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OPTICAL EQUIPMENT-OBJECTIVES 17 

FIGURES IN ITAtlCS= FIELD OF VIEW 

Primary ' 
Primary Combined magnifications 

PARA-
Magnifi• Micro- Combined magnificMions at 160 mm. PARA-

Magnift• Micro- at 160 mm. tube length 
CHROMATIC 

cation at metric tube length with Huygeuiau eyepicces. CHROMATIC 
cation at nictric with Ho Iosco pie eyepiece � 

OBJECTIVES. 
160 mm. value. and field of t1icw. OBJECTlVES. 160 mm. value. and field of 11iew. tube lube 
length. X 5 X 6 X 8 X IO X 12 -- X [5 lengtl1. X 7 X IQ X 14 X 20 

Inch. 28·0 32·0 28·0 23·0 22·0 17·5 Inch. 26·0 21·0 14·7 9·8 
4 0·6 250µ 3 4 5 6 7 9 4 0·6 250µ 4 6 8 12 

14·5 l(j-5 14·0 11·7 11·6 9·5 13·3 11-0 7·5 5·2 
3 1-25 200µ 6 7 10 12 15 19 3 1-25 200µ 9 12 17 25 

7·8 8·5 7·6 6·0 6·2 5·0 7·1 5·8 4·0 2·8 
2 2·5 58µ 12 15 20 25 30 37 2 2·5 58µ 17 25 35 so 

5·5 6·0 5·5 4·4 4·3 3·5 5·0 4·0 2·8 2·0 
l½ 3.5 4l(J. 17 21 28 35 42 52 l½ 3·5 41µ 24 35 49 70 

3·3 3·75 3·3 2-73 2·6 2·1 3·0 2·4 1·72 1·22 
1 6 25µ 30 36 48 60 72 90 l 6 25µ 42 60 84 120 

2·13 2·25 2·06 1·7 1·69 1·35 1·95 1·59 1·09 0·78 

{ 9 16·0µ 45 54 72 90 108 135 .2  9 16·0µ 63 90 126 180 
1-47 1-.59 1·45 1·19 1·18 0·94 Z..15 1-11 0·76 0·55 

½ 13 11·3µ 65 78 104 130 156 195 ½ 13 11-3µ 91 130 182 260 
0·73 0·77 0·71 0·58 0·58 0·46 0·66 0·54 0·37 0·26 

¼ 26 5·5µ 130 156 208 260 312 390 t 26 5·5µ 182 260 364 520 
0·45 0·48 0·45 0·37 0·36 0·29 0·41 0·34 0·23 0·17 

t 42 3·5µ 210 252 336 420 504 630 t 42 3·5µ 294 420 588 840 
0·44 0·47 0·44 o-;16 0·36 0·28 o-40 0·33 0·23 0·16 

t (o.i.) 42 3·5µ 210 252 336 420 504 630 t(o.i.) 42 3·5µ 294 420 588 840 
0·27 0·28 0·26 0·22 0·22 0·17 0·25 0·20 0·14 0·10 

.l 51 2·1µ 255 306 408 510 612 765 ½ 70 2·1µ 490 700 980 1400 • 

0·27 0·28 0·26 0·22 0·22 0·17 0·25 0·20 0·14 0·10 

i  60 2·1µ 300 360 480 600 720 900 1 70. 2·1µ 490 700 980 1400 !I 

0·20 0·21 0·20 0·16 0·16 0·13 0·18 0·15 0·10 0·07 
r',(o.i.) 96 1-5µ 480 576 768 960 1152 1440 r'c,(o.i.) 96 1-5µ 672 960 1344 1920

0·17 0·18 0·17 0·14 0·14 0-Zl 0·16 0·13 0·09 0·06 
¼(o.i.) 106 1·3µ 530 636 848 1060 1272 1590 ¼(o.i.) 106 1·3µ 742 1060 1484 2120 

Primary Primary 

liOLOSCOPIC 
Magnifi- Micro Combined mag11if cations at 160 

lloLOSCOPIC 

Magnifi• Micro- Combined magnification , at 200 cation ut cation at 
ODJECTIVES. 160 mm. metric mm. tube length with Holoscopic 

0JUECTIVES. 200 mm, metric mm. tube length with Holoscopic 

tube value, eyepieces. and field of view. tube value. eyepieces, and field of view. 

length. x7 X JO X [4 X 20 length. x7 X 10 X 14 X 20 -- -
mrn, 3·0 2·4 1·68 7-20 mm. 2·3 1·9 1·31 0·94 

25 6 24·8µ 42 60 84 120 25 8 19·3µ 56 80 112 160 
2·15 1·76 1·21 0·87 1·67 1·39 0·94 0·68 

16 8 18·0µ 56 80 112 160 16 10 14·21J. 70 100 140 200 
1-38 1·12 0·77 0·56 1·08 0·89 0·62 0·44 

12 13 11·6µ 91 130 182 260 12 16 9·2µ 112 160 224 320 
0·88 0·72 0·50 0·36 0·7 0·58 0·40 0·29 

8 19 7·3µ 133 190 266 380 8 24 5·8µ 168 240 336 480 
0·73 0·60 0·41 0·29 0·59 0·48 0·33 0·24 

6 23 6·2µ 161 230 322 460 6 30 4·9µ 210 300 420 600 
0·46 0·38 0·26 0·19 0·38 0·31 0·21 0·1,S 

4 37 3·9µ 259 370 518 740 4 46 3·2µ 322 460 644 920 
0·21 0·17 0·11 0·08 0·17 0·14 0·09 0·07 

2(o.i.) 84 1,7µ 588 840 1174 1680 2(o.i.) 104 1-4µ 728 1040 1456 2080 

Primary Primary 

APO-
Magnifi• Micro- Combined magnificntions at 160 Aro-

Magni.fl- Micro- Combined magnifications at 200 cation td cation at 
CH'ROMATIC 

160mm. metric mm. tube length with Holoscopic CHROMATIC 
200 mm. metric mm. tube len�th witli Holoscopic 

OBJECTIVES. tube value. eyepieces, and feld of view. 0HJ.ECTIVES. tube value. eyepieces, and field of view. 

length. X 7 X }Q X 14 X 20 
 
length. X 7 X IQ X 14 X 20 --

mm. 2·15 1-76 1·21 0·87 mm. 1·67 1·39 0·94 0·68 

16 '8 18·0µ 56 80 112 160 16 10 14·2µ 70 100 140 200 
0·89 0·73 0·49 0·36 0·71 0·59 0·40 0·29 

8 19 7·6µ 133 190 266 380 8 24 6·1µ 168 240 336 480 
0·46 0·38 0·26 0·19 0·38 0·31 0·21 0·15 

4 37 3·9µ 259 370 518 740 4 46 3·2µ 322 460 644 920 
0·21 0·17 0·12 0·08 0·17 0·14 0·10 0·07 

2(o.i.) 84 1-7µ 588 840 1174 1680 2( o.i.) 104 1-4µ 728 1040 1456 2080 
B 















24 CONDENSERS-SUBSTAGE 

The New Long Working Distance Zonal Dark Ground llluminator has been introduced for 
use by those whose research requires dark ground illumina Lion in conjunction with high powers and deep 
cells. These condensers arc made in two types, one for use with Objectives having a numerical aperture 
not greater than l · 15 and with a working distance up to 2·5 mm. ; this condenser is ftted with the standard 
R.M.S. thread. The alternative condenser having a larger front lens 25 mm. diameter is supplied with the 
Watson Universal and Abbe size condenser thread and can be made with a working distance of 4 mm. It 
is also designed for use with Objectives whose numerical aperture does not exceed 1·15. 

Please sper.ify the working distance required at the time of ordering. 

GENERAL INDICATIONS FOR USE OF THE VARIOUS CONDENSERS 

Macro Condenser. This is intended for use in conjunction with photographic and other Objectives 
of 2 in. and longer focal lengths. In use the Condenser should be racked up until almost in contact with 
the under surface of the specimen. The beam is then brought t.o a focus inside or beyond the Objective, 
by tlris means an evenly illuminated feld is provided and the whole of the specimen can be photographed 
without difficulty. For projection with low powers or for projection drawing, tlris condenser, which is fully 
achromatised, will be found ideal. 

Low Power Condenser. For Objectives whose aperture does not exceed ·45 this condenser is 
indicated, having a relatively long focus a large area is illuminated with a resultant equality of intensity 
of illumination over the whole field. If critical illumination be employed and the light source focussed in 
1he plane of the object it will be found that the image is sufficient to fill the feld of these Objectives. 

Universal Condenser. This condenser is designed for those whose work is primarily with low and 
medium powers. Having a focal length of,•, in. the light source, assuming that the Pointolite, oil lamp 
or similar radiant is employed, will be found to fill the field effectively with a{;- in. Objective. 

If low powers such as the} in. Objective are to be used and full aperture is required combined with a 
large image of the light source, the top lens of the condenser may be unscrewed and a fully achromatised 
combina Lion is left. 

Parachromatic Condenser. This is suitable for workers with medium and high powers who 
desire to be able to use the oil immersion Objective with critical illumination. The focal length of this 
condenser is -r"o in., and consequently a smaller image. of the radiant is projected into the field of view and 
this will be found sufficient for oil immersion Objectives, while the concentration of light into the smaller 
area is of great advantage. 

For low powers such as the½ in. the top lens may be unscrewed when a fully achromatised and aplana
tised combination at N.A. 0·40 remains. 

Holoscopic Oil Immersion Condenser. This serves the purpose of those requiring maximum 
resolving power from their Objectives. It can be made with apertures from N.A. 1·30 1·37 and for any 
thickness of !<lip from 0·9 mm. 1·4 mm. Its corrections are as perfect as those of an achromatic oil 
immersion Objective, and for critical high power visual or photomicrographie work this condenser has no 
equal, the performance of Objectives and the detail seen is immeasurably increased especially if critical 
illumination be employed. 

The condenser will be ound to perform in every way satisfactorily if used dry with dry Objectives, 
while with the front lens removed an aperture of 0·55 is available. 

In fact one of the best known microscopists of the day remarked when using this condenser " It is like 
another eye." 

In our series of substage condensers, we provide for all classes of work, with every power of Objective, 
as follows:-

Condenser. Full 

Aperture. 

llfacro Illuroinator ... . . . ... 

Aplanatic Low-power ... · • · ·SO 

The Universal . . . . . . ... l ·O 
The Parachromatic ... ... l·O 
Oil Immersion (Holoscopic series) 1·30 to 

1·37 

Apla11atic Aperture. 
---- --- --·-

Complete. Top Len � 
Remo11ed. 

- -

·48 -

·95 ·40 
·90 ·40 

Full .55 

Equfoalent Focus. 

Complete. Top Lens 
Removed. 

In. In. 

2·0 -

·66 -

·40 l·O
·29 ·40 
·22 ·55

And our well-known Abbe llluminator, page 28. 

Diameter 
Page, of 

Bo.ck 
Lens. 

25 1-25
25 ·60
26 ·77 
27 ·62
27 ·6U

The freedom of the lens-system from spherical aberration shows the degree of aplanatism attained. 
In the above table the aplanatic aperture is very large in relation lo tl1e full aperture : a sufficient inclicalion 
of high efficiency. 

As already explained achromatism is as important as aplanatism for really good results; particularly 
with highly corrected Objective systems. All the above condensers are aehromatised. 

Special attention is drawn to the new Condenser Changers described on pages 42 and 43. 











































45 

The Tool Room, Watson's Works, Barnet. 

The Machine Shop (looking East), Watson's Works, Barnet. 
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