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PREFACE TO TWENTY-FOURTH EDITI01\ 

IN this Edition no alteration has been made to the PhYSic'~ 
Tables, but the lIIathematical Tables have been revised ,UI 

enbrged. Tables of natural secants, natural cosecants, "" 
natural cotangents havo bem added; tho squares "Ii 
reciprocals table has been expanded; there is a change 
the presentation of logarithmic sines, logarithmic cosines;oCl 
logarithmic tangents to conform with the usual examinat 
requirements. The Publishers are indebted to Prof€!! 
A. C. Aitken, F.R.S. for his work on this edition, eSl'ceil 
for his re-checking of the accuracy of. the tables. 

June 1950 
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.' 6' '2' 18' 24' 31)' 36' 4.- ... 54' 

I " Z' 3" .' 5' 

.0 -~ :J.2419 5429 7100 8430 9409 0200 0870 1450 1962 

I 2-2419 2f!33 3211 3;:;59 3831 4181 4461 4725 4973 5208 
2 2-,;-t;\1 51i1:1 5M5 6o:lB 6223 6401 6;:;71 6736 68U4 7U46 
3 '2-iHH 7:\17 747t> 7 (lOg 'n3Q '1865 7988 B107 8:!:!3 8:136 
4 lh~Uii 85_)4 8()39 87U;:! 8862 8960 9056 9150 9241 !i331 16 32 48 64 81 
5 2-\)420 95(}6 9591 9674 9756 9836 9915 9992 000. 014.3 13 26 4.0 5366 
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7 I-OS!)l 09[,4 1015 10,6 1135 1194 1252 1:110 13G7 H:!3 lQ 20:!.',} 394\) 

• I'147l:l 1;;:\3 1.,87 10·j,Q IG93 1745 1797 1848 I1:H)8 Hl.J8 1:1 17 26 35 4:1 
9 1'1997 2046 2094 2142 2189 2236 2282 2:l28 2374 2419 8 16 23 31 39 

10° 1'2AG3 'lOO7 2.5.51 2594 2.637 2,,"0 2722. 2764 280, 2846 71421 28 35 

" I-28B7 2927 2967 3006 3046 S085 3123 3162 3200 3237 6 13 19 26 32 
12 'T-:~27;, 3~n2 ,t31,9 3aS5 3422 3458 3493 3[:,29 3:;64 3Ci99 612 HI ~-I 30 "I T-.1n'H 

36f,S 3702 3736 3770 3804 3837 3870 3903 3~I:l5 6 11 17 22 211 
14 I·3\W8 -10m 4032 40f,.! 40115 4127 41[;8 411'9 4220 4~,-,U 5 10 til 212(\ 
15 , 1-4281 4311 4341 4371 4400 4430 4459 4488 4617 4[;46 5 10 15 :W 25 

16[ I'4575 4603 4632 4660 4688 4'116 4744 4.771 47Q'J 48213 , "" 1') 23 
17,I'453 48S0 4907 4D34 4\)61 4987 5014 5040 50GO 5()!1~ 4 9 13 Hi 2~ 
18 I I·~t~8 514-3 5169 5U)5 5220 5245 5270 irs 5:I~O 5:1-t;} • 81:1 17 21 
19 I I-.,. fa 53\14 5119 5H3 Me7 M91 !Jf.,I\) ,:;9 o;,r,:; f.,',l37 , 8 12 1620 
20 0 ;1 I'S61I 5634 5658 5681 57G4 5721 5750 5713 57!JU 6S19 , t! 12 15 11:1 

2. \' I·5842 5864 5887 '90' 5932 MI54 5976 r,O{l8 6020 (1042 , 711 15 19 
22 I'6064 6086 6108 6129 61;)1 6172 6IH4 {i215 (j~3{1 ij~,,7 • 7 11 14 18 
23 ,I·02.9 63110 6321 6341 6362 6383 6404 ti4:!4 (1-1·15 B·W"i 3 7 10 un 
24 ,[ I '6486 6506 6527 6547 6567 6G87 6V07 6/;27 6(147 6/W7 3 710 13 17 
25 : 1-6687 6706 6726 6746 6765 6(85 6804 6824 6843 6863 3 710 13 16 

26 i 1·6882 6001 6920 6939 6958 6977 6998 7015 70:14 ';0:.3 , (\ 0 13 16 
27 , 1'7072 7090 7109 7128 7146 7l1l5 7183 7202 7~:!O 7~:l~ 3 (\ , I:! 15 
2.8 i I'72~,7 72.,5 72.(.3 7311 7330 n4B nil\) 7"J:l4 7·1\1'2, 7~':!.() , (\ I) 12 15 
29 I'7438 7455 7473 74!Jl 7509 7526 7544 7!")(12 7570 7,·,\17 , (\ , 12 15 
30°: 1'7614 7632 76i9 7667 7G84 7701 7719 7736 7753 7,-71 3 (\ , 12 14 

" 
1,7788 7805 7822 7839 7856 7873 7690 7007 7924 7!l.u 3 6 , 11 14 

" 1'7958 7\)75 7992 8008 8025 SQ42 805!) SIl75 ~O!I:! 810H 3 (\ 8 1114 
33 I-8125 8142 8158 8175 BIOI 8208 8:!24 I{:!H 8::;;, 8:!74 8 6 8 1114 
34 r'8~110 8306 8:l23 8:13\) 8355 8371 S:IH8 1"l4f)4 R..t20 8~:lG 3 , 8 1114 
35 1'8452 8468 84'" 8::;01 8517 3533 8:'.41) ~:-W5- t:I~l:!.l I:!.;}'H 3 , 8 1113 

36 I'8613 8629 8644 8MO 8676 8692 8708 8724 8740 8755 , 5 • 11 13 
37 1'8771 8787 8803 8.'>18 8S34 8SW AAf,j. ~kl$l ~i)7 89]2 3 5 8 JO )3 
38 , 1-8028 8!)-t4 89[;9 89,[' 8BHO 9006 9022 IJO:l7 9(J!l3 9n(;~ , , 8 10 13 
39 1 1'005{ 90'9 9115 9130 9146 9161 g176 0102 9207 9:!23 3 5 • 10 13 
40' 1'9"238 9254 9269 9284 9300 9315 9330 {l3-16 9361 9376 3 , 8 10 13 

" 
. 

41 I'9392 9-107 9422 94::1.'< 94;,3 9468 94R:1 94fl9 9514 9529 3 , 8 10 13 
42 I·!).H4 \).1(10 9575 (I;;!1(l 11(;11;) 0021 ()4i:lf} 1I4i;-,1 94;4;6 9iiHI 3 , 8 10 1:1 
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NATURAL SECANTS 19 

Mean DiffereD~ 

0- 6' 12' /S' 24' 30' 36' 4,' 48' 54' 

I' a- 5' 4' .' f- 1- ----I- -- --_- - ---- -------
45" 1 0.4142 4167 411J2 4217 4242 4-2ij7 '2\)3 4318 4344 4370 4 8 13 17 21 

46 1·4:«]6 4422 4448 4474 <l,lOl. 4527 45,;4- 4:>81 4{l08 4fi!l5- 4 .13 18 2~ 
47 1'4(J(J3 4m)O 4718 4746 47i4 4~o2 4830 4!l:,g 4&'17 4916 5 914 192:; 
48 1'4!l45 4074 5003 5032 50112 5092 5121 filSI 51M2 5212 5 10 15 21) 2~ .. 1.;,'!-l3 5~73 530! 5:1:35 5:-iti(} 53f}~ 5429 0461 5.f-!):~ /3525 5 10 16 21 2{l 
SO' 1·5557 5500 5622 5655 SUS!:! 5721 5755 0""' 5/:122 5856 6 11 17 2229 

,,\ 1-5890 592S 5959 599.1 6029 606.1 6099 (H3." 6171 6207 6 12 18 24 29 
52 1·1_l:!.t3 6270 6310 6:153 O:lIIO 6427 6-11).1. (\,,02 MW 6578 I) 12 19 2,) 31 

" 
I 

I·1Ifj11l 6tl.:;;) 6694- 67:13 6772 6..'112 6:1,,2 (\,'1!12 69:~2 6072 7 13 20 26 :1:1 

54 1-7Ul:1 70[;4 7095 7137 71711 7221 7fro3 7:105 73-1H 7:391 714,21 28. 36 
55 1·14.34- HiS 7522 75M 71no 7655 7700 774,') znn 7837 7 15 22 3031 

56 1-7R.'l3 79:!9 7970 802.1 &170 S11S 8166 82\4 S2!)!} 8312 8 ]6 2! :12 40 
57 Hl:Hil 8nD 8460 8:i10 8:;()] 8(;12 8M3 H714 8100 81:)18 8 17 25 34 4~ 
58 1-",,'1'71 80U 8977 01)31 90tH 9139 9194 92.4.9 9304 nw I) 18 27 31\ ~;) .. H)·nil i)·ln 0530 il:iH7 9H.j.') 9703 9·,(;2 9821 "'80 0040 10 19 20 3D 49 
60' 2-0000 0061 0122 0183 0245 0308 0371 04;H 0498 0562 10 21 31 425;!. 

61 20{)627 0692 0757 08U 1)/)00 0957 1025 lOPS 1162 1231 11 22 34 45 ail 
62 2-130l 1:J71 1441 15 [3 If,!{! IG57 1730 It1,01 IB77 19;;2 11 24 36 48 ti(l 

63 2·2027 2103 2179 22:jtj 2:3:1:l 2412 24!1O 2570 2050 2i:jQ 13 26 39 [,2 fJ5 
64 2-2H12 2894 2976 3(j11O 3144 3228 33H :1400 3.1.86 3:lH 14- 28 42 [,7 7l. 
65 2·$002- :3751 3841 30;U- 4022 4114 4207 4"'" 4395 4490 1\ 31 46 62 77 . 
66 2-4580 4683 4780 4S71J 4-\)78 507S 5180 5282 5384 5488 
67 2·!>5tJ:l 56\)!:l '805 m13 OU22 6131 0242 6"154 6406 o:;so 
6. 2·61HJ5 6811 6027 7046 7Hi.'i 7285 N07 7~,2\) 7£53 777'0 
6. 2-7!'04 80:32 BHn 8201 1;.122 8,,;;5 11f,88 8~M 8960 OO!)9 
70' 2-92~ 9ail) 1)521 !:lvG::; 9811 99;j7 01U6 0256 0407 0561 

" 3-0710 0872 1030 1100 1:l.;2 1515 1681 1848 2017 2188 
72 3-23Dl 25:j5 2712 2i"\'H 3072 32;'05 3HO 3n;:!,~ 3817 4(X)il 
73 3·420;1 4309 45(18 4i!IH 5003 5209 5418 5029 5843 6000 
74 3·02.'10 6,,02 6727 60:;:; 7lH6 7420 7657 78\17 8140 S:31:>1 
75 a'Sua7 8890 1)147 IlJ1I8 9072 9939 0211 .". 0765 1048 

76 4-13.16 1(;27 1923 2223 2527 2837 3150 3792 4121 
.'olean dijfeff"n("~s 

3469 no IOll!l:pr 
77 4·4-1:;4- 47V3 5137 54~H S8E 6202 6569 6!l42 7321 7700 sufficiently 
7. 4-80\)7 8496 8001 9:31:\ 'il732 (H59 if.,\)3 l(1"J4 1484 1f)42 accurate. 
7. 5·2408 2883 3:)07 3Hf,n 43(;2 4874 5:l!16 592S 6-170 7()2!1 
'0' 5-7588 8164 8751 93::;1 9903 0589 1227 1880 2M' 3'2::?io 

81 0·3025 4637 5366 6111 6874 7655 8·j[i4 9273 0112 0072 
82 7-Hi.':\ 2757 3{\K4 4\;:\" \Iull otn3 7n42 8700 9787 OllOii 
.3 A'2o~,:; 3238 44.;7 [17ll 700t 8::1:17 {l71l 1129 2593 4lO5 
84 g·5HI\H 72$3 8%5 Of~.') 2477 4!~34, (',"21\1 821>0- I)"J:ltl 2~H~~ 
.5 1l'47-l, 11-71 11·05 12·20 12-47 12-75 13·03 13·34 13-65 13·09 ., U. .3-1, 1-1.,70 15·1)9 15·;,0 15·93 HI·38 10·811 17-37 17-91 1.'1·49 
'7 19·11 l!)·77 2U-17 21-2:) 22·0<1. 22-93 2:j·H.'1 24·92 20·05 27 .:!~) 
88 28·6:; 30·16 :n·84 3a·71 :15·81 38·20 40·\1:\ H·OS 47·75 5:!·O9 •• 57·30 63 .. 66 71'62 81.85 95·49 114-6 143·2 191-{) 286·5 573-0 
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n ,J. ,Jll}n 

-
1 1 1 ",,,OIl 1-0000 1-00000 8·1623 1·0000() Q·31f123 
2 4 8 1·4142 1·2599 0·50000 "·-li21 O·jUill O'~2:hl1 
3 9 27 1·7321 1·4422 Q·:J3:133 5·-1772 0·5773" Q·l,":!;',7 • 16 64 2·()(){)() l·:;~U 0,2;;000 6':1245 0'50000 0'15Kll 
5 25 125 2·2361 1·7100 0·20000 7-0711 1H,,\721 0'14142 

6 ,. 216 2' .. -195 1·8171 0·16667 7·7460 0'40825 0·12910 
7 49 '~43 2'M5!! 1·9129 O'14~,,6 8·3606 O':~ii96 0·] 10!i2 
8 64 512 2-1:\284 2·00(lO O·l2.~OO 9'!)H'l 0·3535." O'llttiO 
9 81 729 '3'1)000 2·0801 O'11nl 9'4Rlill 0'333:13 0'}O:,41 

10 100 1000 3·1623 2·1544 0·10000 lO'OClOO 0·31623 O·lOOClQ 

" 121 13!\l 3-3166 2·22W 0,09091 10·4881 0·30151 0·00535 
12 lH IiiI'! 3·4641 2·281)4 Q·0t!:r13 10,%45 0·28868 Q·jJ.)lZ9 
13 10' :?197 3·6056 2·3;,13 0,076112 11'4018 0·27735 Q·()lli71 
14 I!)6 27-J.t- 3·7417 2·4101 0·07143 11'H322 0·26726 0·08452 
15 225 3375 a-8730 2-4662 0-06667 12-2474 0-25820 0-OS165 

16 2,,6 40{l() ,·0000 '2,51~S 0.002;)0 12;01".\.91 0'25000 0·07906 
17 2~9 401:.1 4·12:n 2·5713 0'05882 1:l-0:~8t 0,242,,3 ()'l)itiiO 
18 324 r;;,:~2 4-2426 2·6207 0'O",,5f1 J:H164 0-23:-,iO 0-OU,,4 
19 anI (IH,,!) 4-3.'B9 2·t>6l'l-i o-or>2i\~ lJ·iH40 0-~2!l42 0-07255 
20 400 8000 4'4721 2-7144 0-05(1)(1 1·1<1421 0,223(11 0-07071 

21 441 9261 4'5826 2-7589 0·04762 14-4014 0-21822 0-00001 
22 484 1064'" 4-6004 2·8020 0·04545 1 ..... ~:124 0·21:12f1 0-(I1)i42 
23 520 12Hi7 4·7058 2-84:10 0·0434/'1 F>"1(;fi8 ()-2(J~',1 ,),()I,:i9t 
24 576 131'24 4·R-goo 2-!l.f!.-1,5 (I-lHlni 10"4';)\9 O'";!\)412 O·O(].j,:'1l 
25 625 15G25 5'0000 2·fl240 0-0-1000 15-8114 0·20000 0·06325 

26 670 17076 5-0990 2-0625 O{l384G 1(1,1245 0-19612 0-00202 
27 729 19n5:! 5·1962 a-nooo 0-0:1704 11 ... 1::117 0'lH2-15 0·01\086 
28 ". 21052 5·2915 3·U:166 0·0:1':;71 1(j-7:l~2 0-IKSU8 0,051)76 
29 841 24:11'19 5·3852 3·0723 0·034-18 17-0204 O·]I'I.'iO 0-O"M72 
30 900 27000 5·4772 3·1072 C'O()3333 17-3205 0·18257 0·05774 

31 001 297M 5-5678 8·1414- 0·03226 17-00(~ 0·17\)\)1 o{l5ll8O 

32 1024 :127m; 5·n569 3·IUB 0-03125 INl~.'l5 0·17678 0'0_;500 
33 10.'!!) ~5!1:l7 5·74-46 3·:!O'5 0·03030 11'1,16;,9 0-1i408 0·0.5:;05 
34 1151'1 3U~U,J 5-.'1310 3,2:1\16 . 0'02!)41 I1H:lHI 0-171[,0 0·0;,423 
35 1225 42875 S'UI6! 3·2711 0-02.%7 18·7083 0-16903 0'05345 

36 1296 46656 6·0000 3-3019 O{l2778 18-9737 0·1(}667 0·Ofi270 
37 1369 50653 6-0828 3·3322 0·02703 19·2:154- 0,16,40 (H);,IH9 
38 1444 5-1872 6·11\44 3·3620 0'(12ii:12 19·-19:16 0-11i222 0'051:l0 
39 ',,21 611319 0-24[,0 3·3fJ12 0'02;'(\4- 19·74.:1t 0·1(--.013 O·\)~,(\f4_ 

40 1000 64000 6-3245 3·4200 0·02500 20'0000 0-15811 0·05000 

41 }(\81 68921 6·4031 3-4482 0·02439 20·2485 0-15(\17 O·0.t9~9 

42 li(\t 74088 6-1K07 3·m;o 0'02:k!1 20'4939 0·15430 O·()J.'l.'lO 

43 1849 705.o'i' 6·;.r,74 3-5\\34- Q'(1'!321'0 20·73M 0·15250 iH)~it-,,2 .. 1036 85184 6·(\:132 3·.5:103 0·02273 20·9i02 0-15076 0·()Ji!i7 

45 2025 91125 6-7082 3·5569 0'02222 21'2132 0-HOO7 ')-U4714 

46 2116 97336 6·7823 3-5830 0-02174 21·4476 0-147.14 0-04663 

47 2"~)\) 10:1823 6-8557 3 -(;()88 0'()21~8 21.-1;;\)5 0- [4:,/i7 0·()J.(j13 

48 2304 110592 6·9282 3·6342 O'U:!US:l 21'\1089 0·U~:14 O-O~.·,64 

49 24111 11ili-lf1 7·0000 3·6503 O·O~OH 22'1~59 0·142-"6 0'0-1':;18 

50 2500 125000 7·0711 3,(""40 O'O~UOO 22'3007 0·141-12 0'040472 

26 



RECIPROCALS OF FOUR·FIGURE NUMBERS 29 

I I I Mean Differenc(',s 

1 
(Suvtract.) 

0 , 2 , 4 5 6 8 9 , 2 3 • 5 6 7 8 9 

I- -------- -- ----_ 
5 5 '1818 1H15 1812 1808 1805 1802 1799 1705 1792 1789 Q 1 1 1 2 2 2 3 3 
5·6 ·17~ 17K3 1779 177t.'> 1773 1770 li07 Ina 1761 1757 " 1 1 I 2 2 2 S :) 

H -1754 1751 1748 17·j5 1742 173iJ In\} 17:!3 1730 1727 " 1 1 1 1 2 2 2 :) 

5·8 ·1724 1721 1718 171;; 1712 l70n 1706 1701 1101 1698 " 1 1 1 1 2 2 2 :) 

59 -10\.);:, lij~2 1689 l{1S6 168' 1681 1076 lG'.') 1672 1660 " 1 1 1 1 2 2 2 3 

6·' ·HI07 166,1 1661 1658 1656 ]653 1650 Hi4.7 1{)45 1M2 0 1 1 1 1 2 2 2 :) 

6·' '1630 lU37 1(;3,1. Hi31 1(21) 1626 1{l23 Hl21 It1I8 lIHO 0 1 1 1 1 2 2 2 2 
0·2 ·1613 UHo 1008 l{'>(15 1603 1600 1507 1595 1592 1590 0 1 1 1 1 2 2 2 2 
6·' '1587 1585 1582 l[il:lO 1577 Ui7. 1572 1570 1567 1565 0 0 1 I 1 1 2 2 2 
0·4 ·1562 1560 1558 1555 1553 1550 1548 1546 1543 1541 " " 1 1 1 1 2 2 2 

6 , 1'1538 1536 1534- 1531 1529 152'; 152.\ 1522 1520 1517 0 0 1 I 1 1 2 • 2 
66 1,1515 151;} J5Il 1508 1500 1504 1502 14"" 1497 14.95 " " 1 1 1 1 2 • 2 
0·1 '14-93 """ 1488 1486 1484 1481 14iIJ 1417 1475 14.73 0 " 1 1 1 1 2 2 2 
68 ·14.71 14.tj~ 1466 14M 141)2 14[}l) 1458 1456 1458 14[;1 0 " 1 1 1 1 2 2 2 
6·. '144£1 Hi7 1445 1443 14H 1430 14'037 1435 143:} 1431 0 0 1 1 1 1 2 2 2 

N ·142\1 1427 H2(i 1422 H2O 1418 1416 1414 1412 1410 0 0 1 1 1 1 1 2 2 
1·' '1408 uoo 1404 1403 HOI 13% 1~97 1395 1393 1391 0 " 1 1 1 1 1 2 2 
N ·1389 1387 1385 l31l3 l:llll 137f) 1377 137t\ 1374 1:172 0 " 1 1 1 1 1 2 2 ,., -137\) "." 1366 )3601 1:J(;2 1361 13[iU 1357 1355 1353 () U 1 1 1 1 1 2 2 
N '1351 1350 134.13 lS4() ISH 1342 1MO 1330 1337 1335 0 0 1 1 1 1 1 1 2 

H '1333 1332 1330 1328 132(1 132:5 1323 ]321 uno 131$ u " 1 1 1 1 1 J 2 
H 'lSIG U14 1312- 1311 1:)01) 1307 1;.;(}5 1304 1:302 l:ll)(J 0 " 1 1 1 I 1 J 2 
N -1290 1297 12U5 12U.! 1:!\l:? 1200 1:!P.!) 1287 128;. 12H! u 0 0 1 1 1 1 1 J 
H -1282 1280 1270 1277 127(1 1274 1272 12'i'l 126'3 12\'}, () " 0 1 1 1 1 1 1 
7·' -1200 1264- 1263 1261 125\) 1258 1256 1255 1253 12.)~ 0 Q 0 1 1 1 1 1 1 

8·' '1250 12·i8 1247 124j 1244 1242 124.1 1231) 123S 12:\1', 0 " 0 1 1 1 1 1 1 
0·' ·tZar. 12:\3 1232 12ao 1220 122'7 122(> 1224 1222 1221 0 " G 1 1 1 1 1 I 
0·2 '1220 1218 1217 1215 1214 1212 1211 1209 1208 1:l1)(1 " 0 0 1 1 1 1 1 1 
8·' -liW5 1203 1~02 1200 119\) 11" l~g~ }IU5 1193 llU:; " 0 0 1 1 1 1 1 1 ,>. 'l1DO 118£1 ll",; 111:>6 1185 1183 11il' 1181 11'79 1l7~ 0 " 0 1 1 1 1 1 1 

8·' ·1176 11i5 1174 11i2- 1171 1171) IF,S 1167 1166 lIfoJ 0 0 0 1 1 1 1 1 1 
,·6 '1163 1161 1160 1159 115, 11[>6 1155 llu3 1152 1151 G 0 0 1 1 1 1 1 1 
8·1 'lH9 1148 1147 1145 1144 1143 1142 1140 1139 11!JI.! <1 0 " 1 1 1 1 1 1 
8·8 -1136 1135 1134 1133 1131 lIS!} lIZ!! 1127 1126 1125 0 0 0 1 1 1 1 1 1 
8·, '1124 1122 1121 1120 lUll 1117 1116 111;;' lIB 111:l <1 " 0 1 1 1 1 1 1 

9·' '1111 1110 1100 1107 1100 1105 1104 1103 1101 1100 " 0 0 1 1 1 1 1 1 
9·' '1009 1098 1096 1095 10U4 1093 1002 1000 lOS9 lOSS 0 0 0 0 1 1 1 1 1 
,·2 ·1().s7 1080 lOH5 1083 1OH2 1081 10$0 1079 1078 107{j 0 0 0 0 1 1 1 1 1 .., -1075 107<1 Ion 1072 1071 1070 1068 1067 lOG6 1005 () 0 0 0 1 1 1 1 1 ••• '1064 1063 1062- lOGO 10C,'J lUt>8 1057 10[;6 101:i5 105,1 0 0 0 0 1 1 1 1 1 

H ·10;):\ 1052 1050 10·!!) 1048 1047 1046 1045 1044 10·'-3 0 0 0 0 1 1 1 1 1 
.·6 '](J-!::! lO-H lO:t') lO;>,tI 1037 lU:lr, 1035 1034 103:1 1032 0 0 0 0 1 1 1 1 1 
n 'lO:l! 1030 1020 1028 J.U27 10#; lQZ~J 1024 1022 1021 " Q 0 0 1 1 1 1 1 
98 -11)~0 1019 101" 1017 10Hl 1015 1014 1013 1012 1011 \) 0 0 0 1 1 1 1 1 
9·9 -lOW 1000 lOOl! 1007 1006 1005 100' 100' 1002 1001 0 0 0 0 0 1 1 1 1 



28 RECIPROCALS OF FOUR.FIGURE NUMBERS 

o 234 5 6 1 8 
'Mean Differences 

(Subtract,) 

9 1---,---,---1 
12.'3 456 789 

37 46 551~' !i~ 31 3d 46 Ii! . 
2633 :m 
22 28 33 
192429 j43 
1721 25 29 3!l. ~~ 

1.') 18 22 26 "!l: I~ 13 if> 20 23 26 
12 15 17 20 23 
11 13 16 18 21 

10 12 14 
9 11 13 
8 10 ]2 
7 '611 
7 8 10 

17 1<;) 21 
15 17 Hl 
14 16 III 
1314 HI 
12 13 15 

6 • 
6 7 
5 7 
5 6 
5 6 

\)111214 
Q 10 11 1:) 
1::1 01112 
7 91011 
7 S '310 

4568910 
4 ;) I) 7 8 9 
450780 
445678 
345678 

1 1 1 _._'_ -=2668. 
E.g. g~7 ... -2703, 8-74 = '2674, g'148 "" '2668, 37"8"" '002668, -0003748 



NATURAL LOGARITHMS 31 

II 0 1 1 2 1 3 4 1 5 I 6 7 1 • I 9 :1_:-1 -=2:--:c3_::. --04--:-5 :c6:_,I,:-7:--:'.-:'c' 
s.s111-7047~0061 70iH( 7102712017138' 7156 7"i74( 7192,~ 2 4 517 1) 11113 14 16 

5611'72')A 724-6i 72631 72RT 729g i 7317 i 7334 7352 7370 1 7387 2 4 5 7 911 12141(\ 
. 1'~40'" i4"2 7HO, 7-l.~; ,475 7492 7509 7.':02717[>44 I 7561 2 3 5 7 11 10 121416 

~:~\ 1>757(1 7~)~6 I, 7ol:! I 7(;~() 7647 76134 I 761",1 IN'}9 7716 'I 773:\ 2 ::I a 1 7 {I 10 112 14 15 
5-', 1'775(1 77f\6177~3 71'(00 7817 iS3417851 IA6717SM,7901 2 3 Sl7 810 121315 
6'O,ll'791S 7934179517067 79848001180178034805°18066 2 3 5,7 810 121315 

1

1,8083 8099 8116 8132 BUR 816518181 RI97 8213 8229 2 3 516 810 11 13 15 f'J 1'11·24:) H:!62 8278 ~:!94 H310 18326.8342 .'\358 i s:n 4
1

1l:101J 2 3 ;) 6 oS 10 \ 11 1:3 14 
. I'S405 8421184-37 tH[,3 "'·HI\) 8485 I 8500 K, :)16 I 8532 8547 2 3 5 {I 8 9,11 13 14 

~::I Hl56!1 8579 85\)4 i'HIO k625 , .'l641 8656 1'\1\72 86~7, 8703 2 3 5 6 8 \) 11 12 14 
6-5

1

1'8718 873318749187048779 8795i8810 bCli5181H0188M 2 3 ;; eo S \) 111214 

66 1·8871 8886 8901 8\)16 8931 8046, 8961 8976 8991 9006 2 3 5 6 8 9 11 12 14 
6:1 i 1·9021 9U:l6 g051 gOGO 9081 90Q5 gno IH25 'JHQ I\Hr,;, 1 3 4. 6 7 \) 10 12 13 
6'S, 1·9160 91H4i9199 9~1:1 9228 924i l 0251 92i210ZH6193Ul 1 8 4 6 7 9 '10 12 13 
6'911'9315 9330,9344 g!l;.\) 11373 9387 9402 9HO 94!l019445 1 3 4 '16 7 ?1 1

1
0
0 

11'111! 
1-1)1 H~ol50 9ol7319!BS 9502 9516 \)&'JO 19544 9r..5919573 9587 1 3 4 {) 7 " " 

7'111'9601 9615 Qa29 9043 9657 9671!9685 9(\()9 9713 9727 1 3 4 (0 7 8 101113 
7'2 'I H)7.1.1 1)7;"51 £1769 97s2 9790 9810 \)!:!24 91<.181 9851 Otl65 1 3 4 6 7 8 10 11 12 
7'3 1'91:170 91'l\i2 9\106 9tJ:.!O \)933 9047

1
9961 0!J74 1 99881 (jOOl 1 3 4 I 5 7 8 10 11 1~ 

7'4112.0015 0028 0042 OW.5 0069 OOH2 0096 OlOI) 012.2 0131J 1 3 4 G 7 S \) 11 12-
7'5 2-014.9 0162 0176 01t111 0202 0215 U229 02421025510268 1 3 4 5 7 8 9 11 12 

7'6112'0281 0295 0308 0321 0334. 034."I 0Y30 0:1,';31 ()3SG 0391} 1 :} 4, £. 7 8 9 10 12 
7-7 2'0412 0425 0438 0451 046410477 I 0490 0.')03 0510 052R 1 3 4 5 (I 8 9 10 12 
7-S 1 2'0541 0554 0567 0;)1'11) 0592 000;,' 0(\18 06:n 0643 0656 1 3 4 5 6 8 910 11 
7'9 \2'OUI19 OtltH 0604 0,()7 (1719107:\2' 0744 07"11 n7{JI) 07H2 1 :) 4 5 6 8 9 10 11 
8'0'12-07114 0807 milO O/:lji OSH I OSS7 0869 08d2 0894 0900 1 :3 415 (l 7 \) 10 11 

8'1 2-mn'} oo:n 004.3 ot;};:,r. 01)1)8' ()9RD I 0992 1005
1

1017 1020 1 2. 4 5 6 7 9 10 11 
8-2 2-lU4I J(j5411()66110-~ lU!JO/U02:11l14 H26 1138 1150 1 2 " 5 6 7 910 11 
8-3 2-1HI;:! 1175,1187 llDU 1211 12~3' 1235 1247 11258 127U 1 Z 4 a (I 7 S 10 11 
,-. t 2-128:.! 1294.

1

1:106 fl3IH 1330' 13421 l:l53 13ti5 I 137711389 1 2. 4 5 6 7 8 10 II 
8-5! 2'1401 1412 1424 1436 1448 1459 i 1471 1483! 1494 \ 1506 1 2 4 5 6 7 8 9 11 

8'6 I 2'1518 1:;29 IMI 1552 1564 1576 1587 1599 i 1610 1622 1 2 3 5 6 7 8 \) 10 
S-7 '2'1633 ltH5 1656 16tlS Hl79 1601 '11702 171:1117251' 1736 1 2 3 5 6 7 8 \} 10 
8'S,,12-1748 1759 1770 1782 17(13 18(}.t. ltn5 1827 1~38 184\) 1 2 3 5 6 7 8 I} 10 
S-6 12'18fl1 }I<72 V!83 IR94 1005 1917 IH28 1939 1'1950 10111 1 2 3 4 6 7 8 \J 10 
9'0 i12-1972 1983 11}94 20U6 20P 2028 2U39 205012061 2072 1 2 3 ~ 6 7 8 9 10 

9-I,j 2-2083 2094 2105 2110 2127 2138 2}48 2159 21'70 2181 1 2 3 4 5 7 8 \} 10 
9'2" 2·21H2 2203 2214 222:, 2235 2240 2:.!57 2268122~9 2289 1 2 3 4 5 6 8 910 
9-3 12-2300 2;\11 2322 i 2~132 234312354 2:164 2375' 2a,96 2306 1 2 3 4 5 6 7 I} 10 
9'4 'i 2'2407 2418 2428 2439 24;)0 246Q 2·171 2481 12492 2502 1 2 3 4 5 6 7 "10 
9'5112'2513 2523 253412(144 255512565 2576 2586 2597 2607 1 2 3 4, I) 6 7 S \) 

9-7,12-2721 2732 2H2 2752 27G2 12773 2'jt\:1 2,'J3 2,._ol,(I'3, 2SH 1 2 3 - 4 b '7 8 U 
9'6 2'2iHS 2628 2638 2649 26"9 2870 2il80 2600 12M! 2711 1 2 3 4 5 8~61 ' 8 9 

9'8 2-2824 28:~4' 2SH 1 21;54 2Rti5 2875 2885 28951 2{10512915 1 2 3 I 4 5 7" U 
9-91!2'2925 21)35! 2946 2U56 296612976 291:16 2996

1
3006 3016 1 2 3 j" 5 7 8 9 

NATURAL LOGARITllMS OF 10-n 

n 1 21s 41" 7 8~ 
IOie lO-n 3·6974 6'39~;1 'j-W22 lij.7S97! 12'4871 14·1845 17'8819 19'57931 21'2767-1 



30 NATURAL LOGARITH~IS 

Jo 112131415167181. 123\45678' 

-~ I 0'0000 0100 0198 1 0296 0392 04881 0583 06771 0770 'OS62I~1-;;O-'1;;9~29~:[~3:;;8-4C:8C-5:C7C'I-"'-7-7:_6-8':6-1 
I", 0·0953 1044 1133 1222 1310 1398 1484 157011655 1740 9 17 26 35 44 521 (H 71) 7R 
"211 O'I~!!3 1H06 1989 2070 2151 2231' 2:<.11 2390, 2~ij9 2546 8 16 24 324048 5 
J'3 ,0'2(\24 2';"00 2776 2852 2:)27 300113075 3148)3221 !32\l.~ 7 15 22 1 30 37 44 !l~ g~ l~ 
/'411 0'3305 3-t36 3507 3577 3046 3710 37R4 :H~5313020 39M"'; 7 H 2112R 3;) 4114'0 55 62 
(-5' 0'4055 4121

1

4187 4253 43181438314447 4511 4574 4637 6 13 19 26 32 39 45 52 58 

1'6
1

1 0 '47004762482448864947150085008512851885247 612182430361424855 
"71IO'[)3\}B r,:1(}515423 f)481 5~)39 55961 5li53 5710 5766 5822 6 11 17 23 29 :14 40 46 51 
"8 O'5ti78 [,ga3 59,.8 6043 f)U!J8 6152 i 6206 625916:113 636(i 5 11 16 22 27 :121 38 4:~ 49 
1-9IO-64Hl 647116523 6575 61127 667H\ 6729 6780 6831 MHI 5-1015 2026:'11 364146 
2-0 I, 0'0931 6981 7031 7080 7129 71iB \7227 727517324 7372 5 10 15 20 24 2\) II 34 39 44 

2-1 0-741!.l 7461'~75U 7561 7608 7655 7701 774-717703 7839 !) 9141192328333742 
2'2' 0'7865 7iJ:W 17975 8020 .'lOU5 8101) 1 8154 819S 8242 8281) 4 9 13 18 22 27' 31 3640 
2-3 ! O-Ha29 8:1'1'2 SH6 \ 84.59 85!l21 BSH 8.jH7 8629 \ 8671 87U 4 9 13 17'lol 'l.() I, ',)\1 'M, ?'6 

~:~ I g:~ii3 ~~3~; ~.~~~ ,~~~~ ~~~g II ~~~l ~~g6 ~~g I ~~~~ ! g~g : ~ g ~~ ~8 ~! I ~~ ~r ~~ 
2'6 10-9555 !)594' 963219670 9708 9746 9783 9821 9858 9895 4 8 11 15 19 23126 30 34 
2-7' 0-9933 996910006 0043 !'l080 1 OU6 lh52 0188 022510260 4 7 11 15 18 22 25 29 33 
2-81\1'02911 0:132' 0367 0403 0438 0473 0508 0543 0578 0613 4 7 11) 14, 18 21 i 25 28 32 
2'9 1-0ti-l7 0682

1
0716 0750 071'l4 0818\ 0,%2 0886 O!HOi 0953 3 7 10 14 17 20 24 27 31 

3-0 1,0086 1019 1053 1086 1119 1151, llS4 1217 1249

1

1282 3 7 IO! 13 16 20 i 23 26 ::10 

3'1 1-1314 1346 I 1378 1410 1442 1474 \ 1506 1537 1569 1600 3 6 10113 16 10122 25 29 

~:~ ~ :~~~~ i~~~ i33t M~g ilg~ i~61 i~g i1!~ ~~~~ ~~2~ 3 ~ ~. g g ~~ ;i ~~ ~ 
3'41'223822(17 2296 2326 235f'[2:l84

1
2413 2442 2470 24093691121517

1
202326 

"511'2528 2556 2585 2tH3 2641 2669 2698 2726 2754 2782 3 6 8 11 14 17 \20 23 25 

3-6 1-2800 2837 2865 2802 2920 I 294712975 3002 3029 3056 3 5 8111 14 16 19 22 25 

~:~ i:~~~~ ~gg glb~ n~t ~l~~I~~~~'I~~M ~g~ ~~~~ ~2~! ~ ~ ~ iE ~~ ~~Ii~ ~t g 
3'9 _11-3MO 3(;:15 :l6tH 3686 :;712 37:17 :17{i2 3788 3813 3H!~8 3 r. 8 \ 10 13 15 18 20 23 
4'0 '11 '3863 3888 3913 3938 :m62 3987 4012 40:W 40tH 4085 2. g 7 10 12 15 I 17 20 22 

4.,111-4110 4134 4159 4183 4207 4231 425:'1 4279 4303 4327 2 5 7 101214 17 HI 22 
4'21,11'4351 4375 4398 Ht.2 4HG HG9 U91 4;,16 4540 M,G3 2 5 7 {) 12 14 161921 
4'3'11'4;i86 4609 4633 4656 4679 4702 4725 4748 4770 4793 2 5 7 91214 HI HI 21 
4'41 1,4816 4839 4861 4884 4!}07 492{) 495:; 4974 4996 5019 2 5 7 9 11 14 16 18 20 
4'5\ 1-504.1 5.00$ WS5 f)107 &129 5151 5173 5195 5217 5239 2 " 7 I) 11 13 151820 

4'611'5261 5282 5304 5326 5347 5369 5390 5412 5433 5454 2 " 6 9 11 13 15 17 HI 
4'7,11'5476 5497 SlIlS 553\) 5f)60 5581 5602 56:l3 5644 5{)65 2 " 6 81113 1

1

151710 
4-8 ,1'snso :>707 5728 5.48 57G9 5790 5810 5831 5851 5872 2 4. 6 8 10 12 14 16 -19 
4"111'5RI)2 5913

1

5933 5953 5V74 5994 6014 60:14. 6054 607.\, 2 " {', 8 10 12 I 14, 16 18 
5'0 1-60\).1 611t 613i 6154 6174 6194 6214 6233 6253 6273 2 4 6 8 10 12 I 14 16 18 

1 1 
5'1~ 1-6292 6312633263316371 6300\M09 642'J (',.1.48 6,\07 2 4 6 810121141618 

~:§i,1 ~:~:,~~ ~gg~I~~i~I~¥~! ~¥~~I~~~il~~~6 Z~G~I,g~~~ ~~~~ ~ ! ~ ~ 19 n g ~g g 
5'4 !11-6d6{ 6882! 6IJOlI 6911J (t'J38 6956 6974 0993 7011 702!) 2 4. 5 7 9 11 13 15 17 

NATURAL LOGARITIIMS OF IOn 

n 1 2 
3 I~ 5 6 

7 I 8 • 
-- --- --_. --- --_. 

16'1181]18'4207 

---
OieIO

D 2-3026 4'6052 6-9078 1 9-2103 11-5129 13-8155 20-7233 

.-~----
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32 EXPONENTIAL AND HYPERBOLIC FUNCTIONS 

," I- 8' C().'3hx sinh X tanh x z e-4 (gd x) (st'eO) (tan 0) (sin 0) log cosh z log sJllh x 

,------- ---'---- --------
-, 1-1052 -9<»8 5,720 1·(I()50 ,1002 '001)7 -£lO2:! I-OOl7 
-2 l'2,:!U ·811-l7 U'3M l'O:!()1 '2013 -11.1/.1 -0086 I'3Q:\\) 
-3 l','Hll9 ·";jO.'! 16,1:137 1-0453 '3045 'Z"JU -alP3 r'4S.'J(; -. l'4'H8 'o70:} 22·33( 1-(1811 ',UOB '371l9 -0339 '[ '1\ I ~Ifl -s IC64tlj '600,) 2N'24 1·1276 '5211 '4621 ·0522 1'71(19 -, 1'8221 '5488 32·483 1-185S -6367 '53'70 '0739 1'80')3 
-7 lNH38 .,'"' 87'183 1·25a2 '758() '60-14, ·0981 r·Sl;f)J -, 2'225-5 '4493 4H1OS 1,8374 '8881 -00'0 ·126:1 I'94~5 
-9 ~:f1~ '{OCt!) 45·75{l 1·4331 1-0265 -7163 ·1563 0-0114 

('0 • '3679 49'005 1·5431 1'1752 -7616 ·l&H O-Q701 

,-, 3{'(H2 '0329 53'178 1·6685 1-3356 -80<)5 -2223 0'1257 
'-2 3';J201 '3012 &6'476 1·8107 1'5095 -8387 -2578 0·17&'1 ,-, 3'u093 '2725 51H11 1,0109 1'6984 'Stl17 ·2\JU 0-2300 ,-. 4'0552 '24(16 62·295 2·1509 H'O-l3 '8854 ·3:126 0'27~7 '-5 4'4817 '2231 64'843 2·3624 2'1293 '9051 -3715 O'32i!2 ,-, 4'9530 '2019 67'171 2-5775 2,3756 '9217 ,4112 0'3758 
'-7 [>'4739 'U127 69'294 2·8283 2'6456 '9354 ',1.':,]5 0'4225 '-8 6'0406 01653 7l-Z28 3·1075 2-9422 '94-68 -4~124 0'46t;7 
'-9 (H1859 '1496 72'987 3·4177 3'2682 '9562 ·5337 0-5143 
z.o 7-3891 -1353 74·584 :i-j'622 S'6:tfflJ -""'0 -5754, 0'5595 

2-' 8'1002 '1225 76·037 4·1443 4-0219 ·\)705 ·617ii 0,004-4 
2-2 \)'02:10 '1108 77'354- (-567\} 4'4571 ,97&7 ,6f,!)7 0'6491 
2-3 9·9742 -1003 78'549 L'0372 Hl370 -9bOl -7022 0'6\135 ... 11'{)23 -0907 79·V!.I3 5-!)5l\9 5-46(.12 ·\)837 '?441j 0-1377 '-S 12-183 -0821 SO'ij15 IHat3 6-{15V2 -98(10 '787C 0'7818 

2-6 ]3'464 -0743 81·513 6·7600 6-6947 ,9800 -- 0,S257 
2-1 14'880 -OG72 82'310 7·47:15 7-4003 ·91)10 ·8735 0'8096 
2-8 16'443 -!l608 83",,0 8,2527 8-1919 '9926 -916d O-1n34 ... HI'174 -1)550 83·707 9·11(6 91)500 -- -9[097 0'0571 
3-D 20'08G -0498 84·;rol '0_ 101)1S -9'351 I{)O:W '-Q008 ,-, 22'198 -04:'0 84'841 11-121 11-(176 -99.'>9 1-Q462 1-0444 
3-2 24'033 '(J408 85'336 12·287 12'246 -99(;7 ,""94 1'0880 
H 2'('113 11369 85'775 13-575 13<538 -0073 1-1,72'1 1·1:126 ... 29·004 1)3:~4 86'177 14·990 14'005 ·99 .. S 1,1761 1,1751 
3-5 33'11::> '0802 86'511 16·573 16'543 -99ij2 1-219! 1'2186 ... 36'598 -{l273 86'8iG 18-313 18·285 -9GS5 1·2628 1-2621 
, J 40'44)" '(I24)" 87'}68 20·236 20'211 -\)988 1,3061 1·:W,w ,.. 44'701 -0224 !:I7-437 22·362 22'330 '{l900 1·24% 1,3491 ... 49'402 -0202 87-6i11 24·711 2,l.,,91 -991)2 1,3029 1-3n5 
4-0 64'5(18 -0183 87·903 27-308 27-290 -991)3 1·4363 1-4,3f,(l 

.-, 60'340 '0166 88·104 30-178 30'102 -W05 1·4797 1,4795 ... 6$.QH6 '0150 !:IS'2!:11 33,351 S3'SSG ,1)900 1,5231 1·5229 .-, 73'700 'OISG 88'44-7 36·857 86'.'143 -9906 1-5005 1·5f,M 
4-. 81'451 oQli3 88'.')91 40·732 40-719 '00{)7 1·609" 1'6098 .., 90'017 -0111 88'7~ 45·014 4(H)(I3 'P90j 1·6533 1-6532 ... 99'(84 -{llDl 88'849 49,747 49'737 '00'018 1-6968 1,6967 
4-7 100'05 -0091 88''0157 54·\)78 5H)(j!) -W08 1-7W2 1,7401 
4-' 121'51 -0082 89-055 60-7511 00'751 '091)9 1,7836 1-7836 .-9 134'2Q -OOi4 SO-HG 67-149 07-141 -991)9 1-827(1 1-8270 
5-0 148'41 _7 89'227 74·210 74'20a -0909 )·8705 1,870-1 
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I. C.G.S. UNITS • FUNDAhl:B:-l"TAL UNITS 

LENGTH (Ll-The centimetre (cm.), 1/100 of fiJI' International metre which is the distance at 
0" C. between two mark!! on a standard platinum-iridium bar kept in Paris. 

N.B.-I mkron (IL) = 10-4. em. 
1 millimicron (mpJ = 10-~ em. 

MAss (l1)-The "ram (grn.), 1/1000 of the iuternational kilogram which is a mass of platinum· 
iridium kept.n Parh. 

N.ll.--Q'be kilogram was originally Intended to be the mass ofa litre Of cubic decimetre 
(lOUD c.rm.) of Ilure water at 4° V. This is slightly in (,fror, bllt the error is so very 
slim!. that for al) practical pu.rposc~ the gram UUlY be defined as the mass of 1 cub. cm. of 
pUfcwaterat4°C. 

Tnm{T)-~The 'QCcond (sec.), 1/S64()O of the mean Sola\' Day, which is the average interval 
bct~en twll successive returns of the sun to the meridian. 

DERIVED UNITS - GENERAL 

AREA. (L~)-The square c~ntimelre (sq. cm.). 
VOLUtl:li: (VI}-The cubic eenti~tre (cJ~m.). 

N.B.-llitre = volume ot' 1 kgm. of pure water at 4° C. 

1 miUrutre (mi.) = lcJoO litre = 1 c.cm. = vol. 0; 1 gin. water. 

By ~xpctiment it is fount:. that a J.itre, as here defined = lOOOO()2S e.om.. 
DENSITY (ML-~) = mass per unit volume. Unit, 1 gm. per c.cm. 
~ELOCITY (LT-l )-1 em. per sec, 
~CCELllRATroN (LT-:lj-1 em. per sec. per sec. 
ANGULH VELOCITY (T-l)---1 radian (57"296) per sec. 
A~Gl:'1.A.R ACCEL.ERA1'ION (T-2 )-1 radian per sec. per sec. 
MOMEN"TUM (LMT-l )-Mass x Velocity, Unit, 1 goo. ~m. per sec. 
1rfOME",T OF MOM:E:'<lTU3I (L'MT-l}-MomentuDlxdistance from a.xis of reference. Unit, 

1 gm. em.2 per sec. 
FORCE \L}rr-2}--~la9gxaeeeleratlon. l'nit, 1 dyne = force Which, acting on a mass of 

1 gIll., produces lUI acceleration of 1 em. per sec. l>er sec. 
PRESSURE OR STRESS (L-ll\:[T-ll-Foree per unit area. Unit, 1 dyne per ~q. em. 

N.B.-1 bar = lOti dYnes JX'r sq.cm., 1 millibar -= 10~ dynes per sq. em.,! atmosplwre= 
7UO mm. mercury at O~· C., lat. 45° and Hea·level = 1'0132 bar. 

E~ERGY OR WORK (L2]1fT-ll)-Fotce x distance through which pt. of application moves In 
direction afforce. Unit, 1 erg = 1 dyne-em, }ol.B.-I joule =' 107 ergs. 

POWER (L~l\o:[T-3}-Rate of doing work = work per unit time. Unit, 1 erg per sec. 
N.lJ.-I watt = 107 f'r~s per sec. = 1 joule per sec. = 1 volt-ampere. 

Boarll of Trade t:llit of ENERGY is 1 kilm'iatt-l!our = 3·6 x 106 watt·socs. = 3'0 x 106 
Joules = l·:H 11.1'. for 1 bour. 

DERIVED UNITS - ADSOLl:TE ELECTRO-MAG~ETIC l.lNlTS (E.M.D.) 
~I.A.ONEJ.lC I'or.E (m)-A magnetic pole has unit strength If, when placed ip. air at a distance 

of :'. em. from an ('qual pole, t.he fOI'('e between the poles is 1 dyne. 
MAGNETIC l!'IEJ.D STRENGTH (H)--A magnetic field has unit strength or intensity (1 gauss) 

at any point when It exerts a force of 1 dyne on l! unit pole place!] at that point. 
N.B.-Strengtb of field at any point (i.t. no. of gauss) is represented, according to con

vention, by the Dumber of lines of force passing nonnally through an area of 1 sq. em. 
at that point. 

From this conventiun it follows that 4 'IT lines of foree leave {or enter) a unit magnetic 
pole. 

MA.GNE'rIC Mon~T Of .4. lliGl'ET (M) = pole strength xdiSta.nce between poles. 
IYrJi:l'iIlI'l'Y 0' MAaY"B1'ISATION (I) ... magnetiC moment per c.cm. 
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MAGNETIC Scr8CEP'l'IIlfLITY (k = ~) of any material, e.g. Iron, Is the ratio of the int;.cnsity 

of ma~nctisatlon to the strcll"th of field ptoducin~ it. • 
N.D.-For iron at ordinary t!'mlleraturl'~ k . aLvut ;!()O but decreases as II il\('wa8(,s. 

MAGSJ':TIC IND["CTro~ (JI) ill any mntf'rial, r.fJ. iron, is nH'asured by tJlC llumb('t of lines of 
force (usua!iy caUed lines ofma!o(ll4~tisatioll or:lines of induction when \\itllin the material) 
passing normally through 1 sq. em. 

MAG~£TIC PERllE.I.BILITY (fL =~) of any mat;.crlal, e.g. hon, is the ratio of the magnetic 

induction to the strength of field producing n. 
B I 

N.B.-ll = 47rI+II:. Ii: = ,hTii+1 :.j.L = 41Tk+1. 

CURRENT {I}-Unlt current Is that whlrh, flowing In an arc oflcngth 1 em. and radius 1 em. 
)lTotluces unit. magnetic jleJd (1 gauss) at the centre of the arc. 

QUA..NTITY (Q)--The unit (E.M.D.) is the quantity delivered by unit Clttrent per sec. 
N.fl.-The c]petrostatic unit :E.S.U.) of quantity is !;uch that it repels an equal 

quantity placed In air at Ii (jj,;tan('e of 1 rm. with :l force of 1 d:rne. 
The ratio (V) of the E.M.D. to the B.S.L'. of quantity = 3 x 10 10. 

ELECTROMOTIVE FORCE (E.!f,F.) OR POTF::s''l'I.!T, DTrFEREN"CE (P.D.l-Unit :-Thc P.D. which 
exJRt.s between two points when 1 erg is rC(jUffed to move unit quantity from one point 
to the other. 

RESI!'1TA~CE (R)-Unlt :-That resistance which allows unit ELM.F. or P.D. to produce 
unit curr('ut. 

SELl" INDUCTA:s'CE and also MUTUAL INDUCTANOlC-A conductor has unit inductance when 
unit E.MJj'. is produced in it by unl.t change of current prI lICC. 

RELATION BETWEEX e.G.s. AXD F.P.S. U~ITS 

LEN('.1'U- RECIPROCAL 
1 inch = 2·540 em. . '3{l:17 

DE"HTY- RRCll'}tGCAL 
lIb. per cub. ft. = ·01602gm.perc.c. 62'43 

1 yard = '91430[1 m. • l'OB:Jtll4: 
1 mile = 1·60IJ kill. . . . '0214 

8 km. = 5 miles (approx.) 
AREA-
l sq. in. = 6·452 sq. em. 
1 sq. yd. = ·8361 sq. m .. 

VOLL'MJil-
1 cuh. In. = 16·39 c.cm .• 
1 cub. ft. = 2S-32litres . 
1 gallon = 4'546litres . 

MASS-
1 oz. lavoir.) = 28·35 gm. • 

·00102 
~. -0:1531 

'2200 

FORCE-
1 poundal = 13825 dyncs 
lib. ""t. = 4'45xlQ3 dynes 

PRESSURE-
lib. per sq. In. = 68944 dynes 

per sq. em. • 
1 JII. per sq. in. 

per sq. em. 

ENERGY-

= 70·31 gm. 
" f 

1 foot Imund = 1·3.56 joul~,; • 

POWER-

7·233 x10-~ 
2·241! x 10-0 

-01422 

''i373 

Ilh. = '45359243 kg. 
1 ton = 1016 kg. 

·03527 
2·20Hi223 

·0000842 1 hOrse power = '746 k.wntts. 1'34 

}USCELLANEOTS RECIPROCAL 

1 degree = ·01745 radians 57·296 
1 gram-calorie = 4·185 jollies ·2389 
1 kilo-calorie = g·1l68Ib.·dcgrecs F. ·2520 
lib. water at 620 F. = '4546litrrs . 2·200 
lib. watcrat 62~ F. = ·1000 gllllons 10'00 
lib. water at 40 C. = ,01602 cub. ft·. 62'43 
1 oz. per gallon = 6·236 gm. per litre '1603 
1 atmo~pllCre = 1'013 x 100 dynes per sq. cm. 9·873 x 10-1' 
1 atmospbere = 14·701b. per sq. in. '06803 
1 mile per hour = 44·70 cm. per see. '02238 
1 litre normal air = 1·293 gnl. '7734 
1 knot = 1 nautical mile per hour = 6082'06 ft. per honr. 
1 Admiralty knot => 6080 ft. per hour. 
1 hOrse power (H.l'.) = 550 ft.-lb. per sec. 
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V. PROPERTIES OF THE ELEMENTS 
,-----:~-.----~ 

I 
]~ :i 

l ~ 
~;:::"'!1: 

Atmnic ~~R~ Demity 
Element. il'eiuht 

'" ~·~~8 (Gm.per r.c.) 
~ 1(0 = 16). ~ at 20° C. 

'" {j~~~ 
----_. __ . - - -- _ :i____::_ ._- - ----

Actinium A, 22.{\-7 
, 

... 
Alumillium. Al 2&·9-7 3 -\)\)32 2·iQ 

Antimony '" Sb 121·70 g ·4152, ,., 
·2491 f 

Argon A 39·944 0 ,00178/0" 

Arsl"me . A. 741)1 {! ·2590 } 0·72 ·1554 
Rarhun. .. Ra J 13i'30 2 ·7118 3·8 
]lcryllfulIl (Glue- i De 9·02 2 ·0471 1-83 inllm). . f 
:Bhmuth Bi ' 209'00 n ·7185 } .·8 ·4311 
Boron R 10-H2 3 ·038U 2,5 (?) 
Brumine B, iQ"Jl6 1 ·8282 3·1!2V 
CIldmhlUl I g~ 112'41 2 ·5824 M,64 
Cne~illm 132·Hl 1 1-3764 1·g7 
Cakium 12a .to·UK 2 ·2076 I-54 
Cnrbon. 12-010 4 ·0313 1-9-2'3 

Cerillill . Co 140-13 {~ ·.1845 } , .. 
·3634 

Chlorine CI 35-457 1 ·3675 ,00322:0" 

i! ~~.s 
... 0"'.::::' 
.;: .0 g._(;""' 

Roiling ·Z':-=~~ ~ ,,,.- ~ ... Point(OC,) 
~:..~g_~ ~ at 760 mill. 
~ ~ -=0 

t.~..8 
-~ __ -

660 1800 (~l 
630 16-15 

-189,3 -186 
)suhUm,a.t 
l 450 

704 1140 (?) 
1281 1500(?) 

26. 1500 
2000 to 2500 

"5S'8 -7-a 
321 7n7 

2.'H 670 
,11,51 II 75 

3500 3927 
8t5 1400 (?) 

-103 -34 
Chromium C, 52-01 {~ -1800} 

-0000 
'j-l 1830 2260 

Coba.lt Co MH)'l n -30fH l 8·. -2041 J 
Columbium (Xio. ) 

Nbl 92-91 • ·1937 8·' blum) _ _ 

Copper. Cu I 63-54. {I ,,500 } 8-93 
l' -3205 ' 

Dysprosium _ Dy 162-46 3 -5613 
4-S(?) }lrhium. Er 16i-2 3 -5793 

}<:uropium }:u 152-0 3 -;:;251 -ooi-';'%o }<'hlOrinf' }' Bl-OD 1 -1968 
Gadolinium Gd 156,9 3 ·5434 HI 
Gallium, G. ()~·'2 , ·2414, 5-~5 
GermanilllTl . Ge 72-60 4 -t1l77 5-47 

Gold Au 1\)7·2 {l 2-043.(1, jl!)-3 -6812 r 
Hafnium «('cilium) I1f 17S'6 ... 

-OoOi79iO" }lelium _ lIe 4-003 -0' 
Holmillffi 110 164-l14 3 -;.\1.148 
Hydros,:ell II 1-0DBO 1 -0104 '00008987/0" 
Indium. In 114-76 3 -3966 i-3 

1490 3467 

1950 

108'3 23W 

-2~3 -188 

21)'P, 2'300 
958 

10B3 2360 

2227 
-2'G8-98 helow -272 

-:!5f1 -2'52-S 
15tH >1400 

Iodinc I 126'92 1 1-3150 HI5 
Jridium: I, 193-] • -5003 22-4 
Iron F, 55-85 {; '2S'" 1"87 -1929 f 
Krypton K, 83,7 0 ,__ -00371;00 
Lanthanum _ La 138,92 3 '4802 1'.-12 
Lf'ad Ph 207-21 Ii l'07:m I_ ! 11-34 

-5368 J I ' 
LithIum LI 6-940 1 ·0725 I 0,"14 LutedUm(Ca~SiO--} Lu 174·99 3 -0045 ... peium) _ 
Magnesium "g 24-32 2 '1260 1'74, 

Manganese "n 54-93 a -2846} ",4 
,1897 I 

113-7 184,4 
2.154 2550 (?) 

1527 3235 
-156-0 -152-0 "2 

327·4 17'55 

I'. >1400 

659 11l\)7 

1242 HIOO 

Mercury Hg 200-61 _38-86 356-7 

N.B.-The Atomic WeJibts, etc., oftbe Elements MasW'lum and lllWum arc ~taccura~lY 
known. 

{'- 2'0788} 113,596'00 i 2 1'0394 I 
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-- -

I ..... ;2 
.§"~ ~ 

I 
Atomic ~ 

E:::>~ DenBity ~~<:> 
Elemenl. Weight 

'" 
C,) ... CJ (Gm. per r..c,) 

(0 = 16). ~ ~]~ at 20° C. 
\!;:It:.:! 

~~~ 
---- - - --- -------

Molybdenum Mo 95·9;' {~ ''!.4S7} 
·HI5S 10·0 2622 c. !l56\) 

:Scod~·mium. Nd 144-27 3 ·4985 6·06 
Neon ", 20·183 0 

30'0~ 
-000000/0° 

Nickel Xi 58·60 {2 8·8 

Id ·2027 

Nitrogen N 14·Q08 -04X4 -00125/0" ·0290 
Osmium Os 190-2 6 -32!}/ 22·5 
OXYlicn. 0 16·QOOO 2 -0829 j -0014310° 

Palladium Pd 106-7 12 :3~~1) 11·4 \ . 
$40 

-2-18,7 -2i6·3 

1455 3075 

-210,02 -195·81 

!f?zm -i'S2'97 

1554 

Phosphonls . P 30'98 1~ ·IOil } 2·2 (red) 1 ·0642 l'8(ycllow) f 
Platinum Pt 195·23 J 2 1·11104 I 2b!, 

\' -W;,2! 
Polonium Po 210·0 .. 

44·1 279 

1773·5 4300 (?) 

p()t,a~~[um K 3g'Q{l6 1 ,4052 O·M 
Pra~codynlitilll J', 14U'9:! 3 '48a7 0·.18 

63·6 7G8 
940 

l'roto-aetiuhuH I'. ~31 ... 
Radium Ita 226-05 2 1·1731 

.00973/00 Rallon (Niton) Jln 222 ... . .. 
960(1) 
-it -62 

Ithenluill R, ]86·31 
-3554 

21-2 
Hhodium Ith 102·91 3 12-44 
RuLidium Rb 85·48 1 ·8855 Ui3 

3167 
25'(iO (?) 1065 

39·0 69. 
Ruthenil.lm "" 101'7 J' ·1757 \ 12-3 \. 'l'J17 ) 
Samarium Sm 150'43 3 '5195 7·8 

woo (?) 252Q(?) 

>1350 
Sefllldiulil Se 45·10 3 ·1523 ... 
SeknillIn So 78·96 2 ··nOt ,·R 
F,i1kou 81 28'{)6~ • -0733 e.2·2-
H[[nr Ag 107·880 1 1·1180 110 5 Ro(lium ~a 22·997 1 '2384 0·07 
StrontiuHl S, 87·63 2 '4540 2·54 
Sulphur. S 32·0~m· 12 '16ti:!} 2·07 1 \' ·0831 (rhombic) 
Tantalum T. IRO·S8 • '3751 16·6 
T('llnriUJu T, 127·61 2 '6606 6·25 

?20 68:'> 
14-15 2392 

1)60·5 21:,2 
97-6 87.~ 

7it 1366 

113 to 120 444·6 

2996 
452 13UO 

Terhium Tb 150·2 3 ·5499 ... 
Thallium T1 204·39 1 2·1141 11·9 
Thorium Th 232·12 , '6021 11·3 
Thulium Tm 169'4 3 ·5lj21 ... 

302 HG1 
1680·1730 

Tin Sn 118·70 {! 'filM} 7·28 <1083 
Titanium TI 47'{)0 • ·1246 4·5 
TungstA~n W 183-92 6 -3178 19·3 

231·86 2270 

1800 
3387 4830 

Uranium U 238·07 {: '6179 } 
'4119 1

18 
7 

Yanadinm V 50'95 Il '1762} 60 
Xenon 

'10:'7 
Xe 131·3 0 ·00585W 

Ytt('rbhim Yb 17:1'04 3 '5976 5·5 
Yttrium y 88-'i)2 3 -'3074 3·8 (?) 
Zinc Zn 65·38 2 '3387 7·1 
Zirconium Z, 91'22 •• ·2347 ••• 

1689 

1720 
-111·8 -108·0 

14g0 
419·5 !H3 

18;,7 

--"----

h 
N.H.-The quantity of Ra.dou in equilibrium with 1 gm. (If Radium Is called a CUTit and 

as II. volllme 1lt N '1' I' of ·60 c mm 
ha. }'our new clem~ni.s:Neptunl;lm (Np), Plutonium (Pu), Americium (Am) and Curillm (Cm) 

ve been recently detected. Their respective atom}c numbers arc 9::1, &4, 9:;, 9&. 
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VIII. PROPERTIES OF 

N.B.-Wherc not other. I DeMJ I v~~'!.. 1 Mean "un,'- I Vitco,ulI 
wise j"dlcated, tho . II I ~.." hIe Path '" ocr I . d C . 
various column. refor '" 0"". i of ! of IIf '"~ II"''' ntieal 
to 1I:a...,~ at 0 ' C. and ' rff .l!,oleculu! MQ/er.uk. CoUi ,jon, ptf' .q. rm. Temp. 
760 111m. pressure. lim'::r C;:C' I ill em. ptr .ee. II :e1~ ;,:~. (' 0.). 

(U). (L). (0/ L ). ~ (8e). 

(~·;oo I 9·6 ~·~o-. 466;~ 10' 11 '~~88 _1:'" 

Acety lene (C,UM 

AIr 

Ammonia (SH,) 

Argon (A) • 

Carbon DioxIde (CO,) 

CIlrbon Monoxide (CO) 

Chlorine (CI,) 

Cyanogen (C,N,) 

Ethylene (C,H.) (O.len.} 
ant Gas) 

Helium (He) 

Hydrogrn (H.) 

Hydrogen Cbloriclc (HCI) 

n ytlrogen Sulpbide (H,S) 

Methane (CH.), (Marsh.} 
G~s-Fire·Damp) 

NItric Oxide (NO) 

Nitrous Oxide (X,O)} 
(Laughing Has) . 

Nitrogen (X,)'. 

Sulplcur Dioxide (SO.) 

Stearn at 100· C. 

\Vat" r \' apour (0·) . 

1'17 

1·293 

·771 

1·781 I 
I 
i 1·977 

! 
1·250 

3·21 

2'337 

1·260 

I 
I 

i 

'1785

1 '08lI0 

I 'M I 
1·538 

'717 

1·340 

1 ·978 

1·251 

1 '4211 

2·927 

'581 

57800 17 '0 x 10-' 8260 x 10' '0000957 , 130 

38000 I 10 x 10-. 3800 x 10' . ·000210 - 122 

3«1100 i 6'3XW-' 5730 x 10.' '000139 31·1 

45400 ! 9'3 x 10- . 4880 x 100 ·000166 -139 

146 

128 

28200 ! 4,6 x 10-' 6130 x 10' ·000129 

33300 i .·0 x 10-' 8320 x 10' I 'OOOOO~8 
44900 15'5 x1O- . 8160x l0. 1 ·000097 10 ! 

120700 I 28 x 10-' ! 4310 x 10' '000189 -268 I 
i 169300 118 x 10- ' 9410 x 10. ·000086 -239'9 , 
! 39600 16'{I x 10-. 5740 x 10- ·000138 52·3 

40900 15 '9 x 10-. 61130 XI0" , '000118 

59700 17'8 x 10~' 7650 x 10. 1 ·00012 

100 

-82 

»ovv 4S10 x 10' -000165 -03'5 4~c"" ,I 9'1 x 10-. I 
36100 6'1 x 10-. 5920 x 10. ·000135 38·8 
~5~OO \ 9'4 x 10- . 4830 x 10' ·000167 -147 

42500 " 9 '11 x 10-. 4290 x 10' -000192 -liS 

29700 .·6 x l0-. 6460 xl0. ·000117 155· ' 

'000120 

6[>200 7 ·2 x 10-. 9060 x 10. -DOOO87 I L... _ ___ . __ . __ :...... _ _ :..... _ _ _ _ '---___ .....:. _ __ • _ • _ ___ .~ __ ....J 

• One lltre of" atmospheric nItrogen" con.l. tsof988·14. c.c.o f pure Ditroeenand 11'86c.c. 
of argon, Rntl h .. ~ a weh~ht of 1·257 Ifram.. . 

.Y.B.- The vohune of 32 gm. of oxygen at X.T .P . Is 22 '415 litrl'S, and this volume of any 
t&81o calJed a pm·molecular volume, or Ilram·molecule, or molr , of tile gas. 
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GASES AND V APOURS 
- -

Critical . 
l ',..ISUT' Crilil'al 

in I l 'olul1l~ 
..4.tmol· i 

(pc)' : (Ve)' * 
I 

~~r ' ()()69 

39·0 I '00468 

115 I ·00~81 
48 i -OOW-4 

73 I ·0066 

35·9 ·00505 

76 ·00015 

59·G ·00924 

"1-7 ·00752 

2 ·26 ·00299 
I 

12 ·8 ; -oG2tH 

86'0 
I ! -0052 

8S" i 'OOa78 

46 I -{)().ISS 

'71 -2 i 'OO3H 
I 

77'6 I '0043G 

33·0 ! ·00517 

50 I I ·00426 

78 ·9 '00745 

218'5 ·00248 

}' ",zing I Heal 
Boifinq 
Point 

at l 'oint of. 
.Almo,. ('C.). V~~ • PreIS. 
(. C.). 

I---- . 

1-83
'6 

... ... 
- 190 ... c.60 

I i -33,5 -i5-5 341 

) -186 -189 ... 
- 78·2 -65 57 

I -1\H -199 I 51 

-34 -103 i 67 

-.20·7 - 35 

1 

.. , 

-102' 7 1 -169 ... 

- 269 {Qr.IOW} ... -272 

-262'7 -259 123 

- 85 -Ill 98 

-59" -83'S 132 

- 16~ -* ... 
-153 -160,9 ... 

I 

-89,8 - 102 IIi (-20' ) 

-l95'8 -210 ~O 
I 

l -l82 '9 -219 58 

-10,8 -76 96·2 

i ~~ ... 639 

... I ... 

Sped/W 
Ralio of 

Jmln Specific 
Heat HeaJ. Thermal of 

(Conll4111 i.e., Cun. fuJrnction 
Prellure). y,,- durtivitll jv' 

at 0" C. D line. 
(C,,). C~ '\ ~ :'''93 x 

(K). 10 - ' em. 

- - - .---------
'402 1 '26 -000045 1'0006Q6 

·237 1'402 ,0000577 1 ·000292 

-0000522 ·520 1 ·330 1·000:175 

·127 1·667 ! ·0000:189 I 1·000284 

·201 1·306 ! ,0000343 1 1·000450 

·260 H OI t 'OOOOG~ I 1·000334 

'114 

I 
1·34 1 '~172 1·000768 

.. . . .. l '000S05 

I ! ·0000395 '36~ 1·26-4 1 ·000674 

1 ·25 1·63 ·000313 1·000035 

3'42 1·41 -000318 HlOOl38 

'19~ 1 '40 ... 
I 

1·000444 

·245 1·3. ·0000237 ~ 1·000011) 

'530 1·313 { .0000647. 
(8' C.). , ~l'OOOHl 

·232 1'39! { -0G0046Q I) . 
(SO C.l. ' J 1 ·000297 

I 
·213 1·321 , ·0000361 i 1-000515 

·235 1'41 1-"1 1·000297 I ·0000583 ·242 1 '40 1-000272 

'154 1·211 ·0000184 1 ·000660 

'488 1'301> '~519 1 .. . 
.. ... 1 ·000254 

• v. = vol. at O. and pc which at N.T.P. would have unit volume. 

N.H.-Tile coetllclent DC cxpanalon at constant pre8:lurc Cor all ordinary g&aell may be 

taken as :: h . or ,0036112. F or tile perfect gas It is ,"~. n = ·OO366Q9. 
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IX. ATMOSPHERE 

PERCENTAGe (By volume, nitrogen 78·05, oxygen 21, argon '95} With traces of COz Kr: 
CO}fPOSITIO~ t By weight, nitrogen 75-5. oxygon 23'2. argon 1·3 Xe, Ne, and He.' • 
DEYSITY AT 0° C, AND 76 em. = '001293 mn. per C.e. = -0807 lb. PfOr c. ft. 
Sn.SDllW PRESSURE = ,00 mm. of nwrcnrr at 0° C., lat. 45°, and sea-level. 

= 2~1'\)2 i neill's of mercury. 
= 1O.U ~m. weigfit [ler 6q. em. = 14'711J", wcl~ht per sq. in. 
= 1'()132 x 10 0 d~'m's 'PC! sq. em. = 1013·2 millibars. 

STRUCtURE 

TROPOSPHRRE-rE"~~ of wea.ther-cxtending up to 12 km. (say 7t miles) in the latitude of 
Britain, and to 18 km. (sa~' IIi mile>;) at the equator.-t,,_,mp, faUoI by about 0" C. l)er 
klll. (say 1°)'. per :WU ft.} ofa<;r,'nt, amI fur first 1200 metres barometer fallS by 8·5 mm. 
approx. per IOU metres (say '3 in. per 100 yds.)--upper boundary called Tropopause. 

Snu.'N~l'lIF.lI.E~j}radkan, eloudles~ region lying abo'Te the tmposphere-tempera.ture 
n{'arly uniform (ai)()lIt 219~ K.) up to at lca!;t :10 kill. (,;ay 19 miIell)--from 30 to 00 km. 
(38 milcs)'temperature inereasf's again In a rell.'inn containing most of the ozone of the 
atmosplwre and sometimes called the Ozonosphere-in the higher regions of the Strato
I!lJhere, sometimes called the Ionosphere, arc ionized layers :-

(a) Kennel!y-TIraviside or E layer\ reflecting longer radio waves mainly-at 
about 100 km. (:->a,v 60 miles. 

(b) Appleton or 1<' layers (1<" and }'I), rdlrcting shorter fjl.dio wa.ves-at between 
200 /lud 3DO km. (say 125-1$ mill'S). 

Nofe.-Wavcs shorter than 8 to 10 m. usually pierce the ionosphere and pass into ourer 
spacc. 

RELATIVE HUMIDITIES FOR WET A:-l'D DRY BULB HYGROMETER 
(VENTILATED TYPE) 

r-. 
D,. Drv Bulb Temperature in 0 C. preHjon 

of WeI 
Bulb 

~_I_6" _~I~ 25" I 30" I 35" I .0' in ~ C. 20' 

------------
82% I I' 86% 

2" 65 72 
3' ., 58 

" 30 " 5' ... 32 
o· ... 21 
7' ... ... 
8' ... . .. .' ... ... 

10' ... ... 

THEIOIOlCETERIJ-----Ccntlgmde 
}'ahrenhcit 
Reaumur 

UNITS OF IIE!'!':-

88% 
7' 
65 

" H 
34 
24 
15 
... 
. .. 

90% 92% 
8U 83 
n 74 
61 66 
52 59 •• 51 
35 ., 
27 37 
20 30 
12 2' 

X. HEAT 
F.P. 
0' 

32" 
0" 

99 % 9!>% 93% ~H% 
87 b7 "' 77 

70 
63 
57 

" •• 38 
33 

D.P. 
lll\)" ) 
i!l2° 
80' 

86 
79 81 81 
73 75 76 
67 •• n 
61 6, 66 
56 68 61 
50 5, " " .. 51 

" 44 ., 

Hence-
4- 1tt:aUffiUl' Scale Dh'u,l,ons 

= 5 Ucntlp:rade .. 
= 9 Fahre-I1l1cit .. 

Calorie = JlCat required to raise the temperatu['(1 of! gram water 1" c. 
British Thermal \:nit (B.Th.D.) = heat reqUlfl~ll to mise 11 b. water 1" F. "" 252·0 cal. 
Centigrade Heat L'nit «~.Jr U.) ..... ll('at requir('d to raise lib. water 1" C. = 453·6 caL 
'l'herm \~l~d by ~as cngiUl.~ers.) = 100,000 B.Th.D, 

MECfU:SI('AL EQTTIVAI.E!'T 011' HEAT-Jollle's "Equlvaient-J. 
19ram-{'Alor:ie at It," C. = 4·1S':; x 1O~ ergs = 4,18':; joules = 427 mctre·gTIUnB. 
1 R.Th.D. = 778 foot-pounds = 1055 joules. 
1 C.R. U. _ 1400 foot.pounds -= 18gS jouJea. 
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HEAT -continued 

ItADIft~}~;:_lloltzmdnn Law.-If a black body at absolute temperature T be placed in an 
enclo"wce exhausted of air, 3)ld the walls of th~ I;lncl{)6.11:tl~ be maintained at absnlute 
temlwratlUc - ,the rateofradiatinn from tll(, /!od,I-j,; B = u(T' -t, },=5'(,') y 10- :'(T~ -t') 
cr~~ jlcrsq_ eill. ppr*'Cf. '-" 1 :'7 vlO-]'! (T' -tL) calork,; IU~r8(1. em. JK'I sec, 

q = 5'j5 x 1O-~ is known as .:It!'rall'~ Constant. 
QtumlU/I! Theory of Rudintion.-The amount (8) of enl'IIO' in the quantum Is proportIonal 

to the frequency (n) of the radiation, ',.t. 8 = An, where Ii is Pi;l.nck's Constallt. 
h = a·62 x 10-~r ('r~ ~ec. 

Light quanta. are frNluentty l'.{\OkCfi of as IlMlOO8. 

DENSITY 01<' WATER 
(Gm. per c.c.) 

·-T-""-P-. '---0-'-2-'-'-'---6 \ - s \ 10 12 140 16 is 

----------\- -,-- --__ ----- --.-
0° C. ·99987 ·99997 1·0000 ·99997 -999871 ·00973 ·99053 '99g27 ·998!1j" ·119862 

200 1'99823 ·99780 '99732 ·99681 '99626 I '995671'99505 ·99440 ·99371 ·992\)8 

40" ·9922 ·\)915 '0907 '\)898 ·9890 I ·9881 ·9872 ·9862 '9853 '9843 

60· /'9R32 '08221 '0811 ·9801 ·9789 \ '0776 \ ·9767 ·9755 ·9743 ·9731 

L.._~~9706 '{l6g~ '9680 ·9667 I '965a' r ·0640 '(1626 r ·g612 ~~ 

Density at 100" = '9;184; at 110" = '951; at 150" = ·917; at 2000 = '863. 
Note.-The m:l.xlmum dcnsit.y-point of water is 3·\)i:)' C. 

I'RESSURE OF SATURATE}) WATEn. VAPOUR IN lliL OF MERCURY 

Temp. PrellfUre 
C. mm. 

_100 2·16 
g" 2'32 
8° 2·51 
7° 2·71 
6" 2'93 
5' 3'17 
4~ 8·40 
3' 3'67 
2° 3·90 
)0 4 ·26 
0" 4'58 
P 4·92 
2" 5·29 
3" 5·68 
4° 6'10 
5° 6'51 
6° 7·01 
7" 7·51 
8° 8·04 
g" 8·tH 

10" 9·2] 

Temp. 
c. 
ll" 
12· 
13' 
14' 
15' 
16' 
liO

' 

''''' 19 0 

20' 
21· 
22" 
23· ". 25" 
26' 
27' 
2So 

29' 
SO' 

Pressure 
rum. 
9'84 

10·51 
11·23 
11·98 
12·i8 
13·62 
14'[,2 
15·46 
16·46 
17·51 
18·02-
19·79 
21'02 
22.·~2 
23·69 
2,">,13 
26·65 
28·25 
29·9-1 
,l,l'71 

Temp. 
C. 
3[>" 
40' 
45· 
50' 
55° 
60' 
65' 
70' 
75° 
80' 
85" 
00 0 

95° 
90' 

100' 
101 0 

105° 
110° 
1500 

200' 

PreaBUT!!
mm. 
42'02 
55'13 
71'64 
92'30 

117'9 
149'2 
187" "" .. 288·D 
355'1 
433·,1-
5:l5'8 
633·9 
733'1 
760'00 
7n·4. 
905'7 

IOU'S 
3569 

1164.7 

N .n.-'Xear ]00° C. tho RI'. of water rises by nhout '37" C. -per rise of to mm. atm(Jll.phelic 
pI('s~ure. 

SOLAR RADlATIO:s'_ 
The ~\m ra,lintrs CIH'r,gy at tlH~ rate of 3·8 x 10"3 ergs per see. or 9'1 x 10% cals. per 

s('c., a~1 thE'fcfof(', in !I.(:cordance with the Theory of Relativity, loses mass 

eM: = (;~-,where M = change of mas.~, E = change of energy, C = yPioc. of light) 

at tb~ Tate Qf 4·'2 x 10\" ~m\\ (ahout '" million tons) Iwr sec. 
SOLAR CO:"STk~;r-tlw IHlJount of -",olar Energy incident at _riRht angJt's .st Earth's IDl'JW 

dl.~t.anee - 1·97 calorlcs pet sq. em. per minu.te = ·137 w~tta per sq. em. - 7400 H.P. 
(approx.) per acre. 
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J .... ICHT-continued 
Renee Metre-candle or Lux = lluml',n per SQ. metre. 

Centimt'tre·ca,Jl(lle or }>ho~ "-" 1 Jomen per sq. em. 
}<'()ot~ca.n.d!t~ = 1 !lIIncn per sq. ft. 

Also 1 PIlot = lO~ lux. 1 fooH'andlc = 10-76 lux. 

47 

Th<l UnICl&N('Y of tile dear gILs-fltkd tungsfun lamp, taking into account the screening effect 
of the holder, runs from 1 to 1·2,) watt-8 (If'r candle-flower, i.e, rather }CSll than 12 Illmcru 
per watt on tile average. A good arc ilame gi'-es about 4. candles (say 50 lumens) per 
"'8tt. 

MECHANICAL BQL'"lVAT.ENT 0," LmHT = -0016 watt-'l pet lumen lIlIpro:!:. for the frequency 
of maximum luminosity. Wllich is in the yellow-green, (,\ = 5&1;0)( 10-$ em.), i.t. 625 
lumens per watt. 

The energy (llf'll-t an(lligllt) falllng on 1 sq. em. at 1 metre from a standard candle 19 about 
4 erg" per second (lta~·!{'!gh), 

1tEFRACTIVE INDICES (AGAINST AIR) FOR MEAN D LINE 

(,\ = &!'I93 X 10- 8 em.) 

Canada Baham 
Crown Glass 
J)iamon(l 
l"elapar . 
Flint Glass 
Fluor Sl}'J,t 
lee. 

1'53 
1'43-1'61 

• 2··H1 
, 1'52 

1·53-1·96 
, 1'43'

l·'n 

keland SPlir (ord.) 
" ,,(ext.) 

Quartz (onl.) 
" (ext.) 

Rock Salt 
Ruby _. 
Sy/vine (Kef) 

1·658 
1·466 
1·5-44. 
1'553 
l·{i44. 
1·76 
1'490 

WAVE·LENGTHS IX TENTH-METRES OF IMPORTANT SPECTUAL LINES 
IN Am. AT 15° C. AND 760 MM. 

(1 tenth-metre = 10-8 em. = Angstrom uuit) 
Unt, Wilpe-lenpth in 14M. Ware-length ill 

tl}tll.h·mdrt-t kn.ill·metr!}11 
K reu 

i (A) 
7668 {(b,) _ 
7594 JtIg green (btl. o u,d \ (.B) 6HiQ (b.> . 

I,i red {)i08 rd green .. . 
Ho.rd(C} 6563 llti bIlle-green (:t') 

{\l rNl • 6438·47 Cd blue· . 
].l orange .' . 6W4. Sr blue 
Na orangeJ {D,). 5896 Ll iJlue 

I (Dt). 5890 Hy blue (ch : 
He yellow (DJ ) _ 5876 Pe a.nd Ca blUe (O) 
1'1 green • . 5351 Ca. blue (p) 
Fe and Ca green (E) 5270 K vIolet 

.. Accepted s~ndMd lines. • 
Rydlwrg's Co[).ste.nt-Hydrolclen, 10\16;7'15; Helilll!l, lOti72:.!·!. 

EI.ECTRO·MAO:-':ETIC SPECTRUM 

Approximate wave-length .... ill tenth-metres (1)-8 em.)", 
H('.rtzian Wavc~. , • 
JlrolldC,'~st.ing and Television 
Infra·r,·u • -fRell 

. .$ § Orang"" 
;2.;; Yellow 
.~ t: lureCll, 
;...;::., Blu\) • 

lf~ Violet. 
Ultra-Violet. 
X·Rays :

Soft . 
lIard • 

Ganuna. Rays 

1014 

2 X 101
' 

3 X106 
7-5x10' 
6'5 x 103 
rJ'l) x ID~ 
5·3 x to·1 

4·9 X 103 
4·2;.; Ion 
3·9xlO~ 

2 )(10 
1 
5xlO- t 

10HI 
7 X lOw 
7'Sxl():1 
6·5 X 103 
S'U X 103 

5·3x103 
4·0 X 103 
4'2x103-
3'G x lOa 
1-8::-;1011 

1 
10-1 

I) X 10-t 

;117!:) 
:ilia 
r>li\~ 
508[.0,82 

'''''' 
471.\\)'91 
4608 
4602 
4a4.0 
4308 
4221 
1047 



46 PHYSICAL TABLES 

HEAT~continup,d 

SOME IMPORTANT TEMPERATURES 

Abtmlute zero • • . • 
Bolling·point; ofllqtlld hellum 
Mc!tin~·po[nt of solid h~'drogen 
B,)l!ing·point ofllqllhl hydro'gen 
Boillng·point ofli'lldd air . , . . 
Hoi!i!!~·poiotofliql\id (lxygetl. (OxYgpn point) 
Boiling·point ofliquid C""urhonlc arifi 
Mclting'Ilointofice • (I~o ~Int)' 
Hra!thy 11lIman pn.dy 
lloiling-p'Jillt of water 
],[dtinr,r-polntoftin . 
] ~nitinll'l)("hlt of gunpowdf'r 

AlMO/lI(e 
SI:111e 

OOK. 
4°'2 

14' 
2U'·3 
Ra" 
QO"OS 

194 "8 
273" 
3{}9°.g 
373~ 
505¢ 
5111° 

Mdtlng-point of! cad . 
Iloi!in~'Il(\int ofsl1iphl1t 
M{'ltim~·point of llilv('r 
1IIe,tlng-p,int of gold 
!!f'lti{Jg·wintof~opJWr . 
Melting-point ofpJatinum 

.0'» 
717",60 

1233·'5 
(SuJpJ~nr point) 
(Hi!nr pnint) 
(no!d pn;ulJ 1:1:16" 

• "",135i\· 
.' 20-10° 

Low red heat 
'Whlt.e heat . . 
Oxy-h.rdro~('n flame , 
lief>se!nef furnace 

500· to 600" C. 
If)f)O· to 1800· t:. 
2200" C. 
223U o C, 
a3OV" to 3500° C. };l{'ctric arc . . , . . . . 

Estimated temperature of radiating Iup'r 
of glln. • . • •. ahout, 6000¢ K. 

EstimatNI temtwratnre of hot,u>~t stars . about 35,000 lL 
• Basic }'i:<ed P(lints ort/w International T('mV'ratUre 8dHe. 

C~ntigrnde 
&ale 
_2730 C. 
_268",8 
_2f)\lo 
-2:'2°'7 
_190" 
-ll'12°'Q7· 
_ '78°'2 

G' • 
3~o'9 

)000 
• 

232· 
!.!r\~o 

3270 

44-lo.60 • 
9fj()O'5· 

1003 0
• 

1083° 
1773'" 

The Thermo-dynamic TeIDpr'raturc of the Iee·point may be taken as 273°·16 K, 

XL LIGHT 

VELOCITY OF LIGIIT = 2'998 X lOl() em. pcrst-c. = 186,300mUe8 per 81'1', 
1 Iight"year = 5'S7S x 1012 miles = g·,um x 10 12 km. 
1 l'<lr~{'e = distallte corresponding to 0. parallax of 1 R'C-OW} (If arc = 19,18 xlOl'<l 

milt'S = 30·87 X tala km. == 8'263 Ugflt.oyears. 

WAVE-I,ESG1'H FOl'.. MEAN D (SO{lJ\~) IXSE = fiR93 X 10-11 ern. 
The Y1SlllLE RM':CTltCM h comIJrlsed between the wave-lengths 7&00 x 1O-~ em. (red) aod 

390U x lO-~ em. (violct). 
PnOl'OMF.TRIO UXlTS-Tllesc depcn\l upon the INTERNATIONAr, CANDLE, which has Ilccn 

I\dopted hy (lrcat Hritain, },t'rAnc,e, a.nd U.S.A" and whidl i!!o deftnni as 1\ li'ouree of light 
having aluminous inl(,flSit.y of 1,'10 of that nf tiw Vernon-Harcourt pentane lamp. TIJ() 
German Hefner lamp = U·[I international Cluulle. 

LC)[J:>ous 1'Lrx is (,he time rate of flow ofJnminous energy. The onit of lumInous flux 1s 
the J,t:~n:s, whkh is the jlltx. or !umillO\IS i'nergy per s{'c .• ~,mltwu in unit l<O!id angle 
(steradian) by a uniform point·source of one illternationaleandle, 
Note~Thc unit solid angle, or st~ratiian, Is the solid 3n~le suhtcmled at tbl) ('entre of a 

sphere by aI' area on the surface of t,ile sphere equal 1,0 till' square of tllc radJus. 
The total solid am~ll1' at s. pf)lnt 11\ 47T ~t('TlH1Ians, and tlwrrfnI{) tlle total hlminoul1 thlX emitted 

by a point.-souree of one int{,rllational candle is 411 lumens, i.e. 12·571umen~ ap{)ro.~. 
The l;(")flSOrS JSTJ-;x!'l'l'Y of a poJnt-~our('l) In any dlrection is the luminous flux (i.p. no. oC 

lumellS) ('mitted tIer ,<;t(:raJw.u itt that dir('('tian. 
Tlw JunmiATl(JY at lIny poInt ofa Eurfac-c is the JUltlill()\).' flux falling uorwalJy Oil ilw J;l!r(ucc 

P!'T nnit, nrNI.. 
The unit of ]llllminaHon is the Lux or Metre-camUe, whlch ls uefined as Hw lIluminaUon at 

any point on the surface of A _where of one metre radius wMn a. point·source (If one 
intonational ca.mile i» at the centre of the sphere. 

Since the total flux in this case = 41T lumen.'!, and the area of the sphere '"" 41T7"~ 10([. metre8, 
the llluminatJon = !~ ... .!.. -11uIDen peraq. metre. 

41TT~ r~ 
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MAGNETIS11 AND ELECTRICITY-continued 
RESISTANCB 

Dux = 10~ C.O.s. I1nits ~ 1/9 x 1O-1l E.H.U. = fcsist.anccatoO C. ofncolumn of mercury 106·3 
cm.long, oflmiform cross-section., and weighing 14'4::'21 grams. 1 micrnhm = 10-'" ohms. 

A conductor having a resistance of 1 ohm is said to have A COND1'CTAN'CE OP I MilO. 

\ QUANTITY 
COULOMB = 10-1 C.G.S. units = quantity whi('h passes any point in 1 second in the case of 

a. conduetor carrying a Cllrrent of 1 ampere "-= 3 x lO~ ciectrostutie units. 
FARADAY = 96,494 coulombs (i.e •. 107'~'~) = charge carried by one gl'a~.equivalcnt of an 

·00111SO 
\.on, e.g. charge required tn pass to liwrate 107'88 gIll. ersil-ver. 

C.-\.P ..... CITy 

FARAD = lO-D C.G.s, units = capacity of a.ny condenser which requires a coulomb to raille 
its potential hy 1 yolt = 9 x 10' L electrustatic units. 

Ca1)aClty of 1 IUl.Utica.L mite (If Atla.ntic ca.ble = l x 10-0 farads = -i;l:lICROF.A.R!.D. 

INl)t:CTION 
UEXRY = 10~ C.G.S. unit~ = induction produced in a circuit when the induced E.M.F. Is 

1 volt, and the inducing current varies at the rate of 1 ampere per second. 

ENERGY OR WORK 
JOULE = 10; ergs = ·2389 calories. 

ACT{VITY all. POWER 

WATT = 1 j ollie per second = rate at which work is done by a current of 1 amp!~re working 
through 1 volt. 740 watts = 1 horse-powPf. Kn,o-wATT·HOU1t. = Board of Trade unit 
o( ekctrie energy = ener\l;Y SUllIllte(l wh<'n llIOduct o( a.mperes, volts, M\d l\\)\w~ i~ 1000 
= 3·u X lOG Joules = 1'34 llOcsc·power for 1 hour. 

APPROXIMATE E.M.F.'s OF VARIOUS CELLS 
Cell 

Blrhromate 
BUIl~L'n 
Dat\idl 
Grove 

E .. lI.F. Cell. E.lIr.F. 
in Y"UB in VoltB 

2 Leclanehe 1·5 
1·8-1·0 IA's~ing l'u 

1'07-1'U8 Ohaeh.. l·rl 
1'8-1'[) Clark (Hts.ndard) 1'433 (at 16° C.) 

Standard Cadmium (Weston) Cell 1·0186 (at 200 C.). 
Seconda.ry Cell 1·85 to 2·2 volts. 

IMPERIAL STANDARD WIRE·GAUGE AKD WIRE IU;SISTANCES (15 0 C.) 

Section \ Copper aa .... !n .. mdn 
Numom- (em.) (8 em' (ob'JIIP" 

_. q. . ( metre) 1--10 ·3251 ·08302 '0021 
12 ·20-12 '0:;480 'O()32 
14 ·20:12 '0:3243 '0054 
Hi '1626 '02076 ·0083 
18 '1219 '01108 ·0148 
20 '09144 -(1()(jM;7 ·0200 
22 '07112 'OO:lUi3 '0435 
24 '05588 'O(J~452 ·0705 
2. '04572 '001U42 'lU5 
28 '03759 'UUlll0 ·155 
3. ·03150 j'OUO;791 '222 
32 '02743 'OU05910 ·293 
34 '02337 '0004289 ·404 
3. '01930 1'(J002927 I ·590 
38 '01524 ·000182... ·950 
40 '01219 ·0001167 I 1·48 

I I 
• 60 Cu, 40 NI. 
t 84 Cu, 4 NJ, 12 Mn. 

Constantan· S Eunka or I G 

(ohm. per (oil 
ili:i Manoanint I Pltrtinoid, 
m8per (ohm. AT (MUUper 

metre) metre) mare) metre) 

·057 
'086 
'146 
'228 
·4.U5 
·722 

1·20 
1-9:\ 
2'8\) 
4·27 
6·08 
8·02 

11·1 
16·2 
26·0 
40'4\ 

---

1 
2 
2 
3 
5 
7 

12 
19 

-

'027 
·on 
'070 
'109 
'1\13 
·345 
·57 
·92 
·38 
·02 
·90 
·83 
·27 
·74 ., ., 

.. t c. 60 Cu, 151'\1, 25 Zn . 

·051 
'077 
'131 
'204 
·361 
'645 

1·07 
1·73 
2·;',8 
3·H2 
5'45 
7·18 
\)'90 

14'5 
23'2 
36·3 

·049 
·Oi5 
'126 
'197 
'3-'.2-
·622 

1·03 
1·67 
2·50 
3'69 
5·25 
6·81 
9'55 

14'0 
22'5 
Sa'! 

I German Sliver wIth say IIJer cent. W. 
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XII. )[AGNETISM AND ELECTRICITY 

MAGNETIC ELEMENTS 

e,G.S. Units 

Plac, y~, Declination Inclination 
Hariz. Vertical 

Intensity Intensity 

I 
. . (H) (1') 

LCI"\\lick 1938 12 85·8 W. 72 54·4 N. '14402 '40S31 
E~kdalpmilir 19:18 1317'1 W. 69 50·7 N. '16504 '(4H07 
Meau(\nk (Alh~,rt.'\) 

I 
InS 25 M'8 E. 77 .12·7 N. '12726 .5nr.Z 

Vl\klltia (frl'!and). 1938 Hi 2'4 W. 67 58-3 N. '17808 -44012 
Alling!'T (:-;urrey) . 1938 11 1·" W. 66 43·2 N. '18522 '43050 
A~ino'ollrt (Ontario) 1938 7 3fd W, 7451'3 N. '15:110 '56564-
~lIal\~hai 

\ 

HI:~8 325'0 W. 45 :n'7 N. '33316 ·331137 
Edwan (l<:grpt) 1938 o 21Hl E. 42 :1·0 N. '!lO:U!3 '27406 
JIon,l/)Wll, )938 o 3~'i W. 80 26'7 N. -37673 '22143 
Bombay. 1938 o 20'1 W. 25"!O'3 N. '37727 ·17865 
Bll.moa \ 1938 1(1 45'3 E. 3(J 35'4 N. ·34894 ·20631 
Mauritius 1938 13 35·0 W. 63 0·6 S. ·22462 -'29818 
Cape Town 1938 24 24'" '''. 63 35'0 8. '14585 -·29361 
Toolangi (Ausirali~) 1938 8 45'0 E. 67 49·3 B. '229(J!) -·5t1198 
Cbristehurcb., ~.Z. 1\)38 18 18·8 E. •• 2'0 S. ·22M3 -'()5198 

N.B.-The allOve values arc mean t'lllunjorthe year. Over the Briti~h Islands generally, the 
wosurn (\cclination i.~ at present deereasinlo: at n. rate of'abollt 11' veT annum, while the 
inelination, horizontal fOfce, and wrticll.I force fife changing very slowl~·. 

Ebonlte . 
Glas9 
lce . 
h1ien. . 
Paraffin. 
Shdlall . 
Sulphur. 

2·7-2'9 
5-10 
2-3 

r,'7-6" 
2-2'3 
3-3'7 

3·6-{·3 

SPECIFIC niDUCTIVE CAPACITa:S (K) 

(for very long waves i.e . .\ = 00) 

VACUUM = 1 

Ethyl Alcohol (20" C.) 25·8 
B,'ozene (18" C.). 2·29 
Ether (180 C.). .,37 
Glycerine (Hi" C.) 56 
TurpentIne (200 C.) 2·23 
Vaseline. 1·1) 
Wa.ter (18" C.) 81 

Air (0° C.) 
Air (20 0 C,) . . 
Cllrbon ])ioxidfl (Uo C,) • 
Carholl Monoxide (O~ e.) . 
Hydrogen (00 C.) 
Helium (0° (!.). . , 
SlJlphur Dioxlclc (14"'7 C.) 

III general K increases with ,\ and decreases with rise of temperature. 

THE XATl."RAL L'NIT OF ELECTRICITY 

1·000594, 
1·00()5~lj 
1·ou09i-l5 
l'llOOIit)!i 
l,ul)o265 
1·000u;" 
1 ,DOW:; 

The eiertron (e), or naturallmit of electricity, is the negative charge carried fly a entllOric ray 
partkle. It is (''lual to thc erunge earried uy the hydrogen, or any o(llt'r unj\"aif'tlt, ion 
in the electrolysis of solutions. The mean of the latest determil\ati()ll~ ~lv"s t\w. char~e 
01 Uwc)ee).roll to)m equal to 4,g(1)- xl0- 1 1> electro-static units, or l'IJU~;( 10- 1 " c(ml()mos. 
The inertia (maS:!) of all electron Is somewhere about 'rtl~lii of that oftllc hydrogen atom. 

PRACTICAL ELECTRIC UNITS 

CURRENT 

A1tIPERB = 10-1 C,r,..~. units = :l :< 109 B.S. U. ~ currf'ntwhich, when passed through a~olution 
()f nitraw IIf l'i\VI'r in W:\tl'(, Il\;positij -OUU1S grn.m% ~f %U"U ~l ~I,'.I,'.~. A. W I,'.amlll,'.~ 
power metalJic-tJJllment lUmp working at 100 volts fequires about ·65 amIlerc 

ELECTR0!40TrvB FORCH 
VOLT = 1()~ C.U,S .unit!. = 11200 E.S.U. 
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SOU1\-rn---continuul 

MEASlJREHEN'I OF LOUDNESS 

,,. 

Th~ ]!\TKlI"SJT'f ora sound fs a physic.o,i quantity whJrh i~ mCl.I.sl.llab1('. to 8 eonl'JdrrablC" d~ 
of aC{'ur8ef. An.d its pbysiologlcal counterpart is LOl~P~S, "Wch is C4{A">ble only 0( 
~[atively rough ID{,Muremunt. 

When the !nt~Mity of &. 601md inc1'l'ase~ In gcomctrkal prog1'1!$$kln the Jomfnf'M jrn-r{'~
in l\e{'nrdllllre with thl' gcneralltl.\\' of~nS0.tiQl! lmo","n a.s a!1> \Ye!lct-Fr,djw'r Ja\\"---fJf\[Y 
In :.tit.hmetk,.,l progression. For example, at threshold audibUitr. am! lncreash}g intenslt,y 
by a-fold steps :-

!N'l'£X:;:lTY 

LoD1>:"lE:;S 

1 0 
o {approx.} 1 

125 , 625, etc. 
4, etc. 

ThU81ond~" is {IroPQrtioual t{l. Ute logarithm ofinWtIl:I.tty. 

JJcnoo If Lo = loudneM at thrcslwfd, whidl til = I} aNlf(IX:. 
10 = oorrc\ipomlinlt. intrn:.ity ofsonnrl 
L = any j!'rt'lJ,tt'rdrgfrc of!oudncss 
I = COffl';>l*lldlng intensity 

the-n L - La = k(!og,.I - !og,~I.) = k logl' f~ 
(takin,ll. rm convenience, 10 AS logarithmic base}. 

If 1 = 10 r~ tbf"n J~- 1'0 = k, a.nd, if unit. dllfcrt'f}c(' of lou1\n~" he d£>$im·d as Ihat whIch Is. 
due t.o OM lIOtll7d hailing 10 Hmc$ the int.t'tIlllty of another, k h~{}m(>s 1, and for any two 

'Ikgrecl'! of Int(,Dsity, A altd H, nfwhkh A it the grfAt<.>r_._ l'lL - £.11 = logIc i' 
On thfl ll)gArlthmic ~Ic- of ilonml-imcusit)· thi~ fRn-ff>\d lllcr('~ t'!' elllkd a «1l£1.," an(( ita 

tenth part is the" DECIBEL" (db.). Two $Dund.'i differ in intl'mity br 1 tkcibcllf thrir 

illten~ltlea are in the ratio 1: 1-26, (.!:!lO = 1'26 IiPPWX.), and tile corrt'sJlooding 
dHr~'nmee in {ow;lnf'SS. [II caHcd one .. pnoN:' An in<'_t('./l.S(l of 1 dccihtl repr('S('Dli, thNe
fOIl', an in('r~~ of 2r. 1*i (,I'ut. in inicnsity a.wl. it.,,; cll'li\'aknt ~»('t"\'_a..'>,(~ ill hm,dnc);1'O, Ule 
phon, ls, roughly, tile mirdmum increasc wJlkh the average car can 8ll'prt'dak, 

ft must be noted, however, that the sOfmd-lntcmit,y e-ortesponding t.o the threshuld of hearing 
Is vP,ry di!!i~reot fOl »mmds of {IHfcTI'nt fr('(1ul'u('y, b(>ing ooll;.}Ufrahly ijn'!~ter for wry 
high and very low notcs tban (or notes ofm(_-dium ftcqlwDl'Y, and tJ,e-Tl~forc 4 ~/)!lnd--en('rIi(Y 
mew!' cannnt, in till Ca.lWS, he u~d to mra~ure 1(mrln{,5~. Tbf'_ Hrici~h phon ell based on a 
frequency of l(}(W crdi'$ pet ;;eoond, the intemity corrttpoudiog t(l alldlltilit-y threshold 
belng tak<::n as ·0002 dype per sq, em, , 

The (ollowing table ilIust.rat.E-lI the a.pplicatlon of t-ba sca(e :-

IDtcns!t~' in tenns of 
tbre5hi)ld·1nbm~ity """ 
-com drna Il"I sq. em. 

1 
10 
I'" '0' 
1 .. 
10' 
'0' 
10' , .. 
1" .... , ... 
10" 
10·· 

o 
10 (1 bel) 

"" SO .. 
ill .. 
70 
80 
00 

100 
110 
12. 
J.:IO 

Loo,-,nJiho"'_1 
Q Thrl't.llOld of hca.ting 

10 \'irtwd "ilence 
20 Qul{!t mom 
:lQ Waul! ticklflg&t 3 ft, 
40 QIlfct stru't 
60 Quirt.CQfl'·clSllUon 
60 Qukt motor at;) ft. 
10 I.oud cOllvasation 
SO Dl)(rr 3lammlIl~ 
W l\.w~y tyr.-in!t t"nm 

100 Ncar load mowr (lQrn 
110 Pneamatic drill 
120 Nl'at acropkm(\ engine 
lao Thl'l'-'lhold of PRln 

I 
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XIII. SOUND 

VRLOClTY OF SOUND 

SulJwmt Tt;mpera/urt .Ydra "ut ]>tr ree. per .ue. 
AJ, 0"('. 33J.·~ lOS7 
lIydW i,,"U c· 1278 '19:3 
O:s.),won O· 311 10<1 
"\'ate!:' 20· 14W '.2\l 
Akohnl 12'0" 1241 4\.)72 
(;Olrr 2"' 3IJ[l{) 11810 

"" 2()' ""'" l<WU) 
tiM>. {(llong r'iuf'\,) • 10" tf> '1.'3<> ':\'t;~{i 12r..ZIJ 

G""" lOQ to 20' .OO(HlOOO 161DtH91OO 

.N..B.-t\,!{, moormte focrl'asl'~ of tempe:rawre thv vc-iocity of sound ill air may lte tBkt>n as 
incrca.sjng by ·6 Ul£'t1Cl! rwf sec., or 2 ft.. per ~ .• per 1" C. Thus. fur air at )[>" C. tho!! 
vel.ocit)· of !lOI.wd at selHcl'cl t;; about ]12\) {to pet .sec. At a lwight of 30,000 ft. it jlJ 

ahout {tj'Q n. pet ~e. 

MU'bI~A.L SCAL£.S-Vnm.A.TION :n .. \1'103 

C 0 E F G A 8 C 
B8,Slc· 1 2., "' SO 32 311 '" " " Sc31{" f ) .(J(l(l 1'12,5 1·250 1·33:) 1·500 I·Gi}' 1-875 2·000 
In!;eT\'a'~ • '" 1< • 10 • ,. 

• • " S' .- -S 15 

Tb~ ... \hmti..on·m~m""'.t"! In loc Blo.%<! Beak tu\l.'et heM tl;\\', '6h;l'n J .... tWP-. to ClKb. ~t, b\~t tl\~k 
ll{uwlut('. V~{U\''::! are matter of convf>nUQn. French SUlnuard I'He)1 maxI's. the" !\tiddle {J" 

2112; th~ Stltttgnrt Pitch {adopted b~' the Society of Arts) mak('s it 2M; while Modern 
Concert Pitc11 makes. i.t 213. In Ph!,sjrs, tM .. Middle C .. i.s genemUr tJlkrn a~ 25S. 

The Londun Intt'tllll-ti<.mai rDnr,~tl!.n.ce of May It}3ft agreed tJlat th~ internatione.! Iiland~Id 
of «mcert Tliv,u should be based Oil U{f f<.lf' thli treble A" i.t. 26~ for tIn: " MMl]l!' t·." 

In the "EQUALLY T'R!iP£R.IW SCA.L}l; the octaVe!! remain IIoS hefore, but U not.('9 a.re iatToduced 
I~!-

lJetween tJJl'm, the fntervals being mnde. eql.l.\t! Ilnl] Nl-eil •. ./ 2, i.e. 1'0595, say 1-00 {appro';.,. 
The f(}!!Q\vln8 is ~\l('h 811 eQually tempered ~hrolm\tic ~ m..sed GIl 435 as the treble A :-

PrtfJU£WV P«qwncy} Fugu.enc:r 
C' 258'7 F 345·3 A 435 
(._ ., 27.1'0 J." 365'8 .U 46U'9 
j) 290'3 G 387·5 D 4M·3-
n: 3lJ7·6 "S "10·6 C· Sli'S 
E 325·9 

lJlll'YS <Ji' At:DIBn.rtt"-:Uetw~ll.so and 30,000 vibmt{Qru! per Bee. (ttpPl'Ox.} . 

• TM Due S<:ale is freqttO!aU,r J"efeITw, to as tha Natural or DIatonic Scale. 
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XIV, MISCELLANr;OUS 

REDUCTION 01<' GASI-:QUS YOf,F~'lI~:; TO N.T.P. 

v p 
Va = 1+'00367t X 760 

'. VALUES O}' 1+'003f17t 

~. _'_1_2_, !_'_' 1_'_' _'_' '_6_, _'_' 1_8_, •. 
O°C~ 1-0000 1-0037 H)073 , I-anD 1·0147 1·0183 l·O2.2.{} 1'()257 1·02!)" 1·0330 

10 '03i)7 <0404. '04400 -O-\,77 .Of>u, ·Q550 -{)587 ·002.4 .0061 ·00\17 
20 '0734 ·0771 ·OR07 '0844 -{)881 '0917 ·0954 '09!)1 ·1028 '1004 
30 -1101 -1138 ·1174 ·12fl '1248 '1284, '1321 ·1358 ·1305 ,14:n 
40 ·1468 ·1505 ·1541 '1578 '1615 ·1651 ·1688 ·1725 ·1762. -1798 
00 '1835, ·1872 ·lDOS ·llHfi ·H182 ,2018 ·2055 ·20132 ·212Q '2165 
60 022021'2289 ·2275 '2:l12 ·2349 ·2385 '2422 ·2459 ·24{l6 ·2532 
70 ·2569 ·2606 ·264-2 '21l7a ·2716 ·2752 '2i'8!J '2826 ·2R63 ·2fi\J9 
80 -21.136 -2973 '30091 ·aO·Hi '30H3 ·3119 '3156 ·:n93 ·;J230 ·3266 
DO '3:\O:~ '3'34.0 ·3376 ·3413 '3450 ,3486 ·3523 ·3560 ·351l7 ·3633 

100 .'3670 I '3707 ·37..13 ·3780 ·3817 I ·3853 ·3890 ·3927 ·39t)4 ,4000 

PTe". I 0 i ] 
, 

5 •. I •. 7. I - B, (p) • • 2. 3. 4. .. 
--,--'-- ------ ------------
700mm. 1 '!J211 ·9224 ·9237 '{l2.'i0 '9263 ·9276 '9289 ·9303 ·g316 ·9329 
710 '9342 '0355 '9368 '9382 '1)395 -0408 '{I<l21 '9434 -9447 ·g4tiI '2. '0474- ·9487 '9500 '{l513 ,9526 '9539 ·9553 ·9566 ·9570 ·05112 
730 -'i)1)05 '~\)l'a ·~e3'2 ·I164b '9658 ·9671 '9684 -\)6\)7 ·\)711 ·\)724 
740 '9737 ·0750 ·9763 '9776 '9789 '9803 '!J816 ·9829 '9842 '98::'5 
7f,0 '9868 ·9882 '9895 ·9908 ·91121 ·9934- '11947 'P961 ·9974 ·jIDoS7 
'60 1'0000 1·0013 1 ·0026 1·0031} 1-()O53 1·0066 1,0079 1'0002) 1·0105 1'(1118 
770 l'{)l:l'l l'()1Ao 1_'1)15'O H)171 1-\)1'01j, I 1'1)1'»7 /1'1)211 1'{)22;4 1·0237 1'\.)250 , , , I , 

SCALE OF HARDNESS 

HardnABIl Hal'dne&8 Hardneel 
Soo8iance. (H). Sul;l1tanre. (Il). Sub8tanu. (H), 
Talc 1 Felspar . 0 Bodies seratchp(l by 
.Rock·salt . 2 Qu.utz , tinger·nall 2·5 or Jess 
Calcite 3 Topaz. 8 Wb\dow glass . ';, to ';,''J. 
Fluorite 4 Corundum (Emery) 0 Bodies scratched hy 
Apatitc , Dla.mond 10 penknife . 3pPIOX. 6-
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MISCELLANEOUS-continued 

']'IME OF DAY lthlJ.<'ERREU TO UltEESWrCH 

When it is noon at Greenwich it is :-

}I'raucc, Bc\gl.um, Spain, POItugal, Morocco, Gold Coast. Noon 
11',14. Austria, Hungary, Scandinavia, Germany, I'oland, Yugoslavia, 

Czecho>$lovakiu. Switzerland, Xigeria. 
2 P.M, Greece, SOliet Russia (2 P.M. and 3 F.lI.), FinlaJld, Bulgaria, 

Turkey, Gnion S. Africa, Egypt, Palestine. 
3 P.M. 

S.3U P,Y. 
7 P.M. 

Kenya, Tanganyika, Somaliland. Iraq. 
India, Ceylon. 
Malaya. 

8 to 10 P.~1. 
9 P.M. 

AustraLia (different parts). 
Japan, K.orea. 

11.30 r,ll. 
12 P.M. 
11 A.M. 

9 A.M. to 7 A.}l, 

8 A.M. 

New Zealand. 
}'iji. 
JccJand. 
Brazil (different parts), 
Argentine, l'rinidad. 

8 A.M. to 4 A.M. 

'i A.)l, 

D,S,A. and Canada (different parts). 
Jamaica, Chile, Cuba, Pauu.ma, I'eru. 

!tIISCELLAXEOl'S COXSTAXTS (ATOMIC, MOLECULAR, ETC.) 

Electron charge = i charge on a particle 

Ratio of electron charge to lllaSS 

. { 
e = 4'f1,(}5 X 10-10 B.S.U. 

= 1·602 X 10-111 coulombs. 

Mass of an electron for small vclQ.cities 

Ratio. of electron mass to mass"'rif hri.lrogcll atolH 

Mass of a prawn (atOID of pooitive el\)etrieity) 
Volume of olle gram-molecule of any gas at :X.T.P. 
Number of molecules )ler gram-molecule 

(Avogadro',., Con:;tJmt) 
NlImb(:r of gas molecules pcr c.c. (760 mID., 0" C.) 

Ga~ Constant R = Iftl!_ • 

BoltzUJann's Comtant ( /,; 

Mass of hydrogen atom 

It) , 
}!(I.I;% o.f a particle (helium a.tom) 
Radius of au atom 
Diarutltcr of byurogen mJ,ecuic 
Planck's Constant. (h) 
Mass of 1 gram 

e = r,'273 X 1017 E.S.t:_ per grallJ. ,. 
m =about9'113xl0-~" gtl\Imo_ 

n 

1 • , 
= l-Gnxl()-u gra.ms. 
= 22'41511tres. 

= 6·019xI023 • 

=2·69x1019 , 

_ 8'314 X 107 er!l:s per degree per 
gram-molecule, 

= 1·S81 x IO-IO ergs per degree_ 

= 1·675 x 10- ~4 grllms. 
= 6·6-19 x 10-H grams. 
= about 10- s em. 
= 2'53 x 10-11 em. 
= 6,62 x 10-H erg sees. 
"'" 2 x lOVO erg,; .)1" enccKY, 



xv. ATO~lrc NUMBERS AND ISOTOPES OF THE ELEMENTS 
N.B. -The Atomic Nf/rnberof an element ilIlb number in the series of the 

eleml'nts afransred 111 order of ascel'1diog' atomic weig-hts. On the 
I{uthertord theory of the a.tom it represenh the 1111lgnitutle of tbe-posltive 

I clutj{c on the nucleus, IHld tberefore also the number 01 .. planetary" 
electrons. 

Isot{JpeS are chemic:al1y identical SUbstances having the same positive 
charge on the tltomlc nlldeu., but different atomic weights. 

Atomic I Atomic I Na.turallY occurring IsotoJ)('s 
~lIm)pr m~meltt Symbol Weight (At. Wb>..) in Order of Abunlla[ll'(~ 

I---+--------i--- ._O_~_16 ___ . ___ :_~~~~r 1 per cent. brackcwd 

:l 
.! 

6 
7' 
8 
9 

10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2r} 

26 
27 
28 
29 
30 
31 

Hydrohrcn, 
Helimu 

"If .. ithium 

I Beryllium, 
Boron 
CfIl'bon 
Nitrogen 
Oxygen 
Fluorino 
Neon. 
Sodium 
Magnesium 
Aluminium 
Silicon 
P.hospho-ru::; 
SlLlphul' 
Chlorine 
Argon 
Potassium 
Calcium 
S{'andiliin ' 
Titanium 
VIlJlooium 
C}JromilUll 
M.~mganeM 

Iron 
Cobalt 
Nickel 
Copper 
Zinc 
Galliwn 

< H 
He 
Li 
Be 
B 
o 
N 
o 
F 

No 
Na 
~[g 

Al 
Si 
P 
S 
CI 
A 
K 
O. 
Se 
Ti 
V 
Or 
MD. 
Fe 
00 
Ni 
Cu 
Zn 
a. 

1·0080 
4·003 
6·940 
9·02 

10·82 
12·010 
]4·008 
16·0000 
19·00 
20·183 
22·091 
24·32 
26·97 
28·06 
30·98 
32·066 
35-457 
39·9H 
39·096 
40·08 
45·10 
47·90 
50·95 
52·0l 
54_.93 

55·85 
158·94 
158.69 
j 63·54 

1 65 .38 

1
69 .72 

I, (2 tl 
4, (3) 
7,6 
9 
!l,W 
12, (13) 
14, (15) 
16, (18, (7) 
19 
20,22, (21) 
23 
24, 25, 26 
27 
28,29,30 
31 
32, 34, 33, (36) 
35,37 
40, (36, 38) 
39, 41, (40') 
40, 44, (42, 48, 43, (6) 

45 
48,46,47,49, GO 
51 
52, 53, 50, 54 
55 
56, 54, S7, (.:i8) 
(;9 

58. 60, 62, 61, (64) 
63,65 

I
· 64, 66, 68, 67, (70) 

69, 'II 

• Radioactive isotopes Are dIstingui~hcd by An asterisk. 
t TIlis Isotope-" Heavy hydro!l:en" or" Deuterium" -has an atomic weight of 

2·u117. "Heavy Wilter" (D,O) freezes at 3·8~C., bolls at lOl·42"C., and hilS 
maximum densJty (1'1059) at 1l'6~ C. 
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ATOMIC NUMBERS AND ISOTOPES OF THE ELEMENTS 
-continued 

Atomk I mement I Symbol I ,V(?/;lt~~ 
,KumlJer 0 = 16 

-3-2--:-G-orm--ruu--'um---il Go 
72·60 

33 AmeS 1 ~ic As
Se 34 e emum 

74·91 
78·96 

35 Bromino 
36 Krypton 
37 Rubidium 
38 Strontium 
39 Yttrium 
40 Zirconium 
41 Columbium 

(Xiobiurri.) 
42 Molybdenum 
4;) Ma,mium. 

44 
45 
46 
47 
48 

49 
50 

51 
52 

53 
iH 

5i'i 
51) 

57 
58 
59 
60 
61 
62 
63 

Rut,honium 
Rhodium 
Pallndium 
Silver 
Cadmium 

Indium 
Tin 

Antimony 
Tellurium. 

Iodine 
Xenon 

Caesium 
Barium 
Lanthanum 
Cerium 
Praseodymium 
Noodymium 
Illinium 
Samarium 
Europium 

Br 79·916 
Kr 83·7 
Rb 85·48 
Sr 87·63 
y 88'92 
Zr 91·22 
Nb 92·91 

Mo 1 95 '95 
Ma 
Ru 
Rh 
Pd 
Ag 
Cd 

In 
Sn 

Sb 
To 

I 
Xo 

C, 
B. 
La 
Co 

Pr 
Nd 
II 

Sm 
Eu 

101·7 
102·91 
106·7 
107·880 
112·41 

114·76 
118·70 

121·76 
127·61 

126·92 
l:ll·3 

132'91 
137·36 
138'92 
140'13 
140·92 

I ].14·27 

150·43 
l!i2·0 

N aturall;r occurring Isotopes 
(At. Wts.) in Ordpf of Ahuwlanec-

Under 1 per ccnt. brackcted 

74,72, 70, 73, 76 
75 
80, 78, 76, 82, 77, (74) 
79.81 
84, 86, 82, 83, 80, (78) 
85, 87 * 
88, 86, 87, (84) 
89 
90, 92, 94. 91, 96 
93 

98, 96, 95, 92, 97, 94, 100 

102, 104, 101, !JfI, 100, 96, HR 
103, (101) ? 
106, 108, 105, 110, 104, (102) 
107, 109 
114, 112, Ill, 110, 113, 116, 

106, 108 
115, 113 
]20, 118, 116, 119. 117, 124, 

122,112, (114), (115) 
]21, 123 
130, ]28, 126, 1~5,124, 122, 12:1, 

120 
127 
132, 129, 1:11, 134, 136, 130, 

128, (124), (126) 
133 
138,137,136,135,134,( 130),( 132) 
139 
140, 142, (136), (138) 
141 
142, 144, 146,143,145,148, HiO 

11)2,154,147,149,148*. 150,144 
153, 151 

__ J.__ ______ ~_c _____________ . ___ _j 

• lladloactive isotopes are dlstinguIsbed by an asterisk. 
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ATOMIC NUMBERS AND ISOTOPES OF THE ELEMENTS 
--continued 

.-_ .. -

SymbOl! Atomic Atomic 
Number Element Wei;:tht 

I () = 16 

64 Gadolinium Gd [156'9 
I 

65 Terbium Tb 1 1.59·2 
66 DyFlprosium Dy 162·46 
67 Holmium. Ho 164·94 
68 Erbium Er 167·2 

NaturoUy occurring isotop 
(At. WW.) in (JI\ll',f of Abundal "I re-_! Under 1 per cent. hracket.e 

158. 160. 156, 157, 1.35, ( 1541. I 
(152) 

159 
164. 162. 163. 161. (160). ( 158) 
165 
166,168,167,170, (164), ( 162) 

69 "il'hulium Tm 169·4 169 
70 

71 
72-
73 
74 
7:j 

76 
n 
78 
79 
80 
81 
82 

83 

84 

85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 

Ytterbium Yb 173'04 

LQtccium . Lu 175·0 
Hafnium Hf 178·6 
TaI1talum . T. 180·88 
Tungsten W 183·92 
Rhcnililll Re 186·31 
Osmium Qs 190·2 
Iridium I Ir 19:J'! 
Platinum 

I 
Pt 11)5,23 

Gold. Au 197·2 
Mercury Hg 200,61 
Thallium 'rl 204·39 
Lead. Ph 207·21 

Bismuth Bi 209·00 

Poloniwn , Po 210 

I Und£8coL'cred. ... ... 
Radon (Xi ton) . I ltn 222 

Undiscovered. ... ... 
Radhun H. 226,05 
Actinium. Ac IC,226-7 
Thorium Th 232 
Proto-Actinium p" 12'31 

Uranium U 1 238.07 
Neptunium Np ... 
Plutonium Pu ... 
Americium Am ... 
Curitun em ... 

-- --

174,172,173,171.176, ( 170). 
(168) 

175, (176*). (177)? 
180, 178, 177, 179, 176, (1 74) 
181 
184.186. 182. 18:1. (180) 
187, 185 
192,190,189,188,187,186, (184) 
193. 191 
193,194,196, 198, (192) 
197 
202,200, 199,201,19S,204, 
20". 203. (207'). (208*). (2 

( 196) 
10') 

10*), 208, 206, 207. 204, (2 
(2U*), (212*), (214*) 

209, (210*). (212*), (2 14*), 
(211*) 

2IO*~ (218*), (216'). {=? 11*), 
(215*), (214*). (212*) 

... 
222*, (220*), (219*) 
22:~* 

226*, (228*), (223*), (224'" 
227*, (228*) 

... 
(231*) 
(238*). (235*). (234*) 

... 

.. , 

... 

.. , 

• RadlOactlYe Isotopes are distinguished by an astens.k. 
56 



PHYSICAL TABLES 

XVI. MOMENTS OF INERTIA (I) 
M = mass of body. 

Body. 

Uniform thin rod (length = 1). 

Uniform thin rod (length = I), 
lWctangulo.r lamina (sides II and b). 

Rcctangulllr lamina (sides a and b). 

Uectaolfular solid (edge:; (I, 

and r·). 

Circular lamina (radius = ,). 

Circular lamina. (radius = r). 

Right cylinder (radius = d. 

b, 

~hj8 oj 08ciUation. 

At end, perpendicular to length. 

At middle, ~rpendicular to Icnl;th. 

Throu~h cC'nlre of gravity. parallel 
t.o side b, 

Tiuough centre of gravity. perpen
dlculiLr to plane. 

Tl)cDugh ccnt,re of gravity, perPen
dicular to face abo 

AllY diameter. 

Through ccntrc, perpendlcula.r to 
plane. 

Hollow cyllnder (external and in
tl'fnal radII it and t). 

Axis oftlgure. 

Axis of flgure. 

ltight cylimler (length = t. 
radius -= r). 

Throu~h ~~ntre. perpendicular 
axis oftlgurc. 

Sphere (radius ~ r). Any diamcter. 

XVII. ELASTIC MODULI 

YO!1I1!l'B Riaidity 01' VolulM 
Modulus (E) 

l'orsio/! Elasticity (k) Plriuon', 
SuJJ81tlnC/1, in unit, of lIIotlulu8 (n) in 'Unit, of Ratio 

10" dyneB 
in tmitB(,j lOll dyne. (a). 

per 8q. em. 10" dyne, per 8q. em. per 8fl. em. 

Aluminium. 7,03 2,67 7'46 ." Bra~s . 9·7 to 10'\" c, 3·') 10,7 '3 to '4 
Constantan 16·3 6·1 IS'5 ·325 
Coppiir • 12'3 to 12'9 3,9 to4·o 13 tv 14'3 '26 to '3~ 
Gcrman SlIvcr 11,6 4-3 to 4·7 

16:6 ." Gold 8·0 

I 
2·8 ·,122 

Ium (cast): 10 to 13 3-i'; to !i,3 ,., -23 to -31 
Iron (wrollght) : 19 to 20 7'7 to 8'3 14,6 c. ·27 
Lca.d{ cast) l,o:!, '56 "0 ·416 
Mfl.ll~anin. • 12,4- .., 12'1 ·321) 
PJio.~ph(/r Bronze 12,0 H ... ·38 
l'latinoid 13,6 3,6 ·37 
Platinum 16·8 '·1 2ri ,387 
SJlver, ,.1lQ ... lO'{j -379 

~c' : 
19 to 21 7,1) to 8-9 l{H t.o 18'1 ·25 to ,33 

cast) . s·u 2,0 ,., ,33 

Glass (brol\-:n) 
8,7 to 12,5 a'8 0'0 '2 to '3 
6,5 to 7'8 2-<i to 3,2 4'0 to 5·9 ·20 to '27 

India Rubber ,0003 to '(lOOI5 to ... ·46 to '4tl 
(vulcanized) -0006 ,0002 

• I 

57 

Tentreiev 
+10 8 (dyfIU 
per 'q. em.) 

(WiT'!'.) 

17to20 
31 to 39 

28 to 46 ,. 
2. 

46 t~ 62 
2·1 

69 to' lOS 

33 
23 

110 to 230 
2·' 
13 ... ... 
--

N.B.~'rhe above quantities vary greatly for different specimens. For an Isotropic 

matcria\E =3:'~.tn = 2n(a+1). It is usual to calculate k (which hi also called the Bulk

modulus, and is the reciprocal of the Compress{bUltYJ by aid of ahove equation from data 
In first two coJlUllns. The values given {or k abovd arc, however, in several cases" observed." 
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PHYSICAL TABliRS (,g 

XIX, RADI~.ACTIVE ,CONSTANTS~J 
r 

I 
Uranium-radium Serie8-

Uranium 1 
Uranium Xl 
Ul'.(lniuruX. 

T' _, 

At, 
N" 

tion (Radon) 

92 
90 
Dl 
92 
90 
88 .. 
8< 
82 
83 
84 
81 
82 
83 
84 
82 

p1) 

Rarllu.u ;.... • 
, 

~taLllum F (PolcmlIlWl) 
.,ilium G (Uranium Leall =Pb 2(1) 

\

.<1< :'tm Seriee
A",ano-Uranium 
'"-, 'y 
L'H.HJ ... 

ActInium 
,-·-,-;.'!''''thnUlll 

" na.natiuu 

92 
90 
91 

'9 
90 
88 
80 

"' 
. . _ 1 :; 

Le'~~~b20;)1 :! 
: ') :: 

90 
88 
86 
84 
82 
83 .. 
81 

-<Ph 208) 82 

a 
{! 
a 
~ 
a 
a 
a 
a 

fJ 
a, fI 

a 

fI 

a 

~ 
a 
a 
a 
a 

fi 
a, f! 

fl 

I _H~(~Ti~)t _ _ ,_R_"_n_,_,_,j_'_-_'"_Y_' I _ _ _ _ _I incm .• \l~~ D.) 

4·0}( 109 yrs. 
24-5 days 

68 sees. 
3xlO& yrs. 

8·5 x 10~ yrs. 
1500 yrs. 
3·8'l.da;:;s 
3'05 mins. 
26·8 mins. 
19'1 D~iM. 
10-6 sees. 
1-32mim. 
22-S ~·rs. 

50aY\l 
1:)9 days 

7 x103 yrs. 
2,1·6 hrs, 

3-2 x 104 yrs. 
13·5 yrs. 
18·{} days 
11·2 days 
3·92 sees. 
'002 sees. 
36 mins. 

2'16 mins, 
'(}Ol sees. 

4'i6 mins. 

1·.}x1019 yrs. 
6·7 yrs. 

()'13 hrs. 
1·9 yrs. 

3,64 days 
54-,0:; sees. 
0·14 sees. 
10·5 hrs. 

60'5 mins. 
1l)-1~ sees . 
3-1 mins. 

2-69 

3'2{ 

3·16 
3·26 
4·01 
4·&2 

4·04 
tH~7 

3·63 

4-7 
,. 4·::!8 
I 5·65 

G'O 

'''Il"j-l')ll of mdio·actiYc substance present wlUch decays 
Jl 

half-life Period - T 
E.g. " {for radium} = t·M x 10-4 per annum, 

= l'~8'x lO-ll ~t sec. 
IJ~« G.1.1.}.~ O"F' RAmU"M:, in equilibrIum with It.!>. n .. ",lnn'- -'. 

a.nuemih .. h ... "~"~ ".'" 



•• XX. TERMINOLOGY OF ATOllIIC PHYSICS 

Er.ECT1WN" OR NE(lATIWN (e) 
rf'~' li~ht partkle of mn.ss 0-11 :.:lO-H j;l'm. ('Iltnlllg charge of 4 8OxlO-1o E S u. 

'Is tll{' p-partlde of radio·lwt.ivity alld also cathode-ra:, ))arh! It. !ala) ako be obtained 
hy heating metals. or by exposing them to ultra-violet or to X-rays, 

POSITRON OR POSITIVE ELECTRON 
l)j;;covcrrd In 1932 by A ndc11Ion in connl'ction with cosmic rays, Mas.s. and charge 

('qllai to that of electron but charl!:c of oppo"ltc !lil(n. Aft('I vcry short life~!lay 
10- ~ sccs.-t'omhinc8 with an electron to produce about 1'6 x 10-6 ergsofrmergy ({<j=IIU~) 
in form o[ y·rar~. 

PRoTO~ 

Positive charge or +ly chargf'd partir Ie. forrntn~ nnel!'>Us of hydrogrn atom. 
Charge ('{llial to that of electron or positron, hut mass = 1·673 >< 1O-~* gm. i.e. 11:138 times 
th!lt of d{'etron. 

NErTRQ)'l 

j)iscove:red by Cha.dwick iu 1932, Mass slightly greatf'r than that of proton, ant: 
no charge. possibly a proton a8~ociatl'd with all. electron, Nucld of atoms no\" 
bt'lIf'ved to 1':0nsiRt of protons and neutrons, Isotopes being accounted for by the 
varying number of neutrons, 

a.·PA..RTlctB 

Nucleus of hellum atom, Consl.~ts of two protons Ilnd two neutrons comhln' 
Mass = 6·65 x lO-H gm" charge = twice that of proton. Is the llarticlc of a-rays. 

NEt'TR1NO 
An electron with no charge, Xo experimental evidence yet ohtaincd, but exist !' 

suspected on theoretical grounds. 

MESO:\ DR MESO'l'R(}!I' 

Componcnt of co.~mjc mrs. Chal'go positive or negatiVe and equal to that of j ; 

butrnaAA about 150 times o.~ great, Has short life. say, 10- u sec. 

PHOTONS OB. QUANTA 

Atoms of ~ight, or, more gem·rally. parcels of radiant encrjp·. Amount 
parcel dctermmc{l hy E = hn, will're h o~ l'!anck'R Conktn.nt and n = fn'(J1H'L 

6'02xl0-n x3xlOJU 
radlatiun. E.g, photon of red light = 7xlO-~ '= 2·8xl0-1~ crg~ 

F.L!.CTItON·YOLT (E.V.) 
Rnt'rgy imparted to an electron When It has hrcn arrrieratrd by potential Jilf,," 

1· ... 01t. 
Sincc 1 electron = 4'8 X 10-11) E.S.tT, of charge, and , 

1 volt 3 x lO~ E.S.U. of potential, 

.'. 1 electron volt = ,,·B X lO-l~ x -'-. ergs "" 1·6 X 10-1 ~ ergs. 
3x10 2 

RADf(l'AcTrnn 
a·rays = streams of a -particle$. 
(3-rays = !strl'ams of t'lertrolls. 
X,rays = electro.magnlltic waves o£length 2;..: 10-1 -lO-u. 

, y.ray. - electro-rnaQ:llI"tic wave. of leolitb 5 x lO-i - 6 X 10-10. , 
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