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Inches and Sixteenths to Millimetres.

el 0 Tl b R L A e | | A e S

0 0-0 1-59 3'18|I 476  6-35 T'E]i' 9'53‘ 11-11] 12-70{ 14-2% 15-88 17'46'f 19-05| 20-64| 22-23{ 23-81
1| 25-4| 26-990 2857 30-16 31-75 33-34| 34-92 36-51] 38-10( 39-69 41-27| 4286 44-45 46-04 4762 49-21
2| 50-8( 52-39 53-97) 55-56] 57-15 58".’4i 60-32 6G0-91) 63:30[ 65-09 66-67 68:26/ 69-85 Tl-44 T73-02| T4:61
3| 76-2| 77-79| 79-37 80-96 82-55( 84-14| 85-72 87-31| 88-90, 90-49 92-07| 93-66| 95-25| 96-84 98-42) 1000
4| 101-6 | 1031 F 104-8 | 106-4 | 108-0 | 109-5 | 111-1 | 112-7 [ 114-3 | 115-9 | 117:5 | 119-1 | 120-7 | 1222 | 1238 | 125-4
5]127-0 | 1286 ‘ 130-2 | 131-8 | 133-4 | 134:9 | 136°5 | 138-1 | 139°7 | 141°3 | 142-9 | 144°5 | 146-1 | 147-6 | 149-2 | 150-8
6| 152-4 | 154-0 | 155-6 | 157-2 | 158°8 | 160-5 | 161-9 i 163-5 | 165-1 | 166-7 | 168-3 | 169-9 | 171-5 | 173°0 | 174-6 | 176-2
71177-8 [ 179-4 | 181+0 | 182-6 | 184-2 | 185-7 | 187-3 | 188-9 | 190-5 | 192-1 | 193-7 | 195-8 | 196-9 | 198-0 | 200°1 | 2016
82032 | 204°8 | 206-4 | 208-0 | 209+6 | 211°1 | 212°7 | 214'3 | 2159 | 217-5 | 219-1 | 2207 | 222-3 | 223-8 | 225°4 | 2270
9|228-6 | 230-2 | 231-8 | 233-4 | 285-0 | 236-5 | 238-1 ' 239-7 | 2413 | 242+ | 244-5 | 246-1 | 247-7 | 249-2 | 250-8 | 252-4
10 | 2540 | 255-6 | 2572 | 258-8 | 2604 | 261-9 | 263-5 | 265-1 | 266-7 | 268-3 | 269-9 | 271-5 | 273-1 | 274-6 | 276-2 | 277-8
11 | 279-4 | 281-0 | 282-6 | 284-2 | 285-7 | 287-3 | 288-9 | 2005 | 292-1 | 293-7 | 295-3 | 296-9 | 208-6 | 8000 | 301°6 | 303-1

Gl i)
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Feet and Inches to Millimetres.

Feet.

Inches.

3

10

11

L O® = D oo B W W = o

0-00
304-8
6096
914-4

1219-2
1524-0
18288
2133-6
2438-4
2743-2

254
330°2
635-0
939-8

1244-6
1549-4
185¢4-2
21590
2463-8
2768°6

15748
1879-6
21844
2489-2
27940

762
381-0
6858
9906

1295'4
1600-2
1905-0
2209-8
2514-6
2819-4

1016
406-4
T11-2
1016+
1320~
1625-

L =~ S~ < R

1930
22352
2540-0
2844-8

127-0
4318
7366

1041-4

1346:2

16510

19558

22606

25654

28702

152-4

4572

762-0
1066-8
1371°6
16764
19812
2285-0
2590-8
2895°6

1778

4826

7874
1092-2
13970
17018
2006-6
2311-4
2616-2
29210

203-2

508-0

8128
11176
14224
17272
20320
2236°8
26416
2046-4

2286

5334

838-2
11430
14478
17526
20574
23622
26670
29718

2540
358" 8
8636
1168-4
14732
17780
2082-8
23876
2692-4
2007-2

2794

5842

889-0
1195-8
1498-6
1803-4
21082
24130
2717-8
3022°6

15
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Millimetres to Inches,

JlE - ro 1 2 3 ‘ a 5 6 7 8 9
0 | 0-0000 | 0-03937 | 0-07874 | 0-11811 | 0-15748 | 0-19685 | 0-23622 | 0-27560 | 0-31497 | 0-35434
10 | 3937 | 043307 | 0-47244 | 0-51181 | 0-55118 | 0-59055 | 0-62992 | 0°66930 | 0-T0867 | 074804
20 | 7874 | 0-82677 | 0-86614 | 0-90551 lu-smss 0-98425 | 1-02362 | 1-06300 | 110237 | 1-13174
30 | 1-1811 | 1:22047 | 1-25084 | 1-29921 | 1-33858 | 1-37795 | 141732 | 1-45670 | 1-49607 | 153544
20 | 15748 | 1-61417 | 1-65854 | 1-69291 | 1-73228 | 1-77165 | 1-81102 | 1-85040 | 1-88977 | 1-92014
50 | 1-9685 | 2-00787 | 2:04724 | 2-08661 | 2:12508 | 2-16535 | 2:20472 | 2-24410 | 228347 | 2-32284
80 | 23622 | 2-40157 | 2-44004 | 2-48031 | 2-51968 | 2-55005 | 259842 | 2-63780 | 2-67717 | 271654
70 | 2:7560 | 2-79537 | 2-83474 | 2-87411 | 2-91348 | 2-95285 | 2-99222 | 3-03160 | 307097 | 3-11034
80 | 3:1497 | 3-18907 | 3-22844 | 3-26781 | 3-30718 | 3-34655 | 3-38592 | 3-42530 | 3-46467 | 3:50204
9 | 3'5i3¢ | 308277 | 8:62214 | 866151 | 370088 | 874025 | 57762 | 381900 | 883887 | 389774

| .

The term mieron, and symbol w, are used by microseopists to mean 2, of a millimetre or 10 —# metre.

Bimilarly, the symbol gy is used to mean

P 1-..
Ta i

of a micron or ¢ 0oon of a millimetre or 10— metre.

(L)



12

Millimetres to Inches.

gl o 10 20 30 40 50 60 70 80 90
0 | 00000 08937 | 0-7874 | 1-1811 | 1-5748 | 1-9685 | 2:3622 | 27560 | 8:1497 | 3-5434
100 | 3957 | 4331 | 472¢ | 518 | 5512 | 5906 | 6-209 | 6693 | 7087 | 7-480
200 | 7-874 | 8268 | 8661 | 9:055 | 9-449 | 9-843 |10-236 | 10630 |[11-02¢ | 11317
300 |11-811 |12:205 |12:598 |12-992 | 13-386 | 13-780 | 14-173 | 14:567 | 14-961 | 15-35¢
400 | 15748 |16-142 |16-535 |16-929 |17-323 | 17-717 |18-110 | 18504 |18-898 | 19-201
500 | 19-685 | 20079 | 20472 | 20866 | 21-260 | 21-654 | 22-047 | 22-441 | 22835 | 28-228
600 | 23-622 | 24016 |24'409 | 24-803 | 25-197 | 25-591 | 25-984 | 26-878 | 26772 | 27165
700 | 27-560 | 27-95¢ |28-347 |28-741 | 29-135 |29-529 | 20-922 [ 30-316 | 30710 | 31-103
800 | 81-497 | 31-891 |32-284 |[32:678 | 33-072 | 33-466 | 33-859 | 84253 | 34-647 | 85°040
900 | 35434 |35'828 | 36-221 | 36-615 | 37-009 | 87403 | 87-796 | 38-190 | 38-584 | 38:977

17
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EFRACTIVE INDICES.
16 JENA GLASS. Selected Sorts arranged in order of refractivity for equal mean dispersion.

| Partial Dispersi i

- 1 Persion. Medium s

NP;SELFH Description, Density. ]Egg{m;-;'rvﬁ Iljsp-ersi::ln. p=E A :

Al to D, ' DtoF. | F to G, S

0 225 Light phosphate crown ' . s u ' 2°58 1'6159 0-D0435 0-00515 | 000407 0-00737 o 70'0
540 Medium phosphate crown . : = . o[ 3207 1:56590 000546 000587 0 00466 060835 686-9

- 5330 Dense barinm phosphate crown o - n 335 1+5760 000570 000622 0+ 00500 0-00854 852
0 802 | Boro-silicate crown (very light) . fi i . 238 1+4967 0° 00504 000534 0-00423 000765 64-9
(144 ] T o 4 , - a a 247 15100 0005149 0 00559 0- 00446 0-00597 64-0
0 599 ] s . . : : C i 2-48 15069 0-00529 0 00565 000457 0-00813 623
057 Light silicate crown . . : . . - 246 16086 000530 0° 00578 000464 0-00823 61-8
0 40 Silicate crown . z ¥ . 5 5 : 249 1-6166 000545 0 00696 000479 000849 80-9
0 337 o o R . : O : - 5 2+ 60 1+5144 0-00547 0 DO5SE 0= 00480 000847 607
0 374 o e . 5 3 - c ‘ 5 2r48 1-5109 0- 00547 0 D553 0-00479 0-00844 605
) 646 Zine erown . i . : . = 5 2:59 1-6170 - 00555 0 00605 0=00485 0-00859 6802
() &0 Caleinm silicate crown . . E 5 Z 2:49 1:6179 0- 00553 0 00605 0-00487 000560 602

138 Silicate crown of high refractive index o = | 2-53 1-5285 - 00560 000614 | 0- 00494 0-008T2 602

0 567 | Silicate crown . ; 5 ’ 7 % : 251 1-5134 0° 00554 000605 000488 0- 00859 597
020 Silicate crown of low refractive index . : i 249 15019 0-00643 - 000592 0- 00478 0:00842 E59-8
O 22 Barium silicate crown 5 - ; A 2 3-73 1-5399 — 000582 000639 000514 000309 59-4
0 203 Ordinary silicate crown . 5 5 5 & 2-54 1:5176 0:00563 | 0°00616 0- 00499 0-00877T 59-0
0 610 Crown of low refractivity for yellow light . . |— 2°51 15063 D'%ﬁgj- | 000602 0° 00489 0-00858 -
0598 | Silicate crown . . s i 3 : 3459 g o-00662 | 0-0061% 0° 00499 000879 .
0512 o o 3 : 4 264 1:51956 000568 | 0° 00625 0-00504 0- 00886 588
013 Potaszium slllcate crown 2 i i v 2-53 1-5228 000572 000637 0: 00515 0- 00801 58
1% Zinc gilicate crown . 0 o " A % 274 15308 0- 00587 | 0° 00644 0° 00620 0009156 58
0 211 | Dense barium silicate erown . . = w | 3-21 1:5726 000630 000702 000665 0:00995 aY:5
0709 | Zine soda crown . a . > . 5 | 2-58 1-5128 000575 000630 0" 00508 0-00894 573
(0 1209 | Densest baryta crown . . - . | 3-55 1°6112 0+00GE0 0- 00753 000610 001068 872
(153 | Silicate crown . . . . . . ¥ 253 1°6160 000576 — 000637 000516 | 0°00904 872
0114 | Soft silicate crown . o : E : 5 256 1+5151 0-00597 | 0:00642 000521 D-00910 58-8
0 197 Boro-silicate glass ; " o o 5 a 264 15250 0-00599 | 000654 000531 0- 00929 585
O 463 Baryta light flint g : . . " a3 3=11 1+56646 0-00648 000720 0 00586 001020 6554
0 608 | Crown of high dispersion . [ 5 : 5 260 1-6149 | 0:00585 000666 000543 0° 00943 54:6
0 722 | Baryta light flint v . . i . Ak 326 1-6797 | 0- 00681 0°00761 0" 00621 001078 538
0 602 A Dt ' 4 v ' & Sl 3412 | 1-5676 | 000876 0°00759 000618 0-01072 530
{) 846 2 = o - . : N . ; 3-01 | 1+6525 . D-006ST 000736 000602 0-01042 530
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JENA GLASS. Selected Sorts arranged in order of refractivity for equal mean dispersion—consinued

: Partial Dispersion. Medinm
N‘;ﬁgﬂ_ Description. Density. h?&::;“’g'r"ﬁ_ Dispersion, | ¥ = *"—~$ ;
Al to D, DtoF. F to G, Cto F.

0381 | Crown of high dispersion . . . w 2:70 1-5262 0°00644 0°00727 0°00596 0-01026 513
0152 | Silicate 5I,ms % 3 - i b : A 2496 1'5368 0-00659 000743 0-006G10 0-01049 51-2
0 583 | Baryta light flint G % 5 & - i 316 15688 000696 0° 00746 0-00644 0-01110 6512
0 543 . A 2 a , - = : 3-11 1+5637 0° 00699 000790 0- 00650 0-01115 506
0 527 & b e : A - . E : 319 1:5718 0°00706 000803 0° 00660 0-01133 504
8 164 | Boro-silicate flint . . : : = 5 2:81 1-5503 000710 .| 0:00786 0° 00644 0:01114 49-4
Baryta light flint . - = - . 3 3:156 1-56582 0°00718 000817 0-00672 001151 49-3
0 214 | Silicate F?ﬂas & . . . 3 i y 2-73 1-5366 000690 0-00781 000644 0-01102 487
0522 | Baryta light flint 5 : : z 2 2 3:03 1:5554 0-00718 0-00819 0° 00677 0:01153 482
e 0 726 | Extra light flint . . : - : 4 . 2-8% 1-5398 000711 0- 00810 0- 00669 0°01142 47-3
0161 | Boro-silicate flint B . : 3 : 2-97 1°5676 000762 000860 000709 001216 487
0578 | Baryta light flint g . . : & 3 329 1-6825 000717 0- 00891 0°00739 001255 464
0378 | Extra light flint . 5 5 . - : é 2-93 1-5473 0-00739 0-00847 000706 0-01193 459
0154 | Light silicate flint . . . . . : 316 1-5710 0-00819 0- 00943 0-00791 0°01327 430
0376 | Ordinary light flint . . 5 : z ; 312 1-5660 0°00814 000939 0-00787 0-01319 4920
0230 | Silicate flint with relatively high refractive index 3-40 1+6014 0° 00868 001009 00843 001415 4925
0 340 | Ordinary light flint . 5 : : - 5 3-21 1-5774 0-00857 0-00994 0-00837 001396 41-4
0 569 e o o - : : . . g 3:22 1-5738 000853 0- 00987 001831 0-01385 414
0 184 | Light silicate flint . i : i b 3-28 1-5900 0° 00882 0+ 01022 0 00861 0-01438 411
0 748 | Baryta flint 5 . . 5 . a - 3-67 1°6235 000965 0-01142 0-01 965 001599 39-1
0318 | Ordinary light filnt . 5 5 3 = A 3-48 1°6031 000960 0-01124 0° 00952 0-01575 383
0118 | Ordinary silicate flint . " 3 % i i 3+58 1'6129 0°N1006 001184 0-01008 001660 369

0 167 » 1 B 5 - G & . 360 1-6169 0:01026 001206 0-01029 001691 %ﬂ_ﬁ_
0103 n " " . . . . 363 1762 0 0° 01220 001041 001709 682
093 = B o . - - 5 : 3:68 1-6245 001053 0°01243 0-01063 0-01743 35'8
0 226 o i o s - : . . 372 1-6287 0-01072 0-01270 001086 001775 35-4
0 335 | Dense silicate flint . . 2 ; : E 377 1-6372 0° 01099, 0° 01308 0-01124 001831 348
‘0102 o i T - o 5 . - : 3-87 1-6488 0°01152 0-01372 0*01180 0-01919 33'8
0192 » » W . . . . A A 4:10 1-6734 0" 01255 0°01507 0°01302 0°02104 32-0
041 " " " . . . . i 4-49 1-7174 0- 01439 0-01749 0+01521 0°02434 295
je= () 113 i . S :, o o . é z 464 1-%371 001526 0-01870 0°01632 0° 02600 284
0 165 N " " . . - - - s 4+78 1-;251 0-01607 001974 0-01730 0°02743 7.5
0198 | Very dense silicate flint . : A o 4499 1-7782 0-01719 0-02120 0° 01868 002941 265
S67 Densest silicate flint . - - : g . 633 1-9626 0-02767 0-03547 0-03252 0" 04852 19:7

Compiled from the circulars of Messrs. Schott & Co., excluding those kinds of glass which experience has shown to be liable to deteriorate in time. The line A is the
potassium (red) line of A = 76-77 microcentimetres, and the line G the hydrogen line of A = 43-41, respectively ncar to Frauenhofer's lines A and G.
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18 CHANCE'S GLASS. Arranged in Order of Refractivity for Equal Mean Dispersion.

S o _ Refractive kaxtial Dlspersion: Medium i
T Deseription of Glass, Density. Im.lex Dispersion, |v¥ = A
for D Cto D, D toF. F to G,. CtoF.
B 646 | Borosilicate Crown . 2:45 15093 000236 000552 000449 0:00788 | 646
A 605 | Hard Crown . . 248 1:5175 000252 000604 0- 00484 0°00856 | 605
A 569 | Soft . ; 2-55 1:5152 000264 000642 000517 000906 56-9
B 565 | Baryta ,, . . 317 15660 000297 0-00709 000576 0:01006 | 56-3
B 555 | Densest baryta Cro . 358 16099 000321 0-00779 000629 0-01100 555
B 535 | Baryta light Flint . [ 294 15452 0-00298 0-00722 000582 - 001020 535
A 490 | Extra light Flint .| 2-78 1-5316 000313 000772 000630 0+01085 49°0
A 485 W B v . 2-80 1-5333 000322 0-00777 000640 001099 485
B 468 | Baryta light Flint : 3-29 1-5840 000362 000866 0-00735 0-01248 46-8
A 458 | Light Flint . . . 2-93 1°5472 0-00348 0-00848 000707 - 0-01196 45-8
A 432 - T - : 306 1'5610 0-00372 000927 0-00770 0-01299 43-2
A 410 o W .. . . 8-22 1-5760 000402 001002 000840 0-01404 41-0
A 370 | Dense Flint - . 857 1-6124 0-00474 0-01176 0:01030 001650 370
A 361 B i . 5 364 16214 000491 0-01251 001046 0-01722 36-1
A 360 e o ] (R 16225 0-00493 0-01236 001054 0-01729 360
A 837 | Extra dense Flint : 388 1-6469 000541 0-01376 0-01170 0°01917 33-7
A 299 | Double extra dense Flint 4-40 1-7129 0-00670 0:01714 | 001661 002384 299

( 28 )
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19 VARIOUS GLASSES. Arranged in Order of Refractivity for Equal Mean Dispersion.

|
- Partial Dispersion, :
: Refractive Medinm
Sanl;l;]yesBE?I:]t:lned Tglap. Density. Index for Dispm—siﬂon, i -"'_1__.1
g Sl A to D, D to F. F to G. Gt -
— — = = E— | —
| | |
Crown Glass 5 o | [ 2-50 15280 X 00063 00054 0-0089 I 493
o i 23°-5 2:49 1-5160 A 00062 0-0056 0- 0088 58°6
B 21°-2 280 1-5192 5 0-0064 0-0057 00090 a7-7
" L 1894 2:55 1-5265 Gt 0= 0067 00060 (- 0095 HHRE
i B : S| ieen) 3:00 1-5604 o 00086 0-0079 0-0122 45-9
Flint Glass . 2 E 2322 2-98 1-5660 e 00088 0-0080 0-0124 45°6
5 S ; o 1seg 522 1:5715 il 0-0098 00089 0-0138 4]1-4
i o 22°-0 3-24 1-5822 4 0-0102 0- 0094 00141 413
2 i . - 19°-5 344 1-6027 5 0-0114 00105 0-0159 37:9
" n e : ol 2892 3-54 1-6109 o 0-0116 00110 0-0163 375
& . " . : 24°-0 368 1-6304 o 0-0125 0-0120 0-0174 36-2
o w o = . 1327 3-63 1:6198 f 0-0123 0-0114 0-0172 36-0
" w e . o (M [ 4:08 1:6858 S 00161 0-0152 0-0224 30-6
£ N 2205 500 1-7920 i 00229 0-0219 00318 24°5
The Effect of Temperature on the refractive index of glass is small, and may, as a rule, be neglected altogether. The order

20 of magnitude of the effect is given below, from the determinations of Miiller for certain specimens of crown and flint glass,

Crown Glass between Temp. — 5° and + 23° C.  up = 1516149 4 - 00000017 £
Flint Glass between » —3%and + 21° C.  up = 1-573856 + 00000323 .
Pulfrich gives following as the coeffieients for selected kinds of Jena Glass (see Table 16): 8 40, —0-00000305; 0527, 400000014 ;
0 154, +0-00000261; 8 57, +0°00001447. In all cases, whether the coeflicient for yellow light is 4 or —, the dispersion increases with
rige of temperature.

( 24 )
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REFRACTIVE INDICES of various 1SOTROPIC SOLIDS.

APL‘.'- P—"ﬂ“

Refractive Indices for the lines of the Spectrum named.
Substance. e e
A B c D E F G H A
Ammonium chloride . . . Sy 16326 16366 16422 1-6464 16533 1'6613 : 38+4
Amber 3 5 - - 5 . 1-5418 1-5296 1-5462 1-5504 1-5543 S 2F 22+1
Antimony glass . . - . e fio [2-013] a == o= : 5
Argenic tribromide . u 5 . a . .u i . . e ae
Arsenite . v . . - as . 1748 1755 . Ci . an .
Barium nitrate . . . . s . 15665 1'5716 s 1-5825 & . 357
Beeswax . ; . ¥ ‘ = [1-542] 7 o AE 4 i A i 2
BIEmfa il 880 2 G i G : [2:34165] 2-3692 5 i & i3
Borax - . . - . - e . 15122 1-5148 . 16207 als . E0°8
Boric acid . i W v . G 14624 1-4630 i 1-4702 4 S 69-4
——Camphor . ; . . . i ot 1-532 = = e a0 i
Caoutchone % . 5 . i [1-524] o = C o hE ol s
Diamond (colourless) . . . . 2-4024 2-4073 24100 2-4173 2-4260 2°4354 2-4514 2:4648 16-4 —
o brown) 5 5 . . cin [2-4606] - 24699 2-4790 £ i . T
Ebonite . g : - 5 : i - s 1'6 s . s i e
Fucbsine . . A P 173 1:81 1-99 . - o 1:31 154 . &1
Gelatine i o : ; i i i 1'547 4 & . o
Haorn E . . . & . o 1-565 . - i .s
Lead chromate . . . Y i - 26 t0 2:97 . = i b5
Mactleitimaam: - - "L . .| [1-535) % s i i i L i i
Obeidian . - - 5 . . or 1-4928 1-4939 1-4964 14994 1-5017 as - 636
Pitch S B 1 -5 o G ica S oF on ; i
i i > *158 0 - as
Phosphorus 4 o W { 3 : .zk?_“ 5 = = 23 £ =
Quartz (fused) , ‘ & u i L 454 i 14585 A 1+4632 14669 i 67-9
Resing—
Balsam of copaiba . i P . ¥ aa 55 1'549 aa ae .e & A
— Canada balsam c . M - e S 1-5124 1°526 & 1-5351 i S 416
Copal . : < : f . 1-528 i i i 2 e o co =
Mastic . . i = : : 1-5635 e - Hi A s g o 14
Balsam of Peru g . 5 . o 1-585 e 1593 1-613 o o A
Resin (colophony) . - - A i o 1°545 1:548 ha v - i
Shellae . - : o - o e = 2 1525 . .. o as =
Rock salt . ‘l 5 ; 3 1-5366 1-5302 1-5405 15442 1-5490 15532 1-5613 1-5683 42°8
Seleninm vitreous . o - i 2°653 2:730 2-86 2-08 = 5 : - i
Silver bromide . . . o . e e £ 2-2533 ot i o b i
» chloride . W ‘ 7 x 0 : 2061 c s . . f
» lodide . X 3 A A % : 2-1816 ce o 2 ' 06
ﬁmﬂmﬂ - i ' . . [1:535]) ve ‘e A i o v v v
PRl E [1-49] : 25 e i e 5 £
I} v gy -
W Lt E,JC;L,..- YO0 o See fooage Py =



A REFRACTIVE INDICES of Various LIQUIDS.

| Refractive Indices for the lines of the Spectrum named,

Name of Liguid. I 1 R iy e HD
| Temp. A B D E ‘ F G I H . FF—Mi"uF_FC
| a . 4 [1.97c4al 1. |
e | 20 i .. |1-36985(1-37182 .. |1-37648{[1-38017)| .. | -00663| 56-1
Acetic acid AE tal il e { e .. |1-37022/1-37218] .. [1-37683 [1-3305?]| .| -o0e61| 563
Acetone . KRS T | .. |1-3626 (1'3646 | .. |1'3694 | [1°3732] | .. | -0068 | 536
0° = .. 11-3677 |1:3695 o o [1°3773] & .. i
Alcohol (ethyllc) | 15 L1600 135121 3601 |1-3638 | 1-8661 | 1-5083 | [1-3720] (1-3751| 0062 | 58-6
Aniline . : 5 . s | TR e il 1-5778 | 1-5863 ar 1-6041 | [1-6204] e 0048 | 22-1
Boniiog { 100 | .. | .. }1-4988 |1-5029 | .. |105148 [[1-53557 | e anR EE .
© o+ -] 15° [1-4905|1-4937 | 1:4955 | 1-5002 [1-5066[1-5124 | 1-5234 |1-5329( -0169 | 29-6
Carbon bisulphide ; : . 15° |1-6114|1-6177|1-6209 |1-6303 |1:64341:655¢ | 1:°6779 [1-7085| <0345 | 18:3 | o
Cinnamic ether . . . . .. |1°5456 | 1+5507 | 15530 | 1-5607 |1-5816|1:6088 | 1-6261 .. | 0508 |11-0 |
Chinolin . - A i =] 20° i 1:6094 | 1-6171 7= 1-6361 | [1-6497] 2 0267 | 23-1
| 10° 1-4433 14157.1 4466 | 1-4490 [1-4526 14555 | 1°4614 |1-4661| 0089 | 50:5 |~
Chloroform ST gzt 14437 | 1-4462 [1-4525] .. i - G i
, 30° | 1-4397 | .. = i 1:4561| .. 2
Ether .(-%fu | 15° [1-8520 13545 |1-3554 | 1-3566 |1-3500(1°3606 | 1:3646 |1-3683| -0042 | 84-9
Glycerine . . o - | 15° |1-4661 |1'4G’i’? 14688 [1-4711 |1-4741 | 14766 | [1'4812] |1-4853| 0078 | 60-3
Rereasota’: v s o b e LSRR S R Esangl TRags 1-5333 1-5452 | 1°5515 | 1:5639 | 1-5744| 0180 | 29+9
Metacinnamene . . z S| 52 o o |RIREEp) 5097 oo |1-6120 | I[1-624) | i 0200 | 29-5
Methylaleohol . . . . | 152 | .. .. |1-3308 I1 2326 |13 |1-3362 .. |1-3421| -005¢ | 61-6
Methylene-di-iodide . ] | .. [1:782 |1-743 Bea [0 oy B iy e SR 035 | 21-2
Monobromnapthalin 20° | 1-6405 | 16464 [ 1- 6495 | l 1-6582 [1-6705|1-6819 | [1-7041] |1 7289 0324 | 20-3
Naphthylphenylketone 15° - i i 1:659 | 1-669 .| 1:697 ot [ - 038 | 17°6
Naphthylphenyllketone-di- bromide ot = o 1700 i i o e 55 a5
henol ; : = G b o 1549 o s i & S ot
Phenyl-thio-carbimide . . | 10° | .. . |1:646 |1-654 .. |1:881 | [1-706] e | 085l ST8ET
Pipetine’ .~ . .08 llell .. |1'665 |1-681 .. |1-73¢ | [1-806] .. | -069 | 9-87




REFRACTIVE INDICES of Various LIQUIDS—consinucd.

Refractive Indices for the lines of the Spectrum named.

|}

Ul

Name of Liquid.
Temp. A B D E F G ‘ H F—
G oy govs 5993 | g37 | uou | wyo's a0 i
Phosphorus in methyleue-d.l-mdlde e . ; : ; | .
in equal weights : } 18 e |17929 [|1:944 1-98¢ | [2-021] . 055
Quinidine . o 15° 1-596 |1-602 1-621 | [1-639] 025
Sulphur in methylene-dl-mdzde 16° - . 1-778 o 20 " [— =
Toluene : 20° 1-4911 [1-4955 1:5070 | [1-5170] :r-) - +0159
Water { 16° .. |1-3318 [1-3837 [ .. [1-8378 | 1-34a2 L., | -0060
' - : : ? 180'751 .. |1-3309|1-8317 |1-3336 [1-3359|1:8378 | 1-3413 |1-3442| :0061
Xylol : . ; 19°-7 | 1-4859 o 1-4908 | 1-1495 e 15059 | [1-5153] = 0151
Qils (various)
oil . 0 e o 1:4755 |1-4782 o 1-4847 o - =0092
Aniseed oil { 152100 s 1-5487 |1-5508 | 1-5573 [ 15650 [1-5744 | 1-5912 |1-6084 | -0236
] Lt B (R e |1-5410 |1-5475 - | 15647 o o 0237
Bitter almond oil o 20° co 1-5391 - 1-5623 ; [1-5775] o 0232
Cassia oil { 10° . .. |1-6007 [1-6104 .. |1-6389 oo 1:7039 | -0382
A : d 2 3 15° 1-5659 | 1-5690 | 15780 |1-5904 | 1-6029 : 0339
Castor oil : - : 35 A e 1-490 i o . o
~ Cedar-wood oil : . : 1-510 o o
= »»  hardened . o - . wr 1-520 i o . 5
Cinnamon oil . ; . 23°-5| 175967 |1-6038 |1-6077 | 1-6G188 [1-6348|1-6508 0431
_ Clove oil . 5 : . o e o oo 1-533 . o o
Linsgeed oil . o : o 4o o o 1-485 -
Nutmeg oil . - - 259 |1-4594 | 1-4655 -\ o - - ae
- Olive oil . ¢ . 0° % .. |1:4738 |1:4763 o |1:4825 0087
Poppy oil o s i 1-463 e o oo
~ Rock oil (petroleum) 0° .. |1-4345 [1-4573 | .. |1-4644 = .| +0299
Turpentine 10°-6 14705 | 1°4715 | 14744 |1'4784|1-4817 | 1-4882 |[1-4939| +0102

547

15-3
465

1

(i



23 REFRACTIVE INDICES of certain CRYSTALS.

Name of Mineral,

Fluorspar (Milbeims) . ¢ .
7 (Gifford) .

Calespar, ordinary ray (Maseart) .
- extraordinary ray (Maseart)

Quartz, ordinary ray (Mascart)
w  extraordinary ray (Masecart)
»  ordinary ray (Gifford) .
»  extraordinary ray (Gifford) ,

Vitreous silica (fused quartz) (Gifford)

| Re E'Il‘;ni:ixo;:rfor ey o ‘ Disz:::s]:on, ﬁl:’__\.i
Diling. A to D. D to F. ! F to G. ‘ Gite E. &
143384 0+00381 0-00312 ; | 0-00446 | 973
1- 43385 | 000290 0-00321 l 0-00256 I 0-00454 955
1°65846 | 0-00833 0-00947 000827 | 0-01347 | 489
148654 0- 00369 0-00430 | 0:0038 | 0:00610 798
154423 | 0-00521 0-00543 : 0-00463 | 000778 | 69-95
155838 | 0-00526 000559 [ 000475 ! 0-00802 | 6900
1-54425 0-00519 0-0054¢ | 0-00427 |  0-00777 . 70+ 04
155337 J 000537 000562 . 000442 ! 0- 00804 | 6852
1-45848 I 0- 00459 0 00469 000368 r 000675 I 67-9

The values for quartz are those for right-handed crystals. For left-handed quartz erystals both Van der Willigen and Gifford
have found the refractive indices very slightly lower.

index 1°5533452.

The refractive index of fluorspar, as also those of quartz and rock-salt, decreases with an inerease of temperature.
In all fluids, increase of temperature lowers the dispersion.

Gifford gives, for D line, ordinary index 1-5142363, extraordinary

( 28
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TABLE OF ABERRATIONS IN LENSES.

a7

h'brrr-nt.iml

Class 1.
A A
B - ie
[

D . g
Class 1T
]

|
[

e
s
Class 11T,
K

Class 1V.
T o
L e
Class ¥V
N g

Due 10 THE MATR“TAL

Chromatic aberration—
a) Of focal plane .. ..
b) Of macnification ..
Secondary spectrum .. ..

Streaklness .. .. .. ..
Double refraction. .

s ame

Ioe 10 TnE For,
Cylindricity .. .. ..

Spherical Aberratims—
() Central -
{0y Comin .. .. 25
{c; Ladial .ﬂstigllulllsln a4

Chromatic
Spherical Aberration.
Curvature of Fucal Mane ..

differences  of the

Distortion of image in its plane. .

Dok T0 APERTURE.
Dilfractional aberration ..

Due 10 Bap MouxTiNG.

OUliguity of mwnhng
Pecentring .. .. .. ..

Dye 1o STRAY REFLEX ON.

Flare spot ..

Manifestation,

Remedy.

Culour tinging edges of images and of visible ficld
Faint colour tinge in images of minute bright objects

Streaks in plass.  Images of brlght. points confuscd .
Iwag s doulded .. . e T

Vertical ond horizontal lines not in focus at same time

Images of bright points blurred, even at centre of field

an

v

Image of pu.nts not at centre of field blurred into pear shape
Tmage of puints not at centre distoried into two fucal lines

at different diztances from 1 ns.

Faint colour tinge of blurred image wla T ievm el

Imagzes at centre and at margin sre in focus ot different

distances,
Barrel disturtlon or pin-cushion distortion of image ..

Spuricus disks of stars ; sometimes faint symploms of rings

round star.

Vertical and horizontal lines not in foems at same tml :
Image shilted out of direct ling g e

Flare intrinling in middle of field .. .. .. ..

Use achromatic lens made of two kinds of glass, Partial
remedy : stop down with diaphragm.

Use apochromatic lenses made of three kinds of plass
or special achromaties of glass chosen to annul se-
condary spectrum.

Tej et. Glass is had.

Rejeet. Camse: erystalline structure or bad annealing,

R ject. Lens has got a=tipmatism, being badly ground.
Bt sometimes due to oblique moennting.

Purtial remedy : stop down. Curves badly calculated.
In telescopes, correct by retouching to correct for
error atising from surface being truly spherical. Other
remedy : use separated component lenses, or recalon-
late curves, so that work of refraction shall be shared
between various surfuces.

Remedii s and corrections as preceding.

Different combinations of lenses needed.

Combivation badly designed.  Try shilting stop.

Set strafght in mounting.
Lens badly cut or mounted. Thickest part must be in

centre.

Comblnation not well adjusted. Alter distance between

lenses,

(G ae)
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TABLE SHOWING THICKNESS OF DISC TO BE TAKEN FOR GRINDING LENSES
(thicknesses are expressed in millimetres).

e atiie Radius Diameter of Lens in Millimetres,

of Surface in e

e B B 15 | 20 | 25 | s0 | 40 | 50 [ 75 | 1200 | 125 | 150 | 200 | 300
1 1000 0-118 | 020 .I 081 | 070 | 1-25( 1-96| 2-92 5-01 1132
1-33 750 010 |015 | 027 042 | 094 | 1-77| 2-61| 3-76| €70 | 15-15
1'5 6667 011 | 017 | 030 0-47 | 1-06| 1-88| 2:97| 4-23| 7'5¢ | 16-10
2 500 0-100 [ 016 | 0-23 | 0-40 |0-63 | 1-41 | 2-51| 3-92| 5-29 | 10-10 | 23-03
25 400 0-126 | 0-185 | 0-28 | 0-50 | 086 | 1-76 | 3-14 | 4-91| 7-09 | 12-70 | 29-19
3 3333 014 | 023 | 03¢ | 059 0-935| 212 | 377 | 591 | 891 | 15-35 | 35-66
1 9250 0112 | 020 | 0-31 | 045 | 0°80 | 1:25 | 2-83 | 505 | 7-94 | 11-52 | 20-87 | 5000
5 200 014 | 025 |0-890 | 056 | 100 | 157 | 8-55 | 6-85 | 10-02 | 1460 | 26-80
6 1667 017 |0-29 |0-47 | 067 | 1-20 | 1-88 | 480 | 7-65|12°16 | 17-83 | 33-33 | ..
10 100 |o0-126]0-28 |0°50 |0-78 | 118 | 202|818 | 7-30 | 13-40 | 21-94 | 33-80 | ..
20 50 0-251 [ 0-57 |[1-01 [1-59 |2-30 | 4-17 | 6-70 |16-94 | .. e :
40 25 0505 | 1'81 |2-09 |885 |5-00 |10-00 i25-00 =
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CONSTANTS AND DIMENSIONS OF

THE EYE (Helmholtz).

When accommodation adjusted for

Distant Vision.

Near Vision,

Refractive index of the cornea . v : . : 2 3

Refractive index of the aqueous humour . ; ; = 5 : :
Refractive index of the vitreous humour 5 2 4 5 :
Refractive index of the erystalline lens as a whnle . : : -

Radius of eurvature of the anterior surface of the cornea ;
Radius of curvature of the anterior surface of the erystalline lens . : ;
Radius of curvature of the posterior surface of the erystalline lens . 2 .
Distance of the anterior lens surface from the vertex of the cornea

Distance of the posterior lens surface from the vertex of the cornea

Anterior focal length of the cornea
Posterior foeal length of the cornea
Focal length of the lens

Distance of anterior prineipal pomt of the lens from its anterior surface.
Distance of posterior prineipal point from its posterior surface . :
Distance between principal points : : : :

Posterior focal length of the eye : : : . . -
Anterior focal length of the eye . i : :
Distance of 1st prmmpal point from the vertex of the comu}. :
Distance of 2nd prineipal point from the veriex of the cornea

Distance of 1st nodal point from the vertex of the cornea

Distanee of 2nd nodal point from the vertex of the cornea

Distance of the anterior focus from the vertex of the cornea .

Distance of the posterior foeus from the vertex of the cornea

. . - -

Distance of the principal focus of the aphakic eye (after removal of the lens) {

(1-3507)

(1-3507)
1-3365 1-3365
1-3365 1-3365
1-4371 1-4371
mm. inches. mm, inches.
7°'8 0307 T8 0307
10-0 0-394 G0 0-236
G0 0236 93 0-217
36 0-142 32 0-126
72 0-284 T2 0284
23-3 0-917 233 0-917
811 1-224 sillenl 1-224
506 1-992 39-1 1-539
2-1 00827 240 0-0787
—1:3 — 0-0512 — 18 — 0-0709
0:2 000787 0-2 000787
207 0-815 18:7 0736
13- (- 610 14:0 0-551
1-75, 00639 1:9 0:0748
P | 00827 2'3 0-0905
70 0-276 66 0-260
73 0-258 7:0 0-276
— 137 — 0539 — 121 — 0-476
22:8 0-808 21:0 0-827
ml]]lmetrcs inches.
—63:5 2500
- T3 0" 2-909*

* Meagurement by Dr. Tscherning,
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72 REFRACTIVE

INDICES OF FLUIDS COMMONLY USED IN MICROSCOPY.

Refractive Refractive

Substance, Index for Substanoce. Index for
I line. D line.
Phosphorus dissolved in (S, 1-950 Olive oil . : 1470
Sulphur in carbon bisulphide 1-750 Glycerine 1 4 water1 ., 1-397
Potassium mercury iodide A 1-717 Glycerine 1 4+ water 1 + alechol l 1-394
Monobromnaphtalin 1'658 Sugar solution, 30 per cent. (aq.) 1:376
Balsam of Tolu . 1-640 Potassium acetate solution (cone. aq.) 1:370
Styrax 1+630 Absolute aleohol . 1-367
0il of cinnamon . : : g 1:619 Alcohol, 40 per cent. 1-356
Cassia oil 1-607 Albumen 1-350
Aniseed oil . 1-557 Sugar solution, 10 per cent, (aq ) 1-347
Canada balsam (mean) . = 1-535 Balt solution, 85 per cent. (aq.) 1-347
Clove oil 1533 Sea water . : g 1-343
Cedar wood oil (hn.rdened} 1-520 Sugar solution, 5 per cent. (aq) 1-341
Cedar wood oil 1-510 Distilled water . 1-336
Castor oil . . . . 1+490 Air . . . 5 o 1-000

Glycerine 1-473
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7 4 MAGNIFYING POWER OF MICROSCOPES WITH TUBES OF STANDARD LENGTH,
i.e. 250 mm.; or, for English-made Microscopes, 10 inches (from Davis's * Practical Microscopy ”).

Objectives.
Eyepieces. l | |
4!! 3" , 21’! 1" %J’I I él! 'r‘ﬁ" &ll 5‘1‘" | %N %N T]E" 1_‘?" ﬁ"’
| i |
= ——'r—__ _____ — et r— — —— — ————
2 inch (A) . - 2 12 | 18 25 46 50 92 130 | 210 275 325 | 400 250 650 800
1} inch (B) . . : 15 23 30 54 70 110 160 250 | 325 | 390 | 490 6450 775 980
1inch (C) . . . 23 30 45 80 20 165 240 a7o 485 | 580 | 750 a70 1160 1500
¢ inch (D) . . 2 30 45 G0 108 { 140 220 320 500 650 | 780 | 980 1300 1550 1960

The Royal Microscopical Society’s Standard Screw.

“ Whitworth thread, i.e. a V-shaped thread, sides of thread inclined to an angle of 55° to each other, one-sixth of the V depth
of the thread being rounded off at the top of the thread, and one-sixth of the thread being rounded off at the bottom of the
thread. Pitch of serew, 36 to the inch; length of thread om object glass, 0°125 inch; plain fitting above thread of object
glass, 015 inch long, to be about the size of the bottom of the male thread; length of thread of nose-piece [on the lower
end of the tube of the microscope], not less than 0-125 inch; diameter of the object-glass screw at the bottom of the serew,
0-7626 inch; diameter of the nose-piece screw at the bottom of the thread, 0*8 inch.”

See also Trans. Roy. Micr. Soc., 1857, pp. 39-41; 1859, pp. 92-97; 1860, pp. 103-104 ; or Jour. Roy. Mier. Soc., 1896,
August. The latter paper contains a very careful and complete description of the later screw, which is almost exactly the
same as the original,
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ENLARGEMENT AND REDUCTION TABLE.

ﬁ' Ratio of Size of Image to Size of Object.
&0
£ ] T
.ﬁt%i%%éi%!%x‘ns’z!a‘a!a‘x|:‘aiﬂ; #‘a‘afa‘%|:‘;iﬁr&:§sr}adﬁﬂaﬂa
=
=
= Distances of Object and Image from the Lens.
B ey s o
| 2/ 8|46 6|7 8|9 10|16 | 2 |28|a3an 41 51 | 61 71 81 | 91 | 101 | 121 | 142 | 161 | 181 | 20
2 |1:6/1-3|1-3|1 2|1-'zi] 1{1 1‘1-1 1-1! 11 [ 11 [1°0 | 10 | 100 | 1-0 | 20 | 1:0 | 1-0 | 1*0 | 1°0 | 10 [ 1:0 | 10 | 1-0 | 1-0
15 } 8 [4:8] 8 |7-5] @ (10°5| 12 l12-5| 15 |16-5 24 ‘31-5 30 | 46+5 | 61-5 | 765 | 915 | 106-5 | 1216|1365 |151-5 1815 | 2115 | 241-5 | 2716 | 3015
3 (23| 2 |1-9|1-8|1-8(1-7|2-7|2-7(1-7| 16 | 16 [ 1°6 | 16 | 1:5 | 16 | 16 | 1°6 | 16 | 15 [ 1°5 | 1-6 [/1-6 | 1-6 |"1-6 | 176
,, 4|6 |8 10|12 1416|128 |20 )22 32 | 42 | 52 | 62 | 82 | 102 | 122 | 142 | 162 | 182 | 202 | 242 | 282 | 322 | 362 | 40
= 4|3 (2:7]|2:5(2°42:3(2-3|2-32-2/2-2| 221 | 21 | 221 { 22 | 21 | 20 | 2:0) 20 | 202020 |20]30| 20|20 | 20
g5 | 8|75 10°0/12-516°0/17-5/200(22-5/25-0 27-5| 40 | 52°5 | 65°0 | 776 |102:6 | 1275 | 152-56| 1775 2026 | 227°5 | 252+5 [ 302-5 | 352-5 | 402-5 | 462-5 | 502-5
5|3-8 3-3(3-1(3-0|2-9|20|28|28 (28| 27 | 26 | 26 | 26 | 26 | 26 | 26 | 25 | 26 | 225 | 25| 25| 26 | 25 | 25 | 2-6
s 6|9 1215|1821 |21 |ar|20 33| 48 | 63 | 78 | 92 | 123 | 153 | 183 | 212 | 242 | 273 | 303 | 363 | 423 | 483 | 543 | 603
6 |4°56 47038 |3°6 25 34/34/33/3:3) 32| 32|31 |31 31|31 3130|830 |30]|30 30|30 | 30|30 |30
g5 | T [10°5 14 17-5) 21 245 28 31-5 35 38-5| 56 < 73'5 | 91 |108:5 1435 (178'5 2185|2485 | 263:5 318:5|353:5 | 428°5 ) 493°5 | 663'5 6335 | T03-5
7|63 4°7|4-4(4°2(4°1|4-0/3-9/3-9 3-9( 37|37 |36 |36 36 )36 |36 36| 35|35|85|36|36 353536
¢ 81216 | 20|21 |26 | 32|36 |40 | 44| 64 84 | 104 | 124 | 164 | 204 | 244 | 280 | 324 | 364 | 404 | 484 | 564 | 644 | 720 | 804
8|6 63| b 4-3;4 TI4°614°5|4°¢ 44| 43 | 42 | 402 | 41 | 41 | 4L | 401 [ 41 | 41| 450 | 4°0 | 40 | 4°0 | 4°0 | 4:0 | 4°0
45 | 2 [13:5 18 22:5 27 31°5] 36 |40-5( 45 49-5| 72 | 04°5 | 117 (1395 |184°6|220°5 27475 319°6 | 364-5 (4095|4545 | 544°5| 634°5 | T24°5 | 814°5 )\ 904°5
9|68 6 |56(64/53516°1| 5 | B | 48 | 47 | 4T | 4'7 | 46 | 46 I 46 | 4°6 | 46 | 4'6 | 4'6 | 4°6 | 4°5 | 45 | 4'5 | 4°5
g |10]15 20 | 25 | 20|35 |40 45|50 65| 80 | 105 | 120 | 155 | 205 | 255 | 205 | 355 | 405 | 455 | 505 | 605 | 705 | 805 | 905 | 1005
10 |7*5 6-7(6:3|6-0 58 (5-7|5'6(6°6 /55| 658 | 6:3 | 62 | 62 | 6:1 [ 6-1 | 6°1 | 5-1 | 6-1 | 6-1 | 6:1 | 5:0 | 5:0 | 60 | 50 | 50
g |12[18 24[30]36 | 42 (48 |64 | 60 ‘66 | 96 | 126 | 156 | 186 | 246 | 306 | 366 | 426 | 486 | 546 | 606 | 726 | 846 | 966 | 1096 | 1206
12| 9 | 8 |75(7°2(7°0|6'9|6°8(6°6 66| 64 | 6:3 | 62 | 6:2 | 62 | 6L | 61 | 61 | 61 | 6'1 | 6'L | 61 | 60 [ 670 | 60 [ 60
y j1t] 21|28 | a5 i 42 |40 |56 63|70 | 77| 112 | 147 | 182 | 217 | 287 | 357 | 427 | 497 | 667 | €37 | 707 | B47 | 987 | 1127 | 1267 | 1407
14 [10°5 9-3]s-?|s-4ia-z g0|79ftn 19| 15 | T4 | 98 ¥z 78| 7R Il b 100 I O 5 W I 5 O O 5 T O 6 (N T 60 6 ) I
| | |

This Table may be used for Inches, or for any other unit of length. If the focal length of the lens is given in inches, then the figures in the Table will give in inches,
also, the distances of ohject and image, which are conjugate one to the other. For Ezample :—Given an 8-inch lens it is desired to find the positions of object and image.
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ENLARGEMENT AND REDUCTION TABLE-—continued.

g' Ratio of Size of Image to Slze of Object.
*itiiﬁ}iaﬁ|ﬁ|ﬁ|*|¢|ﬁ\ﬁ ol e e
E Distances of Object and Image from the Lens,
I I
8 16 | 24 | 82 (40 | 48 | 56 | 64 | T2 | 80 88 | 128 | 168 | 208 | 248 | 328 | 408 | 488 I G668 | 648 | 728 | B02 | 968 | 1128 | 1288 | 1448 | 1608
16 | 12 [10-¥| 10 |9°6|9-3 |9-1| & |88 BB B'6 B8-4 B-3 B8-3 82 8-2 | 81 81 81 81 81 81 | 81 81 B0 80
9 18 | 27 (36 | 45 | 64 | 63 | 72 | B1 | 90 | 99 | 144 189 234 | 279 369 459 549 639 729 819 909 | 1089 | 1269 | 1449 | 1629 | 1809
18 |13-5| 12 (11-2/10-810°5/10-3 10*1 99 5-9( 9-6 95 94 9-3 92 | 92 | 9-2 9-1 21 91 8-1 31 91 9-1 9-1 9-0
10 20 |30 | 40 | 50 | 60 | 7O | B0 | 90 101}l 110 160 210 260 310 410 | 510 610 710 810 910 | 1010 | 1210 | 1410 | 1610 | 1810 | 2010
20 | 15 [13-3|12°5/ 12 [11-7|11-411-3 11 | 11 | 10°7 | 10*5 | 10°4 | 10°3 | 10°3 | 10-2 | 10-2 | 101 | 10-1 | 10-1 | 10-1 | 10*1 | 10-1 | 10°1 | 10-1 | 10°1
12 24 |35 |48 | 60 | 72 | B84 | 96 | 108|120 132| 192 262 312 arz 492 612 Y3z 852 972 | 1082 | 1212 | 1452 1692 | 1932 | 21572 | 2412
24 |18 | 18 | 16 |14-4] 14 |13°7 13-5(13-3 13°2 12°8 | 12'6 | 12°5 | 12+4 | 12°3 | 12°2 | 12-2 | 12°2 | 12-2 | 12-1 | 12-1 | 12-1 § 12°1 | 12°1 | 12+1 | 12'1
14 28 | 42 [ 66 | 70 | B4 | 98 (112 ' 126 | 140 | 154 ! 224 204 364 434 574 14 B54 994 | 1134 | 1274 | 1414 | 1694 1974 | 2254 | 2534 | 2812
28 | 21 |18-7]17-5(16-8/16°3| 16 |15-816°6 164 15°0 | 14'7 | 14°6 | 14°5 | 14°4 | 14°3 | 14°2 | 14°2 | 14°2 | 14°2 | 14°1 | 14°1 Td-1 | 14-1 | 14°1 | 1471
16 32 | 48 | 64 | 80 | 96 | 112|128 144 | 160 I 176 | 256 336 416 496 656 | 816 976 | 1136 | 1296 | 1456 | 1616 | 1936 2266 | 2576 | 2296 | 3216
32 | 24 (21-3] 20 |19-2/18-7 13'313‘0,17'3}1‘6! 17 16:8 | 16:6 | 165 | 164 | 16-3 . 163 | 16*2 | 16°2 | 162 | 16*2 | 161 16-1 | 16°1 | 16-1 | 161
18 36 | 64 | 72 | 90 [ 108|126 | 144 162 l 180 ' 198 | 288 3718 468 558 738 | 918 | 1098 | 1278 | 1458 | 1638 | 1818 | 2178 2538 | 2B98 | 3258 | 3618
86 | 27 | 24 (32°5/21-6| 21 [20-6 20°3 20 (19-8) 19-2 | 18-9 | 18-T | 18- | 18°5 | 18-3 | 18-3 | 18-3 | 18-2 | 18-2 | 18-2 | 182 181 | 18-1 | 18-1 | 181
20 40 | 60 | 80 | 100|120 | 140 160! 180 | 200 | 220| 320 | 420 520 620 820 | 1020 | 1220 | 1420 | 1620 | 1820 | 2020 | 2420 2820 | 3220 | 3620 | 4020
40 | 30 (26°7| 26 | 24 23'3‘32'9?3'5 22-2 22 | 21'3 | 21 20°8 | 207 | 20°5 | 20°4 | 20-3 | 20-3 | 20°3 | 20-2 | 20-2 | 202 20-1 | 20°1 | 20-1 | 201
25 60 | 75 | 100|125 | 160 | 176 | 200 ' 225 | 250 | 276 | 400 625 650 Y75 | 1026 | 1275 | 1528 | 1776 | 2025 | 2275 | 2526 | 30256 9525 | 4025 | 4526 | 5026
50 [37-5/33-3(31-3] 30 [29-228°628°1 27°827°6) 26°7 | 26°3 26 258 | 25'6 | 26°5 | 25-4 | 25°4 | 26°3 | 26°3 | 25-3 | 25-2 25-2 | 25°2 | 25-1 | 25°1
30 60 | 90 | 120 | 150 | 180 | 210 | 240 270 300 330 480 630 T80 930 | 1230 | 1530 | 1830 | 2130 | 2430 | 2730 | 3030 | 3630 4230 | 4830 | 5430 | 6030
60 | 46 | 40 [37°6 36 | 35 343 33'ﬂ|33'3, a3 | 32 815 | 31-2 31 30°8 | 30°6 | 306 | 304 | 30°4 | 30-3 | 30*3 | 30-3 30-2 | 30-2 | 30°2 | 302
| |
to produce a reduction of 4 in size. Looking down the column headed with the ratio 4 we find opposite the focal length of 8 inches, that the object must be 40 inches in
front, and the image 10 inches behind. If, on the other hand, with the same lens we wished to produce an enlargement of 4 times, i.e. in the ratio of § ; the same

figures must ba t

in the inverse way ; the image being produced at 40 inches behind, when the object is placad 10 inches in front of the lens.

( 121 )
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COLOURS, DENSITY AND HARDNESS OF GEMS.
Name and Tint. Density. Hardness. Scj f‘gtit;l. Twin Colours seen in Dichroiscope.
Ruby; ink to deep red : best tint pigeon’s 3-95 8-9 1I Darker and more purple red; paler and
: odp redder tint,
o] Bpme] pink to deep crimson. : 35 8 I Both alike.
g Rubellite (Pink Tourmaline); rose or rose 3-15 7-8 I1L Pink or red ; white or pale red.
o pink.
= Pmk Topaz; pale pink . . 3:5 8 v Pale rose; yellow.
o Red Diamond ; pink or ruby red . 3-52 10 I Both alike.
=] Garnet (Almandme “Cape Ruby ”) 3:6to4:2 7 I Both alike.
ﬁ dark red, brownish red, or purpllsh red.
Jacinth; dark sherry 45 7-8 II Red-brown ; greenish.
Rose Q’aa.rtz pale rose . 2-66 7 IiT
= & Jacinth ; brown red or cinnamon 4-5 7-8 II Red-brown ; brownish green.
] £ Gamnet; brown red 3'6tn4-2 i I Both alike.
Ego Diamond; cinnamon or brown 3-52 10 il Both alike.
P Taurmallne brown or deep orange 3-15 7-8 11T Brown; straw.
S M | Epidote; dark brown : 3-3 6-7 v Dark brown ; pale brown.
Topaz; full yellow to pale yellow . 35 8 IV Deep yellow ; pale yellow.
B. Ca}::]zgorm (Yellow Qusﬁ:}:thz_’;-]r : . 2-66 7 111 o el
= Yellow Sapphire; bright yellow . 3-95 9 11 Yellow ; greenish.
=] Yellow Beryl; lemon yellow . = 5 2:71 7-3 111
= Chrysoberyl; lemon yellow 37 8-9 Iv Straw yellow ; greenish yellow.
E! Yellow Diamond ; canary 3-52 10 I Both alike.
Amber; pale yellow to orange 1-03 Soft 0 Both alike.
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COLOURS, DENSITY AND HARDNESS OF GEMS—continued.
Name and Tint. Density. Hardness. (S;'rystal ‘ Twin Colours seen in Dichroiscope.
G ystem,
Emerald ; emerald green 2:71 8 IIT | Blue green; yellow green.
I[uidemte fuller green than mneral:ls 3-15 63-T v Green; yellow green.
Green Gunet gormseherry green . g 35 8 I Both alike.
; Green Sapphire ; dull green . 3-95 9 1I Blue green ; yellowish green.
Z Olivine (Peridot, Chrysolite); sage g‘reen 3-37 6-7 v Pea green; dull yellow.
= Tourmaline; darker green than emerald. 3:15 7-8 I11 Blue green; yellow or straw.
E Moroxite (Apatite); sage green ‘ 5-26 5 111
T Green Diamond ; pale grass . 8-52 10 I Both alike.
Chrysoprase ; turbid green . 2-66 7 111
Alexandrite; dull emerald by dayllght 8-7 8-9 IV Mulberry red; dull green.
mulberry red by candle light.
Jargoon; dirty yellowish 4:5 7-8 II Dull green; whitish.
Sapphire; pale blue to deep blue . 4-0 9 II Darker blue; paler and greener blue.
e Blue Diamond ; pale blue . 7 3-52 10 1 Both alike.
Blue Topaz; sea blue . . . . 35 8 IV Blue; pale yellow green.
=}
- Blue Beryl ; greenish blue Al 9.7 8 101 Blue; green.
M Aquama,rme pale sea blue .J {Pa]e blue-green ; pale yellowish green.
Indicolite (Tourmaline); indigo 8:15 7-8 111 Indigo; greyish blue.
b Violet Sapphire (Oriental Amethyst) 40 9 I Violet blue; duller blue.
I Violet Spinel; violet or mauve 8-5 8 I Both alike.
= Violet Tourmaline; slaty violet 3:15 7-8 ITI Violet; grey blue.
(=) Amethyst ; smtthy 2-66 7 111
= Tolite (Cord]enta) dull violet or lavender 2-63 7-7} v Deep blue; buif.
Kuuzite ; lilac : : : . 317 63-7 v Lilac; pale lilac.
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COLOURS, DENSITY AND HARDNESS OF GEMS—continued.

Name and Tint. Density. Hardness, g;z::;: Twin Colours seen in Dichroiscope.
¥ | Black Diamond . . e e 10 I | Bothalike.
= Tou.tma.hne} 315 7-8 11T Differently dark.
2 | Epidote | ¥OF daxk brow or green {33 7-6 V | Differently dark.
]

% Diamond . : : . = . 3:52 10 I Both alike.
=] %Tglbe gapphu‘a : : . : 3-95 9 II Both alilk:e.
iz ite Topaz 35 8 v Both alike.
S | White Beryl }f"'m* bluish tint . .{| 37 7-8 III | Both alike,
n Phenakite . 2:97 7-8 111 Both alike.

J n  (White Jasmth) often dlrty 4:5 7-8 II Grey and white.
E wgl
— Andalusite ; greyish white or reddlsh : 315 T3 IV | Blood red; grey white.
'E::' Quartz (Rcmk Crystnl) : 2-66 7 III | Both ahke

‘White Spinel 35 8 I | Both alike.

i ; on Wi - al has a density of d a bardness of 6-1
= Higgt’%Blcodstnne). dark green with 2:6 7 g%’ i‘h?’s p:.l “ :.ﬁ nipgr:ng - '},?;"{m‘:i |:|': bdlllj’;“fsgm’?nk‘:
u W s

E} Malachite; full green . . . . 38 3% ith red. Milk Opal i wlites; Shot T T o
- Lu.pm Lmuh]; utiiramanne 2 4 %'i b ,-f‘"*,;’g,.';’;“ e : e sl o o
=% oise; sky blue 4 3 i 75 6 £ yan ems, such as s kEye, ger'a Eye
& Ne;%nta (Jade); dull emerald . . 3:33 63-7 Ef.’&'f;":’l‘iﬁé;, !sﬂﬁ}ﬂmfr [ i

In the above Table the Density means the ific Gravity as compared with water as 1.
The Hardness is on the ordinary empirical scale as follows:—10 Diamond; 9 Corundum; 8 Topaz; 7 Quartz; 6 Felspar; 5 Apatite; 4 Fluorspar; 2 Calespar;
2 um ; 1 Tale.

o Cf'yatalhm Systems are as follows:—1I Cubical ; IT Tesseral or Square Prismatic; [11 Hexagonal ; IV Right Rhombic or Trimetric; V Monoclinic; VI Triclinic.
Of these I has no optic axis; IT and IIT have one uphc axis; while IV, ¥V and VI have two optic axes. Those of clasa I are monochroic, all others are dichroic. The
Dichroiscope a.ﬂ’o‘t\dl one of the most useful of tests in dlstl.ngulshmg gems. Thus garnets and sge nels are monochroic, and can instantly be distinguished from rubies and
rubellites, which are dichroic. No false gems are dichroic. Reconstructed rubies are dichroic, being optically identical with the natural gem.
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