 6 36342 | 0 'us.} 210039 | 014434 “"”'—’63
49 | 24 117640 7 26503 | 002041 | 227369 | 0-14280 [ 0 0431
50 2500 125000 7-0711 3-6340 002000 | 223607 | 014142 | 0072
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.1818 | 1815 1812 1808 | 1805 | 1802 | 1700 | 1795 | 1702 | 1780
A7e | 1as | 1779 1776|1773 | 1970 | 1767 | 1761 | 1761 | 1757
75| 1751|2748 | 1745 | 1742 1730 | 1796 | 1733 | 1730 | 1727
74| 1721|1728 | 1715 | 1712 | 1700 | 1706 | 1704 | 1701 | 1698
1605 | 1692 | 1689 | 1086 | 1684 | 1681 | 1676 | 1675 | 1672 | 1869

1067 | 1664 | 1661 | 1658 | 16560 | 1653 | 1650 | 1047 [ 1645 | 1842
A630[ 1037 | 1634 | 1631 | 162D | 1020 ( 1923 | 1621 | 18181 1516
1613 1810 | 1608 | 1605 | 1603 | 1600 | 1597 | 1595 | 1592 | 1590
1587 | 1685 | 1682 | 1580 1877 | 1575 | 1572 | 1570 | 1507 | 1565
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‘1087 1086 | 1083 | 1083 | 1082 ] 1081 | 1080 | 1074| 1078 | 1076 ©
“LOTHRI074 | 1073 | 107211071 | 1070 | 1068 | 1067 | 1066 | 1065 | 0
-1064 11063 | 1062 | 1060 | 1058 | 1058 | 1057 | 1064 | 1055 | 1054 | 0

06311052 1 1050 | 1040 1048 | 1047 | 1046 | 1045 | 1044 | 2043 | 0
SHH2RIO1L L1030 1056 ] 1097 | 1036 1 1035 | 1034 | 1031 | 1632 0
108101030 | 1029 | 1028 | To27 | 2026 | 1025 | 1024 | 1022 ] 1021 | 0
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28  RECIPROCALS OF FOUR-.-FIGURE NUMBERS

Mean Dilferences
o frj2({s]als|al7la]os (Subtract.)

— ]

teslasg|rgy
[~ - T -
1-0)| 1000 | oo | osos | oroo]on1s | 9524|9434 |vias 9250 9174 | o 18 28 -
{10 8001 900D | 2020 | SBH0J 8772 | 86061 8021|8547 |8475 8403 8 15 23 g; ‘.‘!g flg gg [‘5? H?
12| #333)8204 |ar07 [2130] 8005 | 8000|7037 | 7e74 | 78131 7752| 7 13 20| 20 B2 40 | 48 b o
1-31| +7692] 7634 | 7570|7510 7463 | 7407 (7353 | 7200 | 7246 | 71941 6 11 17 [ 02 o 33|39 4; 2(1
i8] 7143] 700z | 7012 | cov3] oodt | 6807 (6840|6303 | 6757 [ 6711 |5 10 34 | 10 24 20 | 33 55 g4
15| -6007 o623 | 0570, 8536 |c10e | 6452 | aat0ea6o 6320 (62804 B 13|17 21 25 | 20 33 s
i) -b250]s211|0173| M35 [eoos | eosl|cozd|aoss |susz|seir] s 7 17|15 Tu 22 | 25 56 a9
-7l -sas2]5838| 6814 | 5750|6747 | 714 | 56825050 (5618|5587 |5 7 10|12 16 20| 23 96 20
18] -6550]5525 | 5405 | b4G4 |5435 | 5406 | 5976063435319 5201013 6 9|12 15 17 | o0 23 20
[ -5262|5236 | 5208 5181|5155 | 5128|5102 |5076 | 503115025 3 B 8|11 13 16| 18 5] o4
L)
20| 5000|4975 4950 | 40 |40z | 1878 | aa5a] 431 408 (4785] 2 5 710121
21| -d4ve2]erzp 4?17 46054673 (4651 | 4620] 4003 | 4337 | 456642 4 7| o 11 1% }; %3 %
22| -4545]4525| 4505 |4484 440 | 4444 | 2425 4405 | 4336 (436702 4 6| 8 10 12|14 16 1%
2:3|| ~4348[4320| 4310 (4202 4274 | 4255 (423714210 | 42021418402 4 5 7 0 11|19 14 16
24| 41674140 | 4132 (4115 4008 | 2082 | so05 ] 2040 | 4032|0182 3 5! 7 § 3012 13 15
25| -4000] 5954 |a04% | 3058] 3097 | 3022|3006 | 3801 3876 1386102 3 5! & 8 0|11 1214
26| -3a463z3113817 |2802]3733 (377437503745 3731 (37371 3 4| @8 7 olip 1113
2:7) -370413600| 3676|3603 | 3650 | 4636 | 3623 | 3610|3597 (35841 3 4| 5 7 & 011 12
2-81 3571 5559| 2526|3554 | 3521 | 3509|3407 |3484 3472 (348001 2 2| 5 4 7| 0l011
2-9|| -?eas|3436| 3435 (3413|3101 | 3390|3378 |wue7 | 3356 |3324f1 2 3| 5 0 7| 8 9310
30| -3233| 3322|3311 | 3300 2290 | 3270 | 3288 | 227 |a24x 32381 2 3| 4 5 8| 8 910
300 +322019215)| 3200 [ 3205 3195 (8175 318513155 | 3145 (313501 2 8! 4 3 6 7 & %
3-2]] -3125]3115|3108[ 3008 | 3050 ) 2077 1 3067 | 305813040/ 20400 1 2 3] 4 5 6] 7T 8 ¢
33 | -303G1 3021 | 3012|3003 2904 [ 2035 | 2074 J 2067 [ 2069 | 200001 2 3’ 1+ 4 5/ 8 7 8
3|, 2941|2055 2000 | 2015 | 2007 | 2899 | 2800 2wz | 2874 (2685 ] 1 2 3] 3 4 5y 0 7 B
35| 2857 2819 | 2541 | 2833 | 2505 | 2517 | 2000 | 2801|2703 27881 2 21 3 4 5] & 8 7
36| 2r7slerio| 2702|2785 |27ar 2740 | 27a2) 2r2s 27tr (2vtafy 2 27 35 & 5| 5 6 7
37|l 27032605 268 | 2081 | 2674 | 2667 | 2660 2653 | 264626391 1 2! 3 4 4| 5 & ©
3'B|| -2852]2625|2618 261126804 | 250712501 |2584 (26771257101 1 2( 3 3 4| 5 6 €
39| 2584|2558 2551 | 2545 | 2538 2582 | 2525|2510 12513 les0e]1 1 2| 3 3 4| 4 5 6
20l -2500) 2404|2488 | 2481 | 2475 | 2400 | 2483 ) 2457 | 2451 (224501 1 2| 2 3 4 4 5 B
41 243912433 (2427 | 2421|2415 | 2410 | 2404|2308 123992 (238701 1 2| 2 3 3| 4 5 5
420 2381025752370 2364 | 2358 | 2353 | 2327|2342 | 2334 (23311 1 2| 2 3 3| 4 4 5
431 -2326] 2390 | 2315 2900 | 2304 | 2200 |2us4] 2288 (228|227l 1 2| T 3 3| 4 4 5
44 || 2273|2268 | 2202 | 2357 | 2952 | 2247 22502087 |2hse|2z2v| 1 1 2| 2 3 3[4 4 5
45!l 2ag2)oa1y |amn | 2e0s|200s (2108 (2198|2188 | 2183 21700 1 1] 2 2 8] 3 4 ¢
46| 217421002165  2re0] 2155 | 2181 (21462141 | 2137 | 2132)0 1 1| 2 2 3| B ¢ 4
&7 212821232110 | 21142110 | 2106 (2101|2006 2002 (208800 1 1| 2 2 3 3 4 4
&8 2023 2079|2075 | 2070) 2086 [ 2062 | 2058|2053 |204v [2045J0 1 1] 2 2 3 B 3 4
49| 2021|2037 | 203 | 202 | 2024 | 2020 | 2016 § 2002 |2008 |2004f0 1 1| 2 2 2[ 3 3 4
50 20000 1008|1092 | 1088] 1954 | 1080 [1876) 1072 |t0Gu [1885]0 1 | 2 2 2 3 3 ‘35
B 1l «1on1] 1057 1053 | 1040|1946 | 1042| 103811034 | 1031 19270 1 1| 2 2 2 3 3 b
g2 192310191926 | 1012] 1005 | 1005 | 1901 01608 | 1894 |1800] 0 1 1| 1 2 2l 3 38 8
B-3| 1307 | 71uu3| 1850 | 1876|1873 | 1860|1806 ) 1862 | 1850 (18550 1 2| 1 2 2 2 3 g
g4 -1wna|1sis| 1845 | 1842 1838|1835 | a2 1828 | 1825 (18210 1 1| 1 2 2 2 3

By L = -2708, L= 2674,

1 1 68,
= 2068, —— = -002608 = 2063.
7 374 )

1 -
3748 374-8 -Q003748




NATURAL LOGARITHMS 31

[
[ 1J2|3 4‘5‘)5 1’8‘;9!2!14561139
S04z | rose 708t | 7102 | 7120 | 138 7158 7174i7192‘7210 2 4 57 91113 14 26

. 1

. 10| 7263 1 7281 | 7200 7317 7asad 7asz 730 7aa7| 2 4 5|7 e 11|12 14 16
56| }ZEF,B (o JEynaieet] Fres 7192 7509]| 7527|7544 7501 2 3 617 @10 13 1% 10
.55.3. 1570 | 75061 7613 | 630 7647 | 7064 ' 7681 7699 TTi6LTTHIL 2 3 517 0101213 15
Hit bt Egleot i dien ) LR IR R
g0 17818 7034\70.,1 067 | | ' 5
) 18| r132) 8148 | 8165 | 8181 ) ate7| 8213 'e220] 2 3 518 810 111315
g_'2'| }.SSE.?; e Shra| faas]wath | 8394 . ase2 #3558, 8374 asou] 2 3 5|6 s10 (111314
62| 1'810 | 5921, 8437 | nias] Saee | S485 | s500 wolg so3zlsnerl2 3 510 8 9 1113 14
g.4)| 1-8563 | 8579|8594 | 210 Aa25 s841 se30frc72 8687 avoals 3 5 8 112 14
6516718 | 8733 | 6740 | 8764] 8770 amaissw E525 as-m‘aasa 2 3 5|6 8 (111214
6,5i 18871 | ease | s001 | 8916] 8031 | 8040 soet Jasve! sae1 lonos] 2 3 5|6 8 9 111214
67 1002t | guse | aost 9nusa0st) o003, srioferzs 9140/015) 1 3 4 )8 7 9 11013 18
g | 1069 |ouns o guiafossy |gzer a7 )earalome asoil 1 § $16 7 91012 13
6-9' 19315 9330 ! 0344 [ 9350 9373 Q?fﬂ 9402 9—_[}6 0430 Q-rl--].u 1 3 4 ) G 7 0 ilU 12 ll‘]
70119459 947319433'9502 9516 | 9500 9644 0550 9573 19587| 1 3 4] 7 011017 13
7~|‘ 1-9601 | 9815 9620 | 9613 | 0857 | 0671 | 0685 |eeoolo7ig|orar|1 3 4 (¢ 7 801113
7210703 [ 075 0766, &7 o700 | 910 ' wizs | o1 9851 9ass| 1 3 46 7 8 101l 1a
73 | 10870 | 9892 9906‘9!)20 9033 9941‘9961 9914|9988‘UU{)1. 1 ‘3 4 9 7 B|l0 11 12
7-4\‘2-0015 0028 | 0042 | 0NG5 | 0068 DDHZL:! 0098 0109 012211341 3 4|56 7 B 811112
75 | 20140 | 0162 | 0176 | 0156 | 0202 | 0215, U220 02420255 1 0268| 1 3 4|6 7 8| 91112
16/ 2:0281 | 0205 0308 | 0321 | 0334 0347 | 0280 ]an7a | 03sc om0 | 1 5 4|6 7 s\ 51012
77| 20112 | 0425 | 0138 | 0451 | 0104 | 0477 ' 0av0 0503 ' 0516 0523 [ 1 3 4|6 6 8 U 1012
7'8‘ 2:0543 | 0554 | 0367 | 0580|0592 0605 0618 09&51!0943‘\0&750 1 3 416 6 8| 31011
79 NZ'UU(EO 0881 (]('\Q-&IU?(]? (1719107'3’1‘9744 Q7076907821 3 415 6 B 91011
801 20794 | 0507 0519‘0332 0344‘0557‘0559 usazlossa obGs|1 3 4|6 6 7| 91011
g1 {20019 [ 0921 0943 0956 | 0068 | ©950 | 09v5[ 1005 1017 |1020( 1 2 45 6 7| o101
82| 21041 1(}54[1066[1(5.78’ 1000 1102 " 1114 II::‘(”II?H 115041 2 4|8 8 ¥ 91011
g5 21163 | 1175 1187 ' 1100{ 1211 | 1223 1235|1247 1258 1270] 1 2 4,5 & 7 B 101y
84724232 [ 1204, 1306 1318] 1330 13421 1353 13135|1377}1339 1 2 4[5 6 7| 81011
85 | 21301 | 1412 | 1424 | 1436 | 1448 | 1450 | 1471 1433\1494‘1505 124|568 7691
86| 21518 | 1529 | 1541 1552 | 1504 | 1576 ' 1587 1500, 1810 '1622] 1 2 3|5 ¢ 7| & D10
87 2:1633 | 1645 | 1656 1664 | 1679 | 1661 1702 1713\1725 17361 2 3|56 6 7, 8 910
8821718 [ 1769 | 1770 | 1782 1703 | 1801 1815|1827 1aslasis| 1 2 5|5 & 7 B D10
86 21861 | 1a72 | 1883 | 1804 1005 | 1027 1924|1930 1950 7061| 1 2 3|4 @ 7| 8 910
%0 | 21972 | 1083 1094 | 2006 | 207 | 2025 | 2030 | 2060 | w61 | 2072| 1 2 B W67 8 0
9-112-2083 | 200¢ | 2105 | 2110 2127 2138 2148|2159 2170 2181 ] 1 2 34 5 7| 8 910
9-21 22102 | 2203 2214L2225 2235 2240 2257 | 2268 2279\2280 1 2 3|4 6 41 & 010
9322300 | 2311 2322 | 2432 87431 2354 | a6+ | 2375 ' Zase 2306 1 2 3|4 5 8| 7 910
9-4'i 2-2407 | 2418 2128 | 2439 | 2450 236012471 | 2381 2402 f2502|1 2 34 5 6| 7 K10
95| w2515 | 2623 | 2534 | 2544 | 2555 | 2565 | 2676 | 2686 2007 |2007| 1 2 3|4 5 81 T B 0
26 22008 | 2695 | 2635 | 2640 | 2650 | 2670 | 2080 f2ep0 i evozleriaf1 2 34 5 6, 7 8 ¢
Frleurai o732 | o7is 27au|oran! 2773 | 27ws[ 2793 2303 28131 2 3.4+ 6 6| 7 & 9
%8 22894 2834 2844 | 2854 2865 2876 (2885| 289512005 (291511 2 3|4 B 6 7 8 9
99 22025 293512946 2956 29us{2975 2948 299613005 3016t 2 3|4 5 6|7 B 9

log 1070

NATURAL LOGARITHMS OF 101

1 2

3 4

L,

7‘3

T'—]

1-6874 | 53048 } 70922 To-vsav‘ﬁ-‘;su’ﬁqms ﬁ-saw‘ﬁ-malﬁ-'z

787

E.g. J0g,0-00b847 = Jog, (5847 x 10~2) = 1.7660 +7-0022 = 6-8581



30 NATURAL LOGARITHMS
,#F°[‘WZJ3|4T5\5 7?5T9|z3'455|789
10 ‘Ovoooo 0100 | 0198 | 0206 | 0302 0433‘0533 0677 10770 0382 | 10 19 20138 48 57 67 78 ag)
1°10-0053 | 1044 | 1133 [ 122201310 | 1308 | 1484 1570’1355 1740y © 17 P
1-2[{ ¢-1823 | 1900 | 1089 | 2070] 2151 | 2241 2411|2390, 2360 | 2546 B 18 %2 :;5.2 13 3% gfli ég %S
1-3" ¢-2624 | 2700 | 2776 | 2852 2u27 3001|3075 8148[3221 5203 | 7 15 22130 37 44'52 54 45
l‘4||0-3365 3136|8507 | 3577 3046137163784 [3353 13920 | 30ns| 7 14 27 (24 33 41\33 55 82
l'5‘| 0-4035 | 4121 4147 ) 4253 | 4318 ) 4383 | 4447 | 4511 4574 | 4637 | 6 13 19|26 32 39 ' 45 23 5
|6 ‘0-4700 4762 4824 | 4880 4947 | 5008 | 5068 | 5128 | 5188 (5247 4 12 1824 30 3at42 48 55
1-1” 0-5308 | 6363 | 5423 | 5481|5539 | 5596 | 5653 | 5710 5766|5822 | 6 11 17|23 20 34 40 40 51
1'8110-5878 15033 5958 6043] 0008 | 6152 6200 6259 6313 16366 | B 11 16|22 27 52138 13 49
1°9), 06419 | 6471 6523 | 657h [ aa27 | 6678, 6726 [6730 ' 6831 [ 6BK1| 5 30 15120 28 31 306 41 40
2'0|0-6931 B9S1° 7031 | 7080 7129 | 7178 7227 | 7275 7324 | 7372 5 10 15|20 21 2034 30 44
21| o-7419 746?‘*7514 7661 | 7408 7655\7?01 774777937830 5 D 14[10 23 28\33 37 42
2:2( 07385 | 7930, 7975 | 8020] 8065 | BLOY | 8154 | 81988242 | 828G | 4 9 1318 22 27 31 38 40
231 0-8320 | 8372 R416| B30 45021 8544 ) 2057 | 4629 | RE7L|8TIZ) 4 @ 13117 21 26130 34 23
24 0-B755 8708 &gk | gerof Boao | 8961 | D002 D042 0083 19123| 4 B 12116 20 24 26 33 37
2-5(' 0-0163 9203‘9.243‘9282 9322 9361 | 0400 | 0430 | 0478 | 9517 & 8 12|10 20 24|27 31 35
26\ 00535 !)594‘96:32E9670 0708|9746 | 9731|9821 | 9858 0805| 4 B 11|15 10 2920 30 34
2.7 09933 | 6069 | 0006 | D043] 0080 0116 (0152|0188 | 0225 | D260( 4 7 11 15 18 22,25 20 33
2-8(| 1°0290 | 0232 0367 | 0403] 042810473 0508 [0543 10578 061x| 4 7 11114 18 21,25 25 32
29 1-0647 | DB&Z 0716 | G750] 0754 | 0818 | 0852 | 0386 (0919 [ 0953] 3 7 10'14 17 20 24 27 31
3-0( 1-0980 | 1019 | 1053 [ 1086 1119 | 1151 1154 | 1217|1249 1282 3 7 1o|13 14 20;23 20 30
31011-1314 | 13461 1378 | 1410 1442 | 1474 1500 [ 1537 | 1569 | 1600 3 6 1013 14 10122 25 20
3-2|| 11632 | 1862 1694 |1725] 1756 1787|1817 | 1848|1874 | 1009 3 ¢ 9/12 1518 22 25 28
33| 1-1039 | 19601 2000 | 20300 2060 2090 2119 | 2149121791 22081 3 6 & 1215 18|31 24 27
3-4| 1-223% | 2967 | u2oe | 2326] 2a55 | 2384 | 2413 | 2442|2470 |2a09| 3 6 91215 17 20 23 26
3-5| 12528 | 2556 | 2585 | 2013 ] 2641 | 2669 | 2608 | 2726 (2754 |2782| 3 ¢ 8,11 14 17|zu 23 25
3-6|| 1-26800 | 2837 | 2865 | 2892 2920‘294712975 3002|3029 |3056| 3 5 811 14 10 19 22 25
37| 13033 | 3110 [ 3437 | 3164 3101 32183, 3244 (3271|3297 (3024 3 5 &|11 13 16,19 21 24
3-8 1-350 | 3370 | 3403 ) 3420] 3455 1 3481 | 8507 | 3533 13558 | 3584 8 5 8 1013 1618 21 23
3.9/ 1-3610 | 3635 | 3661 | 3686 2712 3737 u762|3748 3813 3438] 3 5 8|10 13 15 18 20 23
4-07) 1-3863 | 3888 | 3913 | 3948 3962\3987 4012 (4086 | 406114085 2 5 7.1012 15 17 20 22
4.|]‘1-4110 4134 | 4159 | 4183 4207{4231 4255|4279 (4303 [4327| 2 5 71012 14(17 19 22
4200 1-4351 | 4375 | 4308 | 44220 4446 | 4460 | 4503 (4516 4540)4563| 2 B 7)°0 12 14|16 19 21
4-3) 14556 | 4609 | 4633 | 4656 4670 4702|4725 (474814770 (4793 2 5 7| 912 14[14 18 21
4.4 14818 | 4839 | 4361 | ¢854 ] 4907 [ 4029 (495 |4074 | 4096 |5019] 2 5 7| O 11 14,16 18 20
45| 1-5041 | 5063 | 5085 | 6107 ] 5120 | 5151 ] 5173 | 5195|5217 [5239| 2 ¢ 7| 0 11 13[15 18 20
4-5\ 15261 | 5282 | 5304 | 5320 | 5347 [ 5360 | 6390 | 5412 | 5433 | 5454 ] 2 4 4| 911 13‘.15 17 19
47 15470 | 0497 5518 | 5530 | 5560 | 5581 | 5602 (5623 | 5644 |5005] 2 4 @] 811 18311517 18
4-8' 15680 | 5707|5728 | 5718] 5760 | 5760|5810 | 5831|5851 5872 2 ¢+ ) 8 1012/14 16719
4-9|| 15802 [ 5913 150331 5953 [ 5074 | 500 | 6014|8034 | 0054 16074 2 4 € 810 12114 16 18
5-0'| 1°6U94 | 8114 | 6134 | 6154 ] 6174 | 6104 | G214 | 6233 6253‘6273 2 4 6 810 12114 i6 18
5-1{ 1-8202 | 6312 ' 6322 635106371 | 6300 | 6400 [6420 0448 | 6467] 2 4 8| 8 101214 1613
£:2|| 10487 | 6506 | 6536 | 6344 6363 6552 | us01 [6620{ 6630 |s65] 2 4 6| B 10 11|13 1517
§-3!'1-6677 | 6696 6715 | 6734 | 6752 | 6771, 6700 |6508 {6527 |6845] 2 4 6| 7 9111181517
5-4\} 1-64G4 Gsszieomrsgm 6‘338’695616974 6053 | 7011|7020 2 4 5| 7 9 11|13 1517
NATURAL LOGARITHMS OF i0n
—
n 1 2 3 4 5 ¢ 7 } 8 9
og, 10" 2:3020 | 4-6052 | 6-0078 | 9-2103 | 11-5120 | 13-8155 | 16-1181 JlB-éZOT 20-7233

E.g.l0g, 6847 = 10gg(5-847 X 103) ~= 1-7650 +4-6052 = 63711,
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EXPONENTIAL AND HYPERBOLIC FUNCTIONS

JEN PTG

Gbdud thi W=

SOh-uth NBEGR OVE=Ith ARG —

SBE-Ut i ar—

1-1052
12214
1-34519
1-4913
imesT

1-8221
24138
2-2255
2-43940
2-718d

3-0042
3:3201
3-6603
40552
44817

40530
G-4739
6-0490
G-0850
73891

3-16G2

90250

9-9742
11023
12-183

13-464.
14-880
18443
13-174
20-030

368558
40447
44-701
49-402
54-508

60-340
a6-636
73700
81451
90-017

00484
109-85
12151
134-20
148-41

89227

{sin ) log cosh z

cosh pinh tauh z
{ser 0y (tan 0}
10050 -1002 0007
10201 <2013 -1074
1-H53 3045 2913
1-0811 4108 3709
11276 -56211 4021
1-1855 6307 5370
12552 <7580 G044
1-337¢ “BAS1L 040
1:4331 190265 7103
1-5431 1-1752 7016
16085 1-3356 8005
1-3107 1-5085 8337
1-0709 1-8884 BL7
2:1500 1-0043 B354
2-3624 2-1283 G051
2-5775 2-3756 0217
2-823% 2-0456 <5354
3-1075 2-0422 0468
3-4177 3-2082 0502
3-7622 30283 D
4:1443 4-0219 8705
1-5479 £-4571 0757
50072 40370 08501
5-5009 548062 0837
6-1323 §-0502 4806
0-7600 66947 9800
T-47:35 74003 9910
8-2527 81919 10926
1148 90506 -840
10-063 10018 -9951
11121 11074 0959
12287 12-246 9967
13-575 13-538 T3
14040 14-963 OOTR
165731 16-541 S92
18-313 18-285 -G08
20236 24211 0088
22-382 22-334 Bl
24-711 24091 9902
27-308 27290 8903
304178 30162 0805
33-351 33-336 0995
30-857 88843 D00
40-732 40:714% 9907
45-014 £5-003 0907
40747 40-737 9908
54-078 54-04Y Rl
6G-759 751 9099
67:149 67-141 9999
74-210 T4-208 Q]

1-1761
1-2194

1-3081
1-2496
1-3028
1-4303

log sinh x

047818

0-8257
0-8690
0-9134
00571
1-0003
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I. C.G.B. UNITS

FUNDAMENTAL UNITS

LBRGTH (L}—The centimetre (em.), 1/100 of the international metre which is the distance at
0° C. between two marks on a standard platinum-iridium bar kept in Parla,

N.B.—1 micron (f£) = 1074 em.
1 iilimicron (mgt} = 10~ em,

Magg (M)—The gram (gm.), 1/1000 of the international kifogram which is 8 mass of platinum-
iridium kept .n Paris, i
N_Li.—%Pire kilogram was originally intended to be the mass of a litre of euble decimetre
(1000 c,em.) of pure water at 4° U, This is slightly in error, but the error is so very
smal. that for al) practical purposes the gram may be defited as the mags of 1 cub. cm. of
pure water at 4° C.

TiMn (T}—-The Eccond {gec ), 188400 of the mean Solar Day, which s the aversge interval
between twd succeasive retrns of the sun to the meridian.

DERIVED UNITS — GENERAL
AREA (L2)—The squnre centimetre (sq. cm.)
VOLUME {L2}—The cubic centimetre {cem.).
N.B.~1 litre = volume of 1 kgm. of pure water at 4° C
1 millilitre {ml.) = TOITO Hire = 1 c.em. = vol. of 1 gm. water,
By experiment it is found that s udire, as here defined = 1000-028 c.om.
DERBITY (ML-3) = mass per unit volume. Unit, 1 gm. per ¢.cm.
VELOCITY (LT-1)—1 cm. per sec.
ACCRLERATION {LT-2)—1 cr. per see. per sec.
ANGULAR VELOCITY (T-1}—1 radian (57°-296} per sec.
ANGULAR ACCELERATION (T-~2)-—1 radian per see. per sec.
MOMENTUM {LMT-1)—Mass x Velogity, Unit, 1 gm. ¢m. per sec,
MOMEST OF MOMENTUM (L3MT-1)—Momentum x distance from axis of rcference. Unit,
1 gm. em.2 per sec.
FORCE «LMT-2)—Mass x acceleration. Unit, 1 dync =force which, acting on a mass of
1 gm., produces an accelerntion of 1 cm. per sce, per sec.
PRESSURE OR STRESS ( L-1MT-#—Force per unjt area. Unit, 1 dyne per £q. em.
N.B.—1bar = 106 dynes per 8q.¢m., 1 millibar = 102 dynes per sq. ¢m,, 1 atmosphere =
760 mm. mereury at §° C.,lat, 45° and sea-level = 1-0132 bar.
EXERGY OR WORK (L2MT-2)~-Force x distance through which pt. of application moves jin
direction of force, Unit, 1 erg = 1 dyne-cm. N.B—1] joule = 107 ergs.
PoweR {L3MT-3)—-Rate of doing work = work per unit time. Unit, 1 erg per see.
N.B.—1 watt = 107 ergs per sec, = 1 joule per sec. = 1 volt-ampere,
Board of Trade Unit of ENERGY is 1 kilowatt-hour = 3-8 X 108 watt-secs. = 30 x 100
joules = 1-34 1LY, for 1 hour.

DERIVED UNITS — ABSOLUTE ELECTRO-MAGNETIC UXNITS (EM.U)

MAORESIC TOLE (m)—A magnetic polc bas unit strength If, when placed in alr at a distance
of © em. from an equal pole, the force between the poles is 1 dyne.

MaGNRITC FIELD STRENGTH (H)—A magnetic fleld has unit strength or intensity (1 gauss)
at any point when 1t eXerts a foree of I dyne ob & unit pole placed at that point.

N .B.—Strength of ficld at any point (7.e. no. of gauss) is represented, according to con-
v:t:]tlltlmtn' ‘Igytthe pumber of Yines of foree passing normally through an aren of 1 8q. ¢m.
£ at point,

f‘mm $hiz convention it follows that 4 or lines of force leave {or enter) a unit magnetio
pole.

MaoXETIC MOMENT of A Maaxkr (M) = pole strength » distance between poles.
INTENBITY OF MAGNERTIBATION (I} == maghetic moment per c.em.
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MAGNETIO SOBCEPTIBILITY (L' = ]—[]) of any material, e.g. iron, Is tho ratio of the intensity

nf magnetisation to the strength of fleld producing it.
N.B.—Foriron at erdinary temperatures & - about 200 but dermnses as H inereases.

MaaXETIC IxprcTioN {B) in any material, e.g. iron, is measured by the number of lines of

force (usually catled lines of magnatisation or inés of induction when within the material)
passing nortnally through 1 sq. em.

MAGNETIC PERMEABILITY (= g) of any materlal, e.g. iron, is the rotio of the magnetia
inductfon to the strength of ficld producing it,

- . B LR

N.B—1 = 4xI+1. ‘' 47TH 1, ) = dwk+1.

CURREST {I)—Unit current I3 that which, flowing in an are of length 1 em. and radius 1 em.
produces unit magnetic fleld (1 gauss) at the centre of the arc.

QUANTITY (Q)}-~The unit (EM.U.) i8 the quantity delivered by unit cureent per sec.
¥.B.—The clectrostatic unit E.S.U.) of quantity is such that it repels an equal
quantity placed fn air at a distance of 1 em. with a force of 1 drne.

The ratio (V) of the EM.U, to the E.5.U, of quanfity = 3 x1010,

ELECTROMOTIVE FORCE { ELM.F.) or POTENTIAL DIFFERENCE (P.1).}—Unit :—The P.D. which
cxiats betwoen two points when 1 crg is required to move unit quantity from one point
to the other.

RESISTANCE { R)}—Unit :—That resistance which allows unit E.M.F. or P.I). to produce
unit current,

BELP IFDUCTANCE and also MUTUAL INDUOTAKCE—A conductor has unit inductance when
unit E.M Y. is produced in it by unit change of enrrent per see.

RELATION BETWEEXN C.G.3. AND F.P.8, UNIT3

LERGTH— RECIPROCAT: 1 DEXSITY— TRFCIPROCAL
linch = 2540 em. ... *39037 11b. percub. ft, = ‘01602 gm, perc.c. 6243
1 yard = 914399 m. N >, 1003814
1 mile = 1-669 km. . B2l4 FoRCE—

Bkm. = 5 tniles (appmx) 1 poundal = 13825 dynes 7233 x10-5

AREA— 11b. wt, = 4-45x10% dymes 2:248x10-8
1 59 in. = 6-452 gq. em. . . 1650
1sq yd, — -830leq.m.. . . 1.1pg | DRESSTRE—

11h, per sq. in. = 68944 dynes

VYOLTME— DET £¢q. COL. . 1-4bx10-5
1cub, In. = 16-30cem.. . 1 -06102 11b. per sq. in. = 70- 31 gn,

1 cub. 1. = 28-32\itres . « W, 03531 PO 3G, ¢m. . . A 01422
1 galion = 4-540 litres . . . 2200 [}
ENERGY—

Mass— 1foot pound = 1-856 joules , . -T373

1 0Z. {8Voir.) = 25-35 gm. ‘D352

Ib, = 45350243 kg, 2 "046223 POWER—

1 tﬂn = 1018 kg. . 0009842 1 horse power = 740 k,watts, . 1-34
MISCELLANEQOTS RECIPROCAL
1 degree = 01745 rodiansg . . . . . 57-200
1 gram-calorie = 4-185 joules . . e s 2389
1 kilo-calorie = 3:088 Ib.-degrees F. . . . 2520
11b. water at 62° F, = 45446 litres . . . . 2-200
11b, watcr at 62° F. = -1000 gallons . . . 10:00

. 11b. water at 4°C. = 01602 cud, fr. . . . 62:43

1 oz. per gallon = 06-236 gm, per litte . .. <1603
1 atmosphere = 1:013 x10% dynes per 8q. ¢m. . 9:873 x10-T
1 atmosphere = 14-701b. per aq. in. . .. 06503
1 mile per hour = 44-70 cm. per sec. . . . {02238
1 litre normal air = 1203 gm, . 7734

1 knot = 1 nautical mile per hour = 6082 Uﬂ . per hour,
1 Admiralty knot = 0080 ft. per hour. -
1 htorse power {(H.P.) = 550 [t.-1b. per asec.
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V. PROPERTIES OF THE ELEMENTS

= )
i , %:.g..‘s 3 EEE.
< | Atomie SR RE Density | £~5 5355 B
s, 3 WK | S 8203 emprten| TS5EER polelen
& (0 =16). :E E%& & at 20° C. %LEEEE at TGO man.
oay. &,
g . | EAZ
Actinium Ac | 226-7 P _7 B
Algminium_ . Al 2697 3| 43z o270 400 1800 ()
Antimony sb | 12176 {g ;;51} 6-6 820 1615
Argon . . A 39-944 g v%io 00178/0° _180-3 138
- 25 . sublim.at
Asende . As | maoy ({131 3901 gag | [kl
Tariom . .» Ba  137-36 2| 7118 3-8 704 1140 (D)
]]1051‘13111'[)““ (Glue- } Be J 9-02 2 0471 1-83 1281 1500 (2)
Blismuth Bi 20000 { g E?"{ 98 269 1560
Boron . B 10-82 3| -0380 25 (?) 2000 to 2500
Browmine Br | 70-014 1 BB 3-1j26° —79 583
Cadmium Cd 1 112-41 2 5824 8:64 321 767
E‘,‘nfsium . g: 13(2}3; é 1.3(7]'5?‘ iéz 3??.4 1072
“alelam b : ' 207 -5 5 17
Carbon . I¢™ | 1zat0 | § | Gsiz | 19-z3 3560 5927
Cerium . Ce | 140-13 $ HA8EY | g g BL5 1400 (1)
4 3634
Chlorine . .| Cl 35457 1 -3675 -00322/0° —103 -34
Chromtum . . |Cr | 5201 |[{3 | 18001 o4 1830 2200
Cobalt . Co | ssor {2 4L g6 1490 8467
Columbium (Nio-} | Xb 1 0201 | 5 | 1087 | 85 1050
Copper . . . |Cu| 8354 {‘1.,‘ '_ggg‘;} 803 1083 2960
Dysprosiume . . | Dy | 162-46 3 5613 .
Erbium, . . | Er |18%-2 3 5703 4-8(%) .
Europium . . [Eu|152-0 3| -5251 T
F¥Inorine | E 190-00 1 1968 -00170/0 —203 —1K8
Gadolinium . ({d 15[}-9 3 5434 50
Galtinm. ., |Ga| &872 3] 2414 545 204 2330
Germaniom ., | Ge | T2:60 4 1877 5-47 58
Gold cpangrorz ({1020 Ty 1063 2300
HMafnium ((clllum) iri178-6 T 2287 .
{{cllmm Hp mi'ggﬁ g ciiia -000179,0° | bolow —272 —268-98
Slminm . N 0 - wee e
Hydrogen . H 1 'QUBO 1 .5104 (0000808 T/0° ‘:".'_) \—252'8
TR e R | | Ry
ndtem. 0 r | 1851 4 1-'500:;\ 284 2454 2550 (7)
2803y | . . 5
Ton . . . |Fe| 5ess {3 ] I3V 7er 1527 3235
Krypton . Kr | B3-7 O {00371/0° - 1566 —152-0
Lanthanum . La | 13592 3 +4802 6-12 612
Lead . Pb 2072t |{ | LOTRRL 1134 3274 1755
Lithium . Li 8040 | 1| 0725 | 0534 180 >-1400
Tutecinm{Cassio- Lu | 174-09 1 G045 B .
MI;Cgiﬁggijnm L Mg 2432 29 12060 | 174 659 1057
Mangancse . . |Mo| 5203 ({% )| 7 1242 1900
Mereury Hg | 200-61 ‘[{ : fgggi} l 13-596,0° —38-36 3507

N.B—The Atomic Welghta, ete¢., of the Elements Masurium and'Illm.lu.m are not accu.rat,ely
known,
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Element,

Symbol.

hi.

Valency,

Eleetro-Chemical
Eguivalent (€

per Kilo-Coulomb).

{

Molybdenum .

Neodymivm. .
Neom . . .

Nickel . .

Kitrogen .
Osmium . .
Oxygen.

Pailadium . .
PhLosphorus .

Platinum

Polonium
Potassium N
Prascodyminm
Proto-actininm
Radivm .
XRadon (Niton)
Ithenlum
Rhodium
Rutidium

Ruthenium

Bamarium . .
Seandinm

Seleniumn . .
Hilicon . . .
Silver . . .
Sodium .
Strontium . .
Salphae. .,
Tantalum
Tellnrium
Terliam
Thallinm
Thorium
Thulium
Tin
Titanium
Tubgsten
Uranium

¥anadinm

Xenon .
Ytterbinm
LT ium,

Zine .
Zirconium , .

Xd
Ne
Xi

&1
-
&=
i

Dol ot M BOCRLY R RO BSOS G R O D0 O

PN

——

—t—

} ‘18-7

N

e B O G £ % 3 £ e O i P D G i G 1D T e D D e b e RO 0D G200 T bl K1 D

Dersity
at 20° ¢

10-0

88
-00125/0°

29

5
00143/0°
4

red)

LR At
o~

-00073,0°
21-2
12-14
1-53
123
7.8

48
c.2-3
105

0-07

2-54

207
(rthomblc)

60

6-25

110
113

7-28
4-5
‘19-‘3

G-0
-(0585/0°

[43]

h-
3
7.
8-

Lol S

{Gm. per c.e)

Melting-Potnt

406
-000000/0°

[—_—

yellow)

e

(*Cx
emps. above

t. point oy

&

2622
240
—248-7
1455
—210-02
2500 (7)
Z219
1554
441
17735
636
910
200 (?)
—71
2167

1065
300

1660 (?}
>1350

220

1415
960-5
9748

17l

113 to 120

2994
452

302
1680-1730

231-8¢

1800
3387

1680
1720

—1118
1450

4195
1857

be uncertain by
over 50°).

39

Boiling
Point (° C.)
af 760 mm.

-240-3
3075
—195-51

—1582-07

2500 (2)
096
2520(%)

3 G853
2302
2152

878
13G6

1444
1390
1457

ha N.B.—The quantity of adon in equilibrium with 1 gm. of Radium [s ealled a Curie and

8 & voluime at N.T. 1P, of -66 ¢.mm.

h.«.]-'Du:' new clements, Neptunium (Np), Plutonjum (Pu), Americium (Am) and Curlam (Cmn}
Ve been recenidy detected. Thelr respective atombc numbers are B, B4, 85, b8,
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VIII. PROPERTIES OF

.
arious columns reler | "6y | otsculn, soiceuts | Collsions 6710, Temp,
760 mm. pressure, Lutre. ;\g?:: inem, er sec. uﬂ;’;;;g Cea

@ 1 (L) je/e)d (| (e

Acctylene (C,Hap . 117 385

Alr 1203 | 44700 [98x10-¢ 4660101 | -000183 | —140

Ammonia (NH,) 471 | 57800 |7-0x10-¢ |8260x10¢| 0000057 | 130

Argon(A) s . .| 1781 | 38000 | 10x10-s 3800104 | -000210 | —122

Carbon Dioxide (CO,) . | 1-977 36100 [ 6-3x10-%15730%10¢| 000129 31-1

Carbon Monoxide (CO) . | 1-250 3 45400 | 9-3x 1073 | 4880104 | 000168 | —130

Chlotine (Cl,) 321 | 28200 ;4-6x10-¢ 6130x107 | -000128 146

Cyanogen (C:N2) 2337 | 33300 | 4-0x10-¢ | 8320 x10% | 0000048 | 128

Ethylene (C:H0 (Olefl-11 1.960 | 44000 |5:5x10-0 |8160x 209 | 000097 10

Helfum (He) . . .| <1785 120700 | 28x10-s | 4310104 | 000138 | —208 |

Hydrogen (H,) 0299 l 169300 | 18 x10-6 [9410 %100 | -000086 | —230-0 |

Hydrogen Chloride (HCl) | 164 | 30600 |6-9x10-0 | 5740 x 10¢ | -000138 523

Iydrogen Sulphide (H.S) | 1-538 | 40900 | 590 x10-¢ | 6930x10¢, 000118 | 100

M"G‘kﬂfﬁ.‘ifefff,k,jfg;*““' 717 | 59700 |7-8x10-s |7850x10¢| 00012 | -82

Nitric Oxide (NO) . .| 1-340 | 43800 |0-1x10-5/4810x 104 | -000165 | 035

s i oy @11 1078 | 36100 |6-1x10-¢ | 5920 x 104 | 000135 388

Nitrogen (N.)*, 1-261 45300 1 9-4 %106 ; 4830 x 108 | -000187 | —147

Oxygen (0.) 1420 | 42500 |9-9x10-5 | 4200 x 100 | 000162

Sulplur Dloxide (30,) 2-927 | 29700 |4-6x10-¢ | 6460 x100 | 000117

Steam at 100° C. 081 W 000120

Water Vapour (0°) . . 65200 | 7-2x10-¢ | 9060 x 10 | -000087

* Onelitre of “* atmospherie nltrogen " consists of 98814 c.c. of pure nitrogenand 11-86 e.c.
of argon, and has a weight of 1-257 grams.
&¥.B.—The volume of 32 gm. of oxyvgen at N.T.P. Is 22-415 litres, and this volume of any
1a8 s called a gram-molecular volume, or gram-molecule, or mole, of the yas.



P

v

PHYSICAL

GASES AND VAPOURS

TABLES

t
Critical | Boili Specifie
Pﬂ:.wﬂ’g T ;}f}fﬂ” P ‘£"r? F ;':zenﬂﬂ H:}zt (Cffrf:?ntut
Atmos. | Atmos. ,m.m Vaporisa-| Pressure).
Presa. ) tion.
(P (ve) * 1 ey (Cp).
e
816 f ~83-6 -402
39-0 } 00468 | ~190 ¢. 60 -237
115 ! 00481 | —33-6 | 7556 | 841 -520
8 | 00404 | —186 —189 -127
l 0066 | —782 | —65 57 201
35-0 ! 00505 | ~101 —199 51 250
% E 00615 | —34 ~103 67 114
59-6 : 00924 | —207 | —35
517 1 -00752 | —1027 | —169 -364
22&1 00290 | 260 | {PFINT) 125
12:8 | 00264 | -252-7 —250 123 3-42
86-0 E 0052 | ~85 —111 08 104
887 1 ‘00578 [ —504 | -83.8 132 -245
46 | oosss | —16¢ | —1gd 530
712 ) 00347 | —153 ~160-0 -232
i
776 | 00436 | —898 | —102 [67(-209 213
330 !-00517 —185-8| -—210 50 -235
50 1-00:25 ~-182:90| —219 58 -242
78:0 | -00745 | —108 | —78 96-2 ‘154
2185 ! -00248 100 539 -488

1-28

1-402
1-336
1-667
1-306
1-401
1-34

1284
163
141
1-50
134
1313
1394 f
1-324
141
140
126
1-305

Im}m:
L)
Tm"' Rﬁj}m;tiou
s o
dutivi¥ L Dline
=HRE3 X
10-% ¢m
000045 | 1000606
0000577 | 1-000292
0000522 | 1-000375
0000389 | 1-000284
0000343 ! 1-000450
0000558 | 1-000334
0000172 | 1-000768
1-000805
0000395 | 1-000674
000343 | 1-000035
000318 | 1-000138
1000444
0000237 | 1-000619
0000647 N ;.
(s= ) # 1000441
1 ;
8 2% 5 E 1-000297
0000361 | 1-000515
0000581 ' 1000207
0000583 | 1-000272

0000184 | 1-000860
0000519
1-000254

ve = vol. at §i¢ and p, which at N.T.P. would have unit volame.

N.B~The coefiicient of expansion at constant pressure for all ordinary gases may be
taken as 315, or 1003662, For the perfect gasit is yr}.y5 = -0036609.
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IX. ATMOSPHERE

PERCENTAGR { By yolume, nitrogen 78-05, oxygen 21, argon -85] With traces of CO,, Kr,
CoxrosiTioN | By weight, nitrogen 75-5, oxygen 23-2, argon 1-3 Xe, No, and He,

DENEITY AT 0° C, AND 76 cm, = +061293 pm. per c.c. = -0807 lb. per c. ft.,

STANDAND PRESSURE = 760 mm. of mercury at 0° C., lat. 45°, and sca-level,
249-02 inches of mercury,

038 gm. weight per sq. em. = 147 1b<. welght per sq, in.
1-0132 % 10 dynes Dot sq. o, = 10132 millibars.

STRUCTURE

Tnomsmnnn—regign of weather—extending up to 12 km, (say 7% miles) in the latitude of
Hritain, and to'18 ki, (aay 11} miles) at the equator.—temp. (alla by about §° C. per
km. (say 1° F. pet 300 1t.} of ascent, and for first 1200 metres barometer falis by 8-5 mm.
approx. per 100 mctres {say *3 in. per 120 yds. }—upper boundary called Tropopause.

BIBATOSPHERE—practically cloudless region lying sbove the troposphere—temperature
nearly uniform (adout 2197 K, )up to at least 30 kmi. (say 19 miles)—from 30 to 60 km.
{38 miles)%emperature increases again in a region containing most of the ozone of the
atmosphere and sometimes ealled the Ozorpsphere—in the higher regions of the Strato-
sphere, sometimes called the Jonosphere, are jonized layers i—

{a) Kenneliv-leaviside or E laver, reflecting longer radio waves mainly—at
about 100 km. (say 60 miles), .
{5} Appleton or F layers {I', and ¥,), reflecting shorter radio waves—at between
200 ard 300 km. {say 125-180 miles)
KNote.—Waves shorter than 8 to 10 m. usually picree the ionosphere and Dass into outer
space

RELATIVE HUMIDITIES FO WET AND DRY BULB HYGROMETER
{YENTILATED TYPE)}

nuas

De-

pression DPry Bulb Temperaiure in ° C.

0° &° 10° 15° 207 25 \ e \ 35° ‘ 40°

829, 1 BO% [ B88% 90% | 91% 529, o2op | 039, ) 949
05 72 76 83 4 86 7 7
47 68 6o 71 T4 77 79 81 81
30 43 54 61 i 70 73 5 70
aee 32 44 52 55 81 67 80 71
- 21 14 44 51 AT 6t 64 111}
e N 24 35 44 51 56 68 81
. 15 27 37 44 50 53 86
20 30 L] 44 48 [
e . . 12 24 33 39 44 47

X. HEAT
PP, TP Hence—
TRERMOMETERS —Lentigrade . . . o Tiw? 4 Réaumur Bcale Divisions

Fahrenheit . . . 32° 212"} = § Centigrade ,, »
Réaurour . . . 0°® 80*] = 9 Fahrenheit ,, "

UNITs oF HEAT 1 —
Calurie = hicat reqiired to reise the temperature of 1 gram water 1° C.
British Thermal Unit (B.Th.U.} = heat requzed to raise 11b. water 1° F, — 252-0 cal.
Centigrade Heat Unit (C.1f U.) = heat reguired to ralse 1 1b, water 1° C. = 453-6 cal.
Therm {used by gas engineera) = 100,000 B.Th.U.

MECHANICAL EQUIVALENT oF HEAT-—Joule’s Equivalent—7,
1 grmam-alorie at 15°C. = 4-185 x 107 ergs = 4-185 joules = 427 metre-grams.
1 B.Th.U. = 778 foot-pounds = 1055 joules,
1C.K.U. = 1400 foot-pounds = 1508 joulea,



PHYSICAL TABLES 45

HEAT—continued
RAD[ATIOE—

Stefan-Loltzmann Law.—If a black body at absolute temperature T be placed in an
enclasure exhausicd of air, and the walls of the enclosure be maintained at absolute
temporature the rateof radiation from thc bods s B = (14 —¢4) =575 » 107 3(T+ —#4)
crgs per s, o, per ser, = 1 37« 1071y (T4 —¢ ) calorics Der £, cm. T see,

g = o-12 %1070 Is known as Stefan’s Constant.

Quantum Theory of Radiation.—The amount {8} of encrgy in the quantum Is proportional

to the frequency (r} of the radiation, :e. § = An, where 4 s Planck's Constant.
h = 0-62x10-27 erp see,
1ight quanta are frequently spoken of as photons.

DENSITY Or WATER
(Gm. per c.c.)

Temp.| © 2 . e | s

14 14 18

10312

—

i |
0° C. | -B008Y | 69007 | 1-0000 | -09997 '99987| 00973
20° 00823 | 09780 | 09732 | -BOE81 ‘99626!-99567
‘ 0922 | 0915 | -0007 | -9898 | -0890Q ‘ ‘D881
811 | -D80L | -978O % 9778 | 9767 | 9755 | 9743 | 0731
0683 | 9680 [ 9067 [ 0653 [ 4G | -g626 | -9612 | -F598

09053 | -99027 | -99807 | -90862
09505 | 09440 | 90371 | 90208
-DBT2 | -98B2 | -9BHE | .9B4D

a0° 9832 | 0822
| 80° 97i8 | 9706

Density at 100° = 8584 ; at 110° = 051 ; at 150° = 917 ; at 200° = -863.
Note—The maximum density-point of water 1s 3.98° C,

PRESSURE OF BATURATLD WATER YAPOUR IN MM. OF MERCURY

Temp. Pressure Temp, Pressure Temp. Pressure.
C. mm, " mm C. mmn,
-10° 214 11° 0-84 35° 42-02
- 9° 2-32 12° 10-51 40° 5513
— B° 251 13° 11-23 45° 7164
-7 2-71 14° 1198 60° 02-30
- B° 2-93 16° 12-78 56° 1179
-~ 5 317 16° 13-62 60° 145-2
— 4° 8-44} 17e- 14-52 85° 187-¢
- 3 3-67 18 15-48 70° 243
- 2° 3-04 19° 16-46 75° 288
- 1° 4-28 20° 17-51 do° 355-1
0° 458 21° 18-02 85° 4334
1° 492 22" 19-79 00* 5258
2° 5-29 23 21-02 05° 433-9
3° 568 24° 22-32 00° 7331
4° 4-14 £5° £23-49 100° 76000
5° 654 2p° 25-13 1p1° 7RT 4
6° 7-01 27° 26-85 105° 9057
7° 7-51 28° 28-25 110° 1074-5
8¢ 804 29° 29-94 150° 3560
0° 861 ° 31-71 200° 11647
10° 9-21

me;f\;ﬁ—)’ear 100° C. the TP, of water rises by about -37° (. per rise of 10 mm. atmospheric

B0LAR RADIATION—
The Sun raidiates energy at the rate of 3-8x 1073 ergs per sec. or 9-1x 102 eals. per
gec., and therefore, in aceordance with the Theory of Relativity, loses mass

M =é’_‘_ ,where M = change of mags, E = change of energy, C == vrloc. of light)
& at the vate of 4.2 1032 grams (about 4 million tons) per sea,
OLAR CONSTANT—the amcunt of Solar Energy incident at right angles st Earth's mean

distance = 1-97 calories per sq. cmo. per minute = <137 watts per sq. cm, = 7400 H.P.
(8pPDPToxX.} per acts,
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LICGHT—continued

Henee Metre-candle or Lux = 1 lumen per 8q. metre.
Centimetre-candle or Phot == 1 lumen per sq. ¢m,
Foot-candle = 1 lumean per sq. 1t

Also 1 Phot = 10+ Iux. 1 foot-candle = 10-76 tux.

The BEPICIENCY of the clear gus-filled tungsten lamp, taking into account the ecreening effect
of the kolder, rans from 1 to 125 watte per candle-power, i.e. rather less than 12 Jumens
perttwat.t on the average. A good are dlame gives aboub 4 candles {say 50 lumens} per
watl,

MECHANICAL EQUIVALENT oF LIGHT = -0018 watis per lumen approx, for the frequency
of maximumn luminesity, which fs in thd yellow-green, {A = 5HBL x 103 em), ie. 825
lumens per wit.

The cnergy (heat and dight) falling or 1 8¢. cm. ab 1 metre from a standard candle is abont
4 crgs per zecond {Rayleigh).

KEFRACTIVE INDICES (AGAINST AIR) FOR MEAN D LINE
(A = 5893 % 10-* em.)

Canada Balsam ., 163 Teeland Sparqord,} . . . 1-658
Crown Glass | . . . 148-1-81 " o lexd) . . . 1480
Diamond FE A 1 ¥ 4 Quartz (onl.) P AT )
Felspar . . . . . . 1562 " (ext.) . . . . 1553
Flint Glass . . . . 1-83-1-06 Rock Salt . . . . . [444
Fluor Spar . . , . . 1-434 Raby ... . . . 176
ice . . R . . 1-31 Sylvine (KCI) R . . . 1-490

WAVE-LENGTHS IN TENTH-METRES OF IMPORTANT SPECTRAL LINES3
IN AIR AT 15° ¢ AND 760 MM,

{1 tonth-raetre = 10~® cm. = Angatrém unit)

Line. Wave-tength in Line. Wave-fength in
tenth-metres tenth-melreg
Kved . . . . . . 7688 ). - . . .51
O 104 FlAY o L. . 7594 Mgareen{ (). . . . . &l7g
L T A 1] . . . . . 51as
Lired . . . R . . . 6708 'd green * . . . . . BUBH-82
Hyeed (C). . . . R . G363 H,’J' bive-green (¥F) | B . . 4801
Cd red * . . . . . . B13B3-47 Cd blue* | . . . . . 478991
1i orange H.D ) . . . . - gég& ir b)lue . . . . . . :gl}g
- P iphe .. . . . . 400
Kaomuge . 0 1 0 se00 My blue(dy - . . . . a3
Heyellow{Dy . . . . . DbB&76 Faand Cablueéty . . . . 4308
Tigreen . . . . . . 5831 Cabhue() . . . . 4227
Feand Cagreen{E) ., . . ., 527 Kviolet . . . . . . §047

* Acrepiced standard lines, .
Rydberg's Copstant-—Hydrogen, 10087795 : Hellan, 1007224,

LELECTRO-MAGXETIC SPECTRUM
Approximaie wave-lengths in tenth-metres (10 e j

Hertzian Waves . . . 10 .- 1018
Broadeasting agd Televiston . 2xl0fx ., | 7x1010
Infra-red . R L.ogxle L 7Bx10s

= (Het . . . . FhxI03 . . . B8-5x108
&2 [Ombge . . . . 8&4x1QE, ., 50xiQ
BE Wellow . . . . B9xi0s . 5a3Ax163
A E | Oreen . .. . R X G L 4-0 %102
FebBle . L o L 3OX109 . 4-2%103

PlvViolet. . . . . 4-8xl03, ., ., 349xi03
Ultra-Violet . . . . . 38x10s, . . 1'8x1D*

-Hays ;—

Boft . . . 210 1

Hard . . .. .1 T [
Qamma Bays ' - . . BX10-r ., ., . Sx1Q-%
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HEAT-—continued

BOME IMPORTANT TEMPERATURES

Abmolute zero .

Bolting-point of Tiqwid hetlam ™+ . . .
Malting-paint of solid hydrogen . . . .
Bodling-point of Hguid hydrogen . . . . .

Boiling-point ofliquid air

Baoiling-polot ofliquid oxygen.
Boiling-point of{iguid cathonic Beic

Molting-point ofice ., .
Healthy human body
Bouing-point of water
Melting-naint of tin .
Ignition-point of gunpowier
Melting-point of tead
HRoiling-point of sulphur
Mrliing-point of silver
Meiting-ppint of gold .
Melting-ppint of eppper
Meling-pomnt of platinum
Low red heat . .
Whife heat .
Oxy-hydrogen flame .
Rengemer furnace
Eleetrie are . .
Estimated tomperaturoe
of sun .

Absoluie Centiprads
Scale Seals
P 0° K, —273° ¢
4”2 —268"8
14° —~ 209
20°-3 —252°.7
. . R . . a3 ~190°
{Oxygen point} 00°:03 ~182°-97*
L -8 — 752
. . {Ice point} . 273 Qe .
P angeg 36°-9
. {Steam polnt) . a3 100° *
. . . . 505° 252°
e e 561° SHAT
. . . . . B a00” 327"
. . {Sulphur point) 717560 441°-80 *
. (Bilverpointy . 1233°5 60> -5 *
« (fold peint) . 13387 1063° *
. 1083°
L. 204D 1773

. 500° to 600° C.
.. P . 1500° to 1B30%° C,
.o .. 220000,
. 230° C,
B . . . . 3300° Lo 3500° C.
of radfating laver

Estimated tem;n:ratn}-c of hoktest stars

ahout 4000° K.
about 35,000 X,

4 Ragic Fixed Points ol the Infernaifonal Tempc:raturc Segtle,
The Thermo-dynamic Temperature of the Ive-point may be taken as 273°-16 K.

XI. LIGHT

VELCCITY nF LioNT = 2098 « 101® c1. per sec. = 186,300 miles per scc.
1 light-year = 5-B78 x 1012 miles = 9-460 x 1012 km,
1 parsve = distance corresponding fo n paraliax of 1 sccond of are = 1938 x 1012
miles = 30-87 x 1072 km, = §-263 lght-yeara,

WAVE-LENGTH FOR MEAR D (S0p10M) LINE = 5802 x 10-2 om.,

The VISIGLE SPROTRCM i comprised between the wave-lengths 7500 x10-3 em, (red) ard
3900 x 107¢ cm. {violet).

PHOTOMETRIC UNITS—These depend upon the ISTERNATIONAL CawDLE, which has heen
ndopted by {ircat Hritajn, Krance, and U8 A, and which is defined as a source of light
having n huminous intensity of 110 of that of the ¥ernon-Harcourt pentane tamp, Tho
German Hefoer lamp = (- international candle.

LroMixovs FEUX s the time rate of flow o Iimninous energg. The undt of Jumlnous flux fs
the LYMEN, which ig the flux, or luminous energy per see., emitted in unit rolid ongle
{steradiat) by a uniform poiat-source of one international candle.

Note—The unit solid angle, or steradian, i ihe solid anple subtended nt the centre of o
spheré by an arva on the surface of the sphere equal to the square of the radius,

The total solid angle at 8 point iz 47 steradians, And therefore the total huminous fhax emdtted
by a point-saurce of ote international candle is 477 lumens, d.e. 12-57 Iumens approx.

The IoMiNGTS ISTENSITY of & polnt-sonree tn any direction is the lnminous fux (i.e. no. of
lumens} cmitted per steradian in that divcetion.

The ITLUMINATION at ony polut of A surface is fhe Junpinous ffux flling vormally on the surfuce

CF AngL area.

The Iﬁnib af illumination is the LUX or Metre-candie, which is deftned as the jllumination at
any point on the surface of & sphere of one metre radfug when 8 point-source of one
international candle is at the eentre of the aphere.

Sinee the total flux in bhis case = 47 fumcens, and the area of the spherc = dnv? sy. wetres,

the INuminaticn ﬁ:” .,1; = 1 lutpen per sq. metre.
¥

20 ma
ar
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MAGNETISM AND ELECTRICITY -—continued

RESISTANCE
oy =102 C.4.8, units = 1/9 » 10-12 E.8.1/. = resistance at 0° C, of a column of mercury 106-3
cm. long, of uniform cross-seclion, and weighing 14-4521 grams. 1 microhm = 10-¢ ohms,
A conductor having 8 resistance of I ohm is sald to have & CONDUCTANCE 0¥ 1 ¥MHO.
QUANTITY

COULOMB = }0~ 1 C.G.8, units = qnantity which passes any point in 1 second in the case of
o conductor carrving o current of 1 ampere = 3 X 107 ¢leetrostatic units,

FARADAY = 96,494 eoulombs (1.5. (}(?1‘1::_0) = charge carried by one gram-equivalent of an
ton, e.g. charge required to pass to Huerate 107:88 gm, of silver,
CAPACITY

TARAD = 10-9 C.G.S. units = capacity of any condenser which requires a coulomb to raise
its potential by 1 volt = 0 x 10! ¢lectrostatic units.
Capacity of 1 nautical mile of Atlantic cable = § X 10~¢ furads = § MICROFARAD,
IXDTCTION
IEXRY = 102 C.G.8, units = induetion produced in a circuit when the induced EM.F. 1a
1 volt, and the induecing curreat varics at the rate of 1 ampere per second.

ENERQGY OR WORK
JOGLE = 107 crgs = -2389 calories.

ACTIVITY OR POWER
WATT = 1 joule per second == rate at which work is done by a current of 1 ampere working
through 1 volt, 746 watts = L horse-power, KILO-WATT-ROUR — Doard of Trade unit
of clectric energy = cnergy supplied when product of amperes, volts, and hours is 1000
= 3G x 10¢ joules = 1-34 horse-power for 1 houar,

APPROXIMATE I.M.F.'s OF VARIOUS CELLS

Cell E.M.F. Cell. EM.F.
in Velts in Volfs
Blchromate . . 2 Leclanche . . . .« 1B
Dunseu . . . 1-8-10 Jessing . . . . 16
Traniell . . . 1-07-1-08 Ohach . . 15
Grave . . . . 1-8-1-% Clark (.‘:candan]} . . 1-433(at 15°C.)
Standard Cadmium (West.on) Cell . . 1-0180 {at 20° C.)
Secondary Cell . . . . 1-85 to 2-2 volts,

IMPERIAL STANDARD WIRE-GAUGE AND WIRE RESISTANCES (15°C.)

Eureka or German N L
Gauge ‘Diamm'r Section (fb?m Conslanian® | Silverd "({;',j’;;';‘,";g;i fﬁiﬂ‘
Numder \ (e} | (Sg.em.) onzpygy | (ohme per (ohms 7| metre) metre)
10 3251 | 08302 0021 -057 027 -051 049
12 2642 | D3480 Q032 080 041 077 o 075
14 2052 | 03243 0054 140 070 131 126
15 1026 | 02078 0083 228 100 -204 197
18 210 | 01168 0148 405 +193 -361 -342
20 | o144 | -w0gs67 D200 722 -845 U5 422
22 07112 | -003973 | -0335 1-20 57 107 1-03
24 05688 | -002452 | 0705 1-93 02 1-73 1-47
26 04572 | -001642 | <105 2.89 1-38 2:58 2:50
28 03759 |-001110 [ -155 4.27 2.02 3-82 1.9
30 03150 | -0007701( 222 6-08 2-00 645 525
32 02743 | -0005910( 208 8-02 383 7-18 881
3 02337 | -0004280 | 404 11-1 527 90 9-55
36 01930 | -00D2O2T , -BBO 15-2 7-74 145 140
38 01524 ’ 0001824 | 950 26-0 12:4 23-2 22.5
40 01219 ! 0001167: 148 40-68 194 36-3 351
* 80 Cu, 40 Ni. t ¢. 80 Cy, 15 Xi, 25 Zn, .
184Cu, 4 N1, 12 Mn. § German Silver with say 1 per cent, W.
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XII. MAGNETISM AND ELECTRICITY
MAGNKTIC ELEMENTS

—
C.G.9. Units
Place Year Declination | Inclination
Horiz. Vertical
Intensity | Intensity
e ° {1) V)
Lerwick . . 19338 12 358 W, 72 hi4 N, +14402 16837
Eskdalemuir 1938 13171 W, 49 57 N. 16504 44467
Meanook { Alberta) 1938 25 f4-8 B, T o7 K. 12726 -59202
Valentia (reland} . R 1933 16 2.4 W, 67 583 N, -17308 -41012
Abinger (Furrey) . 1038 11 14 W, | 66 432 N, +13522 43050
Agincourt ((ntario) | 1938 7351 W, 74 51-3 N, *15310 -50504
Shanghai . .0 1038 3 250 W, 45 317 N, +33318 33037
Helwan (Egypt) . . l 1938 0 Z0-2 R, 42 30 N. -30:383 27408
}Inn,u)mn’ . . 1938 ¢ 387 W, 30 26-7 N, 37073 -22143
Bombay ¥ . . . 1938 026-1 W, [ 257%0-3 N, 37727 17865
Samoa ¥ . . N 1038 10 45-3 B, 30 354 W, 34804 -206:31
Mauriting . . . 1338 13 35-0 W. 53 088, 22402 — 20818
Cape Town . 1938 24 244 W. | 63 350 8, *14585 —-20361
Toolangj (Aust.mhu) . 1538 8 450 E, 67 49'3 B, 22009 — 54193
Christebureh, N.Z. . 1938 18 188 K. 08 2:0 8. 22263 ~-B51e8

N.B.—The above valucs are mean values for the year. Over the Britisl Islands generully, the
western declination is at present decreasing at o rate of*about 117 per annum, while the
inclination, horizontal force, and vertical force are changing very slowly,

SPECIFIC INDUCTIVE CAPACITIES (K)
(for very long waves i.e. A = co)
VACUTM =1

Ebonite . . 2.7-2:9 | Ethyl Aleohol (20° C.) 25-8 1 Afr(0°C) . . . . 1-000504
Glass . . 5-10 | Benzene (18° C.). . 2:29 | Alr(20°(v) . 1-000528
1ce . . 2-3 Ether (18° C.) . 4 37 | Carbon Dioxide (0° c Y . 1-0009E5
Mica 5-7-6-7 | Glycerine {15° C) . 58 Carbon Monoxide (6 0.y . 1-0006DD
Paraflin . . 2-2-3 | Turpentine (20° C.} . 2 23 Hydrogen (0° () .. 1000265
Shellac . . 3-37 | Vaseline . 19 Helium ) . 10a0uT4
Bulphur , . 36-4-3 | Water (18° ¢. y oL L8 Sulphur iexide {14 7L } 1-00965

Io general K increases with A and decrcases with rise of temperature,

THE NATURAL UNIT OF ELECTRICITY

The eélectron (e), or natural unit of clectricity, is the negative charge carricd by a cathode ray
particle. It Is equal to the charge carricd by the hydrogen, or any other univalent, jon
in the clectrolysis of solutions. The mean of the latest dct.ctmlnat.mu‘« gives Lhe clmtne
OF the élteiron b0 be equil $o 4-805 x 10710 electro-static units, or 1-6U2 «< 10~ 1 coulombs,
The inertia {mass) of an electron 1s somewhere gbout I'Hlﬂ'-.“ of that of the hydrogen atom.

PRACTICAL ELECTRIC UNITS
CURRENT

AMPERE = 10-1 (.(3.8. units = 3 <109 K.8.U. — enrrent which, when passed through o solution
of nitrate of wilver in water, deposits <OLLLR grams of tiver eI eeond, A DO candle-
power metallic-gioment lamp working st 100 volta requlres about -85 amperc

ELECTROMOTIVE FORCH

Voit = 10 C.0.8 unita = 1{300 R8.0,
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SOUND—continued
MEASUREMENT OF LOUDNESS

The INTENSTEY af 3 sound {3 & physical quantity which i= measnrabie to 8 considerable degreg
of accuracy, and its physiologlal counterpart is Lovnxess, which is capable only of
miatively Tough measurement.,

When the Intensity of a sound increases In geometrical progresshon the loudness increases—
in accordasiee with the geperat law of sohsafion Known as the Weber-Frebner law—aonly
in arithmetical progression, For example, ot thireshold auditlity, ansd increasivg intensity
by 5-fold steps :—

ISTRNEITY . . <1 5 25 125 625, cte.
LoTtENRs8 . . . B{approx.) 1 2 3 4, ete.

Thue Jormdness iz peopattional to the logarithm of intensity.

MHenge I L, = loudnesa al threalold, whinh ia = 0 approx.
s == torrespoiing intensity of sonnd
L = any greater degree of londness
I = corresponding Intensity
then L Lo +~ kGogi] ~1ogicle) = ¥ lofie |
M
(taking, for convenlence, 10 as logarithmic base}.

50t =10 I, then LT, = &k, and, if gnit difference of loodnes be defined as $hat which s
due to one sound having 10 times the inteneity of another, & hecomes 1, and for any two
degrees of ntensity, A and B, of which A i8 the greater. Ly — Ly = oK. ;‘S

Du the Ingnrithmic seale of zoand-inwensity thiz ten-fold increase i® called a “* BEL,” and its
tentiy part i3 the * DRCIBEL ™ {¢b). Two sounds differ in intensity by 1 decibel if theiy

intensitdes are in the ratio 1:1-98, (J’:ﬂif: 126 appmx.), and the torrcapanding

dilferonce in loudness [x calied one ' PRON.” An incronse of 1 decited represents, there-
fore, an increase of 2% per eent, in intensity and its onuivalent memase i Joudness, the

_ vhon, ls, roughty, the minimum increase which the average car can appreciste.

¢ must e noted, kowever, that the sonnd-infensity eortesponding to the threshuld of hearing
s very dijlereat for sounds of gifferent fregquency, being considerably grester for very
high and very low notes than (or notes ol mediam frequenss, and therefore a sound-raeray
meter cannol, in all cases, be nsed to measure dondness,  The Ueitish phon (s based on a
frequency of 1000 cyeies 9ot second, the intensity correapanding ta sudibility threshold

being taken as 3002 dyne per sq. com. N
The following table Nustrates the applleation of the erale ;— .
Iatensity in tertns of —}
threshold-intensity = Intensity in docibels Leovdness in  jhona
dyne per1 8q. ern. .
1 [ o Threshoid of hearing
10 . 10 (1 bel) 10 Virtun’ silence
108 0 20 Quiek room
10 30 30 Wateh ticking ay 3 (¢,
w0 [ 40 Quiet streat
10 56 50 Quist conversation
108 a0 80 Quict notor at 3 ft.
e 0 70 Loud conversatfon
e ] BQ Door slamming
o o0 ) Kasy LFping foom
145 100 UK Near loud motor bora
1o 110 130 Poeamatic driit
s 120 120 Near acraplanc engine
0 130 130 Threshold of pain
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XIT11. SQUND
YELGCIYY OF S0UND
Metrer Fi
Substance Tentparature Per wee, pu.r'ﬁc.
Ar . . . .. o C, 3313 1087
Hydrogen P a° 1278 4393
Oxygen . . . o° 317 1041
Water . B . 20" 411G 4620
Alcobal | . . . 12-6° 1241 072
Copper | . .. 24° 360D 1810
Tro . . 20° 00 16400
Gak {alony Fibse} . . 10° 1o 27 st 12A20
Glass . . . . 10° 10 20° SG0G-6000r 1640019700

N.B.—Fur modemate iacreases of temperatuce the velocity of sound in air may e taken as
increasing by -8 metfea per sec., or £ 1., per asc., per 17 C. Thus Tor air af 15° C. the
velocity of sound pt see-level is nbout 3120 (L. per sec. At a hieight of 30,000 (c. i ia
ahowt 970 fI. por see,

MUIICAL SCALES—VIBRATION RATION
C D E F G A B C

Basie * 3 24 i ¢ 32 k1 +0 €5 48
Seale Foa-ed 1125 1-250 1-383 1500 2-0RT 1475 2000
Intervas .9 1 1% 4 10 9 1%

4 4] i5 8 ¥ 1) 5

The vibeation-namobes [ the Besic Bcale must Deer the given ratios to cach other, bug thete
atwolute valuvs aze matier of convention., French Standard Pitck makes the " Middie €™
P61 the Stattgnrt Pitch {adopied by the Suclety of Atts) raakes i¢ 264 ; while Madern
Concert Pitch makes it 273. In Physirs, the ©* Middie C " is generally taken as 256,

The London Internations] Confetence of May 1930 agreed that the internationel standard
. of vansert pited shovtd be based on $40 &z the treble A., i.e. 264 for the ** Middle C.7

In the BQUALLY TRNPERED SCALE the octaves remaln as before, but 11 netes are introduced

Iy—
beiween them, the {ntervals belag made equal and cach ' 2, i.e. 1-0395, say 1-00 {appros.j.
The Tollawing 1s such ga squaly tempered chromatic scale based on 433 as the treble A 1—

Frepuercy Frequeney z Fregquency
L A F .. 3353 A .. A3S
L S-SR . 274D Fy . . 3658 A . . 40D
L. . 2003 G .. 38T B .. 4883
By . . W76 g ., 4108 ¢ . . BIT8
E . . 3259

LIMyTs o¥ AUDIBILERY-—Belweez 30 and 30,000 vibrations per sec. (approx.}
* The Basgic Scale I8 tequeat]y refetved to 88 the Neteral or THatonic Scale.
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X1V, MISCELLANEQUS

REDUCTION OF GASEOUS VOLUMES TO N.T.P.

LA 1
4= 14--00387¢ ™ 76D

VALUES OF 14-003687¢

N
i
Temp. | 1 2, 3. 4 5 8 7 g
(t)
i |

0 ¢3| 10000 | 1-0087 | 1-0073 | 10110 | 10147 | 10183 | 1-0220 | 10257

10 “QR6G7 0404 0440 | 0477 0514 -0550 0587 624

20 -0734| -0771| -0R0T| -0844| -0881| -0917| -0054) -0801

30 1107( -1138| -1174| -1811] -1248| -1284| -1321| -135R

10 a4e8 | 1505 | 1511 -ds7s| da15| -l051| -1688| 1723

50 1885 | -1a72l -1008| -1945| 1982 | -z018| 2055 -2002

00 8202 | -9286 | -2275| -2312| -2340| -2385) 242z 2450

70 2560 | -2608| -2642) -2a7y| 2716) -2r52| -2780| 2326

a0 2076 | -2873| 3000| -Boia| -3083| 3118 | -3150| -5103

90 anna | 9340l A376| -2aly| -3450| -2486| 3523 -3500
100 | -8070| -5707| 3743| -3780| -3817| 3963 -3690| -3b27

!

2
760
Press. J |~
(p) ’ 0. ! 1. 2, 5. J 6. ' 7 [ 8. ! ﬂ.‘;
1
] 700mm.| 0211 -0224( -0237 Dgv6 | 0289 | 9303 | 9316 -9329
710 93421 0355) 0385 G408 p4BL| 0434 -0447 | 9461
720 9474 | -9487| -9500 9539 | -p553| -p566| -057D| 0502
730 HH0H ) -DBLB | -BDIT D871 0681 O6HT) DTIL| DT24
740 9737 9750 | -H783 -G803 | 0316 -9820| -9842| #8315
750 0808 | 9382 0805 5034 -9047| 0901 -9974! -0OS7
760 1-0000 | 1-0013 | 1-0026 0068 [ 1-0079 | 1-0002 1 0105 13118
10 10132 § 10146 | L0158 EV)Yirs H 10211 ) 10224 1-0237 ) 1-0250
| | I | ] |
SCALE OF HARDNES3
Mardnaes Hardness Iardness
Substance. {H). Substance. {H). Substanse. (H).
Tale P § Felspar . .0 Bodiea seratched by
Rock-salt. a Quartz . . v foger-nail . . 25 or less
Calelte 3 Topaz . . 8 Window glass . . B0 b,
Fluorite . .4 Corundum (Fmery) 9 Bodies scratched by
Apatite . . . & Dlsmend . . . IO penknife . . approx. B
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MISCELLANEOQUS-—conttnued

OF DAY REFERRED T GREENWICH

When it is moon at Greenwich it is :—

Noon .. . Frauce, Deigium, Spain, Portugal, Moroeco, Gold Coast,
1Py, . . . Austria, Hungary, Scandinavia, Germany, Foland, Yugoslavia,
Czechoslovakin, Switzerland, Nigeria.
2 BM. Greece, Soviet Russia {2 p.M., and 3 P.M), Finland, Buigaria,
Turkey, Union 8, Africa, Egypt, Palestine,
3pN. . . . Kenya, Tanganyikn, Somaliland, Iraq.
5.30 P.M. . India, Ceslon.
7PN, - . . Maluya.
8to10opM, ., . Australin (different parts).
g .M. . . . Jupan, Korea,
1130 P.M. . . New Zealand.
12eM. . . . Fij
sy, . , . Iceland,
9 AM. t0 T AM, . Brazil {different parts).
BAM . Argentine, T'rinidad.
8 AM. to 4 AM. T.5.A. and Conada (different parts).
TAM. Jamaica, Chile, Cuba, Panama, 1eru.
MISCELLANEOUS CONSTANTS (ATOMIC, MOLECULAR, ETC.}
. =4 % 10710 F.8.U.
Electran ¢harge = § chargc on a particle - { ¢z %Egg % 10-19 gonlombs.
Ratio of electron charge to mass ., . . . ¢ —5-273x1017 E.8 U. per gram.
m
Mass of an clectron for small velgeities . . . m = about 9113 K102 grama.
4
Ratio of clectton mass te mass"f Lydrogen atom = 1831'_’-';' Il
77,
Mass of o proton éatom of positive eleotricity) . = 1-G73% 10" 2+ grams.
Yoluing of one gram-molecule of any gas at NNT.P, Vv = 22-415 litres,
Number of mwolecules per gram-molecule . . c  — . 2
(Avogadro’s Constant) N = 06.010 x10%3,
RNumber of gas moleeules per c.c. (760 mm., 0°C.) n = 2-69 x10%?,
b _ B-314x 107 crgs per degrec per
Gas constant R = T s = gram-molecule.
Boltzmann's Constant ( A= ;l) . . . . = 1:381 x 10-16 ergs per degree.
Mass of hydrogen atom . . . u . = 1675 x 10~24 grams.
Mase of « particle (helium atom) . . ., = §-G49 x 10~24 grams.
Hadius of an atom - B . . . . == about 108 cm.
Diameter of hydrogen maecuic e e = 2:53x 108 em.
Planck’s Conatant, () P = 8-82 x 10-%7 erg secs.

Mass of 1 gram .,

B . . . . . = 2 x10%0 ergs of encrygy.



NV. ATOMIC NUMBERS AND ISOTOPES OF THE ELEMENTS

N.B. —-The Atomic Number of an Element is its number in the series of the
Blements arranged in order of ascending atomic weights. On the
Rutherford theory of the stom it represents the magnitude of the positive
charge on the nucleus, and therefore also the number of **planetary”’
electrons.

Isotapes are chemically identical substances having the same positive
charge on the atomic nucleus, but different atomic weights.

Atomie ' Afomic Naturally oecurring IsutopcsT
Xumber Tlement, Symbol | Weight | {At. Wes) in Order of Abundanre—
o~ 18 Under 1 per cent, brackcted
[ I
| | Hydrogen . L H i 1-0080 | 1, (2 1)
2 | Helinm ., . l He | 4003 |4, (3)
3 |MLithium . Li 6040 (7,6
4 Beryllium . . Be 9-02 9
1] Boron B 10-82 11,10
] Carbon ¢ 12.010 |12, (13)
7" | Nitrogen N 14008 | 14, (15)
8 Oxygen o) 16-0000 | 186, (18, 17}
4 Fluorine F 19-00 19
10 Neon . Ne [20-183 |20, 22, (21)
11 Sodium . Na [ 22.007 |23
12 Magnesium - Mg |[24.32 24, 25, 26
13 Aluminium Al | 26-97 27
14 Silicon H 28.06 28, 29, 30
15 Phogphorus P 30-98 31
16 | sulphur 8 |32-066 |32, 34, 33, (36)
17 Chlorine 1811 35-457 |35, 37
18 Argon A 39-941 | 40, (36, 38)
19 Potassiom . X 39096 | 39, 41, {40 *}
20 Caleium . . Ca | 4008 40, 44, (42, 48, 43, 46)
21 Seandium . . Se 45-10 45
22 Titanium . . Ti 4790 48, 46, 47, 49, 50
23 | Yanadium . v 5095 51
24 Chromium . Cr 52-01 52, 53, 50, 5¢ }
23 Manganese . Mu | 54.93 34
26 Iron . . . Fe 35-85 56, 54, 57, (58) l
27 Cobalt . . Co 58-04 59
28 1 Nickel . .| Ni |5869 (58,60, 62 61,(64)
2g Copper . . Cu |63-54 63, 65
30 Zino . . . Zn | 8538 64, 66, 68, 67, (70)
31 Callium . . Ga | 69-72 69, 71

* Radioactive isotopes are distinguished by an asterisk,
¥ This totope—'* 1leavy hydrogen* or ** Deuterium** -—has an atomle weight of
20117, ‘“Heavy Water’ (D,0) Ireezes at 3-8°C., bolls at 101-42°C., and has
maxirpum density (1-1059) at 11-6°C.
o4



ATOMIC NUMBERS AND ISOTOPES OF THE ELEMEﬁTS

—cordinued
. Atomie Nuturally oceurring Isotopes
Atomie Element Symbol | Weight | (At. Wts.) in Order of Abundanee—
Number 0 =18 Under I per cent. bracketed
32 Germanium Ge 72-60 74,72, 70, 73, 76
33 Arsenic Ag 74-91 75
34 Seclenium . S0 7896 80, 78, 76, 82, 77, (74)
35 Bromino Br 79-916 | 79, 81
36 Krypton Kr | 837 84, 86, 82, 83, 80, (78)
37 Rubidium Rb | B85-48 85, B7 *
38 Strontium Sr 87-63 88, 86, 87, (84)
39 Yitriom Y 8892 89
40 Zirconium Zr 91.22 90, 92, 94, 91, 96
41 Columbium Nb | 9291 93
(Niobium}
42 Molybdonum Mo !95.95 48, 96, 93, 92, 97, 94, 100
43 Masurium . Ms
44 Ruthenium Ru 101-7 102, 104, 101, 99, 100, 96, 98
45 Rhodium Rh ]102:91 | 103, (101}?
46 Palladium Pd 106-7 106, 108, 103, 110, 104, (102}
47 Silver Ag 107-880¢ | 107, 109
48 Cadminm Ccd 112-41 | 114, 112, 111, 11¢, 113, 116,
106, 108
49 Indium In 114-76 | 115, 113
50 Tin . . Sn 118-7¢ | 120, 118, 116, 119‘ 117, 124,
L 122, 112, (114), (315)
51 Antimony Sb 121-76 | 121, 123
52 Tellurium . Te 127-61 | 130,128,126,125,124,122,123,
120
53 Todine 1 126-92 | 127
54 Xenon Xe 131-3 132, 129, 131, 134, 136, 130,
128, (124), (126}
55 Caesium Cs 132-51 | 133
56 Barium Ba 137-36 |(138,137,136,135,134,(130),(132)
57 Lanthanum La 138-92 | 139
58 Cerium Ce 140-13 | 140, 142, (136), (138)
59 Prascodymium Pr 140-92 | 141
GO Noeodymium Nd | 14427 | 142, 144, 146, 143, 145, 148, 150
61 THinium I
62 Saanarium 8m | 15043 | 152,154,147,149,148%, 150, 144
63 Europium Eu 152-0 153, 151

* Radlvactlve isotopes are distingulshed by an asterisk,

55




ATOMIC NUMBERS AND ISOTOPES OF THE ELEMENTS

—continued
i!ﬁt.ﬁ'f;iccr Tlemenk Symbol © %\Peui?l]): (At\{eg';n&vgﬁgzrrg?ﬁaﬂﬂgﬁc—j
| 0 =16 Tnder 1 per cent. bracketed
64 Gadolinium Gd | 156-9 158, 160, 156, 157, 1535, (154),
| (152)
85 Terbium b I 159-2 159
66 Dysprosium Dy | 16246 | 164, 162, 163, 161, (160}, (158)
67 Holmium . Ho 164-94 | 165
68 | Erbium Er |167-2 | 166, 168, 167, 170, (164), (162)
69 | Jghulivra Tm | 169-4 | 169
70 | Ytterbium Yb | 173-04 |174, 172, 178, 171, 176, (170),
{168)
71 Lytecium . Lu 175-0 175, (176%), (177) ?
72+ | Hafnium . Hf \ 1786 180, 178, 177, 179, 176, (174)
73 Tantalum . Ta 180-88 | I8l
74 | Tungsten . W | 18392 | 184, 188, 182, 183, (i80)
73 Rhenium . Reo 186-31 187, 184
7% Osmium Os ] 1902 192, 190,189, 188,187, 186, (154}
Kk Iridium Ir 1931 193, 191
78 Platinum . Pt 19523 | 193, 194, 196, 198, (192)
79 Gold . Au | 1972 197
80 | Mercury Hg | 20081 | 202, 200,199,201, 198,204, (196)
81 Thellium . Tt (204-39 205, 203, (207*), (208*), (210*%)
82 | Leed . Pb (207-21 |208, 206, 207, 204, (210%),
(211%), (212%), (214%)
83 Bismuth Bi 209-00 | 209, (210%), (212*), (214%),
2114
B4 Polonium , Po 210 210*, (218%), (216%), (211%),
(215%), (214*}, (212%)
85 Undiscovered, e . e
86 | Radon {(Niton). | Rn | 222 292%, (220%), (219%)
87 Undiscovered. 224%
88 Radium Ra 226-05 | 228%, (228%), (223%), (224%)
89 Actinium . Ac | c. 226.7| 227+, (228%)
90 Thoriam. . . Th 1232
91 Proto-Actinium Pa | 231 (231%)
02 Uranium . L8] 238-07 | (238%), (235*}, (234%)
93 Neptunium Np -
94 Plutonium Pu
95 Americium Am
96 Curitm Cm ‘i

'+ Radioactive Isotopes are distingulshod by an agterisk.

86
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XVI. MOMENTS OF INERTIA (1)
M = mass of body.
Body. Azxis of Oscillation. Jﬁ:?r‘;:‘inf
12
[aiform thin rod (length = I}, At end, perpendjeular to length. My
LK)
Uniform thin rod (length = ). At middle, perpendicular to length, M )
Rectangular faming (sides @ and b), Through centre of gravity. parallel b e
to side b, 12
Rectangular laming (sides a and 0). Through ¢entre of gravity, perpen- paz +dg
dicular to plane, 12
Rectangular solid {edges o, B, Through centre of gravity, perpen- M a? 452
and r). dicular to face ab. 12
rt
Cireular lamina (radjos = r}. Auny dlameter, M g
Circular lamina (radiug = #). Through centre, perpendicular to M!'_’
piane, z
re
Rigit eylinder {Tadius = ri. Axis of figure. M—i
Mollow cylinder (external and in- Axis of figure. R? +r2
ternal radil & and r). 3
Right cylinder {length = I, Through ¢entre, perpendicular tu M i l:})
rudius = 7). axis of Agure, 1213
Sphere {radius = r}. Any diameter. M -2—;—'
XVII, ELASTIC MODULI
( ’ Rigididy or
Young's e Folums ,
Modulus (B) | 5, 2078008 | Blasticily (k) | Poisson's | %’:‘ﬁi‘i’
Subslance. inunitaaf | N0y | in eaite of Hatio e ”""“)'
10t dynes | Y500 101! gynea (o) p‘(“,?’;oi Y
Per kg, o, Der 8g. cth. JEr 8¢, c. *
Alumiolum, 705 A 267 T-48 34 1 17 to 20
Brass . ., 0-7to 100, c. 35 10-7 Jto -4 31 to 39
Constantan 16-3 61 135 325 (¢
Copner . .| 12:3 te 129 39tn 46 13 b6 14-3 20 to -3¢ 28 10 48
German Sllver | 116 43 10 4-7 37 46
old . . 8-4 2-8 156 422 28
Iran (cast). 100 13 3-5t053 96 23 b -1
Lron {wrought) |, 18t 20 7:7Tto B8-3 118 c. -27 46 to 62
Lead { cast) 1-62 -5 50 446 2-1
Manganin . | 12-4 47 121 +329
Plicsphor Bronze 120 4-4 =38 69 1o 108
Platinoid . 136 a-H -a7
Platinum 10-8 81 247 -387 a3
ver . 700 2-9 1G-9 370 25
Stee] . . 18 to 21 70to 8D 164 to 181 26 to 33 110 to 230
dal 1L (CASLY . 5-43 20 53 B8 25
. . 8-7t0 125 3-8 6-0 2to 3 13
Glass (Crowa) 8-5to?8 26 to 32 4-0 to 59 -20 to 27 e
India Rubbver 0003 to Q0015 to 46 to 49
{vuleanized ) 0006 0002

N.B—Tho abovo quantities vary greatly for different specimens.

¢ Onk
material E = _ =
3&+n

For an isotropie
27 (o +1). It is usual to ealcalate k {which i3 alse called tho Bulk-

modufis, and is the reciprocal of the Compressibility} by aid of above cquation from data
I Brst two columns, The values given for & abovd are, however, [n several eases ** obgerved.”



SO 1B o T Aap
50T X067 53006 U A0 IR+ ] - - Ty
sDIX BEL * Jumued 1w R S . g 201
I3 T ) L o 1g. ) nLg
-oIply uj BMme, g% ‘ -0 v RCIeN -]
MDY CDINGIAT DT e u S . Ry
N (sa7tel 5r0OT> Qg = Lan .
A-LHDIT N STDNYIRTOL
e e V —_—
6 A : = a0y ot nd
&1 L6:0 b 591 0F <1 s1wal 939, . AN
oF O 44-0 8- ov-¥1 S¥ 01 S1voi B0-F8 foa BbL, : : Ly
6% 3 T0-1T 69-0 20-16 FST 0T 81124 0¥.62 g-088 ) g
BT 1 8.3 ¥e- T 518 Fog @ E12ak 0811 £-E8% i ingp
19 ¢ 88-0 ¥ 9019 8% Lt 33 BIDAA BY-T 9 TFL . ' T
0 0 00-T 1zc.g9 001 ¥ Mm LE SABD 55 ¢08 6 L ]
A U 1
¥ £ 18-0 1%-9 180 SAED § G755 s5€p CZF 319 : to TR A
o 2 83-0 £L-8 $0-0 S4EP /) 88 s4vp 88 6g ‘ = Arnagayg
, ° {xoqenha 1w0e
19-23 TF-T sOTX g e} sLup g3 ’ . ung
‘argdrpasy (] = . . .
T = yung) | (I = wmo4) (T = yuod) POTed POUST IPIBPIS | 2o,
jo meu%mmgza WD Apsuag upey Dy 1D 40 IR0 nwvwwﬂ&quM. .
KAISAR TVIOS THI '
(%[II-B08 2 ACT-T= ‘mOMDRIJRI JO asn¥0aq ‘A[1ENgoy)
SI[[UI-BDS T T 1ead-masoalqerH T g2 G J . SILAT 9 TUBY 980%ERIn
m“\ewc. T = g9 # A855-1 Q49 I0] TOzZ[IOU~Ras JO SOURIS[(L ot 29 Puu“unwwmw " S q M“du_ .uM aﬁmﬂw& Uso|
sajful 11-9 = .ﬁoﬁw.mm (OFUBPUIT [o) mdap 1509%a1n (%%-6) s ~bs ;01X al-g : - oty puw]
ST .3 == 1] 09F mﬁ © ymdap gsopy SOy 15T X G-¢ ° - ¢ - N SSEIY
{99 04) SHIL DS 10T X 6+ : . . By FIIUL DCGE  ° . ' * o I1siog w F A
SUQY g1OT X ¥ * ) * N * OSERIY sallux gdeg  * - * E:Ea:uﬁ
saf[ul 'qAd gQT X - m . ' - . BUWIT0 A AWl "qnd (1T X 86T * ' ’ BUIMNIOA
‘N0 Higvi

¥
SINVISNOD TVIINONOWISV UNV JLIAJOHD 'TITAX

58



. 8
PHYSICAL TABLES
X1Xs RADIG-ACTIVE CONSTANTS

o
=1

]

?  mape | HelfLip
Fo | Emitea | Poried
Tranium-radivm Series—
Vraniutn 1 . . P .1 92 o 46 % 10% yrs.
Uranium X, . . . . . 90 }9 24-5 days
Uranium X. P . . 91 ﬁ 68 secs.
| T . . N . 92 ® 3% 195 yr8,
o ewn ,o- . . . 90 @ 8-5 % 10* yr=.
wv o . ... 88 o 1500 yrs.
tion {Radon) . . 8¢ a 3-82 days
B . . . Be & 3+05 mins.
.. sz A 26-8 mins.
. 83 Bea 19-7 mins.
- T 84 < 106 secs.
R i 8 1-32 mins,
Wy . L 82 B 22-8 yrs.
Raogee 2 .7 . . . ., 83 |3 5 daya
i Radiorn F {Polonivwmy . B4 a 139 days
Alum G (Uranium ].oad I’b 208) 82
at  “um Series—
L Acine-Uranium . .. o2 a 7x10% yrs.
B SO B B 24-6 hrs.
| From, i N 3 [ 3-2x 14 yrs.
Actlpinm . . . . .| =saq B 13+5 yrs,
T a=Aetinhon . . e o0 a 18-D days
X . ‘ . e 38 @ 11-2 days
vanation -1 a 3-02 secs.
. 34 o 002 secs,
.o ] 82 B 26 mins.
.o« . . s a, A £:16 ming.
. N . a4 a 001 sees.
. 81 A | 476 mins
LeadstQO'?)i 82
e a 1-4% 101 yra,
. 88 B 8-7 yrs,
.| &g 8 | 412 hrs.
. 30 a 19 yrms.
. . 58 a 364 days
. . 80 a b5d-4 secs,
R B4 a 0-14 sees,
. B2 B 10-5 hrs,
. .| &3 a p 605 mins.
. a4 a 107 gecs.
2-1 fmins.

Dw

. ost
<PL208) g

-

Range of a-rays
inem, (15° €)

2-99
3-2%
3-16
326

4-01
4-62
4-04
687

381

SN
& oG ogh =yt
-

533
682

2-57

340
424
491
500
1-63
853

arting af radio-active substance present which decays

31

- - halflife period ~
E.g. ) {for radium} = £ 3¢ x 10-4 per annum,
= 1382 10-21 pey see.
O¥E GRAYM OF RADIUN, m cqumbxium with [t8 neadnae- -
anid emite ahnot T



* XX. TERMINOLOGY OF ATOMIC PHYSICS

ELECTRON OR NEGATRON (e)
Ve lght particle of mrss 11 x10-29 gm, earrying charge of 4:80 1010 E.8.10.
"3 the g-particle of mdio-activity and also cathode-ray patticle, May also be obtained
by heating metuls or by exposing them to ultra-violet or to X-rays,

POBITRON OR POSITIVE ELECTROX
Discovered in 1932 by Anderson in connection with cosmic rays. Mass and charge
equal to that of clectron DLut charge of opposite sign. After very short life—say
10 * secs.—tombines with an electran to produce sbout 16 x 104 ergs of energy (B==me?)
in form of Y-rays.

T'roOTON
Positive charge, or +iy charged parlicle, forming nucleus of hydrogen atom.
&hﬂll'l!crﬂlllll}tl ta that of electron or positron, but mass = 1-673 x 10~ 3+ gm. 4.e. 1838 times
1wt ol electron.

NEBrTRON
biscovered by Chadwick im 1032, Masa slightly greater than that of proton, anw
no charge. Possibly a proton assoclnted with an etectron. Nuckei of atoms nov
believed to consist’ of Protons ang neutrons, lsotopes being sccounted for by the
vyorying oumber of neutrons.

a-PARTICLE
Nucleus of hellum atom. Consista of two protons and twe nenirons eombin-
Mnss = 0:05 x 10-#¢ gm,, charge = twice that of proton, Ts the particle of a-rays.

NEUTRING
An electron with no charge. No experimental evidence yet obtained, Lut exist ¢
suapected on theoretienl grounds,

MESeN 0B MESOTRON
Componcrt of cosmic rays.  Chargo poshive or negative and equal to vhat of 1)
but mass about 150 times ns great. 1as short life, say, 10-¢ sec.

PHOTONE OR QUANTA
Atoms of light, or, more generally, parcels of radiant emergy. Amount .
parcel determined by E = An, where & b Flanck™® Constant and 7 = frequen
02 —271 v
radiation. E.g. photon of ted light = &%iﬁ)%w{'- = 2-8%X10-17 ergs

FLECTROR-VOLT (E.¥.)
1 l'ilglcrgy imparted to an electron when it has been areelerated by potential diffe-
volt.,
Since 1 electron = 4:8 x 10-1¢ E.5.U. of charge, and

1 volt = E.8.U. of potential,

3 x1p3

1
=48 LIV = 1 - N
1 electron volt = {8 x 107" x FxT0% ergs = 1-8x10717 erga

RADIO-ACTIVITY
a-rays = gtreams of @ -particles
4-TR¥3 = streams of electrons.
X;rays = electrn-maunct.ie waves of length 2 % 10~7 —10-9,
Yyirays = electro-magnetic waves of length b x 10~% — 5 x 10~10,
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