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“Tue position of a line in the spectrum is most generally indicated
by the wavelength (A) of the vibrations which produce it. The
unit of wavelength is the Angstrom Unit, or “ angstrom,” as it is
now beginning to be called. It was intended to equal 10-'* metre,
and is accordingly often called the “tenth-metre.” It is also
equivalent to 10-* em., or 0:000x, where u is the micron, or thous-
andth of a millimetre. Wavelengths in the visible spectrum range
from about 3,9000 A to 7,600 A (A being the modern abbreviation
for the angstrom). For the long waves in the infra-red, however,
4 is often taken as the unit, so that A 12,500 A, for example, would
be indicated by 1-25 p.”” *

The thousandth of a micron (millionth of a millimetre) is often

* A. Fowlers Report om Series in Line Spectra. Fleetway Press, Ltd.,
London, for the Physical Scciety of London, 1922, pp. 1-3.
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TERMS OF BUSINESS

Cash with order, or good London references.

Forrigy Ompers should be sccompanied by a remittance, or
credit with an English Bank or first-class Firm, who will pay on
presentation of invoice. This condition does not apply in the case
of official orders from recognised Colleges and Seientific Institutions.

The prices are for net cash at our Works, and in no case subject to
disconnt.

The very greatest care is exercised in packing, which is
charged at cost price, and ADAM HILGER, Ltd., cannot hold
themselves responsible for injuries, which should be claimed
for from the carrier. Cases should always be examined on
arrival in presence of the carman for any external signs of
damage, and his recognition of any such damage obtained.

Inland eases returned carriage paid and in good condition will be
credited at two-thirds.

Cheques to be croased ** The Midland Bank, Limited.”

October, 1924,

ADAM HILGER, Ltd., 752 Camden Road, London, N.W.1
Entrance i—24 Rochester Place (adjoining)
Telegraphic Address—'* Sphericity, Phone, London."
Telephone Nos.—North 1677 and 1678,
Cable Code—Western Union,
Cable Address— Sphericity, London."



Echelon Diffraction Gratings

SECTION B
ECHELON DIFFRACTION GRATINGS AND
LUMMER-GEHRCKE PARALLEL PLATES

Considerable improvements have been made by us during the past few years in the
methods of testing the glass plates for Echelons during their polishing. These improved
methods enable us to include in the following list a price for Echelons of 56 plates, which
can be made of 10, 15, or 20 mm. thickness. The prices for intermediate numbers of
plates will be guoted on applicalion.

SIZES OF ECHELON DIFFRACTION GRATINGS USUALLY SUPPLIED

For our Eehelons with plates 10 mm. thick the approximate Resolving Power may be
obtained by multiplying the number of plates by 10,000,

Catalogue Number Catalogue Number

No. of Plates, Nao. of Plates,
B1 10 B4 23
B2 il B 15 24
B3 12 B 16 25
B4 13 B 17 26
BS5 14 B 18 27
B6 15 B 19 23
B7 16 B20 20
B8 17 Bl 30
B9 18 f B 22 31
B 10 19 | B 23 32
Bl 20) B 24 33
B 12 21 B 25 &5
B 13 22 B 26 40
B 27 a6

The above pries include a suitable mount arranged for the edges of the plates
to be vertical.

If the plates are required to be used with the edges horizontal instead of vertical
no extra charge is made ; if to be nsed with the edges both horizontal and vertical
an extra charge is made.

The following proportions have been adopted by us after due consideration, and
will be adhered to unless special directions are given to the contrary.

Height of Plates : For a 10-plate Echelon about 32 mm.

L} 11 EE e B 3-'3 L}
R P & waa
S R i e S,

14 a0
¥ 3 rr L (13
For a 15-plate and all larger numbers about 40 mm.
Prices oF Hiouer PraTes iz PrRoPORTION,

Thickness of Plates, about 10 mm. (but see below).
Width of Step, 1 mm,

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1

Entrance =214 Rochester Place (adjoining)
]
A
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Echelon Diffraction Gratings ' B2

Echelons of 20 plates and upwardz are now made also of 15 mm. thick or of
20 mm. thick plates, the prices being 30 per cent. higher than the above scale in the
case of the former, and 60 per cent. higher in the case of the latter ; this increased
price including a suitable alteration of the mount to take the increased length and
weight of glass.

L]

VARIOUS MODES OF ARRANGEMENT OF THE ECHELON APPARATUS

In the use of the Echelon Spectroscope an auxiliary analysis of the light is
required for the purpose of isolating the particular radiation under observation.

In the case of a spectrum consisting of a few isolated lines, a prism and con-
densing lens in front of the slit are sufficient, monochromatic images of the source
being thrown on the slit. In the case of spectra where a more powerful analysis is
neceasary, any of the following three arrangements can be adopted.

FIRST ARRANGEMENT

== T .*:L]_ﬂ“;:u--;:mz?:‘f_ T
c T
5

Fig. B 1. —Plan of First Method of arranging Echelon Apparatus

This is illustrated in diagram in Fig. B 1. It consists of the Echelon Spectro-
scope with slit 8, Collimator C, Echelon E, and Telescope T ; and an auxiliary
Spectroscope, by means of which a spectrum of the light source under examination
is thrown on the slit of the Echelon Spectroseope, any desired line being thus isolated.

Any spectroscope can be used for this preliminary analysis, but the Hilger
Wavelength Spectrometer (see pp, D 1-D 2), as shown in the plan in Fig. B 1, is by far
the most suitable, as it affords means of passing gradually through the spectrum
without altering the position of the collimator,

Such an arrangement is shown in Figs. B 4 and B 6, in the case of Echelon
Spectroscopes 1 and 3 respectively.

SECOND ARRANGEMENT

SO bl ol T O
w1 K Wbk nnE EEEEN 1 b Y 0 6 6 S e
T 5 4] = T
-

Fig. B 2.—Plan of Second Method of arranging Echelon Apparatus

The only difference between this (Fig. B 2) and the first arrangement is that
the glit of the Eehelon Spectroscope, and the edges of the plates of the Echelon itself,
are both horizontal. Thus instead of only one line a large portion-of the spectrum

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
Entrance :—234 Rochester Place {adjoining)



Echelon Diffraction Gratings

can be examined at once, each line heing separately subjected to the analysis of the
Echelon. In the Echelon Spectroscopes Nos. 1,2,3, 4, and 5on pp. B 3to B 8, an
equivalent result can be obtained by placing in front of the slit of the Echelon Spectro-
scope a prism of special shape. "lliue edges of the Echelon then remain vertical
(its resolution being in a horizontal plane), while the prism spectrum is dispersed in
a vertical sense.

THIRD ARRANGEMENT

Fig. B 3. .
Flan of Third Method of arranging Echelon Apparatus |

In this case (Fig. B 3) the auxiliary analysis of the light is obtained by a constant
deviation prism, large enough to take the whole beam of light from the Echelon,
being placed in the position shown in the figure. Thus the light is subjected first
to the analysis of the Kchelon, and then to that of the constant deviation prism.
The edges®of the Echelon are horizontal, and the slit of the Echelon Spectroscope
has adjustment in two directions at right angles, consisting, in fact, of two slits
superposed with the two pairs of jaws as nearly as possible in one plane.

This arrangement has the advantage over the second method {which it resembles
in effect), that the light=has to pass through only two object glasses, with the result
that there is less loss of light.

This arrangement is shawn in Fig. B 10, in No. 3 size.

For very complex spectra of sufficient intensity a ruled diffraction grating
may be employed for the auxiliary dispersion in place of the constant deviation
priem P in I?ig. B

ECHELON SPECTROSCOPES FOR USE IN ARRANGEMENT 1

-
(See p. B 2.}

The five following Echelon Spectroscopes can be supplied suitable for No. 2
Arrangement by placing a prism of special form in front of the slit. The prism
agectmm, as seen in the eyepiece, is then dispersed in a vertical direction, while
the resolution of the Echelon remains in a horizontal direction.

B 230,—Prism and mount for converting to No. 2 arrangement._

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1

Entrance :—24 Rochester Place (adjoining)
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Echelon Diffraction Gratings

The smaller sizes of Echelon can be adapted to almost any Spectroscope, but
owing to the peculiarity of the Echelon, that it is always used at direct vision, special
forms of Spectroscopes become more u.'-nmcmmt. These special Spectroscopes are
supplied in five different sizes, suitable for various sizes of Echelon.

No. 1 is snitable for from 10 to 14 plates 10 mm. thick.

No. 2 is suitable for from 15 to 20 plates 10 mm. thick.

No. 3 is suitable for from 21 to 33 plates 10 mm. thick ; or from 20 to 22 plates
15 mm. thick.

No. 4 is suitable for from 34 to 40 plates 10 mm. thick ; from 23 to 33 plates
15 mm. thick ; or from 20 to 25 plates 20 mm. thick.

No. 5 is suitable for from 41 to 56 plates 10 mm. thick ; from 33 to 37 plates
15 mm. thick ; or from 26 to 28 plates 20 mm. thick.

Fig. B 4

B 29.—FEchelon Spec:t['c:scnpe No. 1 (as shown, together with Echelon and an
auxiliary Spectroscope in position, in Fig. B 4), with slit, collimator, and telescope,
means of rotating Fehelon and rackwork for the same, and high and low power
eyepicces, The slit has non-corrosive jaws, and screw for adjusting width of aperture,
with divided dromhead. The object glasses are of 1} inch clear aperture, and 11}
inches focal length. The whole mounted on strong iron tripod. The price does
not include the wavelength spectrometer shown, for which see pp. ' 1 and D 2.

NoTe.—~Since the preparation of Fig. B 4 above, the design of this No. 1 Echelon Spectro-
scope has been improved, the collimalor and felescope being supported by dowble
supports, this arrangement greatly adding to the rigidity. The wavelength
spectrometer heas also been yreath; improved.

B 30.—S8lit arranged with rod with milled head to actuate it from
the eye end b

B 31.—If supplied with ‘n'.ﬂﬁ"EI&l]g'lh spcbetmmsiur mil fur pa.ssmg
through spectrum ... P S

B 32.—Echelon Spectroscope No. 2 (Fig. B 5), suitable for 15 to 20 plates. The
object glasses are 1% inch clear aperture, and 14} inches foeal length. This stand
has means of moving the Echelon out of the field without taking it off the instrument.
Two eyepieces are supplied.

B 33.—8lit arranged with rod with milled head to actuate it from
the eye end ... o

B. 34—1If Hll wplied with wavelength El]:rcﬂtmmeier md fCI-I‘ pa.aamg
through spectrum

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1

Entrance :—24 Rochester Place (adjoining)
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Echelon Diffraction Gratings

Fig. B 5

B 35.—Echelon Spectroscope No. 3 (as shown, together with Echelon and an
auxiliary Spectroscope in position, in Fig. B 6, with 2 inch diameter object glasses,
of 22 inches focal length. The collimator has a high quality slit, with fine steel
screw and large divided drumhead. Two eyepieces are supplied. There is a rotat ing
movement by rackwork for the Echelon, and means of moving it out of the field
without taking it off the instrument. On strong tripod stand, with three levelling
screws, 'The price does not include the wavelength spectrometer ghown, for which
gee D1 and D2,

Nore.—~Since the preparation of Fig. B 6, the frame of the No. 3 Echelan Spectroscope
has been remodelled. The wavelength spectrometer has also been greatly
improved, see Section D, pages D 1 and D Z.

Fig. B &

B 36.—Slit arranged with rod with milled head to actuate the slit from
the eye end ... .

B 37.—If supplied with wavelength spectrometer, rod for passing
through spectrum

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1

Entrance :—24 Rochester Place (e jolning)
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Echelon Diffraction Gratings

B 38.—Echelon Spectroscope No. 4 is built upon a cast-iron frame similar in
character to that of the No. 3 size. The telescope and collimator have 2 inch dia-
meter object glasses of 22 inches focal length. The collimator has a high quality
slit, with fine steel screw and large divided drumhead. Two eyepieces are supplied.
There is a rotating movement by rackwork for the Eechelon, and means of movin
it out of the field without taking it off the instrument. There are three levelling

SCTEWS,
B 39.—Rod with milled head to actuate the slit from the eye end ...

B 40.—If supplied with wavelength spectrometer, rod to eye end for
passing through spectrum
B 229.—Echelon Spectroscope No. 5 is similar in construction to No. 4.
B 39.—Rod with milled head to actuate the slit from the eve end ...
B 40,—1If supplied with wavelength spectrometer, rod to eye end for
passing through spectrum

e

COMBINATION OF ECHELON AND AUXILIARY SPECTROSCOPE,
for Arrangements 1 and 2

The prices below are for No. 1 arrangement.

B 230.—Prism and mount for converting to No. 2 arrangement. See pp. B2
and B 3.

We can supply Echelon Spectroscopes Nos. 1 to 4 above mounted in combination
with the 'l.\'m'f:}engtil spectrometer above on one substantial cast-iron base.
B 43— No. 1 size
B 44.—No. 2 size
B 45.—No. 3 size, as shown in Fig. B 8
B 46.—No. 4 zize
B 231.—No. 5 size

(not ineluding Echelon)

Bi

Fig. B 8

The above combinations include the wavelength spectrometer (D 1), with prism
of 1-65 refractive index for D, mounted on the long base which carries the Echelon
Spectroscope instéad of on the usual tripod, rods for actuating the slit of the Echelon
Spectroscope and for passing through the spectrum (these rods are not shown in
Fig. B 8), and the slit, collimator, telescope, ete., as described in the corresponding
No. of Echelon Spectroscope (pp. B 4 to B 6).

Any of the above can be supplied with prism of 174 refractive index
for D .. -

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1

Entrance ;—24 Rochester Place (o jmining )
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Echelon Diffraction Gratings

THIRD ARRANGEMENT OF ECHELON APPARATUS
(See p. B 3.)

Fig. B &

B 48.—No. 1 suitable for from 10 to 12 plates 10 mm. thick (Fig. B 9).
B 49.—No. 2 suitable for from 13 to 20 plates 10 mm. thieck.

B 50.—No. 3 suitable for from 21 to 33 plates 10 mm. thick {(Fig. B 10);
or from 20 to 22 plates 15 mm. thick. The price does

not include the micrometer evepiece shown in the figure

Fig. B 10

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. }

Entrance :—2# Rochester Place (adjoinimng)



Echelon Diffraction Gratings

B 51.—No. 4 suitable for from 34 to 40 plates 10 mm. thick ; or from
23 to 32 plates 15 mm. thick , or from 20 to 25 |‘.-lat<;'-$ 20
mm. thie Similar to No. 3, but snitably modified to
take the larger echelons ok i ses

B 232, —No. b suitable for from 41 to 56 plates 10 mm. thick; from
33 to 37 plates 15 mm. tl]iLl-., or from 26 to 28 platas
20 mm. thick

The above combinations include the whole Hrrmugemt'.ni (as shown for No. 1 size
in Fig. B 9 and for No. 3 size in Fig. B 10) with constant deviation prism and wave-
length calibrations.  All adjustments are accessible from the eye end of the apparatus.
The prism in size 1 is of 1-74 refractive index for I, and in sizes 2, 3, and 4 of 1-G5
refractive index for 1. The wavelength calibration in sizes 3 and 4 is accurate to
within 1 angstrom.

The No. 1 size is also suitable for the Lummer Plate and Fabry and Perot Etalon
deseribed in Section O, " Spectroscopic Apparatus for High Resolving Power,” it
being identical with the 0 10 Mﬂdlﬁccli Wavelength Spectrometer therein deseribed.

Nore—TIn Fig. B 10 the Echelon is shown with its edges vertieal, but as deseribed on p.
B 3, for the Third Arrangemeni the edges of the Echelon are horizoninl. 1Ii
will be noted that the No. 3 and No. 4 sizes can be used as in arrangement

fo. 1 by removal of the prism, and change of the position of the telescope.
The accessibility of the various adjustments is, however, arranged for the Third
Arrangement.

VARIOUS ACCESSORIES FOR USE WITH ECHELON APPARATUS

B 52— Camera with enlarging lens combination for any of the above
Echelon Spwtmawpcs can be aupp].wd enla.rgmg either
twice or three times .. i

aws

B 53 —Accurate micrometer eyepicce "F'-'lt-h ECTD adjuatmcm in a
direction perpendicular to that of the movement of the
micrometer, and adapter for low.power eyepicce inter.
changeable with that for the usual eyepiece supplied ...

F 128.—Special evepiece for Lummer-Gehreke Plates or Echelon Diffraction
Gratings, or wherever in the use of a spectroscope great magnification of the speetrum
is required with the retention of as much light as possible. This eyepiece has a
magnification of 23 in a horizontal direction, and of only 3-85 in a vertical direction ;
thus it is admirably adapted to the examination of spectra produced by such high
resolving power elements as Lummer-Gehreke Plates or Michelson Echelons. It
is also of general use wherever it is desired to obzerve with a high power eyvepiece
spectrum lines of low intensity,

LUMMER-GEHRCKE PARALLEL PLATES

Nore—Unless otherwise specified in ordering, Lummer-Gehreke Parallel Plates will
always be sapplied with a prism cemented on (or, in the case of Quariz
Lummer Pla'es, in optical conlact), the prism being of the kind indicaled in
Fig. B 12, wﬁer‘clry the eombination becomes a °° divect vision " one.

ﬁt\/\/\f\/\/\»"\/\jji:::%:‘ o
| oy

Fig. B 12

A

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1

Entrance t—24 Rochester Ploce (ndjoining)
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Echelon Diffraction Gratings B4

SIZES OF LUMMER-GEHRCKE PARALLEL PLATES USUALLY SUPPLIED

Approximate
Resolving
Length. Width. Thickness. Power.
B 56.— 130 mm. 15 mm. 4} mm, 200,000

The above size, which can usually be delivered from stock, is strongly recom-
mended, except in the cases where an even higher resolving power is essential. It
will be noted that the resolving power of this size (B 56) is already very great.

;‘tﬁ])ruximulu

egolving
Length. Width. Thicknesa. Fower.

B 57— 130 mm. 25 mm, 10 mum. 200, (00

B 58.— 200 mum. 30 mm. 10 mm, 327 00

B 59.— S00 mum, 30 mm. 100 mm., S10,000

s = .

MG MELTIN

AR
e go

=

Fig. B 13

A mount of the type shown in Fig. B 13 is supplied with these plates.
We can also supply Lummer-Gehrcke Parallel Plates, of size (B 56), in quartz
for work in the ultra-violet.

B 60, —Quartz Lummer.Gehrcke plate in mount (Fig. B 13)... o

B §1.—Quartz-rocksalt triple or quartz-fluorspar double achromatic
lens on the mount described below (Fig. B 14), when
the plate is used in front of & quartz spectrograph

s

As quartz-fluorspar makes a betler achromatic combination than quariz-rocksalt, the former will
always be supplied whenever fuorspar of suitable quality is obtoinable,

SPECTROSCOPES, ETC., FOR USE WITH LUMMER-GEHRCKE
PARALLEL PLATES

For sizes (B 506) and (B 57) above, the (O 10) Modified Hilger Wavelength Spectro-
meter shown in Fig. B 9 and described in Section O, “ Spectroscopic Apparatus for
High Resolving Power,” is suitable. As so used, the Lummer-Gehrcke Plate lies
almost horizontal and thus diffracts the light in a vertical plane.

The ordinary prism spectrum is seen in the eyepiece, the bright lines being
ma.qg.fr identified by the wavelength drum ; and the Lummer-Gehrcke Plate on being
introdu

ced effects the resolution of each ray into its minute structure in a vertical
Bense, '

ADAM HILGER, Ltd., 75a Camden Road, London, NW.1
Entrance :—24 Rochester Place {(adjoining)



Echelon Diffraction Gratings

B 62.—Spectroscope for use with plate sizes (B 56) and (B 57)

B 63.— o » (B 58) ..

B 64. s s (B 59) ...

In the case of B 64 the necessary extension makes the spectrometer somewhat

uf%wiuh]g; for ordinary spectroscopic work, though without other detriment to its
etheency.

MOUNT TO TAKE THE ABOVE LUMMER-GEHRCKE PARALLEL PLATES IN
FRONT OF AN ORDINARY SPECTROSCOPE

This mount (Fig. B 14) is made to suit the Lummer-Gehreke Parallel Plates
described above.

Fig. B 14

The Lummer-Gehreke Parallel Plate (as in Fig. B 14) stands in its mount ou a
brass plate which is capable of slight rotation about a vertical axis by means of a
milled head screw. This, together with a readily accessible levelling serew, provides
the necessary adjustment.

The ravs from the source of light should be approximately collimated by a
condensing lens. They then traverse the Lummer-Gehreke Parallel Plate, and an
image of the resulting diffraction pattern is formed by an achromatic lens. This
image consists, of course, of a number of superimposed images produced by the
various monochromatic radiations emanating from the source.

The spectroseope or spectrograph to be used in conjunction with this arrange.
ment is then placed in train with the above apparatus so that the diffraction images
fall on the slit. The jaws of the slit should be set vertical ; and the dispersion of
the spectroscope will then separate out the overlapping diffraction images,

ADAM HILGER, Ltd., 75a Camden Road, London, NW.1

Entrance :—24 Rochester Place {adjoining)
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Echelon Diffraction Gratings Bl

The apparatus is mounted on a substantial cast-iron tripod, with three levelling
screws, and is suitable for use with any ordinary spectrozcope.

B 65 —Mount for size (B 56) or (B 57)
B 66 —Mount for size (B 58) ...
B 67 —Mount for size (B 59)

Besides its use with the Lummer-Gehreke Parallel Plate, this [lif:l.‘!c of apparatus
can also be empll.}yml with & Fabry and Perot Etalon. (See Section 0, * Spectro-
scopic Apparatus for High Resolving Power.”)

USEFUL ACCESSORIES FOR THE DEMONSTRATION OF THE ZEEMAN EFFECT
BY MEANS OF THE LUMMER-GEHRCKE PARALLEL PLATE

B 68.—Small electro-magnet on raising and lowering stand, pole pieces adjustable
from contact to } inch (12} mm.) apart ; suitable for demounstrating the Zeeman
effect with these Lummer-Gehrcke Parallel Plates. The current required is about
3 amperes when using an ordinary vacuum tube as the source of light. The lines
are separated with these plates into triplets, ete,

B 69.—Shutter eyepiece with f,'uri,ghl, pointer and double image prism for Zeeman
effect observations with the Lummer-Gehreke Paraltl Plate. By means of the
ghutter evepiece the line under observation can be isolated, and the double image
prism being turned into position, the components of the rays polarised in vertical
and horizontal planes can then be observed side by side simultaneously.

The surfaces of the double image prism are protected by glass plates,

ADAM HILGER, Ltd., 75a Camden Road, London, N.W.1

Entrance :—24 Rochester Place (adjoining)
Telegraphic Address—*‘ Sphericity, Phone, London.""
Telephone—North—1877 /8, b = -
Cable Code—Western Union,
Cable Address— Sphericity, London.""
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= Spectrometers and Goniometers cl

SECTION C
SPECTROMETERS AND GONIOMETERS

Fig. C 14

C 14 —FEducational Spectrometer.—This is a very small spectrometer in which
the elements have been reduced to their simplest form, the optical and other
work being none the less made of good quality. ]

The focal length of the object glasses is 120 mm., and their aperture 17 mm. Gt

The eyepiece has an equivalent focus of 10 mm. tlun giving a satisfactorily high
power which is yet suitable for the aperture.

The mﬂalc, which iz 51 inches in diameter, reads by vernier to one minute,

The prism, which is large enough to take ndv antage of the entire aperture of
the object glass, is of approximately 1-62 refractive index, and the I lines are easily

divided,

C 14.—Educational Spectrometer
C 15.—Comparison prism

C 16.—Replica diifraction mutlng, l-l{}(l[} Im-::a pu‘ !Ilf'll

c known as No. 1 A).—This instrument is built
in a ur!. strong and simple way, and will stand hard use well. The divided circle.
vernier, and the jaws of the slit are of platinoid, which is almost untarnishable.

Specification —
8lit, No. F 24, p. F 5.
Object glasses of collimator and telescope, 14 inch (31} mm.) clear aperture,
111 inches (285 mm.) focal length.
The focus of the collimator is accurately set and fixed ; the telescope
focnsses by helical motion.

Prism, 14% inch (33 mm.) high ; 17 inch (41 mm.) length of refracting faces ;
refractive index for D 165,

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
Entrance :—24 Rochoster Place (adjoining)



Spectrometers and Goniometers

Divided cirele, 6 inches diameter, divided all round to read by vernier to
1 minute of arc. The division is on platinoid, which is almost un-
tarnishable.

Prism table rotates, has a clamp for the prism, and a divigion every two
degrees,

Eyepiece.—One eyepicee is supplied, with cross webs. The cross webs are
capable of a glight lateral movement by means of a milled head screw,
whereby one ean very readily set the instrument to repeat exactly
readings which may have been taken some time before.

Tripod, strong, of enamelled cast iron.

C 1.—Table Spectrometer
0 2.—Protective cover to prism table
0 3.—Levelling screws ... : e

€ 4—Photographic scale adapted on a third tube, the scale being
reflected into the telescope from the second surface of the
prism, and being seen in juxtaposition to the spectrum ...

¢ 5.—Serew adjustment to photographic scale
€ f.—Well-made case, with lock and key

Table Spectrometer No. C 7 (formerly known as No. 2).—The divided cirele is
8 inches in diameter, the division being on platinoid. The telescope vernier reads
to 30 seconds of arc. The prism stands on a separate levelling table, 6 inches in
diameter, which is worked optically flat and stands on three levelling screws which
fit in radial grooves in the rotating prism table. This latter reads by vernier to
30 seconds.  One flint prism is supplied, refractive index for D 1-65. The prism is
in a separate mount, and can at once be placed in its eorrect position on the prism
table. The collimator has a well-made adjustable slit (see Section F of “ Spectro-
scopic Accessories,” Slit No. ¥ 24, p. F 5), with platineid jaws, wedge for redueing
the aperture, comparizon prism, and protective cap. The telescope is supplied with
high and low power eyepieces, cross spider webs for measurement, and steel tangent
sorew for slow motion. Both telescope and collimator have helical focussing adjust-
ment. The objectives are of 117 inches (285 mm.) foeal length, and 1} inches (313 mm. )
clear aperture.  The fittings of collimator and telescope are secured by double clamps.
The above is mounted on a stable iron triped stand with three levelling screws.

ADAM HILGER, Ltd., 75a Camden Road, London, NW. 1
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Spectrometers and Goniometers

C 7.—Table Spectrometer

C 8. —Photographic seale on a third tube uniform in design with
telescope and collimator

C 9.—Serew adjustment to photographic :-ml:. e
C 10.—Well-made case, with lock and key ...

Fig. © 7

C 12.—Table Spectrometer (formerly known as No. 5), designed with special
reference to accurate measurement of angles and refractive indices. The divided
cirele is 10t inches in diameter, and can be rotated to eliminate errors of the division.
The circle has two divisions on platineid, one on the top, on which the prism {able

Ci

Fig. G123

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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Spectrometers and Goniometers

reads to 30 seconds of are by vernier, and one on the edge, on which the telescope
reads by two microscopes, each with high quality micrometer eyepiece, to 1 second
of are. By a system of reflecting prisms the micrometers are read from the eye end
of the telescope. The levelling table for prisms is worked optically flat, and stands
on three levelling screws in three radial grooves in the rotating table. This has a
slow motion by rack and pinion. One large dense flint prism is supplied. The colli-
mator has a high quality slit, which is adjustable by a good steel screw with large
divided drumhead, wedge for varying the aperture, comparison prism, and screws
for correcting any want of parallelism of the jaws which may develop in course of
time. The collimator is supported on a separate pillar rising direct from the base.
The telescope fitting consists of a 6-inch long sleeve fitting on a fine ground steel
spindle, on which are also turned the fittings for the circle and prism table. The
greatest care is taken to ensure that the fittings for the telescope cireles and prism
table are accurately coaxial. The telescope is well stayed, and is exceedingly rigid.
Three eyepieces are supplied, each with eross webs. Both collimator and telescope
have rack and pinion Emuaﬁing and divided draw tubes (millimetre division). The
objectives are of 1§ inches clear aperture and of 14} inches focal length. The slow
motion of the telescope is obtained by the action of a steel screw against a radial
arm, which is attached to a split ring fitting on the sleeve earrying the telescope,
and it can be put in or out of action by a clamp. The hase is of cast-iron, massive and
rigid, with levelling screws standing in cups.

For Accessories for the above Spectrometers, see Section F, * Accessories
I ¥
for Spectrometers and Spectrographs.”

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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Wavelength Spectrometers

SECTION D

WAVELENGTH SPECTROMETERS
MONOCHROMATORS, AND
SPECIALISED SPECTROSCOPES

PAGES
Wavelength Spectrometers for the Visible ... D 1-11
Monochromators for the Visible and Ultra-Violet, and Ultra-Violet
Spectrometer D 11-14
Infra-red Spectrometers D 15-17
Epectroscopes for the rapid detection of Nickel, Chromium, Cobalt,
ete., in Stesl s 2 D17

The constant deviation Wavelength Spectrometer was introduced by us in
1904, The size then made appears in this catalogue in its latest form under the
number D 1 or D 2. A number of accessories greatly extending its applications
are fully described in Sections I and F of the catalogue. A guide to selections of
accessories for various purposes and for chemical or physical laboratories appears
in our “ Lists of Selected Speetroscopic Accessories,”’ which will be sent post free
on demand,

Other types of Wavelength Spectrometer useful for particular purposes are
shown, but for general use the instrument recommended is the D 1 or I} 2.

THE HILGER WAVELENGTH SPECTROMETER
CONSTANT DEVIATION TYPE
(Standard Model)

The design of this instrument (Fig. D 1, D 2) is bazed on the use of the now well-
known * Constant Deviation Prism.” There are a number of different forms of
this prism, of which the one used on the Hilger Wavelength Spectrometer is shown
in Fig. D la. Tt may be considered as built up of two 30° prisms and one right-
angled prism from the hypotenuse of which the light is internally reflected as shown,

The telescope and collimator are both rigidly fixed, since to pass through the
spectrum it is only necessary to rotate the prism; and as a result a construction
is arrived at which is at once extremely convenient and mechanically sound.

The table on which the prism stands is rotated by means of a fine steel serow,
the point of which pushes against a projecting arm ‘on the prism table. To the
screw is fixed a drum (see Fig. D 1b) on which the wavelength of the line under
observation is read off direct as indicated by the index which runs in a helical
slot, the index being on the side of the drum towards the eye, so that the wave-
lengths of lines can be read off without quitting the eyepiece (see Fig. D 1, D 2).
The point of the micrometer screw is of tI:La.rtlt.'m?w.i steel, and is permanently fixed
before the screw thread is cut, to avoid the risk of periodic errors, the point forming
one of the centres whilst the screw thread is being cut. This hardened steel point
presses u%mst a steel plug in the above-mentioned projecting arm of the prism
table, itself flint hard and optically polished. :

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
Entrance :—24 Rochester Place (adjoining)



Wavelengih Spectrometers C?

The telescope and collimator are both rigidly. fixed to the cast-iron base, and
the whole is screwed to a strong cast-iron tripod. The object glasses of both tele-
seope and collimator are of 113 inches (285 mm.) focal length, and 1} inches (31}
mm.) clear aperture.

Fig. D1, D 3
Height to the cenire, 320 mm. without levelling sgreics with levelling serews, 370 mm.

The focussing of the telescope is obtained by the milled ring, which can be seen
in the figure on the body of the telescope. By the turning of this ring the object-
glass is made to move by a carefully protected helical mechanism, the eyepiece
remaining always fixed.

It should be noted that the telescope and collimator can be interchanged -on
this instrument. The accuracy of calibration is unaffected by the interchange.

It should alzo be noted that the path of light through the prism may be the
reverse of that shown in Fig. D la. Indeed, this reverse direction is the one shown
in the illustration Fig. D 1, D 2, : 4

Price .—
D 1.—Wavelength spectrometer, prism of 1-65 refractive index for 1),
accurately calibrated from 3850 A to 8000 A *

D 2.—With denser prism 1-74 refractive index for D, and corres-
pondingly inereased accuracy of calibration, the calibra-
tion being from 3900 A to 8000 A* ; o

D 4. Protective cover to prism table
D 5.—Levelling screws ...

# With the prism of 1-65 refractive index for D, the Helium line 3888-8 and the Lithium line
£127 can both be seen.  With the prism of 1-74 refractive index for 1), the Helium line is not
wigible, but the Caleium lines 3%68-0 and 303.3-8, and the Aluminium lines 39061-7 and 3044-2 are
visible in the light of a carbon are fed with lime and alumina ; while at the red end the Lithium
line is easily visiblo. 2 Bl

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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Wavelength Spectrometers D3

D 6.—Well-made case with lock and key, for either of the above

D 7.—Extra high-power eyepiece, with its own zero adjusting
eross-webs

F 40.—Shutter eyepiece with lateral adjustment to bright pointer
(gee Fig. F 4, and deseription below)

F 41.—Slide with light filters to the shutter eyepiece for giving the
pointer any desired colour, by means of which an increase

of accuracy and comfort in reading can be secured, especi-
ally in the violet part of the spectrum

Purw or Licwr.

Fig. D Ia Fig. D 1b
NoTE.—This eyepicce has two shullers, which can be shifted from either side in the
focal plane so as to cover any desired part of the Jield, thereby obscuring any
bright lines which by their proximity prevent the observation of feebler lines.
The metal pointer, whose extremily is ground exceedingly fine and polished
bright with the greatest care, is illuminated from above by a mirror. This
bright pointer is adjustable laterally by the fwo milled head scerews below, 8o
that one ean always relurn to the standard reading by setting the bright pointer
on a reference line,

Fig. D 10

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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D 10.—Camera, with 21-inch focus lens, tilting adjustment for accurately focussing
the whole spectrum, and shutter for exposure (shown in position in Fig. D 10)

D 11.—<Telescope fixed to side of the camera,
and internal mirror with external milled head by
means of which the spectrum can be reflected into
the telescope at will. In this way the spectrum
can be observed immediately before photography.
The telescope is on the collimator side of the camera,
so that the slit, wavelength drum, and light source
are all within reach of the observer

D 12.—RBeplica of Bowland diffraction grating,
a3 deseribed on pp. D7 and 8, interchangeable with the
prism, including calibration in wavelengths for both
prism and grating. A wooden case is supplied for
holding prism and grating when not in vse,

Nore.—This can only be supplicd if ordered at the
same time as the spectromeler. Fig. F 40

We can now supply for these spectrometers apochromatic triple object glasses,
The caleulations for these lenses and the measurements of the refractive indices of
the glasses used have been made by J. W. Gifford, Esq.

Clear aperture e 32mm. (1} in.).
Equivalent focal length e 280 mm, (11} in.).

D 13.—Triple object glasses adapted to the Wavelength spectrometer
in place of the usual achromatic doublet object glasses ...

Infra-Red Accessories.—The Hilger Wavelength Spectrometers, in common with
other spectrometers in which the lenses and prisms are of glass, although not suit-
able for the extreme infra-red, are nevertheless capable of use considerably bevond
the visible spectrum. With the additions described below they can, moreover, b
calibrated interferometrically down to W.L. 2-0 & (20,000 A), This being as far as
water transmits, the instrument is quite suitable for measurements of the absorp-
tion of aqueous solutions in the infra-red.

The additions required are as follows -

F T1—Hilger Thermopile (see pp. F 13-15) sensitive area 20 x 15 mm., suit-
ably mounted on tube to fit in place of eyepiece of Hilger Wavelength Spectrometer,
with symmetrical slit; symmetrical slit to replace that usually supplied for the
collimator, with 20 mm. effective length of jaw; simple shutter attachment clamp-
ing to the Spectrometer for exposing and cutting off light; helical drum divided
into 100 parts per revelution to replace the wavelength drum for infra.red work.

F 78 —If the additions be ordered at the same time as the Wavelength Spee-
trometer, then instead of an additional helical drum for infra-red work one extended
drum alone will be supplied, calibrated in wavelengths throughout hoth the visible
and infra.red regions, as far as W.L. 2:0 p.

The following table gives the average error of wavelength reading for various
regions of the spectrum in the case of the Hilger Wavelength Spectrometer (constant
deviation type) with dense prism. The figures have been obtained by readings on
actual instruments ;— i

\’ISIIIB-LE. INFEA-RED,
Wavelength in A 4000 5000 6000 7000 S000 10,000 17,000 20,000
Average error in A 1 1 14 3 5 30 70 80

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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Wavelength Spectrometers D5
F 79.—Broca Galvanometer (made
spuc-JFaIE,h:selﬁ-h'{i for use with the above.

—scale, on stand, with lamp for use with this Galvanometer (strongly
recommended), with flexible

lead, holder, and plug adapter (made by Cambrid
[nstrument Co., Ltd.). : ; [ h : 3

by Cambridge Instrument Co.; Ltd.),

For other acressorics, see Seclion et

" Aecessories for Spectrometers and Spectrographs.””

D1lor D2 H5

The above figure shows the Hilger Wavelength Spectrometer D1 used with the N

ubling
Photometer H 56, (See pp. H 7-9.)

Fig. @ Sor O 10, O3, F3 and O 14

The above figure shows the Hilger Wavelength Spectrometer modified for use with
Fabry-Perot Elalon, Michelson Echelon diffraction grating, or Lummer-Gehreke parallel

plate ; with Lummer-Gehrcke parallel plate in position as set up for observing the Zeeman
effect. The complele equipment is described in Section O, ;

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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HILGER WAVELENGTH SPECTROMETER

CONSTANT DEVIATION TYPE
(Large Model)

Fig. D 19

Height to the centre 320 mm. without levelling screws ; awith levelling screws, 370 man,

This instrument (Fig. D 19) reads with an average accuracy of about 1 angstrom,
from 3888 A to 7950 A in wavelengths direct. The principles of its construetion
are the same as that of the smaller model, but it is larger and more powerful in every
way. The object glasses are of 1§ inch (41} mm.) clear aperture, and of 14} inches
(365 mm.) focal length. The divided scale of wavelengths is engraved on a helical
drum, the length of scale division being about 81 inches (205 em.). The eyepiece
has a bright pointer for measuring the wavelengths of bright spectrum lines on a
dark ﬁﬁ]daf 'fi'ns instrument iz of the constant deviation type—i.e. the telescope
and collimator are both rigidly fixed, the spectrum being traversed by the fine micro-
meter screw to which the helical drum is attached. The index is on the side of the
drum towards the eye, so that the wavelengths of lines can be read off without quitting
the eyepiece,

D 19.—Large model wavelength spectrometer, including shutter
evepiece with bright pointer and lateral adjustment (see
Fig. F 40), and calibrated complete

D 21,—Levelling screws to the above ., s
D 22 —Well made mahogany case, with lock and key
D 23 —~Camera to go in place of the telescope, with 211.inch focus

lens ... e -

For further accessories, see Section F, * Accessories for Spectrometers and Spectro-

graphs.”

ADAM HILGER, Ltd,, 75a Camden Road, London, NJW. 1
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HILGER WAVELENGTH SPECTROMETER
COMNETANT DEVIATION TYPE
(Small Model for Students)

Thiz spectrometer is precisely
gimilar in principle to the Hilger Con-
stant Deviation Wavelength Spectro-
meter, D1 and D2 (see pp. D 1-2).
Although of smaller size and of com-
lue]'lz-un‘l,h!lf lower I'{.‘Hf.ll\"i!'lﬂ Power
than the latter instrument, it is
accurately made, with a high quality
micrometer serew motion with drom
{reading in wavelengths direct) identical
with that of the larger instrument.

The object glasses are of 43 inches
(120 mm.) focal length and 0-7 inch
(17 mm.) clear aperture; and the eye-
picce being of O0-4 inch (10 mm.)
equivalent foecal length, the sodium
lings are distinetly separated, even
with the lighter prism.

D 45, —Students’ Wavelength Spec-

Fig. D 45 trometer, Fig. D45, prism of 1-62
refractive index for D.

D 50.—students’ Wavelength Spectrometer, with denser prism, 1-74 refractive
index for D, and correspondingly increased aceuracy of calibration,

D 46.—Protective cover to prism table for either type.

HILGER WAVELENGTH SPECTROMETER
(Constant Deviatlon Type)
WITH DIFFRACTION GRATING

Resolves the 4 doublets of the E group, and measures wavelengths to 1 angstrom, bud is
suitable for are spectra only.

This spectrometer (Fig. D 25) gives a greater accuracy of wavelength measure-
ment than does the D 2, to which it is similar in construction. It is suitable for
use in all cases where the amount of light available is great.

[t= dispersion iz greater than that of the dense prism instrument in the red end
of the spectrum, and the readings are accurate to 1 angstrom throughout the
gpectrum,

Of the prism instrument and this instrument cach has its peculiar advantages,
the latter on account of its higher accuracy, and the former on account of the bright-
ness of the spectrum.

The diffraction grating, which is a carefully selected film replica of a first quality
ruled diffraction grating, is mounted on a right-angle prism from the hypotenuse of
which the light is totally reflected. By this means one can pass through the spectrum
by rotation of the table on which the prism stands, as in the case of the instrument
{f)asuribed on pp. D1 and D2, The wavelength drum and index are shown in Fig,

2ia.

ADAM HILGER, Litd., 75a Camden Road, London, N.W. 1
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Fig. D 28
Height to centre 320 mm, without levelling screis ; with levelling screws, 370 mm.

D 26.—Grating Wavelength
Spectrometer, acou-
rately  calibrated in
wavelengths through-
out the whole visible
spectrum from 3800 A
to 85000 A (including
cover to prism table)

D 26.—Additions to convert info
the prism instrument
described on pp. D 1
and 2, with wave-
length graduations for
both grating and prism
scales, and wooden case
for keeping prism and

gmtin% when not in

use. In ordering please
state whether a dense or Fig. D 25a

a light prism is reguired

NoTe.—(D 26). These can only be supplied if ordered at the sume time as the spectrometer.

The following additions can be supplied with this instrument :

Levelling screws, case with lock and key, extra high power eyepieces, shutter eye-
piece, and camera.  For descriptions, see under the prism instrument, pp. D2toD4.
For further accessories, see Section F, ** Accessories for Spectromeler and Spectro-

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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D 39. CHEMICAL SPECTROMETER
READING IN WAVELENGTHS DIRECT
The Chemical Spectrometer is distinguished by the following features :—
Very substantially lower cost than The Constant Deviation Wavelength
Spectrometers D 1 and 1 2,

Compactness, economy of table space, and convenience in manipulation,
Readings direet in wavelengths, to an average aceurecy of 15 angstroms,

The instrument, as will be seen from Fig. D 39, is of quite novel design. It
takes no more room on the table than does a microscope, which in size and appear-
ance it somewhat resembles. The
telescope (T} has in its evepiece a slit
and small autocollimating prism for
introducing the light, After passing
through the object glass (0), the ravs of
light proceed to the 30° prism (P). This
prism iz silvered on the back surface,
and the light then retraces its path
through the object glass (0) to the eye-
piece by means of which the spectrum
15 viewed. The prism (P} is mounted on
a table provided with a lever, and is
rotated by means of a micrometer serew
pressing against the lever, a drum, on
which is engraved the scale of wave-
lengths being attached to the serew.
The index moves along a helical slot.
An enlarged view of the drum is shown
in Fig. D39 A cover (C) is provided
for the prism for protection and to
exelude extraneous light other than that
from the alit; and a small mirror with
clamp for attaching to the telescope
can also be provided (not shown in the
illustration).

The instrument can be supplied in
wooden case with carrying handle, the
outside dimensions of the case being
: 917« 8% x 161" (24 %20 x41 cm.) high.

Fig- D 3% Thus it is very compact for storing and
convenient for transport. The instrument may be
quickly removed from the case with one hand, and
is then ready for use.

Accessories.—These are very few and eom-
paratively simple. For investigation of are spectra
(which we strongly recommend) an are taking about
2} amps, is quite sufficient. This will work well on
any ordinary D.C. lighting circuit of 150 volts or
more. A rough stand capable of carrying the poles
of such an arc can easily be made where saving of
expense is imperative, and this with a resistance
which may conveniently take the form of a board
with a few carbon filament lamps connected in
parallel, provides all that is necessary even for the
most accurate work.

Fig. D 3%
ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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Convenient forms of arc lamp (F 4) and of lamyp resistance (F 284) are made by
us. When required a small sereen can be supplied for mounting on the rod carrving
the mirror to protect the eye from too great glare of light : and this sereen carries a
condensing lens, giving greater illumination.

The following outfit may be recommended :

D 39.—Chemical spectrometer, without case,

D 52.—Adjustable mirror with rod and elamp attachment.
D 53.—Eye-shield with condenser.

D 54.—Polished wooden case with handle,

F 4. Arc lamp.

F 284.— BResistance,

D 48. THE HILGER * FLAME " WAVELENGTH SPECTROMETER
(Photoscale Type)

Fig. D 48

The spectrometer whose dispersive svstem consists of one 80° prism (from the
second surface of which is reflected a photographic scale), dates back to the time of
Kirchhoff and Bunsen. It is still the best type of instrument for the examination
of flame spectra.

The * Flame " wavelength spectrometer is of this kind, small and portable,
strong and not easily put out of adjustment, with a fine and accurate scale reading
in wavelengths direct.

It is an ideal instrument, not only for chemical students’ first instruction in
spectrum analysis, but for expert use whenever simple spectra are concerned. The
focal length of the ohject glasses is 120 mm, and their aperture 17 mm.

It is made in two forms, D 48 in which the telescope is horizontal, and D 49
in which the collimator, telescope and photoscale tube all lie in a vertical plane,

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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the telescope sloping downward at a convenient angle for reading, In the latter
form, it is convenient to read by an observer standing and working at a laboratory
bench.

Flg. D 49

D 48 —Hilger ** Flame ™ wavelength spectrometer, horizontal type (see Fig. D 48).
D 49.—Hilger * Flame " wavelength spectrometer, vertical type (see Fig. I» 48).

DR. TUTTON'S SPECTROSCOPIC MONOCHROMATIC ILLUMINATOR
APERTURE RATIO F/6

This instrument (Fig. D 32} is deseribed and illustrated in Dr. Tutton’s * Crystallo-
graphy ~ (Macmillan & Co., 1911). It performs efficiently the same functions as
the spectroscopic monochromatic illuminator deseribed by Dr. Tutton to the Royal
Society in 1895 (Phil. Trans. A, 185, 913), an illustrated account of which is also
given in his * Crystalline Str ueture and Chemical Constitution "’ (Macmillan & Co.,
1910) ; while it has the added advantage that it reads in wavelengths direct. It is
similar in construction to the Hilger Wavelength Spectrometer (prism form) deseribed
on pp. D 1 to D 2, with the following modifications :—

(1) The addition of a second adjustable and symmetrically opening slit which
can be put in the place of the eyepiece, thus converting the instrument into a Mono-
chromatic Illuminator. The first slit is also made symmetrically opening.

{2) The prism (of 1-62 refractive index for D)) is of larger size, giving an cffective
beam of light 30' mm. wide for 5890 A.

(3) The object glasses are 31-5 mm. clear aperture ; but to increase the intensity
of the light the f length is reduced to 185 mn,

(4) The eyepiece may be attached in front of the second slit, for ubaarva.tmn
of the spectrum lines and regulation of the opening of the slit.

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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(3) One of two alternative ground glass diffusing screens is mounted on an
adjustable tubular fitting in front of the second slit, adequately to diffuse the issuing
monochromatic light so as to fill the field of any observing instrument brought in
front of it.

The wavelength drum is engraved from 3850 A to 8000 A,

Fig. D 32
Height to cenire, 370 mamn., with levelling serews.

D 32.—Tutton’s monochromatic illuminator, including the usual
accurate wavelength calibration and protective cover
for the prism table .., :

In the case of certain classes of work for which this instrument iay be used requiring
greater inlensity of light, a suilable lens may be mounted in place of the ground glass
screen ; but for convenience and efficiency in erystallographic observations Dr. Tutlon
has found the diffusing scrcens greatly superior.

MONOCHROMATIC ILLUMINATOR for the ULTRA-VIOLET and VISIBLE
READING FROM 1850 A TO 7000 A DIRECT IN WAVELENGTHS

This instrument (Fig. D 33) which is particularly suitable for experiments on
the photo-electric effect, ete., is shown in the following illustration.

Levelling screws are always supplied, although not shown in the figure.

The lenses are of 31 mm. aperture and 210 mm. focal length for A = 3000 A.

The beam of light from the collimator passes at minimum angle through a
cornu prism of quartz (height 32 mm., length of face 42 mm.), and is then reflected

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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from a plane mirror into the telescope. The mirror consists of a plane parallel
plate of quartz coated on the back with mercury tinfoil amalgam, which is an excellent
reflector in the ultra-violet. The prism and mirror stand on one table, which is
rotated by means of a fine steel screw in the same way as the prism table of the

Fig. D 33

wavelength spectrometer, constant deviation type (see pp. D 1 to D 2}, the wavelength
of the portion of the spectrum under observation being read off direct on a helical
drum.* The average accuracy of reading throughout the range iz about 3 A
The collimator and telescope are rigidly fixed to the cast-iron base. If desired, a

Fig. D 33a Fig. D 33b
quartz prism on the constant deviation principle can be supplied, but owing to the

greater thickness of quartz traversed with such a prism, and the fact that the absorp-

tion of quartz begins to be important even at wavelength 2020 A, this form is not
recommended,

* Sew note (t) on p. D 15 P R
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The improved symmetrical slits supplied on these instruments and on the infra-
red spectrometer are shown in Figs. D 33a and 1D 33b.

Slit 33a, for the collimator, is provided with a screw-thread T in front of the
glit, into which is screwed a diaphragm of 11 mm. aperture. If it be desired to
utilize the entire length of the slit this diaphragm can be removed. The serew thread
forms a ready means of adapting an evepiece to the slit, an arrangement which is
often convenient.

Slit 33b for the telescope differs from slit A only in having a block B with recess
R for thermopile, and an eyepicce (removed in the illustration) for observation of
the slit and thermopile. Thizs block i2 no hindrance to the usge of the slit for the mono.
chromatic illaminator.

Both the above slits are adjustable by large milled ring, with divizion reading

to 1-10(K) inch, &
D 33.—Monochromatic Illuminator Tor the ultra-violet o]
F 17.—Quartz condenzer on raizing and lowering stand

F 43 /44.—Fluorescent eyvepiece with bright pointer by means of which
the ultra-violet lines can be seen as far as the 1850
aluminium group ..

D 41.—Large Aperture Mnnuchmmatm Iﬂummat.or ! [‘hua instrument is generally
similar in design to the above illuminator (D 33) but the lenses are 22 cms. focus
and have an aperture of F'4-5. The |rri.l;=m i 74 mm. face h.\' 45 mm. |Ligh.

For such large focal apertures it is desirable to use in front of the slit
a special quartz condenser figured to remove spherical aberration.

D 41.—Large Aperture Monochromatic Illuminator ... s

F 278.—Quartz condenser for same on raising and lowering stand ...

ADDITIONS FOR CONVERTING THE ABOVE INSTRUMENT INTO THE INFRA-
RED SPECTROMETER, DESCRIBED OXN p. D15, CONSISTING OF :

Rocksalt prism, concave mirrors of electro.platinom deposited on glass, plane
mirror to replace that used for the ultra-violet, thermopile to fit into slit 33b above,
extra |1ei1::e} drum calibrated for the infra-red, cast-iron base and mounting for the
symmetrical slits and mirrors, and case to take the ultra-violet or infra-red portions
of the apparatus when not in use,

When it is desired to use the apparatus for infra-red work, it is only necessary
to remove the telescope and collimator, to replace the quartz prism by that of rock-
galt, and to attach the cast-iron frame on which the mirrors are mounted with the
symmetrieal slits in position thereon.

D 34.—Complete infra-red attachments as described

For suitalle galvanometer for use with the above infra-red altachments, see p. F 13
of our Catalogue.
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Infra-Red Spectrometers

INFRA-RED SPECTROMETER
CALIBRATED IN WAYVELENGTHS FROM 5,000 TO 100,000 A

For this region of the spectrum the Infra-red Spectrometer shown in Fig. D 35
and described below is suitable.

The optical elements of the Infra-red Spectrometer shown in Fig. D 35 are
as follows :—

Two symmetrical slits, each having an effective length of jaws of 20 mm. In
the second of these slits is mounted a Hilger thermopile (fully described on pp.
F 13 to F 15).

Fig. D 35

Two coneave mirrors of platinom deposited on glass, both of 27 cms. focal
length and 38 mm, diameter,

Rocksalt prism 32 mm. high, 42 mm. length of face.

Plane mirror, platinum on glass.*

The two slits and the two concave mirrors are rigidly fixed to a cast-iron base.

Levelling serews are supplied to the tripod. '

The light entering from the first slit is collimated by the first mirror, and passes
through the rocksalt prism to the plane mirror. Tt is reflected thence to the second
coneave mirror, by which an image of the spectrum is formed on the second slit.t

* Formerly of gold ; now, as a result of experiment in our laboratories, of platinum.
t An arrangement, in which every ray when in the position of ocbeervation passes through the
JEri.e.n at minimum devistion, was first described by Wadswaorth, Phil. Mag, (5), 38, 346 (1894).
he arrangement used on the D 35 differs however from that of Wadsworth in that the mirror
i differently orientated relative to the 60° prism,
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Infra-Red Spectrometers

The rocksalt prism and plane mirror are mounted on a table which is capable of
rotation by a fine screw. To this screw is attached a drum on which the wavelength
of the line under observation iz read off direct by means of an index running in a
helieal %ut in the same way as in the case of the Wavelength Spectrometer described
on pp. D 1-2.

P%he entire thermopile case is protected from external radiations by a large nickel-
plated caze,

The thermopile will be supplied with a sensitive area 10 mm. long x 0-5 mm. wide
unless otherwise ordered. If desired the 20 mm. long x 1-5 mm. wide size can be
supplied, the price being the same. The larger size gives, of course, larger galvano-
meter deflections (provided the whole length of the slit be filled with light), but owing
to the curvature of the spectrum lines a less accurate reading of the wavelength is
obtainable.

The rocksalt prism is varnished with a solution of pyroxylin in amyl acetate
unless special instructions are given to the contrary. This varnish, while protecting
the prism, allows most of the infra-red rays in the region over which this spectro-
meter ig calibrated to pass almost unabsorbed. It has one strongly-marked absorp-
tion band, but if necessary it can easily be washed off with amyl acetate.

Outfit recommenided :—
D 35.—Infra-red Spectrometer

F 91.—Broea Galvanometer (made by Cambridge Instrument Co.
Limited), selected as being suitable for work with this
instrument L

or F 92,—Paschen Galvanometer (made by Cambridge Instrument
Co. Limited). Much more sensitive than the Broca

F 93.—Scale, on stand, with lamp for use with either of the above
galvanometers (made by Cambridge Instrument Co. Ltd.)

If required :—

D 36.—Additions to convert the infra.red spectrometer D 35 into
the monochromatic illuminator for the ultra-violet
D 33 ; including case for parts not in use g

The sensitivity to be expected from this instrument may be gathered from the
following data :—

A D 35 Infra-red Spectrometer taken without special selection from our stock
and used with a Broca Galvanometer of 15 seconds period, both slits being § mm.
wide, thermopile having a sensitive area of 10 = 0-5 mm., gave a deflection of 20 mm.
for the mercury green line (Silica lamp) and 130 mm. for the 44,000 A line given
by a Meker burner.

D 42. INFRA-RED SPECTROMETER OF LARGE APERTURE
CALIBRATED IN WAVELENGTHS UP TO 160,000 A

This instroment is of similar design to our standard model, 10 35, but so modified
as to have a focal aperture of f/4-5, It is provided with a rocksalt prism of about
45 mms. height, and 70 mms. length of face. The concave mirrors are of 23 cms.
focal length and 50 mms. diameter. These and the plane mirror are of platinum
electro-deposited on glass. Recent experiments with mirrors of stainless stecl have

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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led us to believe, however, that this substance is more resistant to atmospheric
conditions than metallic films on glass, and of about equal reflecting power. It is
probable that this material will be adopted if the tests are confirmed.

The instrument is calibrated in wavelengths from 0-5p (5000 A) to 16 (160,000 A),
the extension of calibration having been made by Paschen's dispersion formula,

SPECIAL SPECTROSCOPES FOR THE RAPID DETECTION OF NICKEL,
CHROMIUM, COBALT, AND OTHER SPECIFIED METALS IN
STEELS OR OTHER ALLOYS

A type of spectroscope has been designed by us for the rapid detection of a
specified metal in an alloy under workshop conditicons.

The instruments consist externally of a substantial casting, with serew focussing
evepiece or eyepieces at the one end, and a stout protective glass plate at the other.
The adjustment for observation of the distinctive line or lines is effected once for
all in our works, and any intelligent lad cen, after a few hours preliminary observa-
tion of a range of samples having known percentages of the metal in question, state
at once whether that metal is present, and approximately in what amount.

Fig. D 60

The illustration shows an earlier model ; the present types are different in
erfern I']"I Lty Fice.

The method of use is very simple. To take as an example one form designed
for the detection of nickel and chromium, in bars of mixed kinds of steel.

One bar of carbon steel is held in a suitable wooden frame, and the bars to be
tested are then placed in position on V-supports one by one as rapidly as possible,
connection with the electric mains being automatically provided through a suitable
registance.

The arc is struck by touching both rods simultaneously with a third rod of iron
or carbon steel (insulated by pushing over one end of it a piece of ordinary rubber
tube). Removal of this rod strikes the arc, and the observer at the Spectroscope
is able immediately to state whether the sample contains an important quantity of
nickel or chromium or not, and the approximate percentage.

The design of each instrument has to be suited to each case, but on receipt of
a statement of any problem of this kind, we shall be pleased to send a report on the
subject and quotation for an appropriate instrument.

D 60.—Spectroscope for detecting nickel and chromium (on tripod
for warehouse use) :

D 59.—Spectroscope for serap-yard use

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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Spectrographs
SECTION E
SPECTROGRAPHS

guﬁns Spectrographs ... E']‘T-L.;“

lass Spectrographs R
Grating Spectrographs ... e ET-D
Vacuum Grating Spectrographa e E10-11
X-ray Spectrographs 4 e E11-14

Specimen photographs taken on any of the Spectrographs mentioned in this Section
will be sent post free on application.

QUARTZ SPECTROGRAPHS

Unless a special desire is expressed to the contrary, we now supply on the slits
of the spectrographs described on pp. E 1 to E 5, in place of the usual comparison
E;iﬂm, a sliding diaphragm, interchangeable with the wedge of the slit, this diaphragm

ing three apertures giving three comparison spectra in close juxtaposition,

In addition to those described in this Section, other forms of spectrograph made
by us are the * Littrow ' spectrographs (either with plane diffraction gratings or
with prism systems) of 10 feet focal length (see Section G); and guartz spectro-
graphs of large aperture ratio (up to f/5); while for work in the visual spectrum
not requiring great resolving power, the wavelength spectrometers with cameras
deseribed in Section D should also be taken into consideration. Prices, and specimen
photographs taken on any of these, will be sent post free on application.

Photographs of Samples.—We are prepared to take photographs of the spectra
of samples on one of our quartz (E 3) spectrographs, with wavelength scale, at a
charge of 12s. 6id. for each photograph. Also to obtain readings or interpretations
of the spectra and otherwise to assist inquiries with reference to the subject.

For micrometers for use with these spectrographs, see Section L.
For other accessories for spectrographs, including photographic plates, see Section F.

LARGE QUARTZ SPECTROGRAPHS E 1 and E 30
Dispersion from 2294 to 2618 A=128 mm.

Quartz Spectrograph, E1 (formerly known as size D), Fig. E1.—This spectro-
ph has a dispersion three times that of E 2, being designed for work with complex
spectra, such as that of iron. It tekes the entire spectrum from 2100 A to B000 A
in three exposures, on 10 x4 inch photographic plates.
Tt is of the ** Littrow " form, which in so large an instrument presents great
advantages owing to its compactness.
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Spectrographs

The optical train consists of one quartz lens of 70 mm. clear aperture, and 170
cms. focal length ; and a 30° prism of quartz 93 to 99 mm. length of refracting face
* 34 to 58 mm. high, the second face being coated with tin mercury amalgam,*
which is a good reflector throughout both the visual and ultra-violet regions.

The slit is our No. F 31 (see p. F 4).

The light enters by the slit, is reflected along the camera tube by a right-angled
prism of quartz, is collimated by the lens, enters and is reflected hack by the quartz
prism, and retraces its path through the lens, an image of the spectrum being formed
on the photographic plate.

The prizm and llens are mounted on a carriage which moves along a slide, its
position being definitely determined by two stops with serew adjustment. The prism
can also be rotated to one of three definite positions. These alternative positions
correspond with the three portions of the spectrum ; the camera being provided with
means of varying the inelination of the plate necessary to obtain good definition
throughout the spectrum.

The whole is mounted on a substantial cast-iron base,

Overall length of spectrograph 78-7 inches (2000 mm.).
Owverall width of speet :'rp}‘_[r.:i.]':]i 13-75 inches |:3,;‘,1| min. }.

E 1.—Quartz spectrograph as above.

E 30.—The same as above but with lenses and prism of smaller aperture,

E 44.—Legs for Quartz Spectrograph, Size E 1 or E 30.—A specially designed
carriage can now be supplied for this instrument with castors to enable it to be
readily moved about. The construction is such that the instrument may be moved
about over an uneven floor without fear of straining the bed or putting the instrument
out of adjustment. Height to optical centre of instrument about, 48 inches.

Glass Prisms and Lenses for the E 1.—In response to requests for means of con-
verting the E 1 size spectrograph when desired into an instrument giving a larger
dispersion in the visible spectrum, we have designed glass systems consisting of lens
and prism to replace those in the E 1, whereby increased dispersions can be obtained
in the visible and near ultra-violet regions.

E 52.—Dense glass prism and lens to interchange with the quartz prism and
lens of the E 1. The speetrum from 5000 to 3300 A is about 25 cms. long, and can
be photographed in two settings.

E 56.—Spectrograph as E 1 (above) but with dense glass prism and lens in lieu
of quartz.

* Experiments are now in pu with a view to replacemaent by platinum,
I OETeES P ¥ 1
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PERMANENT ADJUSTMENT QUARTZ SPECTROGRAPHS

T'he following spectrographs (pp. E 3 to E 5), with quarts prisms and lenses, have been
very carefully designed with the following oljects in view —

(1) To be in permanent adjustment. )

(2) To give the whole spectrum from S000 A fo 2100 A (and in the case of the small
size lo 1850 A) on one plale. .

(3) To give good definition over the whole spectrum on the ordinary photographic
plate,

(4) To give as large an amount of light as is consistent with the above conditions,
thus enabling spectrograms to be taken with relatively short cxposures,

They are sent owl completely adjusted, ready for photographs to be taken.

Fig. E2

MEDIUM QUARTZ SPECTROGRAPHS E2, E3, E36, E4, E29, E 34, E 41
Dispersion from 2294 to 2618 A=44 mm.

E 2.—Quartz Spectrograph, E 2 (formerly known as size C) (see Fig. E2).—
Lenses of 24 inches (610 mm.) focus, the instrument giving a spectrum from 2100 A
to 3000 A of about 200 mm. long. Prism, 41 mm. high = 65 mm. long face. Size
of plate, 10 x4 inches. The slit iz our No. ¥ 31 (see p. F 4). The dispersing
system consists of one Cornu prism. - There is a vertical motion by rack and pinion
to the dark slide, with scale, whereby a number of exposures can be taken one below
the other.

E 3.—Quartz Bpectrograph, E 3, being the same as E 2, but with wavelength scale.

In the case of the E 3 instrument, an accurate scale of wavelengths is mounted
internally in such & manner as to he brought at will in contact with the photographic
plate. [lumination is pru\'id{'d by means of a small electric lamp, and a contact
print of the wavelength scale can thus be obtained on the same plate as. and in
juxtaposition to, the photograph of the spectrum. A second lamp is supplied as a
8 :
The accuracy with which wavelengths can be read on these scales is approxi-
mately as follows:-

Wawelength. Error of Reading.
TO00 A 1) A
4000 20
3000 3
2500 . 2
2200 1

E 36.—Quartz Spectrograph, E 36, being the same as E 2, but with metal slides
for plate-holder,
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Entrance :—24 Rochester Place (adjoining)



Spectrographs

At the request of various customers working in tropical climates or desiring
not to rely on woodwork for the slides of the plate-holder, we can now supply the
size K 2 and E 3 spectrograph with metal slides for the plate-holder, the said slide
being attached to the base of the instrument by a rigid metal bracket. In this
construction the wooden cone and bellows of the camera are still retained, but play
no part in the support of any essential portions of the apparatus.

E 4. Quartz Spectrograph, E 4, being the same as E 3, but with metal slides
for plate-holder,

E 29.—Quartz Spectrograph, E 20 —Similar to quartz spectrograph E 2 (formerly
known as size C) but of smaller aperture. Although this instrument requires &
somewhat longer exposure than E 2, it is entirely suitable for practically all purposes
for which the E 2 is used, and is of course less expensive. The prism is of the Cornu
type, 27 mm. high, 40 mm. long face. The aperture of the lenses is 33 mm.

E 34.—Quartz Spectrograph, E 34, being the same as E 29, but with internal
wavelength scale similar to that deseribed under E 3 above.

E 41.—Quartz Spectrograph, E 41, being the same as E 34, but with metal slides
for plate-holder,

SMALL QUARTZ SPECTROGRAPHS E 31, E 37
Dispersion from 2294 to 2618 A=14 mm.
E 31.—Quartz Spectrograph (formerly known as size A or E 6).—Lenses of
8 inches (203 mm.) focus, the instrument (see Fig. E 31) giving a spectrum from 18504
to 8000 A of about 65 mm. long. Size of plate, 4} x 3} inches. The slit is our No.
F 24 (see p. ¥ 4). The dispersing system consists of one Cornu prism.
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Fig. E 31
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E 7.—Accurate seales of wavelengths have been prepared in connection with
this spectrograph. These scales are photographed on glass, and can be laid direct
on the spectrograms to read off the wavelengths. They are prepared to suit each
individual instrument, and are sufficiently accurate to determine the identity of
most lines.

E 37.—Quartz Spectrograph, being the same as E 32, but with internal wave-
length scale similar to that described under E 3 above.

UVIOL GLASS SPECTROGRAPH

E 42.—The Hilger Uviol Spectrograph.—This instrument gives on a single plate,
6} inches x4} inches (16-5 cms. %12 ems.), the spectrum from wavelength 7000 A
in the red to 3170 A in the ultra-violet. For this reason it has been used and strongly

Fig. E 42
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recommended * for metallurgical analysis and particularly for the analysis of steels.
Although both in range and dispersion it is exceeded by the more expensive E 1§ it
gives a disperzion sufficient for complex spectra such as those of iron, nickel, vanadium,
ete., and includes within its range the great majority of the rays classed by Hartley,
Pollok, Leonard and Gramont as * persistent " or ** sensibles.”

There are two prisms of the most transparent Uviol glass,? 32 mm. high = 66 mm.
length of face ; each of 60° refracting angle. The collimator, camera, slit and lenses
exactly correspond with the E 2 Quartz Spectrograph, except that the optical work
is of Uviol glass instead of quartz.

E 43.—Uviol Spectrograph with wavelength scale. Similar to the B 42, but
with wavelength scale like that of the E 3, which is deseribed on p. E 3.

(Specimen pholographs will be sent post free on application.)

QUANTITATIVE SPECTROPHOTOMETRY

For apparatus for quantitative spectrophotometry in the ultra-violet see Section
H and the separate descriptive booklet on ** Spectrophotometers,” which will be sent
post free on request.

FERY SPECTROGRAPH, E 11

In this instrument the collimator and camera lenses are entirely suppressed,
the only optieal work being the prism itself,

The employment of the principle of auto-collimation with a 30° prism simul-
taneously shortens the apparatus, simplifies the lens system, and avoids trouble
due to the rotatory properties of the quartz, since the prism is traversed twice in
opposite directions.

& FLGEALE. BN

Fig. E 11

The general condition for producing a pure spectrum is that all the incident or
refracted rays should make the same angle with the refracting surface. By giving
suitable spherical curvature to the front and back surfaces of the prism this condition
18 very closely realised, and a sharp spectrum iz obtained on a cylindrical surface
as with a curved reflecting grating.

* Revue de Metallurgie, 18 année, No. 2, Féwrier, 1822, * Sur I'emploi” de I'analyse spectro-
graphigue en métallargie,” M. A, de Gramont.

t The spectrum given by the E 1 is 70000 A to 2100 A, of which the ssction 7000 A to 3170 A
all appears on o 10 x 4 inches plate, in the first position. The E 1, however, is not supplied with
un wavelength seale.

+ Fig. E 42a shows the absorption of » specimen of glazs, mepsured on 8 Hilger Quartz
Bpectrograph E 3, with 'H 16 Bector Photometer [see pp- H 1-4). In this graph density =

1 incident light
e \ {ranamitied light)'
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Dimensions :—
Ei;e of prism, 58 mm. ; length of face, 50 mm. high.
Distance from face of prism to centre of photographic plate, 1080 mm.
Size of photographie plate, 10 inches = 2 inches (or if desired 24 em. = 5 cm.),
taking 4 spectra one below the other.

The spectrum extends from W.L. 2100 to W.L. 8000, the length of spectrum
between these limits being 224 mm.

Fig. E 11a

The spectrograph is shown in Fig. E 11 and in diagram in Fig. E 11a.
It is supplied complete with guartz sphero-eylindrical eondensing lens,
E 11.—Féry spectrograph as deseribed ... e o

CONCAVE GRATING SPECTROGRAPHS
(EAGLE MOUNTING)
(Sec Paper by A. Eagle “ On a New Mounting for s Concave Grating ™)
Astrophys. Journ., 31, page 120 (March 1810),

In comparison with the classical Rowland mounting, the Eagle mounting has the
following mﬁ?:ntuges :

(1} It occupies very little space,

(2) No darkened room is necessary.

{3) Spectra on either side of the normal may be used with equal facility ; a
point of some value, as it may happen that the best third-order spectrum
is on the opposite side to the best first-order spectrum.

(4) Everything being on the same axis, great rigidity is obtained.

(3) It is much easier to ensure uniformity of temperature. This is of capital
importance in making long exposures with the larger models.

(6) Higher orders are obtained.

Mr. Eagle has developed in detail in the above-mentioned paper the comparison
hetween the two methods of arranging the diffraction grating.

For stigmatic mountings for concave gratings, according to the system of Meggers
and Burns, Bureau of Standards Scientific Paper, No. 441, 1922, sea p. E9,

SIZE E 14. (See Fig. E 14.)
(Switable for ¢ K 16 Grating of 100 cm. radivs and 4+5 em. diameter ;
14,400 lines per inch.)

The instrument consists of a cast-iron girder on which are mounted the camera,
and the slide for the grating carriage. The grating carriage is movable longitudinally
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by a screw of }” pitch, the motion being sufficient to give the following ranges of
spectra, if the grating be of 14,400 lines per inch.
st order, from the extreme violet to 26,000 A

2nd - i = 13,000 ,,
‘V;I'I E] L3 L] Ehﬁ‘}[} LE]
4th i 5 n 6,500
oth i i i 5,300 ,,

The frame of the camera is of metal, the dark slide of mahogany. Comparison
photographs are obtained by means of a sliding diaphragm in front of the plate
actuated by screw motion. The slit is our No. F 28 size (see p. F 4). The size of
the film is 10" x 2", of which 9}" x 1" are exposed.

Fig. E 14

We recommend that with this and the next size of instrument films be used.
Stiff films are now easily obtainable from photographic plate makers, and they will
bend to the full curvature and give perfect definition from end to end. For the use
of plates, however, a second dark slide iz provided, which has only half the correct
eurvature, that being the greatest amount of bending to which one can safely submit
even the specially thin plates now obtainable.

The grating mount is provided with means of levelling the grating, and of setting
the lines of its ruling parallel to its axis of rotation. The slit can also be adjusted
to be parallel to the lines of the grating. The instrument is provided with a well-
made light-tight cover.

E 14— Concave Grating Spectrograph including best quality N.P.L.

grating of dimensions mentioned above

E 15.—Rods from camera ends of the instrument to actuate the screw motion
and rotate the grating ; also counting mechanism to both for accurately setting the
grating to any gﬂﬁ-il‘f‘d position.

SIZE E 16
(Suitable for @ K 17 Grating of 150 cm. radius and 45 em. digmeter ;
14 400} lines per inch.)
This instrument is of the same design as size E 14, but of increased length.
E 16.—Concave Grating Spectrograph including best quality N.P.L.
grating
The price of the rods and counters is the same as for the size E 14 instrument.
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E 44.—Legs for Grating Spectrograph Size E 16.—A specially designed carriage
with castors to enable the instrument to be readily moved about. The construction
is such that the instrument may be moved about over an uneven floor without fear
of straining the bed or putting the instrument out of adjustment. Height to optical
centre of instrument about 48 inches.

SIZE E 17

(Suitable for o K 22 Grating of 3 cm. radius and 10-5 cm, diameler ;
14,400 lines per inch.)

With gratings of this radius it is usually preferable to mount the camera and
the slides with screw motion, efc., on separate conerete or brickwork supports instead
of both on one girder, and the camera and slides are designed for this purpose. A
drawing of the necessary brickwork iz sent in receipt of every order for one of these
instruments. The wooden cover is provided as for the smaller size of grating mount.-
ing, but in this and in the following case a second inner cover is provided further to
retard the temperature variations which with all large grating spectrographs are a
source of great inconvenience if not provided against. The camera is arranged to
take plates 40 x4 em., and all adjustments, as given under specification for size
E 14, are provided, together with rods from the camera to actuate the serew motion
and rotation of the grating. The slit is our No. F 31 size (sce p. F 4).

E 17.—Concave Grating Spectrograph including best quality N.P.L.
grating

SIZE E 18
(Suitable for a grating of 630 cm. radius and 6° dicmeler.)

This size is of exactly the same design as size E 17 described above, with the
exceptions that it is longer to suit the longer radius of curvature, and that the grating
mount and carriage are suitably modified for the larger size grating.

E 18.—Concave Grating Spectrograph including best quality grating
(At the time of printing, gratings of this size are not available,)

E 49 STIGMATIC CONCAVE GRATING SPECTROGRAPH, S3YSTEM OF MEGGERS
AND BURNS.*

E 49, Stigmatic concave grating spectrograph, system of Meggers and Burns
(Bur, Standards Sei. Paper No. 441, 1922), with 3 metre concave grating ruled at the
National Physical Laboratory (first quality with N.P.L. Certificate), catalogue
number K 22

This instrument takes photographic films 10" < 2", The dark slide has vertical
movement by rack and pinion, with dividing, for taking several spectra on one plate.

The two chief elements, viz., slit and grating mount, with movable arm and
camera, and the mirror mount, with the rails on which fhe camera arm slides,t are
to be supported on three brick or cement piers (drawing of which is supplied by us).

No cover for the apparatus, which is customarily used in a dark room.

All necessary adjustments are provided.

E 49.—Stigmatic Concave Grating Spectrograph, with grating
* Bureau of Standards Scientific Paper, No. 441, 1922,
t See Fig. 2, p. 192 of Soi. Paper of Bur. Standards, No. 441, 1022,
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VACUUM GRATING SPECTROGRAPH E 50

E 50.—This iz a concave grating spectrograph specially designed for the investi-
gation of the Schumann and Lyman regions of the spectrum. The grating supplied
is the K 35, which iz a cireular polished speculum mirror 7 ems. in diameter, and of
100 ems. rading of curvature rullml with about 14,400 lines per inch, but the ruling
is specially done to give light in the short wave region. The grating mounting has
been specially designed so 25 to reduce the dizmeter of the instrument as much as
possible, while leaving sufficient room for the requisite motions. Focussing motion
is provided by sliding the grating mount in tubular portion of the instrument, and
opposing screws allow of its being clamped firmly in position. Readily accessible
gerews are provided for all other necessary adjustments., No refractive substance,
e.g. quartz or fluorite, is introduced, but the spectrum from 2100 A to 500 A is obtained
with one setting of the grating by the use of two slits, while shorter wavelengths are
obtainable by resetting the grating. The slits are dizposed in the end plate of the
instrument, just below the plate-holder, and, beside extending the range of spectrum
obtainable from one setting of the grating, provide a means of measuring wavelengths
by Lyman’s method. The slits are of the fixed jaw type, but either jaw can be
removed for cleaning and replaced without varying the slit width. The plate-holder
i cylindrical in form, and provided with a cover which permits of introducing it into
and removing it from the instrument in daylight. A shutter is provided so that two
exposures can be made on a plate 6 21 em. A large aperture iz provided for pump
connection, and a tray for phosphorus pentoxide to dry the residual gas is supplied
in a readily accessible position.  The 459 A carbon line iz obtained with every instru-
ment, while lines as far as 372 A have been cbtained,

E 50.—Vacuum Grating Spectrograph

"

M—
-

Fig. E 50

Vacuum Arc Lamp for Metals.—This consists of a water-cooled jacket, which
can be applied to the slit of the Vacuum Grating Spectrograph, The electrodes are
attached to reds which pass through insulated vacunm-tight fitting in the jacket, and
designed to allow of motion for adjusting and striking the arc. The position of the
electrodes when touching is such that the light produced is sufficiently close to the
slit to allow of the maximum aperture being used.

I 280.—Vacuum Arc Lamp for Metals ...

Accessories.—We can supply the following accessories for use with the above
spectrograph (—

(@) Schumann Plates of our own manufacture, specially made for use throughout
the whole region. (See p. F 17 and special leatiet,)

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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{b) Vacuum pumps employing oil (not mercury) and mechanically driven,
suitable for pmducin[i' a high vacuum rapidly in large apparatus. (See
leaflet entitled ©* The Rapid Production of High Vacua,” pp. F7-8.)

{c) Large bore discharge tube for use as vacunm gauge.

Bibliography.—The following are references to work with this Vacuum
Spectrograph (—

McLennan - - - Prog, Phys, Soc,, 31, pp. 1-29, 1918,
McLennan and Lang - Proe. Roy. See. (A.), Y5, pp. 258-273, 1919,
Simeon - - - Proc. Roy. Sec. (A.), 102, pp. 484-496, 1922,
Fowler - - Proc. Roy. Soc. (A.), 103. pp. 413-429, 1923,
Simeon - - - Proc. Roy. Sec. (A.), 14, pp. 368-375, 1923,
SBimeon - - - Phil. Mag., 46, pp. 816-819, Nov, 1923,
Other references to work in this region with similar instruments are :(—
Lyman - - - Astrophys. Journal, 35, pp. 341-353, 1912,
Lyman . - Spectroscopy of the Extreme Ullra- Violel, Longmans,
Green & Co., 1914,
Saunders - - - Astrophys. Journal, 43, p. 234, 1916.
MeLennan - - - Proc. Roy. Soc., 98, p. 114, 1920,
Millikan - - - Astrophys. Jouwrnal, 52, pp. 47-62, 1920,
Millikan - - - Astrophys. Jowrnal, 53, pp. 150-160, 1921,
MeLennan and Petrie - Trans. R.8.C., 15, pp. 15-28, 1921,
Wood - - - Phil. Mag., 46, pp. 74¢1-750, Nov., 1923,
Hutchinson - - Astrophys. Journal, 58, pp. 280-203, 1923,

Millikan and Bowen - Phys. Rev., 23, pp. 1-31, 1924,

E 45/6. DR. MULLER'S X-RAY SPECTROGRAPH

FOR CHEMICAL, CRYSTALLOGRAPHIC AND RADIOGRAPHIC LABORATORIES,
AND FOR THE GENERAL STUDY OF X-RAYS
Provisgion is made for the following work :
(1) Determination of space lattice structure of crystals and powders, and
hence
i2) Analysis of Crystals and Powders.
(3) Determination of Wavelengths of characteristic emissions of anti-
cathodes with sufficient accuracy for analysis of solids used as

anticathodes,
(4) Determination of end radiation from tubes with different excitations.
ele, ete.

DESCRIPTION OF DR. MULLER'S X-RAY SPECTROGRAPH E 45/6

To meet the requirements of the various classes of work mentioned above, Dr.
Miiller has designed an extremely compact form of X-ray Spectrograph. While of
sufficient accuracy for this class of work, the instrument is made of simple design
and at such moderate cost that it can be put into the hands of advanced students
who are capable of profiting by experience of this important class of work.

The instrument consists of a support carrying a rotating table for the crystal
mount, and ]La.saing through the latter a bar of triangular section upon which slide
carriers for slit and plate-holders respectively. This support is mounted on a box
containing a spring motor, to the shaft of which is attached a cam. A lever, which
can be clamped at any orientation to the axis of the crystal table, is kept in contact

ADAM HILGER, Ltd., 75a Camden Road, London, N.W.1
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with the cam by a spring, and is thus oscillated through a certain angle as the cam
rotates. Three cams are supplied giving angles of oscillation of 5° 10° and 15°
respectively.

The crystal mount eonsists of a vertical plate with lead screen, to which the
crystal can be attached with soft adhesive wax and which is provided with tilting

Fig, E 48/4. Arranged for Bragg Method

a.{i] ustment about a horizontal axiz. The mount can be traversed in a slide across
the rotating table so as to bring the face of the crystal up to the axis of rotation.
The edge of the table is divided in degrees to facilitate the setting relative to the
lever in order to register lines upon each side of the normal to the photographic
late,

: The plate-holder, which is attached to its slide by two milled head screws, is
designed to take plates 4§ ins, » § in. (12 ems. x 1-9em.) which can be cut from standard

Fig., E 45/6. Arranged for Debye and Scherrer Methods

size plates (}-plate size). It is provided with a black paper screen, so that the instru-
ment may be used in daylight without risk of fogging the plate, and no special sheath
for the plate is necessary.

The instrument is mounted on three levelling serews, the heads of which, as
well as those of other adjusting screws, are made of vulcanite to minimise risk of

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
Entrance :—24 Rochester Place (adjolning)
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shock in case the instrument is charged by induction from the tube and transformer,
ete. A lead screen is also mounted upon the instrument to prevent fogging of the
plate by stray X-radiation.

As deseribed, the instrument is available for work with n single erystal by the
Bragg method. By a simple interchange of parts which can be effected in about
one minute it hecomes suitable for the investigation of powders hy the Debye method.
The slit jaws, erystal mount and plate-holder are removed and the carriers moved
up to support a circular camera, 6 ems. in diameter, which earries a photographie
film, The camera is so disposed that a powder-holder can be inserted in the centre
of the rotating table and advantage taken of the oscillating movement for this work
also. In place of the slit is mounted a brass block pierced with an aperture 1 mm.
in diameter. The end of this block fits into an aperture of the camera and points
directly to the powder-holder in the centre.

The instrument is also availahle for taking photographs by Hull’s powder method,
a small spring attached to the slit being supplied. Thus the three standard methods
now in use are available in the one instrument.

E 45/6.—Miiller X.ray Spectrograph as described, including parta
for single crystal and powder methods of analysis. With
mahogany cese with ]Im:lc and kev, fitted to take instru-
ment and box, into which are fitted the parts not in use
when the instrument is heing nsed in either way

For full deseription see separate Leaflel, sent post free on request.

COMPLETE EQUIPMENT FOR THE PRODUCTION OF X-RAYS
SUITABLE FOR USE WITH DR. MULLER'S X-RAY SPECTROGRAPH

F 245.—8hearer Tube.—This tube has a water cooled metal anticathode, the
rays emerging from a window of thin aluminium foil (; mm.) placed immediately
in front of the anticathode. The anticathode is detachable, and four interchangeable
anticathodes are customarily supplied ; iron, copper and melybdenum for the pro-
duction of the K radiations of these elements, and brass for the attachment of powders
when it is desired to analyse by X-ray methods the elements contained in such powders.

The tube possesses very considerable self-rectifving properties, the result being
that it can be operated suecessfully on a elosed core high tension transformer running
on alternating current without the aid of any subsidiary rectifying devices.

During operations the tube is kept continuously exhausted by a simple type
of mercury vapour pump. The pressure in the tube can be controlled so that the
rays are of the wavelength required for the investigation. It is well suited for use
with the Hilger Miiller X-Ray Spectrograph.

F 258.—Transformer.— The transformer is of the elosed core shell type and is
o1l immersed.

The secondary winding is layver wound, each layer being insulated by specially
prepared varnish impregnated paper having a very high dielectric strength. .

Terminals are arranged so that the milliammeter may be connected in the tube
circuit at the ** earth ” end of the secondary winding. Thus this meter may be
installed upon the switchtable and may be handled whilst the apparatus is working
without danger.

The rated output of the transformer is 15 milliamperes at 60,000 volts (RS,
value) continuously, whilst currents up to 30 milliamperes at the same voltage may
be obtained for short periods,

The transformer is contained in a galvanised iron tank fitted with a hard fibre
top.

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
Entrance :—24 Rochester Place (adjeining) .
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F 259, —Control Board.—The switchgear together with auto-transformer, resist-
ance and their controls are mounted upon a metal switchtable fitted with a black
polished slate top.

The auto-transformer is arranged with five tappings so that the correct voltage
iz applied to the primary winding of the main Kigh tension transformer to give
secondary voltages of 20, 30, 40, 50 and 60 kilovolts (R.M.S. value) as required,

A wariable resistance can be put in cireuit, as not only does the tube run more
steadily, but in the event of & short circuit on the secondary side of the transformer
the resistance limits the amount of current flowing into the primary winding of
the transformer.

The main switch is solidly built and fitted with two pairs of contacts, one pair
of the contacts closing first and thereby introducing a resistance into the primary
circuit. This limits the initial rush of current into the transformer. When the
switch is fully closed the limiting resistance is cut out by means of the second pair
of contacts and the transformer is then working normally.

By means of the combination of auto-transformer and resistance controls any
value of voltage across the tube may he obtained for any value of milliamperage,

F 260.—Rotary Converter.—In cases where alternating current is not available
for use with the transformer it is necessary to convert the direct current into alter-
nating at suitable voltage. This converter is of suitable capacity to work with the
transformer deseribed above.

The electrical parls (F 208, F 258, F 260) are made by Waison & Sons (Elsctro-
Medieal) Ltd,

(State voltage of supply in ordering.)

PUMPS

The system which we recommend for i,txhﬂuﬁtiug the Shearer Tube consists of
an oil-immersed backing pump (Trimount No. 1) which is motor driven, supporting
a mereury diffusion pump set,

The items comprised are :—

F 160 ~0il-immersed backing pump,
F 265.—5-gall. drum of oil for above,
F 266.—3-h.p. motor to drive pump.
F 247.—Mercury diffusion pump on stand with vacuum bottle,

The following will also be required :—
F 248.—Milliammeter reading to 18 m.a, for measuring current in tube.
F 250.—1 doz. Ilford X-Eay Plates 6] = 43",
F 251.—1 doz. Kodak Duplitized Film 10" = 8,

ADAM HILGER, LTD., 75a Camden Road, London, N.W. 1
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Accessories for Spectrometers and Spectrographs

SECTION F

ACCESSORIES FOR SPECTROMETERS AND
SPECTROGRAPHS

PAGES
Condenzers, Absorption Tubes, ete. F 1-3
Slits 4 st voe F b
Micrometer and other Evepieces = . i S F 5-8
Heliostat F 6
Vacoum Pamps ... T L e E -8
Light Sources | Vacuum and Discharge Tubes, Are Lamps, Sparking Tubes,

ete.) 5 F 813
Thermapiles Sy 5, o e F 13-10
Sparking Cails, ete. % 2 2 ... F15-16
Photographic Plates F 16-17
Publications F18

CONDENSERS, ABSORPTION TUBES, ETC.

Bod for attachment of Condenser, etc., to any Collimator.—This simple device
can be quickly and easily atteched to the collimator of any spectroscope without
in any way interfering with the adjustments. The figures below show the alit rod
in position clamped to a collimator, in Fig. F 6, F 10, a condensing lens being
carried, and in Fig. F 6, F 12 a Baly adjustable absorption tube. The absorption
tube, condenser, ete., are readily interchangeable and are adjustable for height.
A very considerable gain in convenience results from being able to attach auch
accessories to the collimator in this way.

The following parts are supplied :

F 6.—Rod Carrier for attachment to any collimator tube, with rod and clamp
for same.

Fig. F 6, F 10

F 7.—Rod Carrier with two clamps, suitable for use with mirror and condenser
simultaneously.

F 8.—Condensing Lens of glass, with spherical surfaces in mount with stem for
the above rod carrier.

F 9.—Condensing Lens of quartz, do., do.

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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F 10.—Sphero-cylindrical Condenser of glass (as in Fig. F 6, F 10) similarly
mounted for the above rod carrier.

F 11.—3phero-cylindrical Condenser of quartz.
F 12.—Carrier for Baly absorption tube, deseribed on the next page, with stem
for the above rod carrier (as in Fig. F 6, F 12),

(The absorption tube is held securely in place on its mount by means of a rubber
band which passes under four projecting pins, the ends being looped over
the tube.)

Fig. F6, F12

F 13.—Mirror in tilting mount, with stem for the above rod carrier.

Sphero-cylindrical condensers on raising and lowering stand, giving a line of
light on the slit from a point source.
(

I‘ 14.—{}]“#}4 H'l_ll‘h"l'u-(!_'l,'!i;||.
drical condenser,

F 15.—Quartz sphero-cylin-
drical condenser.

F 292.—Quartz sphero-cylin-
drical condenser of
longer focus for use
with Quartz Spee-
trographs E 1 and
EZ2 to E41.

Fig. F 16, F 17 Fig. ¥ 279

Condensers (spherical surfaces) (Fig. F 16, F 17) on raising and lowering stand,
F 16.—Glass condenser, spherical.
P 17.—Quartz condenser, spherical.

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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F 288.—Glass condenser working at F/4-5, figured to remove spherical aberration.
F 278.—Quartz condenser working at Ff4-5, figured to remove spherical aber-
ration.

F 279.—Mirror, worked, of colourless optical glass, mounted adjustably on
gymbals, on raiging and lowering stand (see Fig. 279).

PLANO-CONVEX LENSES OF QUARTZ (SECOND QUALITY) SUITABLE
FOR CONDENSING LENSES

Diemeter, Focal Length.

16, I, 11418 INATT.

F 68.—1 254 3 76
F69.—1} 32 33 95
FT0—1} 38 4 114
F 71.—1} 5p 133
F 722 51 6 152
PR32t s 6@ 1u

F 18.—Adjustable absorption tube for examination of the light absorption of
liquids (see Baly's * Spectroscopy,” First Edition, p. 414). The thickness of liquid
can be read off on the scale in millimetres. With quartz end plates, 19 mm. clear
aperture, as shown in Fig. F 18,

i % SO

lln e |

!':ITs_Lhﬂ’llhﬁrl‘|!€|1ir§1|hﬂ?lhjuh?uhl

Unlegs instructions are given to the contrary, the quartz end plates for the

Baly Tubes will be cemented in position with Khotinsky laboratory cement. The

perties of this cement are widely known in scientific laboratories, but it should
E:Omﬂnt-ionad that Khotinsky cement dissolves in alcohol and ether.

F 116.—Baly Tubes can be supplied of special form to stand any solvent at
an increased charge of 10/-. In that case the quartz end plate on the inner tube
is cemented with special resistant cement, while the outer quartz tube is clamped
into position by a metal cap.

F 254.—Fused silica cell for absorption experiments.—For rapid examination of
the absorption of liquids in the ultra-violet, thickness of liqguid about 6 mm., thickness
of cell wall about 14 mm.

The cell is not optically worked, but is of clear fused silica. It can be held in
any ordinary wooden clamp, and is very convenient for filling and cleaning.

It has no cover, and the quantity of liquid required is about 3 ce.

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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SPECTROSCOPIC ACCESSORIES
SPECTROSCOPE SLITS
Note.—All Spectroscope Slits made by us have jaws of untarnishable metal.

06 » actual size.

s gl
Fig. F 24
F 24.—8lit (Fig. F 24), with fine screw adjustment ; having divided drumhead,
comparison prism, wedge for reducing the aperture, screws for correcting want of
parallelism of the jaws, should this become at any time necessary, and protective cap.
Instead of the wedge a sliding diaphragm with three apertures for spectrum
photography, giving the spectra in close juxtaposition, can be supplied with this slit.
F 256.—Diaphragm supplied instead of wedge.
F 26 —Diaphragm supplied in addition to wedge,
F 27.—8lit (Fig. F 24), opening symmetrically.

The wedges and sliding diaphragms for reducing the aperture, and the serews for

correcting the parallelism of the jaws=re not supplied on the above symmetrical slits.
Maximum length of slit which can be utilised in either of the ahove — 7 mm.

F 28.—S8imilar to above slits but giving a length of slit=14 mm. (without
reducing wedge) as follows :

ADAM HILGER LTx

06 = actual size.

Fig. F 31

F 31.—8lit (Fig. F 31), with adjustment by fine steel micrometer serow, and
large divided drumhead, comparison prism, wedge for reducing the aperture, and
screws for correcting want of parallelism of the jaws. (Maximum length of slit
which can be utilised =18 mm.)

Instead of the wedge a sliding diaphragm with three apertures for gpectrum
pho phy giving three comparizon spectra in close juxtaposition can be supplied
with this slit,

F 32.—Diaphragm supplied instead of wedge.

F 33.—Diaphragm supplied in addition to wedge,

F 34.—Covered case for No, F 31,

ADAM HILGER, Ltd., 75a Camden Road, London, N.W, 1
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F 111.—Symmetrical Slit, adjustable by large milled ring, with division reading
to 1/1000 inch. This slit is provided with a screw-
thread T into which an eyepiece may be screwed.
Maximum length of slit which can be utilised is
11 mm., which can be increased to 20 mm., by
removal of a diaphragm attached by the thread T,

CROSSED SLIT
For many purposes it is desirable to have two
slits superposed at right angles, both adjustable (see,
for instance, our Wavelength Spectrometer modified

for use with high resolving power accessories, See-
tion (), for one use of such slits).

F 35.—Crossed slit with main slit of the same size as slit No. F 28,

In the above the secondary slit can be readily rotated out of the field, or entirely
removed if desired. No comparison prism or wedge iz supplied,

EYEFPIECES, ETC.

Fig. F 39
F 39.—Micrometer Eyepiece, pitch of screw =} mm.

F 40.—Shutter Eyepiece (Fig. F 40), including one positive eyepicce, bright pointer
with lateral adjustment and mirror with universal motion for illumination of the
same to render it visible in a dark field, and two sliding shutters in the focal plane.

Note.—This eyepiece has two shutters, which can
be shifted in from either side at will in the
focal plane to cover any desired part of the
field, thereby ohscuring any brith spectral
lines which by their proximity hinder the
observation of feebler lines. The metal
pointer, whose point is ground exceedingly
tine and polished bright with the greatest
care, is illuminated from above by a
mirror. This bright pointer is adjustable
laterally by the two milled head screws
below, 8o that one can always return to the
standard reading by setting the bright
pointer on a reference line.

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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F 40/1.—Bhutter Eyepiece (as F. 40) with slide with light filters for giving the
pointer any desired colour, by means of which an increase of acouracy and comfort
in reading can be secured—especially in the violet part of the speotrum.

F 43/4.—Fluorescent Eyepiece, as designed by Prof. Liveing for visual work in
the ultra-violet, with illumination of the pointer by mirror.

F 45.—Gauss Eyepieces.—This is a positive, or Ramsden, eyepiece with a plane
glass inclined at 45° to the optical axis, placed between the two lenses. Light enter-
ing through an aperture in the side of the tube is thrown by the mirror on to the
webs. A clear space is left in the middle of the mirror through which the webs
can be observed. This forms a very useful accessory to a spectrometer for the
accurate adjustment of the optical axis, ete,

F 46 —Autocollimating Eyepiece, having slit with adjusting screw with divided
drumhead (the jaws being in the focal plane of the eyepiece), and reflecting
Prism.

F 128.—Astigmatic Eyepiece for Lummer-Gehreke Plates or Echelon Diffraction
Gratings, or wherever in the use of a spectroscope great magnification of the spectrum
ie required with the retention of as much light as possible.

This eyepiece has a magnification of 23 in a horizontal direction, and of only
$:85 in a vertical direction ; thus it is admirably adapted to the examination of
spectra produced by such high resolving power elements as Lummer-Gehrcke Plates
or Michelson Echelons. It is also of general use wherever it is desired to observe
with a high power eyepiece spectrum lines of low intensity,

HELIOSTAT

F 257.—Heliostat for use with Table Spectrometers, see Fig. F 257 ; which shows
the heliostat in position before a Wavelength Spectrometer.

These heliostats have mirrors which are optically polished, but are not of first
quality. The mirrors are silvered on the back.

Fig. F 257

The clock motion is sufficiently good to ensure light from the sun being reflected
on to the slit of a spectrometer for many hours without readjustment.

Larger sizes with optically plane silvered glass or speculum metal mirrors quoted
for on application.

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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PUMPS FOR THE RAPID PRODUCTION OF HIGH VACUA

In every modern laboratory the need of a means of easily producing a high
vacuum is felt, and for spectroscopic research an efficient vacunm-pump is a necessity,
the application including the eclectric discharge in gases at low pressure, mercury
and cadmium arcs in vacuo, the use of photo-electric photometer cells, the examination
of light produced in gases (e.g. helium) by cathode and positive rays, evacuation
of SBchumann vacuum spectrograph, experimental X-ray tubes, ete. Within the last
few years diffusion pumps of the gmuir type have become available which permit
of the attainment of higher vacua than have hitherto been known and whose speed
increases with the exhaustion. As, however, this type of pump does not begin to
funetion until the pressure has been reduced to a fraction of a millimetre of mercury,
an efficient pump for attaining this pressure is still required, more especially in such
cases aa that of a vacuum spectrograph in which the volume to be exhausted is con-
siderable. We have confidence, therefore, in recommending a pump which is (a)
of strong mechanical construction ; (b) power-driven, thus requiring no attention
while working ; (¢) capable of rapidly exhausting a large container ; and (d) free
from the objection some such instruments are liable to, viz. vapour of mercury.

This pump, which is capable of exhausting to a pressure of -000025 mm.
{1/1,000,000 in.) is immersed in oil in an air-tight case, the driving shaft being pro-
wided with an cil-sealed bearing to prevent air from entering the case.

Actual photographs taken in our laboratories with the use of this pump and
a vacuum spectrograph have been obtained up to 370 A ; and the pump has been
used by most workers in this spectral region. :

These pumps are made in four sizes :—

F 160.—No. 1, intended as a backing pump for one No. 2.

F 161.—No. 1%}, 2 i o a number of No. 2 pumps.
F 162.—No. 2, the high vacuum-pump described above.

F 163.—No. 3, a combination of Nos. 1 and 2 in one case.

The dimensions of the No. 2 pump are as follows :—

Length, 24 in. ; width, 17 in. ; height, 14 in. ; and weight, 190 lb. It requires
a driving power of } h.p.

There is no ;muﬂih&ty of injuring the pump by breaking the vacuum, either by
design or accident,

We advise a combination of pumps, Nos, 1} and 2 for high vacuum work,
No. 11 being useful for all exhaustions up to 1/50 in.

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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TYPICAL TEST OF A NO. 2 PUMP

It contains two rotary pumps connected in series. Both pumps are immersed
in oil in an air-tight case. The gases, after leaving the last pump, are ejected into
the case above the oil level. A vacuum is maintained on the case by a third pump,
For this PNTNJ&I a gingle rotary pump was used. This pump was at the same time
amp];gl,v in supporting four other pumps of the same type as that tested.

1e pressures were measured, as is customary, by means of a M'Leod Gauge.
Pressures could be estimated with a reasonable degree of accuracy as low as 00005
mm. of mercury. The pump was first connected to a glass container of 3-6 litres
capacity, and the following pressures were observed in the container -—

Time clapsed Pressure in mm. Time elapsed Pressure in mm
in Minutes.* of Mercury. in Minutes,* of Mercury.
] TG00 4 0000
2 (-0 i 0-0H) 1

The pump was next connected to a container of 15 litres (#-gal.) capacity.
Operating with the other conditions the same as in the previous test, the fo lowing
pressure readings were obtained :—

Time elapzed Pressure in mm. Time elapsed Pressure in mm,
in Minutes,* of Mercury. in Minutes, * of Mercury.

L] TE0-0 Ti 00015

1 ' BT o (-4

3 O-0330 11 0-0001 5

o (-0 13 L0005

Suitable oil for use with this pump can be obtained from the Vacuum Oil Com-
pany, and may be obtained through us.

F 164.—10-gal. drum Vacuum 0il.

VACUUM TUBES OF GUARANTEED PURITY
Grass Toses— Empty Neon Heliom Argon Mercury Osygen Nitrogen Hydrogen
Straight Form - F166 F167 F168 Fl69 F170 F171 F172 F 173
End-on Form -F174 F175 F176 F177 F178 F179 F180 F 181
Guild Form -F182 F183 F184 F185 F186 F187 F188 F 189
(zee below) o

P 287.—Cadmium end-on vacuum tubes,

Fusep SiLioa— \
Secure Lead Seals F190 F191 F192 F193 F194 F195 F196 F 197
Extern. Electrodes F 198 F 199 F200 F201 F202 F203 F204 F 205
End-on Secure
Lead Seals - F218 F218 F220 F221 F222 F223 Foa4 T 295
End-on External
Electrodes -F226 F227 F228 F229 F230 F231 F232 F 233

* The time ia the time elapsed since starting the pump, both pump snd container being fillad
with air at atmospheric pressure at the start. The pump ran at 251 rev. per min,

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
Entrance :—24 Rochester Place (adjolning)
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Accessories for Spectrometers and Spectrographs F9

GUILD FORM VACUUM TUBES

(See Proc. Phys, Soc., vol. xxviii. p, 69.)

It was pointed out by Guild in the
above paper that the life of a vacuum could be
greatly extended by attaching to the discharge
tube a large anxiliary volume. Vacuum tubes
of this kind (see Fig. F 152) can be supplied by
us as above,

Fig. F 182

Fig. F 1

F1 AND F2 VACUUM TUBES FOR EXPERIMENTAL WORK

The tube is, as will be seen fram the sketch (Fig. F 1), of the end-on type. Itis
supplied with a tap, and the light is concentrated into a line focus by a sphero-
eylindrical condenser, of which the spherical portion fits accurately the cup at
the end of the vacuum tube,

F 1,—With glass condenser,
F 2.—With quartz condenser.

GAS DISCHARGE LAMPS
FOR SPECTROSCOPIC AND INTERFEROMETRIC WORK
{Made by the General Electric Co., England) :
Further details of these lamps will be found on a separate leaflet, which will be sent
post free on request,

We can now offer gas discharge lamps which, on a direct current supply of
suitable voltage, give a steady glow suitable for spectrum work. These lamps (Fig.
F 267) are superior to most ordinary vacuum tubes on the grounds of convenience,

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1

Entrance :—24 Rochester Place (adjoining)



Accessories for Spectrometers and Spectrographs F 1o

steadiness, brightness, and life. The radiating area is small, the necessity in most
spectroscopic work being that the source should have great intrinsic brightness.
‘lgfn;:tuben are eylindrical in form, 1 in. diameter and 3} ins. long over all, and have
the standard bayonet fitting,

D.C.
Voltage
F 267.—Ozxygen Discharge Lamps 300
F 262.Nitrogen H 320
F 261.—CO, o b 300
F 234, —Helium o - 220
F 235.—Argon 5 o 220

This lamp gives the ** blue ™ spectrum.

Fig. F 267 Fig. F 253 Fig. F 273

F 156.—Neon Discharge Lamps, supplied in two voltage ranges
200 to 220 volts, or 220 to 250 volts.

F 236.—Hydrogen Discharge Lamps with standard bayonet
fitting, to run on 300 to 400 volts p.c. (best voltage
is stated with each lamp).

The Balmer series is fainter in this lamp than in the ordinary vacuwm fube,

D.C. Voltage
F 239 —Krypton Discharge Lamps 4 300

F 238, —Xenon + o 360

GAS DISCHARGE LAMPS WITH QUARTZ WINDOWS, FOR THE
ULTRA-VIOLET. (Fig. F 273)

D.C. Voltage

F 273.—Nitrogen Discharge Lamps 320
F 269.—C0, - 5 e A R
F 270.—Helium : - 220
F 268.—Argon i o s 220

T'his lamp gives the * blue ** spectrum.

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1

Entrance :—24 Rochester Place (adjoiningy



Accessories for Spectrometers and Spectrographs F 11
D.C. Voltage
F 272 —Neon Discharge Lamps ... 200 to 220
or 220 to 250

F 275—Krypton ,, gl b oot U IR R S
F 276.—Xenon  ,, = 360

ACCESSORIES FOR DISCHARGE LAMPS

F 133 —8tand with Lamp Holder, 4 ft. of flex, and bayvonet
connector for ordinary lamp socket

F 253 —Adapter to suit Edison serew socket

F 237—Direct Current Generator for use with these tubes
Fhis small generator can be driven by a % or § 5P,
motor, and is capable of giving voltages up to 1000
volts according to the speed of rotation. The
current is amply sufficient for this type of lamp,
and the generator will be found useful for lamps
containing gases which will not light on 220 wvolts,
and for use with other gases when a supply at 220
volts is not available. Curve connecting speed and
voltage is supplied with each generator

ARC LAMPS AND SPARK
ELECTRODE HOLDERS

F 3.—Combined Vacuum
Tube Holder and Spark Appar-
atus, readily interchangeable
(Fig. F 3).

F 4—Arc Lamp (Fig.
t F 4) suitable for the arc
spectra of metals. Rods of
" the metal (of X in. tc 4 in.
diameter) are held in the
serew clips. A direct cur-
rent is employed, which
should be off a eircuit of 100
volts or more, with suitable
resistance to give about 3 %
AMpPS.

F b.—Attachment for
using the are horizontal.

Fig. F 4 Fig. F 3
ADAM HILGER, Ltd., 752 Camden Road, London, N.W. 1
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F 277.—Gramont Spark Electrode Holder (Fig. F 277). A very convenient form

for spark spectrography. Both the spark length and the height of the spark from the
table can be adjusted by rack and pinion while the spark is ranning.

; & DRR NILCERCLE
LD

Fig. ¥ 277

HIGH PURITY ELECTRODES FOR ARC OR SPARK

The following electrodes of copper, iron and carbon are accompanied by a report,
including o list of the lines r than those of the substance itself which appear in the
spectrum analysis on a quarlz spectrograph.

The corbon electrodes are specially » Trnr us by The General Eleciric Co.,
Birmingham, from selected high purity carbon, The utmost care is taken in manufacture
fo keep the amount of foreign, and particularly of metallic, material as low as possible,
Both the carbon itself and the adhesive are selected malerial and are passed only after
chemical and speclroscopic examination. The machinery of manufacture is specially
eleaned, and special care is taken o cxclude dust while the carbons are being mads.
Tests are made of the proportion of ash and of ils constituents, and ¢ speclroscopic
analysis is made of the carbons themselves, A reporl of these tests, including a list of
the lines which become evident in the arc during a month’s exposure, is sent out with all
these eleclrodes.

F 127.—Copper Electrodes, 5 mm. dia., 15 cm. long.

ADAI&! HILGER, Ltd., 75a Camden Road, London, N.W. 1
Entrance :—24 Rochester Place (adjeining)
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F 138.—Iron Electrodes, 5 mm. dia., 15 cm. long.
F 129.—Carbon Electrodes, 7 mm. dia., 15 em. long.
F 214, Nickel Electrodes, 5 mm. dia., 15 cm. long.
(Other high purity electrodes are in course of preparation.)

F 165.—Ilmenite Electrodes.—The titanium ore known as Ilmenite has the
interesting property that an arc can be sustained between electrodes of the substance
with a very small current. We can supply pieces of Ilmenite, suitably gripped in
copper rods for use on our small hand-feed Are Lamps. The spectrum includes
the numerous lines of titanium. With these electrodes an arc will run as long as
three hours or more on 220 volts with sufficient resistance in the eireuit to allow one
ampere only to pass.

HILGER THERMOPILES
(LINEAR THERMOPILES OF GREAT SENSITIVENESS)

The following thermopiles are the result of experiments in our laboratories,
undertaken with a view to putting on the market a thermopile of great sensitiveness
for spectrum work., Our experiments during 1812 convineed us of the soundness
of the principles of construetion laid down by Johansen in his very valuable paper
in the Annalen der Physik (4), 33, p. 517, 1910, and it is on the general principles
enunciated in that paper that our thermopiles are constructed. The distinctive
design is our own.

We supplemented the work of Johansen by experiments in our own laboratory
on the distribution by convection, conduetion, and radistion of the energy received
by the thermopile ; and from the data thus obtained we were able to caleulate very
closely for each size of thermopile the number of elements, dimensions of lead wires,
ete., to produce the maximum sensitiveness. It should be noted that there is in
each case a particular number of elements giving maximum sensitiveness, and ther-
mopiles having more than this number are less sensitive.

To obtain greatest sensitiveness the galvanometer should have a resistance not
greatly different from that of the thermopile.
~ The couple chosen was Bismuth-Silver, a combination which produces a thermopile
superior in sensitiveness to any other couple which had been tried for this purpose,
with the exception of Bismuth-Iron.® Although the latter is
somewhat more sensitive, the iron is very subject under ordinary
working conditions to rust, which may render the thermopile
useless in a few weeks. The receiving plates are of silver foil.

Our more recent experiments, however, have resulted in a
still further improved design, which, while having a sensitive-
ness nearly 50 per cent. greater than our previous maodel, is
almost entirely free from “ ereep.”” It is thus much better
adapted for use with very sensitive galvanometers for energy
measurements in the ultra-violet, ete. In this improved form
the Hutchins alloys are used (bismuth-tin and bismuth-antimony).

Tring the last few vears we have adopted an improvement
whereby “creep” of the zero has been greatly lessened. The
“greep” of Thermopiles of this type is chiefly due to the cold
junctions becoming of a temperature different from that of the
envelope, We have, therefore, in our modern Thermopiles,
attached the cold junetion to wings of silver which are bent round
g0 a8 themselves to form an almost complete envelope round the
cold junction.

* A further exception iz Bismuth-Tellurium. We have made thermopiles of Bismuth-
Tellurium, & coupls which gives, for equal rise of temperature, an EM.F, about ecight times as
great as Bismuth-Silver; but have not yet been able to produce them of sufficient permanence,
mechaniesl soundness, or rapidity of action to justify our placing them on the market.

. ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1

Entrance :—24 Rochester Place (adjoining )
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The thermopile for use in air is shown in Fig. F 109. It can be supplied
either in a simple mount or in a symmetrical slit.

The simple mount (Fig. F 83) has a tube with eyepiece and a protecting tube
which can be screwed on over this eyepiece tube without disarranging the eyepiece.
It also has a tube with the standard fitting for the telescopes of our spectrometers,

The symmetrical slit mount is also provided with these same tubes.

Both the above mounts are arranged for attachment to a raising and lowering
stand.

DETERMINATIONS MADE AT THE NATIONAL Puvsican LaBOEATORY (25th August, 1923, Cons,
Mo. H 245) ox tunEe UnsELEcTED HiLoER LINEAR Tuermorines, Nos. 19, 27, and 29,
SHOW THE SENSITIVITY TO BE AS FOLLOWS :—

For the purpose of determining the sensitivity a Hefnor lamp was used as a standard of
radistion. A screen with an aperture 14 = 50 mm. was fixed between the thermopile and the
flame, and at a distance of 10 ems, from the latter. The smaller sides of the aporture wers hori-
zontal, the lower edge being level with the top of the wick tube of the lamp.  Under thess con-
ditiens the intensity of radiation at a distance n% I metre is stated by Coblontz (Bulletin of the Bureate
of Standerds, vol. xi. 1915, p. 80) to be 97 microwatts per 8q. cm.

| Slit—Width. EM.F. {microvolts), |
Inches, . No, 19, Mo. 27. No. £9.
LRI | 00 -0 (-0 on |
0-02 | -5 2-9 20 2.5
=i 1-0 [ a1 | -0 4-9
- 1-3 (] | (1851 | &0 |
LRI 2-0) | 5 T4 B4
O 10 | 2-5 G0 T8 GG
015 | 3-8 G 77 67
020 61 | 66 I 77 |
| |

Quickness of responae,

The thermopiles were connected in tum to a eritically damped galvanometer with a piriod
of about 1 second, and slit-width was adjusted to 2-5 mm. (-] inch). The times taken to reach
#0 per cent. of the full deflections were found to be as follows :—

No. 19 - - 2  sevconds,
No. 27 - - 2-5 5
No. 29 . . 2

The figures are given to the nearest -5 second.
Effect of radiation on the back of the case,
The back of the case was exposed to the radiation from a gas-filled lamp of 100 watts capacity
at a distance of & metres, but no measurable effect was produced on the readings of the instrament,

I';']_‘l:m: following Thermopile, designed for use in air, can usually be delivered from
ek :—
§-5 Dimensions of sensitive area—20 mm, long ; 1-5 mm. wide,
Number of junctions—20.
Resistance (approrimate)—10 ohms.
F 83.—Price of the thermopile described above, mounted in simple mount
84— o e symmetrical slit

. Fig. F 83

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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F 85.—Raising and lowering stand to take either of the above, extra.
F B6.—Sensitive portion of above thermopile alone, in brass case.

We ean also supply thermopiles having sensitive areas as follows :—

FLength. Widih. I'n Simple Mound. I'n Symmetrical St In Brass Case.
10 mm. 1 mm. (F 87) (F 89) (F 109)
10 mm. 0-5 mm, (I 88) (F 90} (F 110)

These are interchangeable in the mounts described above, We can further
supply thermopiles designed to have maximum sensitiveness when used in vacuo.

F 91.—Broea Galvanometer (made by the Cambridge Instrument Co. Lid.,
Cambridge), selected as being suitable for general work with the thermopile.

F 92— Paschen Galvanometer (made by the Cambridge Instrument Co. Ltd.,
Cambridge)—This i= a modified form of the Thomson Galvanometer, and was
specially designed by Professor Paschen for radiometric measurements. The magnet
system consists of two groups of thirteen magnets arranged alternately on opposite
sides of a fine glass stem. The coils are elliptical in shape, and are wound with six
different sizes of wire, with the object of producing a maximum field for a given
resistance of copper. The sensitivity is about forty times as great as that of the
Broca Galvanometer. The period can be varied by means of a control magnet.
The galvanometer has a resistance of about 12 ohms.

F 151 —Magnetic shielding for the Paschen Galvanometer, made by the Cam-
bridge Instrument Co. Ltd., Cambridge (strongly recommended for this sensitive
instrument).

F 93.—Seale, on stand, with lamp for use with the above galvanometers (made
by the Cambridge Instrument Co. Litd.).

SPARKING APPARATUS FOR SPECTRUM WORK

Whenever a high voltage iz required for spectrum work, i.e. lighting a vacuum
tube or sparking between metal electrodes, a transformer specially wound to our
specification has been found most convenient and efficient.

For vacuum tubes we recommend the insertion of a lamp resistance, for control,
in the primary cirenit of the transformer. In general, one 50 ¢.p. carbon filament
lamp is suitable, but for tubes with large electrodes, such as are used with the Pulfrich
Refractometer (F 189 or M 56), two such lamps in parallel with each other are not
too much. For small tubes a lower ¢.p. lamp should be used.

For sparking between electrodes a condenser should be connected in parallel
with the spark gap.

Where alternating current is available, such a transformer with lamp resistance,
e¢te., can be run straight off the mains. Where only direct current is to be had the
following is the necessary outfit shown in Fig. ¥ 281.3, which, however, does not
ghow the present type of outfit.

F 281.—} K.W. Rotary Converter 110 volts or 220 volts p.c.; giving 75 volts or
150 volts respectively, 60 cycles, a.c. (state voltage of supply in ordering).

F 2821 K.W, Transformer specially wound for sIPeotrum work, including auto-
transformer, so that transformer will run on anything from 75 to 220 volts a.c.

F 283—} K.W. Condenser, capacity approximately 0-03 m.f.

ADAM HILGER, Litd., 75a Camden Road, London, N.W. 1

Entrance 234 Rochester Place (adjoining)
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F 284, —Lamp Resistance Board, consisting of polished teak base with six lamp
holders arranged in parallel, wired with 3 feet of flexible connection, and adapter
for plugging on to electric supply ; including six 50 c.p. carbon filament lamps,
each giving about 1 ampere on a 220 volt cirenit.

F 285.—Hemsalech Self-induction Coil for remaval of the air lines, self-induction
(-1 henry approximately.

Fig. F 281-3

Careful spectrographic tests have been made in our laboratory with this coil
inserted in the circuit in series with the spark. None of the air lines between 5300 A
and 2980 A as given in Eder & Valenta's "‘Atlas Typischer Spektren ” were registered
when the exposure was adjusted to give the metal lines of the same intensity as
when no coil was used.

(The air lines between 2930 A and 2100 A are not registered under the same
eonditions even without the coil.)

F 132.—Jones’ Electrodes.—Specially treated carbon rods as recommended by
H. C. Jones, of Baltimore.

F 66.—Sparking Tube with gold electrodes and platinum condueting wires for
the spark spectra of metals in solutions (as used by Dr. James H. Pollok in his
researches on the quantitative spectra of metals in solution ; see Sei, Proc. Rowyal
Dublin Society, vol. xi., Nos, 16, 17, 18).

For sparking outfit for X-ray Spectrography, see pp. E 13-14.

SENSITIVE PLATES FOR SPECTROGRAPHIC WORK

The following plates are those which we have found the best for general Spectro-
graphic work,

Diford Special Rapid Panchromatic  Sensitive from the Ultra-violet up to 7200
A with normal exposures. With pro-
longed exposures up to 7900 A.

Iiford Rapid Process Panchromatic Of similar senzitiveness to the Special Rapid
Panchromatic but of much finer grain
and greater contrast and about one-third
the speed.

Wellington Anti-Sereen - - A fast * ordinary ' plate of fine grain suit-
able for Ultra-violet work.

Not only are these plates extremely sensitive, but they keep good for a long
time.

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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Messrs. Kodak, Ltd., make Light Filters, of which upwards of eighty varieties
are now stocked, either transmitting narrow bands, or cutting out a specified region
of the spectrum. Price Lists on application.

See also the Hilger Schumann Plates described below and on the separale descriptive
leaflel sent post free on request,

Photographic Plates for the Region in the Ultra-Violet between Wavelength
2200 A and 130 A, for Positive Rays, and for the very soft Réntgen Rays produced
by the Impact of Positive and Slow Cathode Rays (see paper by Sir J. J. Thomson,
Proc. Phys. Soe., vol. xxvi.,, Part V., Aug. 1914, p. 288),

The strong ahsorption of light by gelatine renders the ordinary photographic
plate of little value beyond wavelength 2100 A, in fact the general absorption by
gelatine extends almost up to the visible region of the spectrum. The first plates
used for the extreme ultra-violet were prepared by Schumann* the gelatine being
reduced to the minimum necessary to hold the silver bromide on the plate.

We can now supply plates made to a modification of the Schumann formula and
suitable for the purposes mentioned above.

i, Hize,
Inches. Cms. Inchies. Cma,
F 9‘4.---45; ® :id; 10-8 x 8-2 F95.—10 =4 25-4 % 10-2

Other sizes can be supplied, providing that not less than three dozen are ordered,
the price in shillings per dozen being determined by the formula 9-5 +2-1 x area
in inches,

For five dozen and over of one size, reduction of 10 per cent.
For ten dozen do. do. 20 per cent.

The advantage of these plates becomes very apparent after wavelength 2200 A
and at wavelength 1850 A they are five times as rapid as the most sensitive com-
mercial plates, while for shorter wavelengths the latter are of no use at all.

These plates will stand handling much better than those made to the original
Schumann formula. They increase in sensitiveness for some time after being made,
and providing they are kept with the customary care, they have a life of similar
length to that of the ordinary dry plate.

DugaBILITY. —As# far as our experience goes, under favourable circumstances thess
plates will last as long as twelve months. If supplied sealed up in canisters they will
last probably more than tiwo years.

A separate leaflet is issued giving full particulars of the range of
Schumann plates manufactured by us,

PUBLICATIONS
(Obtainable direct from ourselves or through any bookseller.)
Nett. Post fres.
F 208.—Vol. 1, Refractive Indices of Essential Oils e 128, Bd. 13s, 0Od.

F 209.—Vol. 2, Refractive Indices of Oils, Fats and Waxes
(Compiled by R. Kanthack. Edited hy J. N.
Goldsmith, Ph.D., M.Sc., FIC)... .. .. 17s 6d. 18s 0d.

F 210.—Report on Quantum Theory of Spectra. (Silberstein) 3=, 6d. 3s, od.

* Ann. der Physik, 5, 349 (1901). y
t Prospectus of this work will be sent post free on applieation,

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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Nett. FPost {ree.
F 211.—Elements of Electromagnetic Theory. (Silberstein) 3s. 6d. 3s. od.
F 212, —Elements of Vector Algebra. (Silberstein) s 34, 6d. 3s. 0d.

F 213.

tories. 2nd ed.* (Goldsmith, Judd Lewis and
Twyman) aa : — T 1s. 8d.

F 145 —Lines in the Arc Speutra. of Elements. {Sta.nlev] Ts. 6d. Ts. Od.

F 146.—Wavelength Tables for Spect.rum .&nalj.rsh*
(Twyman) .o B (il 7s. Od.

F 147.—Enlarged Photograph of t-lu: iron arc spectrum marked
with over 80 wavelengths, including all those recom-
mended as standards by the International Astronomical
Union. In six sections as follows —About 100 lines from
2130 to 2280, 75 lines from 2280 to 2470, 150 lines from
2470 to 2800, 150 lines from 2800 to 3300, 225 lines from
3300 to 4190, and 100 lines from 4190 to 6680 ; with
additional sections showing (e) the 20 lines of the neon

trum from 5852-488 to T032-412 A ; (b) the 19 lines
of the helium spectrum from 3613641 to T2Z81-349 A,
determined interferometrically by P, W, Merrill

F 290.—Enlarged Photograph of the Neon Spectrum as (a) above.

F 291 —Enlarged Photograph of the Helium Spectrum as () above.

F 152.—Collotype print of the Spectrum of Copper marked with
Wavelengths, for checking the “aw'[f-ngth Scale of
Quartz Spectrographs. o

* Prospectuses of these works will be sent poat free on application.

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
Entrance :—24 Rochester Place (adjoining)
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SECTION H

SPECTROPHOTOMETERS, COLORIMETERS
AND APPARATUS FOR SENSITOMETRY

PAGES
Epectrophotometric outfits for the Ultra-Viclet o HA2-B
= * L Visible ... e H =9
Inira-Red . T - ]
i Photographic P JI.'!:' nnel Filter testing H 10-12
Wedge 8 |n.-«-.1- |..|nph for colour sensitometry ... o H13-14
Colour Perception Spectrometers R - H 15-16
Colorimeter e i ; : H17=19

SPECTROPHOTOMETERS
FOR THE ULTRA-VIOLET, VISIBLE AND INFRA-RED REGIONS

In view of the great interest for the chemist which the measurement of selective
absorption has assumed—as will be seen from the bibliography on this subject
which we publish—and in view of the great necessity of making such measurements
quantitative, we have developed a series of instruments which will enable quantita-
tive measurcments of absorption to be made, not only in the visible spectrum, but
also in the infra-red and in the ultra-violet.

In the ultra-violet alone a great amount of work has been done in the examina-
tion of absorption spectra, but extremely little of it has been of a gquantitative
character. Professor Kayser, writing in 1908, drew attention to the unsatisfactory
nature of the work which had been and was then being done in this direction, owing
to its being merely qualitative.* It must not be forgotten that not only the intensity,
but the actaal position of the maximum of an absorption band is undetermined
until gquantitative measurements have been made, since any variations throughout
the spestrum of intensity of the light source, of sensitiveness of the phutnﬂlﬂ.phiu
plate, or of dispersion, may cause the apparent maximum of absorption to be in a
pozition different from that of the actual maximum. All absorption work, therefore,
which is done other than quantitatively is subject to this eriticism.

Even in the visible region Spectrophotometry has not received in the chemiecal
laboratory the attention it deserves. Yet it is only necessary to remember one or
two instances of its applieation in order to remind oneself of the very great import-
ance of the physical measurement. Such investigations as the determination of 0
in blood by gﬂgﬁl.f and the separation of Neodymium and Praseodymium by Auver v.
Welshach, may be cited in this connection.

Measurements of absorption acquire their chief interest when plotted on a
wavnlﬁggt.h scale (or, better still, on a frequency scale). With all the instruments
descri below the necessary readings for doing this are immediately at hand
without the necessity of the purchaser carrving out laborious calibration himself,

* Handbuch der Spectroscopie von H. Kayser, Band 3, 8, 40 : ** Aber alle diese Methoden eignen
sich doch nicht zu einer genauen Bmlrmnm%mur Absorptionsconstanten fir viels Substanzen und
werschiodene Wellenlingen. Trotz der zahlreichen im Vorhergehenden bes henen Ap ra.ta
musste, man bis vor Kurzem sagen, dass es kein brauchbares Instrument fitr ["Emt.nm:t.m im
violett giebt mit dem man etwa damn hiitte denken kinnen, eine ausgedehnte Untersuch a. H
organischer Substanzen vorzunehmen. Man war ausschliesslich aunf dis spiter gu besprechenda

Methode angewiesen, die namentlich von Hartley mmﬁbddot. und durchgefihrt ist, die aber Ir.uim
Messung der Constanten, hichstens eine Schiitzung Giber die Grosse der Absorption zulisst,”

t Ber. d. dewtech. Chem. Gea. I, 792 (1877) and 17, 235 (1878).

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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The infra-red, in which region far less work has been dope, is also of interest for
the chemist, and a suitable instrument for the region up to 9 p is deseribed below.

APPARATUS FOR SPECTROPHOTOMETRY IN THE ULTRA-VIOLET

The apparatus recommended by us for this purpose consists of our Quartz
Spectrograph, size E 31 or 37 (formerly known as size A), or size E 3 (formerly known
assize C), with an auxiliary apparatus enabling quantitative photometric measurements
to be made. Our Quartz Spectrograph, E 3, has been very widely used for work on
absorption spectra, for which class of work it is particularly well suited. Butl the
cheaper instrument has ample dispersion for most absorption work, and can now alse
be supplied with a wavelength scale. The auxiliary apparatus is as follows (see

Fig. H 16

diagram, Fig. H 16a, and general view, Fig. H 16) : Immediately in front of the slit
and attached to it is a bi-prism, B, which receives the light from the source in the
following mannsr. The light emanates from the source, L, and may reach the slit
by two alternative paths. An upper beam passes through a rotating sector, 8, the
apzrture of which can be varied. The beam then passes through the wedge prism, P,
and, falling on the bi-prism, is deviated by the lower half of that prism to pass axially
along the collimator of the spectrograph. ~ The serond beam traverses first the absorb-
inz liquid under examination contained in a suitable cell. A, then through a rotati

sector, 8°, of fixed aperture, and a wedge prism, P, similar to P but z0 nrrangﬁ

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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as to divert the light uvpwards instead of downwards. The beam is then diverted
by the upper half of the bi-prism, B, and passes axially along the collimator of
the spectrograph like the first. We thus have the spectrograph fed by two beams,
the one capable of being varied in intensity at will by varyving the aperture of the

Fig. H 16a

rotating sector, the other subject to the absorption of a known thickness of the
liguid under examination. A series of photographs is taken with the sector & et to
different apertures. If we consider one of these photographs we shall see that it
consists of a pair of spectrum photographs in close juxtaposition, one of which is

Fig. 16k

of reduced density throughout its whole length, the other—that, namely, which has
passed through material under test—heing more dense than the first in certain
parts and less so in others, there being certain wavelengths where the density of
the two is equal.

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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It is found that the wavelength at which the densities of the two spectra are
equal is, within wide limits, independent of the exposure, of the intensity of illumina-
tion, and of the speed of rotation of the sectors,*

Furthermore, the photographs are taken simultaneously, and there are, there-
fore, no errors arising from fluctuations in the light source.

The sector is divided to read log where 1 iz the intensity of the incident

I
light and I' that of the light transmitted by the medium whose absorplion is being
measured. Thus, if the wavelength of the points where the two spectra are of equal in-
tensity are noted, together with the sector reading, we have all that is necessary for
drawing the absorption curve. Fig. 16b shows an absorption curve thus determined,
Outfit recommended (—
E 3 —Quartz Spectrograph with Wavelength Scale (formerly
known as size ().
orjE 31.—Quartz Spectrograph (formerly known as size A or E6) ...
or B 37.—Quartz Spectrograph E 32 with Wavelength Scale

H 16.—Sector Photometer, with motor arranged for 12, 110, or 220
volts, complete as shown in Fig. H 16, including the
quartz bi-prism for the slit of the Spectrograph

When ordering, the voltage of supply should be stated.
H 17.—Tubes with gquartz ends for solutions, length of liquid, 10,
20, or 40 mm., price each
Light source i—
F 3.—Combined Vacuum Tube holder and Spark electrode holder
F 132 —Jones electrodes, per pair
For photographic plates see section F and separate leaflet.
Sparking apparatus (fully described in section F),
F 281.—} K.W. Rotary converter 110 volts or 220 volts p.c.;
75 volts or 150 volts respectively, 60 cveles, a.c.
F 282.—] Kilowatt transformer specially wound for spectrum
work, including auto-transformer to give S000, 10,000,
12,5600 or 15,000 volts
F 283.—} Kilowatt condenser, capacity approx. 0-03 ».¥. .
Where alternating current is available the converter 8 2 is not required.
When ordering, the voltage of supply should be stated.

THE JUDD LEWIS SECTOR PHOTOMETER

FOR SPECTROPHOTOMETRY IN THE ULTRA-VIOLET
Catalogue No. H 40

To the original form of sector photometer H 16, made by them since 1913,
and described above, Adam Hilger, ]i.td., have now added the manufacture of the
new sector spectrophotometer H 40, invented by Dr. 8. Judd Lewis, the first model
of which was deseribed in the Transaclions of the Chemical Society, 1919, pp. 312-319,
This instrument has now been improved by Dr. Judd Lewis as deseribed in his
Cantor Lecture (Journ. Roy. Soc. of Arts, 1921, 806-808), and brought by him to
such a state of efficiency and ease of adjustment to the spectrograph in conjunction
with which it iz nsed, that he finds it possible to map an absorption spectrum in the

* The spead selected by us iz 120 revolutions per minute.
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ultra-violet region with as much confidence and precision, and almost as readily, as
can a series of observations be made with the polarimeter and plotted on a ecurve,
The importance of this new facility in its bearing on the progress of chemical and
physical science, both pure and applied, can scarcely be exaggerated. The new
model can moreover be worked with great rapidity, and with it it is possible to photo-
graph twenty or thirty absorption spectra in a minute. Owing to this rapidity of
working, & new means of studying the progress of a chemical reaction or controfling
a process becomes accessible.

Fig. H 40

The chief features of the new instrument are displayed in the accompanying
figure and diagram. Light from the lamp Q passes through the fluorite-quartz com-
bination L, and as a parallel beam it falls on the reflecting face, a,¢;, and then on
the face byd;, whence it is reflected as a parallel beam through the sector Dy, and
the observation cell, W, to the lens L,, which focusses the light on the slit, the light
passing through the reflecting rhomb P, and the Albrecht rhomb R. The lens L,
moves in a graduated sleeve for focussing the light accurately for any region of the
gpectrom it 13 desired to study critically, although for ordinary work this adjustment
is quite unnecessary. Another beam of light is treated in exactly the same way in
the lower path. Hence, with both sectors fully open, two spectra identically similar
in all respects may be photographed in juxtaposition. The cell W contains the
substance under examination, by which the spectrum is absorbed in a way peculiar
to the substance in question. By adjustment of the lower sector Dy, the light passing
through it may be cut down to any desired intensity, and the normal spectrum so

ADAM HILGER, Ltd., 75a Camden Road, London, N.W, 1
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}Foduced used for determiring the points equal to it in the absorption spectrum.
he wavelength at which the two members of each pair are equal is marked by a
dot ; whence the unknown intensity in the absorption spectrum becomes known
by reference to the known intensit-}ginf the normal spectrum. The nbaor?t.iun spectra
are then plotted with extinction coefficients for ordinates and wavelengths for abscissae,
The extinction coefficient may be read directly from a table correlating the angle 6
on the graduated quadrant (by which the known intensities are determined) with
the extinction cueéeicnts. but the quadrant is also graduated so as to read directly
in terms of the extinction coefficients, so avoiding all need of reference. Photo-
gravures exemplifying the work may be obtained on application.

Flg. I 40a

The open construction of the stand enables the instrument to be used with
observation cells of any shape or size, a convenience which adds greatly to the scope
and possibility of the operations.

The instrument iz also fitted with an index (not shown in the figure) for adjust-
ing precisely the position of the spark from time to time, and it is to this feature
that the speed of the instrument in use is in great part due.

The instrument is fitted with two sector systems, which is desirable for its wider
applications, and for m&king the instrument complete and self-calibrating when
desired for certain work. The instrument fitted with only one sector is fully
suflicient for most practical purposes, and can be supplied at a lower price.

The sectors with graduated quadrant can be supplied separately.

H 40.—Judd Lewis Sector Photometer with two sector system.
H 41.—Judd Lewis Sector Photometer with one sector system,
(Detailed description post free on application.)

ADAM HILGER, Ltd,, 75a Camden Road, London, N.W. 1
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APPARATUS FOR SPECTROPHOTOMETRY IN THE VISIBLE
SUITABLE FOR WORK ON DYES, ETC.

The instrument which we recommend for this purpose is as follows : Hilger
Wavelength Spectrometer with light prism (pp. D 1-2), with Nutting Photometer
and equipment as described below,

The form of Hifner Spectrophotometer made by us since 1904 was designed for
research on photographic plates, and for this purpose it has given general satisfaction.
While it has also been very serviceable in general themical work it presents for such
purposes several disadvantages. When, therefore. we turned our attention to the
development of a Spectrophotometer which should be as convenient and accurate as
possible for general chemieal work, we adopted as the basis of such an instrument—
after a careful survey of the main types of photometer available—the form of

H7

Fig. D 1, H 56

polarisation photometer described by P. G. Nutting (see reprint No. 155, Bulletin of
the Bureaw of Standards), using it in conjunction with our Constant Deviation Wave-
length Spectrometer,

Considerable alterations were made in the design of the photometer to fit it for
the purpose in wview, but certain cssentials remain; while every modification has
been the subject of eareful consideration.

The featurcs of chief interest to the user are as follow :

{1) One light source is used for both beams of light.

(2} Tubes for liqguids or gases of any desired length ean be used,

(3) There iz ample separation between the two beams (the distance between
the centres of the beams being 38 mm.).

(4) The circle is divided both in * densities " and degrees.

(&) The photometer can be used with any ordinary spectroscope, although the
Wavelength Spectrometer is to be preferred on account of its con.
venience, accuracy, and robust design.

In the more recent instruments (those namely issued during 1921 and subse-
quently) both fields are varied in intensity by the rotation of the divided cirele,
the one increasing while the other decreases in illumination, until the match is
achieved. Thus the later instruments follow a “tan?®" law instead of, as.in the

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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earlier ones, a “sin®*" law. The object of this modification is to get rid of
gystematic errors which occur when, as is often the case, there is a certain amount
of polarised light coming from the source. With the latest model such an occurrence
causes no error in measurements of absorption.

It has not been found possible to combine thiz improvement with the same
perfect juxtaposition of the two fields as existed in the older instrument, but the
nett result iz a gain in reliable accuracy.

An additional point of importance is that great care has been taken to work oug
thoroughly the correct conditions of illumination, a point of the utmost importance
for accurate spectrophotometry. *

Our latest model of Nutting Photometer in combination with the Wavelength
Spectrometer is shown in Fig. D 1, H 56.

Referring to the figure, the two beams of light from the light sopree are made
parallel by the device C (whose correct distance from the light source is engraved upon
it). In measuring the absorption of a solation the parallel beams pass the one through
the tube D, containing the liguid, the other through a companion tube containing
preferably the liquid used as solvent for the substance under test. The two beams
enter the photometer by the apertures A and B (not shown in the fizure), Details of
the optical construction are given in instructions for use issued with the instrument ;
it will therefore suffice here to say that the photometer projects upon the slit of the
spectrometer a double field, of which the one part is illuminated by the light which
has suffered absorption by the liguid under test, the other being reduced in intensity
by rotation of the divided circle G, On observation of the resulting spectrum formed
by the spectrometer one accordingly sees a spectrum divided into two horizontal
strips in close juxtaposition, of which the top strip is reduced in intensity by the
absorption of the liqguid, and the bottom one by the rotation of the divided cirele G.
Attention being directed to a particular wavelength of the spectrum (preferably
by isclating it with a shutter eyepicce) the two parts of the spectrum are made to
match in intensity, and the reading on the divided cirele (divided by the length of
the tube of liguid in centimetres) gives the extinction coefficient of the liguid for the
wavelength in question.

The scale of the divided circle, alike with the measuring drum of the wavelength
spectrometer, can be conveniently read by the observer without quitting the eyepiece,
a lens, L, being attached to the photometer for the purpose.

Outfit recommended :—
D 1—Wavelength spectrometer with prism of 1.85 refractive
index for D, accurately calibrated in wavelengths
D 4.—Protective cover to prism table of Wavelength Spectro-
meter ...
F 40 —Shutter eyepiece for Wavelength Spectrometer, with
lateral adjustment to bright pointer
H 56 formerly known as F 118 —Nufting Photometer as described
above, with levelling screws, and including beam paral-
lelising device and small electric lamp for illumination
of the divided circle
H 57 formerly known as F 22.—Raising and lowering stand
for holding tubes of absorbing liquids, taking tubes
10 em. long and npwards
H 58 formerly known as F 23.—10 cm. tubes, accurate to 001
em., with serewed end caps, and side tube for filling ...
F 215.—Pointolite Lamp, 100 e.p. (can only be supplied for direct
current)

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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F 216.—Universal resistance for Pointolite Lamp
F 217.—Wooden Light-tight Box for 100 ¢.p. Pointolite Lamp

The box is made carefully light-tight, with a small hole only for the emergence

of the beam to be utilised. Designed for use with the Suttin% Photometer, the
il

height of the light and aperture is suitable for that instrument,

t there is a rising

and falling panel which bears both lamp and aperture, so that the height can be
exactly adjusted within a range of 13 ins. The position of the radiant ball of the
Pointolite Lamp is indicated by a white spot on the top of the box. The box is lined
with asbestos to prevent over-heating. The stand is provided with holes for screw-
ing to the bench if desired.

For measuring very high densities, i.e. high absorptions, or for making

measurements*in the extreme red or violet; also for measuring reflective power of
fabries, papers, ete., a 500 c.p. Pointolite Lamp is recommended.

F 242500 c.p. Pointolite Lamp
F 243 —Low voltage resistance for above lamp for direct current
F 244.—High voltage resistance for above lamp for direct current

A 150 c.p. Pointolite Lamp can now be supplied for alternating current, prices

on request.

H 32, Nutting Direct Vision Spectrophotometer, a simple form of spectrophoto-

meter, consisting of a direct vision spectroscope and Nutting photometer combined
in one direct vision direct reading instrument.

ar

OUTFIT FOR SPECTROPHOTOMETRY IN THE INFRA-RED

D 35.—Infra red Spectrometer, calibrated in wavelengths from 5000 A
to 100,000 A (for complete description see pp, D 15-16)

A complete outfit consists of :—
D 35.—Infra-red Spectrometer ...

F 91.—Broca Galvanometer (made by the Cambridge Instrument Co.
Limited), selected as being suitable for work with this
instrument ... 24 i e T

F 92.—Paschen Galvanometer (made by the Cambridge Instru-
ment Co. Limited). Much more sensitive than the
Broca (for fuller particulars see p. F 15) ...

F 151.—Magnetic shield for the Paschen Galvanometer (strongly
recommended) made by the Cambridge Instrument Co.
L. : x

F 93.—Seale, on stand, with lamp for use with either of the above
%ulirarnumutws {made by the Cambridge Instrument Co.

The sensitivity to be expected from this instrument may be gathered from the

following data :—

A D 35 Infra-red Spectrometer taken without special selection from our stock

and used with a Broca Galvanometer of 15 seconds period, both slits being { mm.
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wide, thermopile having a sensitive area of 10 x 0-5 mm., gave a deflection of 20 mm.
for the mercury green line (Silica lamp) and 180 mm. for the 44,000 A line given
by a Meker burner.
If greater indensity be required, the larger instrument D 42 can be sulstituted for the
1 35, see below,

Fig. D 35

D 42.—Infra-Red Spectrometer of large aperture, calibrated in wavelengths from
S000 to 160,000 A —This instrument is of similar design to our standard model, D 35,
but so modified as to have a focal aperture of f/4-5. It is provided with a rocksalt
prism of about 45 mms. height, and 70 mms. length of face. The concave mirrors
are of 28 cms. focal length and 50 mms. diameter. These and the plane mirror
are of platinum electro-deposited on glass. Recent experiments with mirrors of
stainless steel have led us to believe, however, that this substance iz more
resistant to atmospheric conditions than metallic films on glass, and of about
equal reflecting power. It is probable that this material will be adopted if the tests
are confirmed.

The instrument is calibrated in wavelengths from 0-5p (5000 A) to 160,000 A,
the extension of calibration having been made by Paschen's dispersion formula.

HUFNER TYPE SPECTROPHOTOMETER
FOR PHOTOGRAPHIC PLATE AND FILTER FACTORIES
The above form of spectrophotometer (Fig. H 1) is designed for the accurate
measurement of a tion of liguids, ete., for light of any desired wavelength ; but
it can be equally well used for the determination of the densities of photographic™
plates or films, for which purpose it is extremely aceurate and convenient.

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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It was for this combination of purposes that it was first designed to the require-
ments of Dr. C. E. K. Mees. ®
It is in use in many of the most important photographic plate works of the world,

The instrument consists of the following essentials :—

It is desired to compare the intensities of two beams of light, one of which has
undergone absorption (by passage through a known thickness of a liquid, for
instance). In the path of the beam which has not undergone absorption is inter-
posed a Nicol prism, which polarises the light perpendicularly. The two beams of
light are then thrown on the slit of the spectroscopic portion of the apparatus, being
brought into close juxtaposition with a sharp dividing line by a prism of special
design. The light after passing through the slit undergoes collimation, and 1z dis-
persed into a spectrum by a prism, and after passing through a second Nicol prism
15 brought to’ a focus, and observed by an eyepiece. Two specira are then seen
one above the other, with a very sharp dividing line between : the one being an

Flg. H1

absorption spectrum of the substance under observation, the other spectrum being
reducible by rotation of the second Nicol prizm to any desired intensity. The in-
tensity of this latter spectrum can be simply deduced from the rotation of the second
Nicol, and thus, by exact matching of any desired part of the two spectra, an
exceedingly accurate measurement of the amount of absorption by the material
under observation can be obtained. One can pass through the spectrum by a screw
motion, with a large drumhead on which the part of the spectrum under ohservation
is marked in wavelengths. Owing to the special form o prism used the telescope
is rigidly fixed.

The rotation of the second Nicol is read off by a vernier. The eyepiece has
two shutters pushing in from right and left, by means of which any part of the
spectrum can be isolated.

The illuminating system is a metal filament lamp of the type having all the
radiating section in one plane.  If preferred we are prepared to supply a * Pointolite
lamp at an additional charge of £3 10s. When ordering, state voltage of electric
supply.

H 1.—Hiifner Spectrophotometer (not including Sehulz’s Cell and

mount, shown in Fig. H1) ...

H 2.—Division in densities in addition to the division in degrees
* See Photographic Journal, July 1904,
ADAM HILGER, Ltd., 75a Camden Road, London, N.W, 1
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H 3-H 4—Reading microscope, attached to the telescope, for reading
the circle without qutttmg the L'YLPIE.N'.'E with 4- mlt
electric lamp for illumination, and mirror for reading the
drum from the eyepiece,

H 5.—Schulz’s Cell, for absorption nwa-wrenwnta, on mmn;_h Hui
lowering stand, with rack and pinion !

H 6.—Reflectors of pla.s.lur of Paris, for comparison of t'm.:u Iwht
sources ; to go on same stand as ‘-u:-}pulr s Cell .

H 7—Exposure Box, for plate testing work, as designed by C. E.
Kenneth Mees, Esq., and described in the Photographic
Journal, July 1904 ; with accurate Hurter & Driffield
rotating sector ; glass cells for use as colour screens, and
two dark slides as described in the above pa-er ready
for running :

H 8.—Exposure Box for use in the llupl: & ;

H 9.—Plate-holder for h‘:.-slit:!.., plates exposed on l.hh e \‘.|M}‘|LIIL I)u:t on the above
spectrophotometer (as described in the same article), arranged for the same stand
as the Schulz’s Cell mount.

H 10—Accurate Wedge Photometer, designed according to the instructions of
F. F. Renwick, Esaq., for measuring the densities of photographie plates,

The density measurement is effected by comparing the photographic plate
under test with an accurate wedge of neutral tint glass, which is Ehl'l::l".-'ii ed with a
traversing motion by rack and pinion, and with an accurate scale of densities (Hurter
& Driffield notation). An auxiliary density of known amount can be introduced
in addition to the wedge when required, and the instrument will then give readings
with great accuracy up to a density of 4. ;

Beadings can be taken very rapidly and with great ease. The neutral tint
wedges are carefully tested on accurate polarisation micrometers of our own con-

struction. The nentral tint glass of which the wedges are made is Jena glass, specially
free from selective absorption. Supplied complete with lamp.

{When ordering stale voltage of electric supply.)

H ll.—ROtﬂ-ﬁJlE Sector |_|"i_u_. H 11) for phntumtril'iﬂ work. In ulﬂvrin_g P]L‘\aﬁi: state
whether required for photographic or visual use,

Fig H 11
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WEDGE SPECTROGRAPH FOR TECHNICAL USE
(COLOUR SENSITOMETRY), WITH NEUTRAL TINT WEDGE AND
WAVELENGTH SCALE

Designed by Dre. C. E. Kenneth Mees for rapidly obtaining a permanent record
of the absorption curves of dyes, colour filters, or the curves of sensitiveness
“' |li|||l:u_gr.'! F'I}![(‘ EPIFL'{".“-.

BIBLIOGRAPHY

“ The Wedge Spectrograph,” by C. E. Kenneth Mees and 8. H. Wratten, Bril.
Jowr, of Phot., 1907, p. 384,

‘ Plates Sensitised with Dicyanin 7 and * The Photography of the Infra-Red,”
by C. E [’\lrl!ll”’l "Illuu. ‘and 8. H. Wratten, Phot. Jour., Jan., 1908,

* Absorption Spectra,” by C. E. Kenneth Mees and S. H. ‘l."l.m!iml, Phot. Jour.,
May 1909,

* An Atlas of Absorption Spectra,” by C. E. Kenneth Mees, published by Long-
mans, Green & Co., and Wratten & W ainwright, Lid., 1909,

Fii. H12

The instrument (Fig. H 12) consists of a baseboard carrying a Spectrograph,
condensing lens, and 12 v. § Watt lamp, the filament being focussed on the slit of
the EEM 1n}1.|nl.I:|h The ‘*pm Ilngr&ph consists of a slit, collimating lens, diffraction
grating (a film replica of a Rowland’s diffraction grating), and camera lens, all en-
cloged in the same box.

The first order spectrum is thrown on to a guarter-plate dark slide, which con-
tains the photographic plate. In the dark slide is fixed a transparent seale of wave-
lengths, which is photographed at the same time as the spectrum. The red end
of this scale is covered by a yellow screen, by which the overlapping ultra-violet of
the second order is absorbed, the first order ultra-violet passing through the undyed
portion of the screen.  Three spectra can be recorded on each plate by moving the
dark slide. Although not primarily designed for the examination of line spectra,
the greatest care has been taken to render the scale as accurate as possible, with
the result that a most efficient instrument of excellent definition is provided,

In order to use the instrument for recording the sensitiveness curve of a plate,
a small wedge of neutral tint glass, equal in length to the length of the slit, is fitted
in front of the slit of the Spectrograph, and produces a graduation of intensity across
the spectrum. The neutral tint glass has been most carefully selected, has no
transmission or absorption band in the visible spectrum. It iz of a neuatral grey,
with only a very slightly less absorption in the red than in the blue, though the
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extreme violet and ultra-violet are more strongly absorbed. The density of the

is so arranged that the light end transmits 10,000 times the light transmitted by
the dark end, the extinction coefficient (or, in photographic terminology, * the
density ') varying from 0-2 to 4-2. The wavelength scale is also provided with a
scale at right angles to it (Fig. H 12 B), the divisions indicating that those pointa
correspond to the densities of 0 (on the zero line), 1,2, 3, and 4. If the light pmiﬂF
the thinnest end of the wedge be represented by unity, the light passing through
the portions of the wedge corresponding with the divisions of this scale will be given
by 1 {on the zero line), 1/10, 1/100, 1/1,000, and 110,004,

- ’ [l

Flg. H12 B

If, then, a plate is exposed in the Speetrograph, with the wedge in position, its
sensitiveness is represented by a graphic curve showing the maxima and minima
of sensitivencss,

The absorption band of a filter, or dye solution, can be obtained in the sama
way ; but as a means of recording the absorption curve of a dye, the use of the
neutral tint wedge complicates the results, owing to the effect produced by the
sensitiveness curve of the plate, and a better method is the use of the wedge cell,

This cell consists of a small rectangular box of glasz, open at the top, and divided
into two triangular cells by a diagonal partition. One of these is filled with the
dye solution to be photographed, the other with water. In this way the thickness
of the dye varies from end to end of the slit, while deviation is prevented by the
water cell.

H 12.—Wedge Spectrograph, with neutral tint wedge and wave-
length scale, including 12 v. } Watt Lamp, instead of
Nernst lamp, as illustrated in Fig. H 12 ...

H 13 —Wedge Cell for dye absorptions, with carrier fitted to Spectro-
graph

DR. EDRIDGE-GREEN'S COLOUR PERCEPTION SPECTROMETER

(See Paper by Dr. F. W. Edridge-Green, Trans. of Ophth. Soc., 1907, and ** Colour
Blindness and Colour Perception,” Inf. Scient. Series.)

DESCRIPTION OF APPARATUS

This instrument (see Fig. H 14) is a spectrometer so arranged as to make it possible
to expose to view in the eyepiece the portion of a spectrum between any two desired
wavelengths., Tt consists of the usual parts of a prism spectroscope, ie, a colli-
mator with adjustable slit, prism, and telescope with eyepiece, of the following
dimensions :—

Foeal length of collimator and telescope object glasses = 71" (180 mm.),

Clear aperture of collimator and telescope object glasses = 1* (22 mm.).

Slit, 7 mm. effective length of jaw, with wedge for reducing the length of the
elit, protective cap, comparison prism, and serew adjustment for the slit width with
divided head (see Fig. H 14 A),

The prism is of flint glass, 1-65 refractive index for D.

Eyepiece, Ramsden form, focussing on to the shutters described below.

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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In the focal plane of the telescope are two adjustable shutters with vertical
edges ; the shutters being carried by levers which rotate about centres near the
objeet glass of the telescope. The shutters can be moved into the field from right
and left respectively, each by its own micrometer screw, and to each screw is attached

(-6 = getuwal &z,

Fig. H lia

Fig. H i4

& drum, the one being on the right and the other on the left of the telescope. On
each of these drums is eut a helical slot in which runs an index, and the drum is
engraved (see Fig. H 14 B) in such a manner that the reading of the index gives
the position in the spectrum of the corresponding shutter in wavelengths direct.

Thus it will be seen that if, for instance, the
reading on the left drumhead i=s 5320 and that on
the right drumhead is 5950, the region of the spec-
trum from Wavelength 5320 to Wavelength 5950
is exposed to view in the eyepiece,

An adjustment for the shutters iz provided in
case of possible zero alterations in course of time,
These adjustments (which are provided for each
shutter 'Lluln’_'jh'm’]{-:11]:.'] are resched E}}' 111:]5;|:vr|_=1.1."m;{
the small screw caps on the right and left of the
eyepiece end of the telescope,  This expozes a screw
with a square head, on to which head fits a key
which is provided. To adjust the shutter the corre-
sponding dromhead is zet to the wavelength of one
of the sodium lines. The slit is illuminated by a
sodinm flame, and the key is turned till the edge of
the shutter exactly coincides with that line. The
key is then removed and the reading checled.
The drum will then read correctly throughout the entire spectrum.

Care should of course be taken to avoid pressing inward with the key, to which
only a turning force should be applied.

H 14.—Price ime
H 15.—Well-made case, with lock and key, extra ... o

Fig. H 14b
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The instrument is used as follows :—The instrument should be used as far as
possible with a known quality and intensity of light. A small oil-lamp is qguite
suitable for the purpose. The ohserver should first ascertain the exact position of
the termination of the red end of the spectrum, the left-hand shutter being moved
across until every trace of red just disappears. The position of the pointer on the
left-hand drum is noted, and the wavelength recorded. The left drum is then moved
s0 that the shutter is more towards the middle of the spectrum. The right-hand
drum is then moved, until the pointer indicates the wavelength recorded as the
termination of the red end of the spectrum. The observer then moves the left-hand
shutter in and out until he obtains the largest portion of red, which appears absolutely
monochromatic to him, no notice being taken of variations in brightness, but only
in hue. The position of the index on the left-hand drum is recorded. The left-
hand shutter is then moved more towards the violet end of the spectrum, the right-
hand shutter being placed at the position previously occupied by the left-hand shutter.
In this way the whole of the spectrum is traversed until the termination of the violet
end of the spectrum is finally ascertained with the right-hand shutter. The varia-
tion of the size of the patches and the terminations of the spectrum with different
intensities of light can noted. The instrument can also be used for ascertaining
the exact position and size of the neutral patch in dichromics, the position of greatest
luminosity, and the size and extent of pure colours. © When it is used to test colour.
blindness, the examinee should first be shown some portion of the interior of the
spectrum, and then asked to name the various colours which he sees. In this way
he will have no clue to the eolours which are being shown him,

H 42.—Hilger Colour Perception Spectrometer.—This instrument is similar in
Erincl]::le to Dr. BEdridge-Green's a|1I:aratu5, but consists of a Hil constant
eviation wavelength spectrometer, Catalogue No. D 1, with a special micrometer
slit with one fixed and one movable jaw arranged in the focal plane of the telescopic
eyepiece,

’ p'].‘I-u:; fixed jaw of the micrometer slit is set to correspond with the readings on
the wavelength drum, and the movable slit jaw measures (by reference to tables) the
extent to which that part of the spectrum under observation appears to the observer
to be monochromatic. The collimator slit is provided with a divided drum indicating
the width of opening.

Tables are provided for conversion of the micrometer slit readings into wave-
length differences,

H 43.—Polished white wood case for H 42 with lock and key o

H 44.— Colour Perception Spectrometer Diffraction Grating Model.—This
consists of a Hilger diffraction grating spectrometer, Catalogue No, D25, with
micrometer eyepiece. The drum of the micrometer evepiece is divided to read
wavelengths,

The method of use is similar to that of H 42, with the advantage that it is not
necessary to refer to tables to obtain the wavelength reading of the movable micro-
meter eyepiece jaw, the result being obtained by adding the reading on the micro-
meter drum to the reading on the grating drum.

H 45.—Polished white wood case for H 44 with lock and key

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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THE NUTTING COLORIMETER
(U.5. Patent 1026878, May, 1912}

Fig. H21

BIBLIOGRAPHY

1. P.G. Nutting, Bull. Bureau of Standards, 9, 1913, pp. 1-5.
2. L. A. Jones, Physical Review, 4, 2nd Ser., pp. 454-466,

PURFOSES OF THE INSTRUMENT

The main purpose for which the Nutting Colorimeter has been designed is the
analysis and specification of colours, for instance, those of papers, powders, liquids,
textile fabrics, colour screens, or light sources,

It is also an efficient instrument for—

Photometry (including Spectrophotometry).
Visual sensibility determinations.

Hue sensibility determinations.

Purity sensibility determinations,

With this instrument, then, it is possible to measure and record numerically a
colour so that at any future time, and with a different instrument if desired, it can
be accurately reproducéd from the record.

Obviously, too, determinations of colour blindness and lesser abnormalities
of eolour sensibility come within its scope.

There are clearly a great number of special applications in Art, Science and
Industry. For instance, the colours of natural objects (plumage of birds,
flowers, ete.) can be specified, the fading or darkening with time of coloured objects
or pigments measured, the accuracy of colour reproductions checked, colour matching
carried out by correspondence, trials of colour harmony schemes effected, and so forth.

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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Spectrophotometers, Colorimeters, etc.

It is well known that any colour may be analysed and specified in either of two
different ways: (1) In terms of three primary components, red, green, and blue
(trichromatic analysis) ; or (2) in terms of wavelength of dominant hue or its com-
plementary and the percentage of white (monochromatic analysis).

The Nutting Colorimeter utilises the method of monochromatic analysis.

Colour measurement with this instrument is effected by mixing white light
with light of a pure spectral hue. The hue, and the proportion of white are varied
until tﬁﬂ mixture matches the colour to be analysed. Finally the wavelength of
the dominant hue and the percentage of white admixed are determined, and these
two qualities (Aue and purity) recorded as specifying the colour determined. This
procedure suffices for a.:rmllyaing all colours, except t.ﬁa purples. For these, light of
a pure hue is mixed with light of the unknown colour in such a proportion that the
mixture is pure white, and the specification of the colour follows in an analogous
MAanmner.

The Nutting Colorimeter is essentially a spectroscope with two additional arms,
one to admit standard white light, the other the light to be analysed. The instrument,
as made by us, has been modified considerably from the original model ; the latest
form, which has been approved by Dr. Nutting, embodying many points which his
experience has shown to be desirable. A general view of its latest form is shown in
Fig. H 21, and a sketch plan in Fig. H 21A.
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Fig. H 21a

' is the spectral collimator to admit light to be spread into a spectrum. The
dispersing prism P is of the constant deviation type, thus permitting a fixed arm
form of spectroscope to be used.

The prism is rotated by a fine screw motion actuated by the drum D, on which
the wavelength of the line under observation is read off directly in wavelengths.

The intensity of the spectrum is variable at will by adjustment of the bi-lateral
slit 8, or by rotation of one of the polarising prisms 4. In this way a great range
of intensity can be obtained in the spectral {::m. In making measurements tﬁar

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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rotation of the polarising prism should be adopted, the relative brightness, I, being
determined in the usual way from the formula—

r

— |
T cos® A

4 being the reading on the circular scale attached to the outer polarising prism,
and [ being the intensity when 4 = (. In what follows the brightness of the spectral
component, as thus determined, is represented by 1,

C'y is the white light collimator to admit the standard white light. This beam
can also be altered in intensity by means of the polarising prisms A,.

U3 is a collimator to admit the light to be analysed, also with polarising prisms
4, for altering the intensity.

'y is the observing tube.

M is a plate of glass, of which two sectors of 90 are silvered on the back, thus
forming mirrors, the remaining two sectors of 90° being clear glass,

The mirror axle has a pulley by means of which the mirror can be rotated, in
its own plane, by a small motor provided with the instrument.

The light beams from collimators €, and €, are brought by the Lummer-
Brodhun cube B into favourable juxtaposition with that from the collimator [
s0 that an accurate judgment of mateh can be made.

When a purple or magenta is to be analysed, the arrangements outside Cy and C,
are simply interchanged,

The colour is expressed in the following terms :—
x%,white £ ¥%,A

where A is the wavelength of the dominant or complementary hue, as given by the
wavelength drom, and 2 the 9 white obtained, as detailed in the instructions
provided. :

Of course the definition of the colour is not complete until we have included a
factor defining the luminosity, which is obtained by comparing the intensity of light
proceeding from the object with that of light from some object of standard or unit
brightness. If the intensity of the reference standard be known in terms of some
absolute unit, the intensity factor thus found will naturally also be in terms of that
unit. Should this, however, not be the case, the reference standard is accepted as
the unit to which the coloured light under test is referred.

Full instructions are provided with the instrument.

In ordering, the voltage of the electrical supply should be stated, in order that
4 suitable motor may be supplied.

H 21.—Nutting Colorimeter as deseribed above.
{ Fuller description post free on application.)
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Diffraction Gratings

SECTION K
DIFFRACTION GRATINGS

K 0.—Rowland Diffraction Gratings.—A stock of diffraction gratings, ruled at
the Johns Hopkins University, both plane and concave, is usually kept. The best
quality only are stocked. Price lists and particulars of gratings in our stock will be
sent post free on application. In recent years there has been a shortage in the supply
of these gratings.

For Coneave Grating Spectrographs, see Section E,

K 1.—Infra-red Diffraction Gratings,—Plane gratings, ruled on brass, 946 lines
per cm., specially cut to give maximum intensity for wavelength 4-40 g, in the first
order spectrum on one side.

The polished surface is 6} = 5 cms.

The ruled surface is 5 x4 cms,

For Wavelength Spectrometer, Constant Deviation Type, with Diffraction Grating,
see Section D, * Wavelength Spectrometers.”

Film Replicas of Rowland's Diffraction Gratings. (14,438 lines per inch.)

E 3.—Mounted on best plane parallel worked glass, for use with table spectro.
scope, specially selected gratings, in case,

The K 3 Film Replicas referred to above are made in our own Laboratories,
and are of first qualLi:f.r. In the ecourse of the manufacture of these, a certain number
are occasionally produced which are not quite of the first quality. These can be
supplied, when in stock, at about one-half the price of the K 3 grating.

K 2.—Hilger Film Replica of second quality (as described above), mounted on
plane parallel glass.

K 4.—Mounting with three levelling screws for replica gratings K 2 or K 3.

E 5,—Mounted in Ei,inch long direet vision pocket spectroscope, with adjustable
slit in brass case. Visible apectrum over 20°,

K 8.—Photographed Gratings, 3,610 lines per inch, for demonstration purposes,

We can also supply the Thorp Film Replicas as follows :—

K 33.—Thorp Film Replica mounted on selected plate glass.

E!34.—Thorp Film Replica mounted on worked glass,

For gratings ruled at the National Physical Laboratory, see p. K 2,

Replicas of interest in conmection with the ruling of Diffraction Gratings.—A
set of replicas of three gratings ruled in the following way :—

K 9.—Uniform ruling. Spacing ;¢ inch,

K 10.—Alternate ruling. Spacing -, inch.

K 11.—REatio of spacing =gy © va55-

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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Diffraction Gratings

In the first, all spectra are present and bright ; in the second, alternative spectra
are weak or absent ; in the third every fourth spectrum is missing.

Owing to the coarseness of ruling a considerable number of spectra are visible on
each side of the central image.

" Each replica is mounted on plane parallel glass and is of good definition for
demonstration work,

Sold only in sets of three (limited number only available).

K 12.—8tudents’ Hand Diffraction Grating Replica.—This grating replica consists
of a small patch, about } inch square, cast in celluloid from an original Rowland
Grating, and mounted between two protecting plates of glass. The number of lines
per inch is printed on each grating. The gratings are not intended for use in a
spectroscope, for which they are insufficiently accurate, but for use in the hand.

(For fuller particulars, see separale leaflel.)

DIFFRACTION GRATINGS RULED AT THE NATIONAL PHYSICAL
LABORATORY

We are now in a position to offer both plane and concave gratings ruled at the
National Physical Lahboratory, of the sizes stated in the table below. These gratings
are of first quality, and can he examined by appointment at our Works and Labora-
tories.

The dimensions of the ruled area are approximate, and subject to small variations,
The grating plates are square, the polished area being circular, and the ruling
approximately 14,400 lines to the inch.

The price of these gratings, which are of first quality, includes a certificate from
the National Physical Laboratory.

We can supply these gratings specially ruled and tested for the Lyman region,
an extra charge being made for the test (see helow).

Grating mountings of the * Eagle " type will be found in Section E.

Stigmatic mountings for concave gratings, according to the system of Meggers
and Burns, Bureau of Standards Scientifie Paper, No. 441, 1922, will also be found
in Section E,

PLANE GRATINGS

b, Dmoral Pl g g, RS
Cma. Cms. Metrea.
K13 4-5 3 x20 Flat
K 14 70 5x35 Flat
K 15 10-5 3 x5l Flat
CONCAVE GRATINGS
K 16 4-5 3x20 140
E 17 4-5 3x20 1-5
K 18 70 HxdD 10
E 1% 70 5x3:5 16
E 20 70 : 5x35 240
K21 10-5 8 x b0 2.0
K 22 10-5 8 x50 30

K 35.—Concave Diffraction Gratings specially ruled at the National Physical
Laboratory for the Schumann and Lyman Regions. On circular speculum plates
7 cm. diameter, area for ruling 5 x 3-5 em., 1 metre radiuns.

Delivery sometimes from stock ; otherwise about four weeks.

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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Diffraction Gratings

K 36.—We can undertake the test of these gratings in a vacuum spectrograph
in our own laboratory for the Lyman region up to 459 A (carbon), lﬁ;: for test,
including spectrogram showing that line.
The length of spectrum when mounted on an E 50 Hilger Vacuum Speetro-
graph is about 50 mm. from 2100 to 1200 A, and the same from 1200 to 300 A.
This test customarily retards delivery by from 3 to 8 weeks.

Second gqualily gratings can mmammﬂy be offered at a reduced price, and are
supplied without certificate, Prices of any in stock will be sent on application,

For Micheleon Echelon Diffraction Gratings, see Section B.
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Micrometers, etc.

SECTION L
MICROMETERS, Etc.

PHOTOMEASURING MICROMETERS

Nore.—The words * Micrometer screw ' are often applied indiscriminately to any
serews of fine pitch, sometimes even lo screws cul with dies. When wsed by us
they connole a screw well cut between dead centres on a special lathe with
tested screw, and fitted and ground into ils nul with due care and kil

£ B, LE LOHOON

Fig. L. 1

Photomeasuring Micrometer, 1923 MODEL (Fig. L 1).—The latest model of
this instrument has the following features, which greatly facilitate readings :—
The mirror moves with the travelling microscope.
The milled head for turning the screw has been replaced by a handle.
The standards which support the slide and substage are so designed that the
axis of the microscope is sloped towards the observer.
A vernier has been added, reading to 0-001 mm,

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1

Entrance :—24 Rochester Place (adjoining)

L1



Micrometers, etc.

The seale on which the whole revolutions are read is engraved in a position
convenient for the eye of the observer.
Though specially designed for accurate and rapid measurements of spectrum
shotographs, this instrument can be used with equal advantage for any accurate
}l."ﬂ_ﬁ!_f-h measurements,

The objects aimed at in its construction are (—
i. Accuracy.

ii. Long life under frequent nse.
iii. Rapidity and convenience of working.

Fig. L 13

I. Is attained by the greatest care being exercised in the manufacture of the
steel screw, its nut, the gunmetal slide which bears the mieroscope, and the shoulder
fitting of the serew,

II. Is attained by simplicity of design, and by the provision of adequate
bearing surfaces in screw and microscope slide. The deep thread of the screw and
its substantial diameter are the main points to be noted in this respect.

IT1. Is attained by making the screw of fairly large piteh, i.e., 1 mm., and utting
on a specially large divided drumhead and vernier. With the aid of the andle

ADAM HILGER, Ltd., 75a Camden Road, London, N.W.1
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now provided, one can pass rapidly over the whele range of motion, while at the

same time the large drumhead enables measurements to be taken to (001 mm.
The base is of cast-iron, and the microscope slide is mounted on two cast-iron

standards, of such a shape as to form convenient handles for moving the instrument.

Relative Pitch.— The aceuracy of the L1, L 2 and L 12 is such that measurements
made on an instrument are consistent with each other to (-002 mm.

Absolute Pitch.—Each instrument is accompanied by a test sheet. The absolute
pitch of the screws is given on the test sheet to 1 part in 10,000, and no greater error
of absolute pitch than 0-19), is permitted.

L 1.—Photomeasuring Micrometer with G-inch (152 mm.) travel

L2— i i with 3-inch (76 mm.) travel

L 12 Cross-Slide Photomeasuring Micrometer. New Model, with inclined
obeervation tube (Fig. L 12).—In this instrument- the photographic plate moves, the
microscope being rigidly fixed, Six inches (152 mm.) of motion is provided in two
directions at right angles to each other, the distance being measured by accurate
acrews similar to those of the instrument described above, massively and rigidly
mounted, and of the highest accuracy. Where long series of readings have to be

taken, observation in a vertical direction is fatiguing. We have therefore adopted
the inclined observation tube on our standard model.

L 6, L 8,— Standard *' Spherometer (Ring Form).

This form of spherometer (Fig. L6, L 8) has a ring instead
of the usual three legs. The ring is ground so as to have two
“truly cireular edges, one of which makes contact with concave
surfaces, and the other with convex surfaces. The inside and
outside diameter are accurately measured. With this instru-
ment readings can be obtained as reliable as those of the mast
elahorate instruments.

L 6.—Spherometer, in case, 1 inch, radins i
L3 — 4 T o vi
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Polarimeters and Refractometers M1

SECTION M
POLARIMETERS AND REFRACTOMETERS
FAGES

Polarimeters MI1-5
Saccharimeter ... MA
Polarimeter aud Saccharimeter tubes M 6-8
Babinet Compensator M E-90
Strain-viewers for glassware | : M oa-11
Apparatus for finding a.mmalmg tn’-lupo-lnll_u'q of |.||,|:-s§,\1.u:|1 i Car MIl1l-12
Professor Coker's Photo-elastic Apparatuos .. M 12-13
Rafractometers M14-29

£ L M 22-23

Ultra-violet Refractometer

Flg. M 194

We strongly recommend hat where feasible the light of the Mereury Vapour lamp
should be used in place of the Sodium flame. Grealer accuracy and far greater comfort
and convenicnce of reading are thus obtained (see Lowry rif, ©° The Rotatory Dispersive
Power of Organic Compounds,” Trans. Chem. Soc., 1913, wvol. 103, p. 1064). Com-
mercial Mercury Vapours lamps are now casily to be purchased from various sources,
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Polarimeters and Refractometers

M 191.—Industrial, Medical, and Students’ Polarimeter (Patent 166842/20 and
Application 2104/23).—This polarimeter has been specially designed for any polari-
metric work which does not demand a greater accuracy in angular rotation than
005 degree. When used for sugar work this corresponds with 0-035 grams sugar
in 100 ce. measured in a 2 decimetre tube. The seale iz divided to read by vernier
to (05 degree,

The graduations of scale and vernier are very distinct. By means of two lenses
the observer takes readings without quitting the eyepiece. ﬁv means of suitable
reflectors the light source itself (e.g. Sodium flame) is used to illuminate the scale ;
the observer's eye being, however, protected from the light by the circle of the
instrument.

The main aluminium body is extremely rigid and carries the analyser, polariser
and reading glasses.
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Fig. M 194 A

Efficient splach glasses are provided, very accessible for wiping, thus making
cleaning a very rapid operation.

No window fittings project into the trough, so that the harmful corrosion, so
]u'kel;r to, oceur at such places, is avoided.

The trough accommodates standard diameter 200 mm. and 100 mm. tubes,
ordinary form glass or metal. Two apertures are provided at the bottom of the
trough to facilitate cleaning.

The dividing line is formed by the edge of one of two glass plates (Patent
16,6842 /20), and is in constant focus whether the tube is in position or not, whether
it is full or empty, and whatever may be the refractive index of the liquid in the tube.

The definition of the dividing line is not affected by want of homogeneity in the
liguid under examination; neither will the line disintegrate in course of time as often
is the case with Iceland spar prisms. Readings can be cbtained with liquids so turbid
as to be unsuitable for measurement on the ordinary forms of polarimeter.

Convenient zero adjusting screws providing very rapid and easy adjustment
are mounted below the observing eyepicce.

For spectropolarimetry the instrument can, without any modification, be used
very conveniently in conjunction with a Students’ Wavelength Spectroscope D. 45,
which enables the whole of the polarimeter field of view to be illuminated with any
particalar radiation.

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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Polarimeters and Refractometers

A filter is provided spectroscopically equivalent in absorption to the standard
potassinm bichromate filter.

The half shadow angle is fixed at 14°. :

The optical design is indicated in Fig. M 194A. The source of light (1) is placed
at the focus of a condensing lens (2), which allows parallel rays to pass through the
filter (3), a Nicol prism (4), two splash glasses (5) and (6), two Nieol prisms (7) and
(8), two edually inclined plates (9) and (10), and a low power positive eyepiece (11).
The condensing lens (2), filter (3) and Nicol prism (4) first mentioned are so mounted
that they can be rotated, and the two last mentioned Nicol prisms (7) and (8) are so
constructed and mounted that their planes of polarisation make a fixed half shadow
angle (12) between each other. The equally inclined plates (%) and (10) are arranged
g0 that a sharp dividing line between the two halves of the field is maintained at the
focus of the eyepiece (11).

M 191.—Polarimeter with fixed half shadow angle, and one 200
mm. tube complete as above : b i

M 192.—Polarimeter, on wooden base large enough to take
sodium burner, with one 200 mm. tube ..

M 194, —Polarimeter, mounted on wooden base, together with
sodinm burner, bottle of fused borax, and copy of Optical
Methods in Control and Research Laboratories ; the whole
in well-made mahogany case, with one 204 mm. tube ..

M 195 —Secale of the International Sugar Commizsion (Paris 1900},
extra to any of the above .

The scale of the International Sugar Commission is a scale of sucrose content ;
thus it has no interest for the pathologist who, in the diagnosiz of diabetes, 15 dealing
with glucose,

M 2.—Standard Polarimeter (Fig. M 2).—Taking tubes for liquids 220 mm. long ;
with screws for raising and lowering and levelling, and slides for sideway adjustment
for centring the tube. One 200 mm. tube is supplied.

For polarimeter tubes, see pp. M 6-8,

The polarising system is of the Lippich form, in which the field of view is as
shown in Fig. M 2 A.

The illumination of the middle strip decreases in
intensity when the outer increases, and wice versa. The
brightness of the illumination can be varied by rotation of
the polarising prism ; and an index and clamp are provided
for the setting of this adjustment,

The divided cirele is 7 in. diameter, and the division
is on platinoid, which does not readily tarnish. There
are double verniers, reading to 0-01 degree, and readers
and- illuminating lamps for the same. There is a good
serew slow motion with clamp for fine adjustment of the
analyser ; and the screw is made of platinoid, which on
account of its resistance to corrosion is preferable to steel
where use in & chemical laboratory is in question.

Fig. M 2a

M 4.—Well-made case, with lock and key .

M 5.—Standard Polarimeter, as above, but taking tubes 400 mm. long,
the construction being otherwise identical, with tube for

liguids.
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Polarimeters and Refractometers M

M 110—Well-made case, with lock and key

M 3.—International Sugar Scale in addition to the ordinary division
to either of the above : i

100° on the sugar seale of this instrument equals 34-617 circular degrees,
which is the rotation of the normal aolution for wavelenpgth G302-5 A,
according to the latest measurements {Batea & Jackson, Bull. Bur.
Standards, Vol. 13, p. 118, 1918).

Fig. M 2

M 6.—Addition of Direct Vision Spectroscope attachments to either
of the above, consisting of slit at polariser end (formed by
shutters pushing in by hand in front of Linpich polariser),
and one high dispersion direct vision prism in mount
serewing on in front of the evepiece
The above direct vision prism can be supplied direct for the red, green, or violet,
as desired.
M 7.—Extra prisms mounted, price each

F 289 —Sodinm burner, with bottle of fuzed borax

For complete description of the M 2 and M 5 Polarimelers, see separale Boollet,
post free.  For Polarimeter Tubes, see pp. M 6-5.
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SPECTRO-POLARIMETER

(For measurements on the rolatory power for radiations of any desired wavelangth
it the visible region.)

This instrument (Fig. M 8-M 10) consists of a wavelength spectrometer, as
described on pp. D 1 to D 2, reading in wavelengths direct, a polariser, and an
analyser—all mounted on an accurate cast-iron bed. An image of the spectrum is
projected on to the plane of the dividing lines of the Lippich triple field polariser,
which dividing lines are in this instrument set horizontal.

Close to these dividing lines, and between them and the eye, are two shutters
pushing in by hand, which limit the field observed to a strip of monochromatie light.
The slit of the spectrometer opens symmetrically

The three standards carrying the spectrometer, polariser, and analyser can be
clamped in any desired position on the bed,

A suitable condensing lens is mounted on the collimator of the spectrometer,
and a rod with milled head is provided for passing through the spectrum without
quitting the eye end of the apparatus. The polariser and analyser are identical with
those in the instruments described on pp. M 3 and M 4.

Fig. M 8-M 10

M 8.—Spectro-Polarimeter, taking tubes up to 200 mm. long
M 9.
M 10.—Spectro-Polarimeter, taking tubes up to 1000 mm. long

Owing to the im ibility of entirely avoiding faint diffused light of mixed
wavelengths it is highly desirable to use in conjunction with this apparatus the
direct vision spectroscope attachments described at the bottom of p. M 4.

M 11.—Complete set of three prisms ...
For Polarimeter Tubes, see pp. M 6-5.

Spectro-Polarimeter, taking tubes up to 400 mm. long

SACCHARIMETERS
M 41.—220 mm, Saccharimeter complete, with one enlarged end
tube

M 42.—400 mm. Saccharimeter complete, with one enlarged end
tuhe ; : o .

M 149.—Quartz control plate for checking the 100° point, together
with Bureau of Standards certificate for same
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Polarimeters and Refractometers

M 000.—Quartz control plate for checking intermediate points on
the scale, together with the Bureau of Standards certifi-
cate (state approximate sugar value required)

Fig. M 42

M 157.—Fointolite lamp on stand, complete
M 162—High voltage half-watt lamp on stand
M 163.—46 volt half-watt lamp on stand

For Saccharimeter Tubes, see pp. "|J 1‘3 B,
(For full deseription, with historical notes, efc., see separate 11-page Boollat,
post _||":".|='P on request.)

PDI.AR[M]C']’ER AND SACCHARIMETER TUBES

) ——9

M4

m " ADAM HILGER, LTS
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Polarimeters and Refractometers

Lengths correct to 4 0-025 mm. at 20° C,
The end plates of all tubes are of well annealed optical glass.

We make six varieties of these tubes, all of which are shown in the figure,
Ordinary Form, with glass tube of uniform diameter. Fig. M 114.
Ordinary Form, with enlarged end. Fig. M 122,

Bates Tubes (see Circular Bur. Standards No. 44, 2nd edition, 1918, p. 44).

This iz an all-metal tube, distinguished by the following featires . —

The walls of the tube are sufficiently stout to eliminate errors from bending.
The weight of the tube is carried, not on the caps, but on two shoulders forming
integral parts of the tube. Thus, turning the tube in the trough cannot disturb
the screwed end caps.

The ends are Eghti}r enlarged, the inside of the tube heavily gilded to prevent
corrosion, and the outside nickelled. Fig. M 92.

Pellet Tube (for continnons observation).

The design is similar to that of the Bates pattern with the addition of two side
tubes, to permit of continuous circulation of the liquid through the tube. Fig. M 98,

Pellet Tube with Funnel, being the Pellet Tube with a filling funnel and over-
flow. Fig. M 193

Inversion (Water-Jacketed) Tubes with Glass Inner Tube, the cuter tube being
brightly nickelled to reduce radiation. Fig. M 130.

All Metal Inversion Tubes.—These tubes are similar to the ordinary water-
jacketed tubes, but with the central tube made of metal. This eliminates expan- -
sion difficulties, and the substitution of solder for cement makes it possible to work
at much higher temperatures than with glass tubes. The inner tube is heavily
gilded to prevent corrosion. Fig. M 86.

The following are the sizes which can be delivered from stock .—

Length. L;;:rl:‘:ﬁl;a %ﬁw ngmhnl
Ordinary. Enlarged End. Glass Inversion Tubes.
25 mm, M 111. M 119, M 127.
50 mm. M112, M 120. M 128,
100 mm. M 113. M 121. M 129,
200 mm. M 114. M 122, M 130.
220 mm. M 115. M 123. M 131.
400 mm. M 118. M 124, M 132.
600 mm. M 117. M 125, M 133,

M 92— Bates pattern, 200 mm.

M 94— Bates pattern, 400 mm.

M 98.—Pellet tube, 200 mm.

M 193 —DPellet tube, with filling funnel and overflow.
M 86.—All metal inversion tubes, 200 mm.

M 88.—All metal inversion tubes, 400 mm.

Spare Parts—
M 140.—Spare rubber washers for above tubes, small.
M 141.—Spare rubber washers for above tubes, large, for enlarged ends,
M 138.—Spare end-plates of well-annealed optical glass.
M 139.—Spare end-plates of well-annealed optical glass, large.
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Babinet Compensator

M 242, —End plates for glass inversion tubes,

M 142.—Spare end-plates of well-annealed optical glass, for water-jacketed
tubes,

M 243.—Thermometer for inversion tubes. These thermometers are graduated
in one-half degrees centigrade from (7 to 100 and the total length of the scale ia
about 140 mm.; with N.P.L. certificate.

For other Tubes suilable for absorption, de., see p. H 4.

BABINET COMPENSATOR
{(JAMIN'S MODIFICATION)

(See Wood's ° Physical Optics,”” 1911 edition, pp. 333-5, or Preston’s
“ Theory of Light,” 4ih edition, pp. 421-6.)

Jamin's Modification of Babinet’s Com-
pensator consists of two acute prisms or
wedges of quartz, which are mounted as
shown in Fig. M 238a.

In the prism ABC the optic axis is parallel
to the face AB and to the plane of the paper,
while in the prism DEF the axis is parallel to
the face EF, but perpendicular to the plane
of the paper.

The fringes seen between Nicol prisms
are about 07 mm. apart (angle of each
wedge being about 24%). The gquartz wedges
are mounted with one 'nvi,rfi?:e fixed, and on
this is engraved a diamond line serving as a
datum point. The other wedge is moved by
a micrometer serew of 1 mm. pitch, with
divided dromhead, each division of the head
corresponding to (-01 mm, The total range
of motion of the movable wedge is about
10 mm.

The instrument may be used to deter-
mineg the characteristics of elliptically
polarised light (phase difference, position

of the axes, and ratio of the axes); while Fig. M 238
P
A !
B
—e— —
e D
=|_.....-_-__..',-'+_-.-'.l..:1
F : S e ) .
fq :
(n]
Fig. M 238 A
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Babinet Compensator Mo

as a speeial instance may be mentioned its great value in the measurement of double
refraction due to strain in transparent media.
The instrument is shown in diagram in Fig. M 237,
M 236.—Babinet Compensator, with eyepiece but without Nicol
M 237.—The compensator can also be supplied mounted in a miero.
meter eyepiece as above, but the whole fitted into a
rotating mount with vernier reading to 1-10° (see Fig.
M 237).  The whole supported on steel rod suitable for
clamping in laboratory support ; without Nicol Prism

MOUNTING FOR BABINET COMPENSATOR

VERMIER

(o]

DR

COMPENSATOR PLATES AS BPECIRED,
MICROMETER EYEMECE MSwinG
ONE OF THE QUARTZ \WEDGES DEm,
SCREW Fmw MToH

DA READING TO Mamm
VERNIER READING TO & DEGREE

i |

Flg. M 237

M 238.—Babinet Compensator as deseribed under No. M 257 above,
but mounted on tripod stand (Fig. M 238) ...

M 239.—Being the same as M 236, but with Nicol Prism

M 240.— .. M 237, g o Vi

M 241.— i M238, 4
(Full formulee are given in the instructions Jor wse.)

THE HILGER STRAIN-VIEWERS (POLARISCOPES) FOR GLASSWARE

M 219 {formerly known as 8 13 or § 43)—Glassware Strain-Viewer— This
apparatus has been designed for showing at a glance the presence of strain in com.
mercial glass articles, such as beakers, electric-lamp bulbs, bottles, glasses, ete.
This strain, which is caused by too rapid, or by local, cooling, or by inclusion of
foreign bodies or cords, is a fruitful cause of breakage among such articles. It is,
therefore, highly desirable to have a means of rapidly examining glassware to ascer-
tain the presence of strain in any part of the finished article. gTim apparatus is so
arranged that any article can be held by the hand in a beam of polarised light at
a convenient distance from the eye, when'the presence of strain is revealed by distinet
changes of hue on the portions of the object which are in tension or comm pression.
The field of view, including all parts of the glass which are not strained, remains s
magenta tint, and the condition of strain is readily judged from the hue of the strajned
arts. The source of light is a * half-watt " electric lamp, which can be supplied
][nr any standard voltage.

In ordering, the voltage of the electric supply should be stated,

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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Strainviewers M 10

In the side of the case of the instrument, towards the observer’s left hand, a
large hole is provided which makes it possible easily to examine considerable lengths
of tube or other long objects.

The instrument is substantially built in well-seasoned and polished mahogany.

Fig. M 219

M 226 (formerly known as 35 31). Factory Strain-Viewer.—A simplified form,
in which the illumination iz provided by a sheet of diffusing glass at suitable angle,
which sheet can be illuminated by any fairly powerful artificial source of light, or

POSITION OF ARTICLE
WHEN UNDER EXAMI.
BATION

(=]

Fig. M 226

by daylight from a window. Light from the diffusing screen is reflected from a
horizontal polarising sheet, and observation is made from an analyser identical with
that of the standard M 219 instrument.

M 227 {formerly known as 8 32).—Simple Factory Strain-Viewer.—A simplified
form, suitable for use with daylight, being similar to M 226, but without the diffusing
BCTEE.

M 223 (formerly known as 8 20).—Portable Factory Strain-Viewer.—This is
very similar to M 226 but is arranged with hinges and wing nuts 20 as to admit of folding

ADAM HILGER, Ltd., 75a Camden Road, London, N.W.1
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flat for eaze in carrying. Very convenient for use by commercial travellers, or where
for any reason portability is a consideration. A canvas carrying case is supplied
with this instrument.

F W % ©
a POSITION OF ARTICLE b,
WHEN UNDER EXAML .
NATION
A
=
—_
i
| U =
D
Fig. M 237

Full prinfed instructions with examples are sent out with exch instrument,

APPARATUS FOR DETERMINING THE ANNEALING TEMPERATURE OF
GLASS

(We have also applied this apparatus in our own works to determine the annealing
temperature of some metals,)

M 220 (formerly called 8 14).—This apparatus is the outcome of a series of
researches that were carried out in 1915 and the beginning of 1916, the object of
which was to determine the principles underlying the phenomenon of defective
annealing of glass, and the factors governing the annealing process. The experi-
ments had in view the annealing both of optical glass, and of domestic and
chemical glassware.

The apparatus described below has been designed to enable the annealing
temperature to be arrived at with great accuracy, with a minimum of skill, and with
a delay of only a few hours.

The importance of knowing accurately the annealing temperature for a glass
seems still to be very little realized. Our experiments have shown, however, that
if, at a temperature of 500° C. satisfactory annealing of a particular glass will secur
in one hour, then at a temperature of 420° C. it would take 1,000 hours for the same
degree of annealing to be attained. Such is the disadvantage of not heating to a
sufficiently high temperature.

If, on the other hand, the temperature is taken unnecessarily high, there are
great drawbacks. First, the glass may get too soft, so that the articles go out of
shape. Secondly, there is a loss of time consequent on raising the temperature -
unnecessarily high and allowing it to fall again to the lower temperature which
would suffice.

To these must be added a third great drawback. Tt is very necessary not only
to anneal the glass, but to secure that faulty annealing is not reintroduced as the
temperature is taken down. If the temperature is raised only just sufficiently high
for annealing to take place, the temperature will naturally fall slowly through ;’im
range within which fsu]ﬁ' annealing may occur. When the temperature has got
below that range, it is impossible to reintroduce want of annealing by means of
cooling, however rapid ; the cooling may even be so fast that the articles are fractured

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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Glass Annealing Apparatus M 12

without any permanent strain being introduced. If, however, the temperature is
taken unnecessarily high, it will naturally be falling rapidly throughout the very
range where slow cooling is essential.

These considerations show how important it is that the annealing temperature
of every glass used by a manufacturer should be accurately known to him. Even
the variations of glass from the same furnace week by week are important, and
ghould be followed by corresponding variations in the annealing lehr if the best
and quickest annealing is to be attained.

The apparatus is shown in the figure and consists of an electric furnace (c);
a pyrometer (n) and temperature indicator (£); an optical system—lamp (a), lens
(B), lenz (¥), telescope (), and a jig for holding the strip of glass under ohservation.

Fig. M 220

The electric furnace is of tube pattern wound with nichrome wire, and is fitted
with mica windows. A switchboard and regulating resistance are supplied. The
voltage available should be stated in ordering.

The pyrometer and indicator consist of a Pt. Pt-Ir thermocouple and milli-
voltmeter reading direct in degrees centigrade.

The optical system iz substantially mounted on an oak base, and consists of a
small metal filament lamp which can be run from a 4-volt accumulator, a condensing
lens (¥), another lens (B), and a reading telescope (@) with a divided circle.

The jig is of nickel or of nichrome, and is so constructed that one end of a small
strip of the glass may be slipped into the base, while to the other end is fixed a weighted
arm. A nickel or nichrome straight-edge is provided, the inclination of which measures
the bending of the strip; and this inclination is observed and measured by the tele-
scope (G).

The apparatus is accompanied by a detailed and fully worked out example of the
routine elaborated in the Research Laboratory of Adam Hilger, Ltd., for the deter-
mination of the annealing temperature of glass, with full specification of size of
glass strip, ete.

PROFESSOR COKER'S PHOTO-ELASTIC APPARATUS
(For Determination of Stresses in Structural and Machine Members.)

Uses.—The apparatus was devised by Prof. E. G. Coker, F.R.8., and has been
used by him for many years to determine the stress distribution in parts.of machines
and strucgures by ohservations on models constructed of transparent materials. By
this means it is possible to measure, to an accuracy of + 2 per cent., the stress distribu-
tion under any system of loads, in any body which can be represented by a plate
model stressed in its own plane,

Description of the Apparatus.—The examination is carried out on models eut
from transparent celluloid. Suitable sheets of selected celluloid are stocked, and

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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Coker's Apparatus M 13

the preparation of the models presents no difficulty. The apparatus is susceptible
of various arrangements, of which the most important are as follows :

(@) The model is illuminated with circularly polarised light, and an image of
it projected through a polarising system on to the sereen. The mere inspection of
the projected image generally reveals the places under greatest stress, and where
failure will oceur.

() Bimultaneously with the image of the model as in (a2) one can project the
image of a bar of the same thickness of celluloid, which is loaded by a measurable
amount in the * Calibration Member.” By varying the load till the eolour in the
calibration bar matches that at an]y point along an unloaded edge of the model, the
stress at that point can immediately be stated.

(¢} The model can be illuminated by plane polarised light, and an image of it pro-
jected on the screen through an analyser, whose plane of polarisation is perpendicular
to that of the polariser. One can then see at once all points at which the prineipal
stresses are either parallel to and at right angles to the plane of polarisation, and
by rotating polariser and analyser simultancously the directions of the principal
stresses can thus be found at every point of the specimen.

The difference P —  between the principal stresses P and @ can be found by the
colour shown at the point in question, as compared with that on a standard bar in
the calibration member (see (b) above).

In order to evaluate P and Q an accessory known as the extensometer can now
be brought into play. This affords an extremely delicate means of measuring the
difference of thickness due to loading, and by employing it first on a standard bar
with known load one can calibrate it in such a manner that its indications give
the value of P +() at any point. By measurement at a number of points the com-
plete distribution of stress in a specimen can be found, as fully detailed in the illus-
trated booklet which will be sent post free on request,

M 169.—Optical Apparatus.
M 170 —Iron Legs.

M 171.—Optical Calibration Frame, without stand, arranged to go on stand
supplied with M 169.

M 217 —Stand for M 171.

M 172.—Tension Frame.

M 215.— Carriage for M 172.

M 216 —Cross Slide for M 215,

M 173 —Recording Device,

M 174 —Tension and Recording Set mounted together on one iron base.
M 175 —Camera.

M 180.—Simple Tension Frame.

M 181.—Bending Frame.

M 182 —Stand for M 180/1.

M 198.—Lateral Extensometer, with simple mount.

M 197 —Lateral Extenzometer, with univerzsal mount and stand.

Full illustrated description, with bibliography, post free on application.

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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REFRACTOMETERS

ABBE REFRACTOMETER
(WITH WATER JACKETED PRISMS)

Description—The Abbe Refractometer
is shown in Fig. M 46. A very complete
deseription of its principles, applications,
treatment, adjustment, and use iz given 4
in our booklet, ** Instructions for Use of |
the Abbe Refractometer,” a copy of which
will be sent post free for 1s. 8d. on applica-
tion.

The range of refractive indices measur-
able by the instrument is from 1-3°°°
to 1-7°°%, and the accuracy of réading is
(-0001.  Measurements may be made using
either davlight or artificial light ; very little
liquid (one or two drops only) is required
to make a determination; and the refrac-
tive index is read directly on the scale.
In addition to the scale of refractive indices,
a scale of percentage of “ dry substance ™
can be supplied, if desired, for sugar work.
The liguid to be investigated is enclosed =
as a film between two prisms of dense flint Flg.. M 45
glass, The upper prism has a polished
face in contact with the liquid, and it is the ray which grazes this face which is utilised
in making measurements. Each prism is enclosed in a hollow jacket through which
water at constant temperature can be circulated. The interior faces of the water
jackets are heavily gilded to prevent corrosion. The use of daylight is made possible
by employing a compensator to neutralise the dispersion of the liguid and thus to
give an achromatic E‘;id. The compensator consists of two direct vision prisms,
which are rotated at equal rates in opposite directions by turning a milled head,
and together form a system of variable dispersion. The compensator is provided
with a scale, readings on which give dispersions by reference to a printed table pro-
vided with the instrument.

Further printed information concerning Abbe Refractometers may be obtained
on application to Adam Hilger, Limited, 75a Camden Road, London, N.W.1., as
follows :—

Full deseriptive leaflet of the Abbe Refractometer, with bibliography, post free,

“ Instructions for Use of the Abbe Refractometer,” containing description of
the principles of construction, use, bibliography, etc. Free with every
instrument ; otherwise 1s. 8d. post free to any part of the world.,

“ Refractive Indices of Essential Oils,” price 12s. fid. net ; or post free 132, Od.

“ Refractive Indices of Qils, Fats, and Waxes,” price 17s. 6d. net ; or post free
18s. Od.

“ Dptical Methods in Control and Research Laboratories,” price 1s. 8d. post free,

M 46.— Abbe Refractometer described above, complete with thermo-
meter, and in case with lock and key

M 135.—Additional seale for percentage of ** dry substance ™ for sugar
work, for temperature of 20° C., extra ...

M 136.—Ditto, for temperature of 28° C,, extra

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1

Entrance :—24 Rochester Place (adjoining)



Refractometers M1

M 45 THE DIPPING REFRACTOMETER

In cases where comparatively large quantities of liquids are
available, a higher accuracy is required and a limited range iz
permissible, the Dipping or Immerszion Refractometer may replace
the Abbe instrument for examination of such substances as fall
within its range.

It is specially suitable for the investigation of aleoholic and
aqueous solutions, and the extensive percentage tables of aqueous
solutions prepared by B. Wagner have been made available by
careful design of the instrument.

The Dipping Refractometer is also available for substances
which can only be obtained in small gquantity or are highly
coloured, by the use of an auxiliary prism which ean be supplied
if ordered.

This instrument works upon the same prineiple as is employed
in the Abbe and Pulfrich Refractometers, namely, that of the
critical angle. It is provided with a prism of hard crown glass,
which projects from the metal part of the instrument, and is avail-
able for immersion in liguids in a similar manner to that of the
bulb of a thermometer, and it is from this property that the name
of the instrument is derived, Although there iz much less colour
on the critical edge of the field than is the case in instruments
with prisms of more dispersive glass, a direct wvision prism,
aceurately direct for the D lines, is included between the regrm-.tu--
meter prism and the object-glass of the observing telescope, and
ratation of the direct vision prism by means of a divided collar,
conveniently placed upon the body of the instrument, allows of
a sharp colourless field being obtained. The position of the edue
is at once read off upon a scale placed in the eye-picce of TETE?"‘:h—___
instrument, which, as stated above, has been designed to fit H“HE

Flg. M 45 accurately in with Wagner's tables, and another divided collar is
provided for setting to yi;th of a scale division.

The range of the instrument is from 1-325 to 1-365, and readings may be made
with an average accuracy of -000035.

In view of the large variation of refractive index with temperature of all liguids
(even of those whose index falls within the above range), it is necessary to pay careful
attention to temperature control in order that the refractometer readings may be
significant. We are in a position to supply a water bath to contain 12 beakers, and
provided with substantial mounting for the refractometer and an adjustable lamp.

M 45.—Dipping Refractometer in wooden case, including attachable beaker for
investigation of volatile liguids.

ACGCESSORIES FOR DIPPING REFRACTOMETER

M 53.—Auxiliary Prism.—This is a prism made of the same glass and angle
as the refractometer prism itself and of such a size as to fit into the attachable beaker.
The face which goes into contact with the refractometer prism is polished and has a
depression with ground surface to take the drop of liquid under examination.

M 144 —Water Bath.—In view of the importance of temperature control,
which is imperative in all measurements, special attention has been given to the
design of the water bath. The stout circular copper bath is supported on three
legs and provided with a central pillar which projects both above and below the
bath. The part projecting above carries a substantial clamp for the refractometer,
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the clamp being hinged so that the refractometer will clear the top of the bath by
merely tilting, thus allowing easily for eleaning of the prism and removal to another
beaker. A stop screw allows of fine adjustment of the depth to which the refracto-
meter is immersed in a beaker. The lower part of pillar carries (a) an adjustable
mirror, (b) an electric lamp, so that either daylight or artificial light may be available
in ample quantity to obtain accurate readings. The voltage for the electric lamp
should be stated when ordering. A pround glass window is mounted in the base
of the bath.

Inside the bath is a rotating frame to carry 12 beakers, which are of a standard
commercial gsize. A spring stop is provided so that each beaker in turn may be brought
to a definite position above the ground glass window. Provision is made for
efficient water circulation.

M 147.—Glass Beakers.—These are supplied by the dozen, and as stated above
are of & standard commercial size,

M 178.—Thermometer divided in 1/5° C, and graduated from 15° C to 25° C,
with red line at 17-5° C. This small thermometer is intended for insertion in the
beaker under examination. With the most careful temperature control by water
circulation it cannot be taken for granted that the temperature of the contents
of a beaker is identical with that of the water of the bath. It is advised, therefore,
that both this thermometer and alzo M 179 be ordered for use with a water bath.

M 179.—Thermometer divided in 1/10° C and graduated from 15° C to 25° ¢
with protecting metal case and N.P.L. Certificate.” This is an accurate standard
thermometer for taking the temperature of the water bath and is protected against
accident during such use. In view of the rapid variation of refractive index with
temperature of most liguids an accurate knowledge of temperature is essential to
give significance to readings with the Dipping Refractometer, and it is usually neces-
sary to know the temperature to ]_.-'1l.'l'°]E‘. The Thermometer previously described
(M 178) should be usﬂ conjunction with this one and periodically checked against
it to ensure the identity of their indications.

PULFRICH REFRACTOMETER

This instrument is designed for the measurement of the refractive indices of
both solids and liguids with an accuracy of about -0001 ; and also the dispersion
(i.e. the difference of refractive index for two spectral lines) to about -00002.

A very efficient water jacket forms an integral part of the instrument, and not
only allows of the temperature being effectively controlled, but also permits of
measurements being made upon some substances in the liquid state which are not
liguid at atmospheric temperature,

Description of the Apparatus.—A glass prism of high refractive index has two
plane polished faces which are perpendicular to one another, and is so placed that
one of these is vertical and the other horizontal. The substance whose refractive
index is required is placed upon the horizontal surface, and in the case of a liquid
is cuntai:]::tqi in a glass cell cemented to the prism so as to contain that face, A
beam of monochromatie light is directed almost horizontally through the substance
g0 that it meets the prism face at grazing incidence. The emergent beam iz bounded
sharply by that ray which actually grazes the prism surface, and the sharp boundary is
observed with a telescope attached to a divided circle. On this circle, whose axis
of rotation is horizontal, the angle of emergence of the beam from the vertical prism
face can be read to one minute with the aid of & vernier. For making measurements
of dispersion a clamp and mierometer screw are provided, the smallest division on
the drum head of the mierometer secrew corresponding to 6 seconds of are. A con-
densing lens and supporting rod for vacuum tube form part of the apparatus.
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A small reflecting prism is also provided so that another source of light, ¢.g. a
sodium flame, is easily interchangeable with the vacuum tube.

A special feature of the instru-
ment is the increased effectiveness
in the temperature control as com-
pared with that to be found in
previous designs.  The hollow
metal water jacket surrounding
the prism is provided with a top
cover which is itself of hollow
metal. These two are connected
in train with the thermometer
jacket which dips into the cell for
liguids. The prism and substance
experimented upon are thus com-
pletely jacketed with the exception
of the vertical prism face from
which the light emerges, and a
small rectangular aperture by
which the light enters the prism.
The temperature can thus he
maintained very constant hy
pumping a stream of water at
constant temperature through the
system deseribed.

We recommend a Lowry
Thermostat for this purpose.

Tables giving corresponding
values of p and the angle i are

) aup}f‘]ied with every prizsm ; and for
Fig. M 48 the following lines of the spectrum
—Iy, H.or C, Hg or F, H, or G,

The thermometer provided is sufficiently sensitive to attain its final temperature
in less than 30 seconds.

It is to be notived that the refractive index to be measured must be less than
that of the glass of the prism. For this reason two prisms are advised, one snitable
for measurement on liguids, and the other for measurements on solids, such as samples
of glass, ete. In the case of solids also the specimen to be investigated must have
two perpendicular faces meeting in an unbroken line, while one of them (viz. that
which comes in contact with the prism face) must be plane and fairly well polished.

Optical contact is made with the prism by means of a drop of some liguid of
higher refractive index than that of the solid to be investigated (e.g. monobromao-
naphthalene).

M 48, —Pulfrich Refractometer with prism of refractive index I of
1-74 for substances of refractive indices for D). between
1-47 and 1-73, with mount and carrier and improved water
jacketing attachments. Complete in case with lock and
key . ... SR R

F 189.—Hydrogen End-on Vacuum Tube, Guild form (see p. F 9)

M 57.—Prism of refractive index for D. of 1-62, for liquids of re-
fractive indices for D. between 1-33 and 1-61, with mount
and carrier and with glass cell for liquids ...
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M 58— Thermometer e o

M 73.—80° Prism for Pulfrich Refractometer.—A prism of this angle was sug-
gested by Mr. J. Guild of the National Physical Laboratory in place of the usual
prism of 90° angle. With the smaller angle refractive index from that of air to that
of the prism itself can be measured. It is thus possible to check the refractive index
of the prism on the Pulfrich Refractometer without reference to any secondary
standard such as quartz. Further, one prism only is required for the measurements
on both solids un{i liguids. The corresponding decrease in length of scale does not
materially affect the accuracy of the results obtained.

A full description of the instrument and ils use, with notes and bibliography, post
free 1s.°8d. A copy of this is sent free with each instrument. For tables of refractive
indices, efc., see p. F 18,

JAMIN REFRACTOMETER

(Full description, abstracted from Jamin's original paper in the Ann. de Chim. et
de Phys., 3rd series, tome lii. p. 163, 1858, seni out with cach instrument or
post free on application.)

| ]

Fig. M Zia
T

The Jamin Refractometer, as supplied by us, is shown in Fig. M 24 and in
diagram in Fig. M 24 A,

Light from any convenient source 8 is divided by the mirror M, (silvered on
the back) into two beams ; the first is reflected from the exterior face and passes
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Refractometers M 1o

along the tube B,, the second is reflected from the interior silver face and passes
along the tube B,.

After traversing the two tubes (which contain respectively the gas under test and
that with which it i= to he compared), the two beanis pass through the plates of the
compensator C. Falling on the mirror M,, which is identically the same as M,, and
parallel to it. the heams experience reflections inverse to those to which they were
primarily subjected, with the result that they are superimposed under conditions
suitable for interference,

M 24.—Jamin Refractometer (see Fig. M 24) giving a separation

between the centres of the heams of 18 mm., and taking
tubes 250 mm. long. The observation telescope has rack
and pinion for focussing and cross-webs in the eyepiece,
Two tubes for gases are provided. Means are provided
for altering the angle between the compensator plates, and
the rotation of the plates is read by vernier to 0-1°. Al
optical work is of the highest quality .

_.g

Flg. M 24

M 26.—Jamin Refractometer with worm-wheel motion for rotating
the compensator plates and accurately divided circle for
same, reading by wvernier to -02°; serew motion for
altering the sensitiveness by rotation of one compensation
plate relative to the other; separation of beams of 30
mm., and taking tubes 500 mm. long, with two tubes
for gases :

RAYLEIGH INTERFERENCE REFRACTOMETER

This instrument is designed for work on the refractometry of gases, of which
the refractive indices differ so little from unity that a very high degree of sensitivity

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1

Entrance :—24 Rochester Place (adjoining)



Refractometers

is required in any refractometer to be used with them. Some idea will be obtained
as to the sensitivity of the instrument when it is stated that it iz possible by means
of it to detect the presence of 019 of hydrogen in air, a quantity which causes a
change of refractive index of only 000,000,015,

The principle underlying the design of the instrument is that of the interference
bands formed by two adjacent slits in collimated light, and observed by means of
a telescope. The arrangement is, in fact, a diffraction grating with only two open-
ings. The means whereby the system of bands thus obtained is made to indicate
the refractive index of a substance iz provided by the sideway shift of the whole
band system when any change is made in the optical path of one of the interfering
beams ; part of the optical path being, of course, the substance under examination,

Fig. M 75

The relative refractivity of two gases can be measured with considerable accuracy
by means of this instrument. Rayleigh * in measuring the refractivity of argon,
using his early experimental model, which had only 12-inch tubes, and in which
the sensitivity was limited by the accuracy of reading a mercury manometer with
only 8 inch total pressure, succeeded in obtaining an accuracy of one part in
A thousand.

With the present instrument, wherein the accuracy of reading exceeds that of
setting, the error is probably less than one part in twenty thousand, corresponding
to an error in refractive index of 000,000,015, The instrument is consequently
well adapted to determining the quantity of a known impurity in a gas of nﬁemi&a
fixed composition.

Appended will be found a list of gases and the pereentage which would be detect.
able {as an impurity in air) assuming an accuracy of setting of one-fortieth band.
Even greater accuracy than this can be attained with a little experience.

In each case it is, of course, necessary to calibrate the instrument for the par-
ticular work for which it is required. Thus, if we are estimating hydrogen as an
impurity in air, a shift of one-fortieth band corresponds to about -019¢. If, however,
we are estimating the guantity of helium in argon, the same shift corresponds to
only (06%,.

It may be found preferable for some work to read directly in difference of refrac-
tivity of the two tubes independently of what gases they may contain. This may
be done by making a small correction to each reading », of the form rl=r—ar®
where a is a constant ; 1 is then directly proportional to the difference of refractivity
of the gases in the two tubes.

M 75.—RBayleigh Interference Refractometer, including tubes, as illustrated
{(length of tubes = 1000 mm.)

Additions to convert the above into Liquid Refractometers, see p. M 22,
Sources of Illumination for these Refractometers, see p. M 22,

* Proe. Roy. Sec., LIX., p. 201, January 1896,

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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Refractometers

Quantities of Gases in Air detectable by Rayleigh Refractometer.
Minimum observable shift assumed to be one-fortieth bhand.

Hydrogen A 1) B Water ... wee 0494
Nitrogen ... b SR Hydrogen sulphide ... v 0045
Nitric oxygen ... e DOB3YL Chlorine o bt e D03
Arpon i Zo sk [ Carbon monoxide .., RO 1 4
Helium ... wae e 006, Carbon dioxide EiL e D0A5%,
Sulphur dioxide ... .ee DAL Ammonia o e e DT

Full description, with bibliography, post free on application.

RAYLEIGH INTERFERENCE REFRACTOMETER FOR LIQUIDS

This instrument differs from the Rayleigh Interference Refractometer for gases
in the following particulars .—
1. Instead of gas tubes an accurate cell, 1 cm. long, is supplied, the body of
which is made of a solid piece of glass on which end plates are adhesed
by our patent process (No. 103233/1916).

Fig. M 154

Z. The instrument is much shorter, since the length for the gas tubes is not
required. A suitable stand for the cell replaces the supports for the
gas tubes,

. The plates of glass in the movable beam, the thickness of which determines
the range of the apparatus, is 4-7 mm. thick, instead of 1 mm., so that
the instrument has a range of -008 instead of 0017,

4. Two thermometers (tested at the National Physical Laboratory) are supplied,

with suitable holder,

[
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M 154 —Rayleigh Interference Refractometer, with double one-piece
liguid cell 1 em. thick, having both the interior and
exterior surfaces a.-::mlrn.tclv p\:l].[‘ﬂ.]lf.‘:l to 1/30,000 inch
(1/2000 mm.) , 2 ’ < e g
M 181.—Extra liquid cell, 1 cm. thlck il
M 180—Additions to convert the gas refractometer into a llquu:l
refractometer, including seat for the liguid cell, holder
for thermometers, accurate liquid cell, two tested thermo-
meters, and compensating plates suitable for 111.1l.udsl1
readily interchanged with those for gases . i3
Tuminating sources for the Rayleigh Inturfemme ]‘{efruct,muetm Any
sufficiently intense light source is satisfactory for these instruments. The following
may be recommended :—
M 157 —Illuminating lamp, consisting of Pointolite lamp with resist-
ance, lamp in case with raising and lowering motion,
e umlh as supplied with our Saccharimeters e
(State voltage of supply in ordering.)
M 156.—Cheaper form of lamp, consisting of stand with m*rh:rml_gr
metal filament lamp withont shade i s

(State voltage of supply in ordering.)

APPARATUS FOR THE MEASUREMENT OF REFRACTIVE INDEX IN THE
ULTRA-VIOLET
The apparatus consists of a horizontal slit (S 1) on which the rays of condensed

spark between suitable electrodes are gathered by a quartz condenser. The peneil
of rays is ﬂ(‘rlhmatmi by the conecave mirror (M 1), and fall normally upon the quartz

&

Fig. M 145

plate of the prism arrangement BC. This consists of a quartz prism (B), which,
together with & quartz plate, forms a wedge cell into which is placed the liguid under

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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examination. A hemi.cylindrical cavity (B) serves to receive a hemi-eylindrical
block of quartz ('), which is capable of rotation, this rotation being measured on a
divided circle.

If the zero of the instrument is in the )ﬂmil‘.inn where the plane face of C is
parallel to the quartz plate (which, with the block (B), forms the liquid cell), and
if A be the angle of its rotation required to bring rays of wavelength A, deviated
by the liguid prism to a direction once more parallel to the incident direction, then
the other ravs are deviated either upwards or downwards. A small spectrum is
thus obtained, of which an image is formed on the slit (8 2) of & quartz spectrograph
such as the Hilger size E 2 {formerly known as size C), or size E 31 (formerly known
as size A),

When, therefore, a spectrogram is taken, a slanting spectrum results, which
interseots the standard spectrum, which is first taken with the liquid prism not in
position.

The two spectra cross at a point, for which it is true that the total deviation
caused by liquid and guartz is zero. The refractive index (u) of the liquid for this
wavelength is caleulated from the formula—

p&in 8 =sin (8 —i) 1||.I.",w:n* —sinti+eos (§ — ) sin .

where s, is the refractive index of quartz for the wavelength in question,
& 1is the angle of the wedge cell (about 30%),

and i is the angle of emergence from the hemi-eylinder, or, what is the same
thing, the angle of rotation of the cirele.

Fifteen to twenty different spectra are taken on the same plate for different
values of the angle, and one only has to measure the wavelengths for which there is
an intersection of spectra.

This very rapid method gives a most satisfactory precision; the errors only
reach three to four units of the fourth decimal place, and the value of the point of
intersection A can easily be measured with a maximum error of ten A for A= 3000
and of five A for the shortest ultra-violet rays.
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SECTION N

MICHELSON, FABRY & PEROT, AND
HILGER INTERFEROMETERS

PAGES
Interferometers, Michelson and Fabry-Perot ... by by e 18 14
Fabry-Perot Interferometer with Etalon e N d-5
Accessories for Interferometers .., e N B-6
Hilger Imterferometers for ;Jrl.aru-— lenses, camera lenses, and mjrrrmu-:.upe
objectives * . A : i N G-10
Hilger Interferoscope, ete. s N 1012

See also for Fabry & Perot Emians—p_n 0 2-3, F-r:im;-ic' Perot Etalon ; pp. 0 5-6,
Mount for iaking the above in frond of any ordinary Smfrmwpg.

Fig. N 1

The transmission plates in the following interferometers are silvered by cathodic
deposition from fine silver. With silver films deposited in this manner the loss of
light iz less than by any other known method, and the necessary condition for sharply
defined and bright intensity maxima is thus fulfilled.  I'n the case of the Fabry & Perol
Inderferomelers the plates are made slightly wedge-shaped in the wsual manner to avoid
the secondary interference systems coused by reflection at the unsilvered outer surfoces,

Our latest models of Michelson and Fabry & Perot Interferometers—those,
namely, sent out during or after August 1912—are in every case so arranged that

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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Michelson, Fabry & Perot, and Hilger Interferometers

either the Fabry & Perot or the Michelson system of. mirrors can be supplied at any
subsequent time and attached without any alteration of the apparatus,

Three sizes are made, having respectively 75 mm., 120 mm., and 200 mm. travel
of the movable mirror. The 200 mm. size is supported on a tripod of special form
(see Fig. N 8). Otherwise, except as regards the lengths of the slides and of the
micrometer screws, all three sizes are of identically the same construction, both as
to accuracy of workmanship and dimensions. Thus a set of mirrors snitable for any
one size is also suitable for any other.

The micrometer screws have 1 mm. pitch. The divided head attached to the
gorew has 100 divizions, and one turn of the slow motion screw, whose head is also
divided into 100 parts, corresponds to one division on the main drumhead. Thus
one division on the drumhead of the slow motion serew corresponds to 1 Lyy mm.
(one ten thousandth of a millimetre).

Flg. N 4

The slides are massive, and of steel,* and the sliding surfaces are worked optically
Jlat. The slides are heavily protected by hard enamel, with the exception of the
actual sliding surfaces. Only these sliding surfaces, therefore, require care to avoid
rust. A bottle of suitable oil is provided, which it is well to use freely on the slides,
and occasionally on the screw. The most recent construction of the slides is the
result of many experiments, and is such that we are able to make them flat to a high
optical precision, thus securing the desired accuracy in maintaing the parallelism of
the movable mirror in its progress from one end of the slide to the other.

* The slides are made from forgings of specially selected ateel, the preparation and treatment
of which to wvoid subsequent deformations are carried out for us by Sir \'F;GG. Armstrong, Whit-
worth & Co., whose experience in the construction of standard screw gauges has enabled them
to supply us with a material excellently well adapted for the purposs in view,
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The slow motion mechanism has a carefully made cover, which can be readily
removed, if desired, for inspection.

The micrometer screws are cut between dead centres and ground at constant
temperature, and are made throughout with the very greatest care. Their position
is determined longitudinally by a plate of polished quartz at the end towards the
ohserver, which end takes the thrust when the mirror is moving in the direction of
increasing optical path. A system of opposing screws enables this plate to be set u
perpendicular to the axis of rotation of the micrometer serew, whose end is pnIisheH
to an approximately flat surface. Thus by reflecting light in the direction of the
axis of the screw through the thickness of the quartz block (which is polished on
both surfaces to enable the end of the serew to be thus observed), one can observe
the interference fringes produced between the light reflected from the thrust-taking
surface of the quartz and the polished end of the micrometer screw. Observation
in this manner enables the adjustment of the plate of quartz perpendicular to the

Fig. N8

axis of rotation of the screw to be made with great and ascertainable precision. The
other end of the micrometer screw thrusts against the polished end of a fixed screw,
by means of which one is enabled to reduce the longitudinal play of the micrometer
serew to & minimum, without introducing any longitudinal compression. The carriage
can be removed by lifting it off its slide, and can be as easily replaced. The two
thrust blocks under the carriage, which engage with the nut of the micrometer screw,
are so adjusted as to allow a small amount of lost time. A convenient spring adjust-
ment is provided for one mirror, which, while enabling the delicate final adjustment
for parallelism to be made with great precision, is nevertheless so substantial as to
introduce no trouble from vibration.

Fabry & Perot Interferometer, latest design as described above :—
N 1.—With 75 mm. motion of the carriage (Fig. N 1)

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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N 2—With 120 mm. motion of the carriage

N3— , 200 mm, i -

N 4.—Set of Michelson mirrors, with mounts and spring adjustments complete,
as shown in Fig. N 4, suitable for immediate attachment to any of the above
mstruments :—

N 5.—Case to take both sets of mirrors, with their mounts,

Michelson Interferometer :—

N 6.—With 75 mm. motion of the carriage

NT— w120 mm. " "

N 31_ £l 2{";. mm, 1] 1]

N 9.—Set of Fabry & Perot mirrors suitable for immediate attachment to any
of the above instruments :—
N 10.—Case to take both sets of mirrors, with their mounts.

Levelling Screws to either Fabry & Perot or Michelson Interferometers :—
N 11.—For 75 mm. or 120 mm. sizes ... e
N 12— ,, 200 mm. size . e e

Well-made case, with lock and key, for either Fabry & Perot or Michelson
Interferometer :—
N 13.—75 mm. size 5
N 14.—120 mm. size
N 15.—200 mm, size S
The instruments with levelling screws are of suitable height for wse in front
of the slit of the Hilger Wavelength Spectrometers (Constant Deviation
Type).
N 16.—Achromatic Lens 6 (150 mm.) foeal length, in mount for
attachment to the Fabry & Perot Interferometer, with
focussing adjustment. This lens enables an image of the
diffraction pattern to be thrown on the slit of a spectro-
meter, the dispersion of which then gives the n
separation of the overlapping monochromatic fringes.
e screw-holes for attachment of this lens are provided
on all interferometers sent out subsequent to 30th August,
1912 ... Fe

FABRY-PEROT INTERFEROMETER AND ETALON
for the llustration of
FRINGES OF SUPER-POSITION WITH WHITE LIGHT

(See " Mithode Interférenticlles pour la mésure des grandes Epaisseurs, et la Comparaison des
= wiﬂ?iﬁ‘?ndci" par Messrs, A, Perot et Ch, Fabry, Ann. Chim. e Phys,, 7, XV, March 1804,

When a beam of white light traverses successively two plates of air, each with
silvered faces, one can obtain a system of fringes whenever the differences of path
occasioned by each of the plates bear to each other a simple relation. If, then, a
Fabry-Perot etalon be placed in series with a Fabry-Perot interferometer (the air
plate in the etalon having a constant thickness and that in the interferometer a
variable thickness) a system of white light bands is seen every time that the distance

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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Michelson, Fabry & Perot, and Hilger Interferometers NS5

between the silvered surfaces of the interferometer mirrors is either a multiple or a
sub-multiple of the distance between the plates of the etalon.

The apparatus is shown in the illustration, where the etalon is mounted _on
the Fabry-Perot Interferometer of our standard form, as deseribed on pp. N 1-3.
Full means are provided for all the adjustmenta which are necessary to secure
the bands.

Fig. N 34

N 32.—Fabry-Perot Interferometer, E mm. {u.s N 1}, with Etalon

(O 6) complete on base =
N 33 —Fabry-Perot Interferometer, 120 mm. I:H.H N '?J mth Etalon
(O G) complete on baze -
N 34.—Fabry-Perot Interferometer, 200 mm, taa N 3] mth ]:.ta.lrm
(D 6) complete on base e -

Special Mercury Green Line Filters cemented in uptlc&lh narked gIa.sa —

N 17.—Transmitting only { per cent. of the yellow lines and 72 per cent. of
A 5461 ; 2" (51 mm.) square—

N 1a. Tra.namlt.t.mg 04025 per cent of the yellow lines and 50 per cent. of
A 5461, 2" (51 mm.) square—

N 19.—Filters (N 18) above can also be supplied 16 mm., clear aperture, mounted
in brass tube, 30 mm. long—

(These screens are made for us by Messrs, Kodak, Ltd., from glass prepared
by ourselves.)

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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Plates for Interferometers :—
N 20 —Cireular mirrors for Michelson Interferometers, 256 mm. dia.,
N 21 —Transmission and compenszation plates for Michelson Interfero-
; meters, 40 mm. long % 25 mm. high, each
N 22.—Complete set of Michelson Interferometer
mirrors and plates as above, the set o
N 23.—Circular plates, silvered by cathodic deposi-
tion (see p. N 1), for Fabry & Perot Interferometers, of
gpecial construction, as used on our Fabry & Perot Inter-
ferometers (see Fig. N 23), permitting the interior sur-
faces to be brought close together. The diameter of the
silvered surfaces is 25 mm., per pair
N 24.—Circular plates, of quartz, the plates being
coated with platinam by ua.t.huglja ition, for ultra-
violet work, per pair
N 25.—Small Observation Telescope, with cross webs for viewing the fringes, on

raising and lowering stand.

e

Flg. N 23

HILGER INTERFEROMETERS

The Hilger Interferometers are specialised developments of the Michelson Inter-
ferometer, and were originally designed for use in the manufacture and testing of optical
glasswork. The following are the forms already put on the market. They are fully
described in separate booklets, which will be sent post free on request.

o s - ot

Wil
et |

Fig. N 26. Diagram of Prism Interferometer.
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Patent Nos,
N 26.—The Hilger Prism Interferometer, No. 1 -  103,832/16, and corresponding
foreign patents.
N 27.—The Hilger Lens Interferometer, No. 1 - 103,832/16, i
N 48.—The Hilger Prism Interferometer, No. 2 - 103,832/16, ¥
N 30.—The Hilger Camera Lens Interferometer - 130,224/18 5

N 47.—The Hilger Microacope Objective Interferometer 103,832/16, i
and patent applied for.
These instruments are supplied to manufacturers of glasswork under licence. For
Btate standardising, testing, and other institutions, brief forms of licenee are issued appro-
priate to the use of the apparatus otherwise than in connection with the manufacture of
optical work forsale. This brief form of licence is engraved on the instrument (see p. N 10).
The lens interferometers will only be briefly mentioned in this section, but the No. 1
Prism Interferometer has proved to have so many applications in a physical laboratory
that a short description and a statement of some of its uses will not be out of place here.

N 26.

THE HILGER PRISM INTERFEROMETER, No. 1
See Reference 3

This instrument in its simplest form is a development of the well-known Michelson
interferometer, the main essential optical differences being that the light is collimated
and the two interfering beams of light are brought to a focus at the eye of the observer.

Within its limits of size (a clear aperture of 2§ inches—T70 mm.) it permits the exami-
nation of all those optical systems which are required to receive a beam of light which
has a plane wave front and deliver it again after transmission with a plane wave front.

It is shown in diagram (Fig. N 26) as arranged for the correction of a 60° prism, such
48 is used for spectroscopy.

The light used must consist of a limited number of very homogeneous radiations.
Buch a light may be obtained from a Cooper-Hewitt

Mercury Vapour Lamp.

The light from the source is reflected by the '/i!
adjustable mirror 4 through the condensing lens B,

by means of which it is condensed on the aperture of

the diaphragm .

The diverging beamn of light is collimated by a
lens D, and falls as a parallel beam on a plane
parallel plate K, the second surface of which is
mlvered lightly so that a part of the light is trans-
mitted and part reflected. The major part should
be reflected. One part passes through the prism L
in the same way as in actual use, and being reflected
by the mirror F passes back through the prism to
the plate K. The other part of the light is reflected Fig. N 26a
to the mirror & and back again to the plate K.

Here the separated beams recombine, and passing through the lens E they form on the.

eye placed mm;what beyond the aperture in the diaphragm P an image of the hole in
the diaphragm C. d
When the mirrors are adjusted as described in the booklet, interference bands are
seen which form a contour map of the aberrations of wave front cansed by the prism or
other optical system under test. p :
Fig.lI N 264 represents in diagram a typical map, where ( represents the highest point
of a * lull.”
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Applications to Physical Investigations

The use of the instrument is by no means restricted to the testing of optical
systems. The following are a few among many of the applications to Physical Research
which have already been made.

Measurements of small differencee of refractive index.*

Observations of diffusion of liquids (the liquids, in a cell with optical glass sides, are
placed under observation between micrors K and F, Fig. N 26).

Observation of the air-heating effect in hot-wire microphones (the hot wire is placed
longitudinally between mirrors K and F, and the instrument illuminated intermittently
with a period equal to that of the note to which the wire is responding. For this, and
for instantaneous photography of all such rapidly fluctuating effects, the white light bands
are used ; see below, symbol N 45.)

Observation of the time required for thermal equilibrium to be established between,
say, & thermometer bulb and the liguid in which it is immersed.

Measurements of the movements of microphone diaphragms.

ACCESSORIES
N 45.—Compensating Plate for use where the white light fringes are required.

This consists of a plate identical with K in Fig. N 26 (but not silvered), suitably
mounted between K and F, so that the optical paths of the two beams of light in the
interferometer can be made the eame for all wavelengths.

N 27.—Additions to convert into the Hilger Lens Interferometer, No. 1. Additions
(N 27) can be supplied to the Prism Interferometer whereby lenses can be tested for
axial pencils (for details see booklet, The Hilger Interferometer, No. 1, for the Correction
of Prisms and Lenses).

N 29.—HILGER PRISM INTERFEROMETER No. 1, WITH SLOW
ADJUSTMENT BY FINE SCREW MOTION TO THE MIRROR G

N 29.—Prism Interferometer, answering generally to the same specification as
the N 26, but with additions to facilitate the obtaining of the white light bands, viz. :

Blow movement to mirror & at will.

Lens D readily removable, and Lens E readily interchangeable with a second lens.

With this modified instrument, and the diagonal compensating plate N 45, the
white light bands can be obtained in a few minutes.

N 52.—Camera for attaching to prism interferometers, N 26, N 26/27 or N 29 taking

eight rate interferograms on one plate.
¢ ;slj:ak stand is included with both the N 26 and N 29,

* “ Variation in Refractive Index near the Surfaces of Hoss Melts," F. Twymon and A. J.
Dalladay, Trans. of Opiical Sociely, Vol. XXIIL, 1921-22, No. 2, p. 131

: * The determiviation of Poisson's ratio and of the absolute stress variation of refractive index,'™

F. Twyman and J. Perry, Proc. Phys. Soe, XXXIV,, 151, 1922,

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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N 48, —THE HILGER PRISM INTERFEROMETER No. 2

This instrument is in principle the same as the Hilger Prism Interferometer No. 1,
but is smaller, having a working aperture of 11" inch (28 mm.).

Full adjustments are provided, and the instrument is suitable, within range of its
aperture, for the same kind of work as the No. 1 model ; but additions to convert into a
lens interferometer are not supplied.

Fig. N 48

N 48.—Hilger Prism Interferometer No. 2.

F 7, F 8, F 13 —Mirror, condensing lens, and rod with clamp for attaching them
to the collimator.

N 53.—Fine screw adjustment to mirror (7.

N 50 and 54.—Compensating Plate for use where the white light fringes are
required, in mount, and additional objective for the telescope to facilitate finding
the white light bands,

N 58 —8et of 12 defective achromatic objectives, and attachments for inter-

ferometric examination of the same,

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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N 47 —THE HILGER MICROSCOPE OBJECTIVE INTERFEROMETER

By means of this instrument the aberrations of axial beams (including chromatic
aberration) can be measured quantitatively. The instroment can also (with the addition
of a camera) be used as a micrograph for use with ultra-violet microscope objectives. The
exceptional accuracy with which the position of the objective relative to the mechanical
etage can be measurably controlled makes the instrument unique in its suitability for this
purpose. Illuminating systems for the ultra-violet can also be supplied in this connection.

N 30.—THE HILGER CAMERA LENS INTERFEROMETER

With this instrument all the aberrations of a lens (including distortion) can be
accurately measured, as well as its focal length for any zone, for either axial or oblique
pencils. Full details will be found in the booklet, The Hilger Interferometer for Measuring
the Aberrations of Camera Lenses. The instrument was also described in the paper
reference 6. The standard model takes lenses from 4" (101 mm.) up to 27" (636 mm.)
focal length,

The wave surface aberrations can be photographed.

BIBLIOGRAPHY OF HILGER INTERFEROMETERS

1. Patent No. 103832/16, and corresponding foreign patents,

2. Patent No. 130224/18, and Wrmswndin% foreign patents.

3. “ Interferometers for the Experimental Study of Optical Systems from the point
of view of the Wave Theory,” F. Twyman, Phil. Mag., vol. 35, January 1918, p. 49.

4. “ On the Use of the Interferometer for Testing Optical Systems,” F. Twyman.
The Twenty-First Aunual Traill-Taylor Memorial Lecture. Delivered before The Royal
Photographic Society of Great Britain, October 15th, 1918,

6. “ Correction of Optical Surfaces,” F. Twyman, Astrophysical Journal, Vol.
XLVIIIL, No. 4, November 1918,

6. “An Interferometer for Testing Camera Lenses,” F. Twyman, Trans. of
Optical Society, Vol. XXII., No. 4, 1920-21.

7. * The Testing of Microscope G‘ggactivaa and Microscopes by Interferometry,”
F. Twyman, Trans. Faraday Bac.,P'o'ol. VL., Part L., Beptember 1920,

8. “ An Interferometer for Testing Camera Lenses,” F. Twyman, Phil. Mag.,
Vol. XLIL, November, 1921 (reprint of reference 6).

9. “ Fringe Systems in Uncompensated Interferometers,” J. Guild, Proc. Phys. Soc.,
Vol. XXXIII, 40,

10. “The Hilger Microscope Interferometer,” Trans. Opt. Soc., Vol. XXIV., No. 4,
1922-23.

11. * The Hilger Microscope Interferometer,” J'nl. of Opt. Soc. of America, Vol. VII,,
No. 8, August, 1923,

Hilger Interferometers supplied to State standardising, testing, and other institutions
are engraved with the following brief form of licence :

*This apparatus is licensed by Adam Hilger Ltd. to .. LA & Sl S

for use by any of its Departments, but not for use by any other Corporation
or person without the written consent of Adam Hilger Ltd.”

; N 46.—INTERFEROSCOPE
.ﬁ.pfamtus of this kind has been used in the workshops of Adam Hilger, Ltd., since
imailal ;] is primarily designed for assistance in the manufacture of plane and plane
par nss,
Plane parallel glass is placed upon the velvet-covered shelf of the instrument, and
is seen by looking through an aperture in the side about 24 inches above this shelf. When
monochromatic light is projected through the instrument, a number of bands of the

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
Entrance :—24 Rochester Place (adjoining)
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same colour as that of the light source are seen superimposed upon the object. There
is a simple relation between the angle that one surface makes with the other which is
dependent upon the wavelength of the monochromatic light employed, the refractive
index of the part under test, and the number of bands seen per inch ; and tables embodying
this relation are issued with the instrument.

The best source of illumination is the well-known Cooper-Hewitt Mercury Vapour
Lamp, which can be used for lighting the laboratory or workshop at the same time.
The bands seen are so bright that it is not necessary to prevent extraneous light from
entering the instrument. It is possible to estimate
with a reasonable accuracy the want of paral-
lelism to about 1f10 of a second.

When one or both surfaces are not flat, the
light-giving bands follow the lines of equal thick-
ness, forming contour lines which can, if desired,
be traced upon the surface of the glass under
examination,

It is possible in this way to test the degree of
parallelism of the surfaces of transparent plates
at a glance, with more ease and rapidity, and
with much greater accuracy than by micrometer
measurements. The aceuracy attainable is about
one-millionth of an inch.

The apparatus can also be used for measuring
minute differences in the thicknesses of opaque
parts, such as steel thickness gauges, plug ganges,
outside diameters of screw gauges, balls for bear-
ings, ete., by placing three of the parts between
two glass surface plates, and the whole gn the
shelf of the instrument, when by counting the
number of bands seen the difference in thickness
can be measured.

(lass surface plates are not supplied with the
instrument, but we shall be pleased to quote for
any size of plate required. We also recommend
our special Mercury Green Line Filters (Catalogue
No. N 19) for use with this instrument.

We shall be pleased to advise as to the
applicability of this instrument to the measuring Fig. N 46
of small differences of thickness in any cases placed before us.

As working limits become smaller, the methods of testing must become more accurate,
and this instrument can be recommended with the confidence derived from its use in
our own workshops for more than twelve years.

N 31.—THE HILGER INTERFERENCE GAUGE-TESTING OUTFIT
FOR ENGINEERS

This appliance shows with certainty differences of 0-000,01 inch, and with care
differences of 04000,001 inch can be estimated. An illustrated descriptive booklet will
be sent pest free on request.

SPECIAL APPARATUS

We are prepared to design and supply any form of Interferometric apparatus,
ﬁuﬂjng apparatus for the determination of standards of length in wavelengths of
ght.

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
Entrance ;—24 Rochester Place (adjoining)
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INTERFERENCE ACCESSORY FOR TESTING MICROSCOPE STANDS
AND FINE ADJUSTMENTS (N 49)

T'his apparatus was first designed for use in the Dept. of Applied Optics, National
Institule for Medical Research, Hampstead, London, N.W.3.

Fig. N 49

Not only does this apparatus enable microscope stands to be tested for rigidity,
and slow movements for aceuracy, but it forms a very simple means of demonstrating
the prineiple of interferometry to students of physics, since practically every laboratory

possesses & microscope.
Full description post free on application.

ADAM HILGER, Ltd., 75a Camden Road, London, N.W.1.
Entrance i—24 Rochester Place (adjoining)

Telegraphic Address—** Sphericity, Phone, London.™
Telephone—North—1877/8.
Cable Code—Western Union.
Cable Address—* Sphericity, London."
Ocrober 924



Spectroscopic Apparatus for High Resolving Power 0l

SECTION O

SPECTROSCOPIC APPARATUS FOR HIGH
RESOLVING POWER

(See also Seetion B for larger Echelons, and Lummer-Gehreke Parallel Plales, and
Section N for I'nler feromelers,

The instruments deseribed on this and the six following pages are
0 2.—A Michelson Echelon Diffraction Grating,
0 3.—A Lummer-Gehrecke Parallel Plate,
0 6.—A Fabry & Perot Etalon,
together with apparatus specially designed for use with the above.

Although designed primarily for demonstration work, they are all optically as
perfect as our larger apparatus of the same kinds (for which see the lists cited above).
They are of a size and design snitable for use on most ordinary Spectroscopes,
but are especially useful in conjunction with the modified form of Hilger Wavelength

Fig. © 3

Spectrometer (Constant Deviation Type) described below. Thus applied, the Fabry
& Perot Etalon affords a means of determining wavelengths to a very high accuracy ;
while either the Echelon or the Lummer-Gehreke Plate will demonstrate the Zeeman
effect, the effect of pressure on the lines of the spectrum, or the minute structure of
any desired lines with a minimum of trouble and with the great intensity of light
which distinguishes these powerful devices for high resolving power. At the same
time the approximate wavelengths of the lines under observation can be read off
direct from the drum of the Wavelength Spectroscope (see descriptive leaflet of the
Hilger Wavelength Spectrometer, Constant Deviation Type).

The mode of application to the Wavelength Spectrometer has the further great
advantage that a large number of lines of the spectrum can be examined at one and
the same time, all the lines which are visible in the eyepiece being simultanecusly
subjected to the analysizs of the Echelon, or of the Lummer Plate, or of the Fabry &
Perot Etalon, as the case may be.

0 2.—Echelon (see Fig. O 2) of highest quality, in mount complete. Suitable
for use on any ordinary Spectroscope (in which case an auxiliary analysis of the

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1

Entrance i—24 Rochester Place (adjoining)
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light iz necessary) or on the modified form of wavelength spectrometer described
below, in which case the combined apparatus is complete in itself.

Number of plates, 12. Effective aperture, 29 mm. » 13 mm.
Thickness of plates, 10 mm. Resolving power, 100,000, for W.L.
Width of step, 1 mm, 5461, -

The accurate thickness of the plates and the oplical properties of the glass are in every
cise engraved on the mount.

Fig. 0 3

0 3.—Lummer-Gehreke Plate (see Fig. O 3), in mount complets. Like the
Echelon above, this can be used on any ordinary Spectroscope, or preferably on the
modified form of Spectrometer deseribed below,

Length of plate, 130 mm. Length over all of mount, 135 mm.
Width of plate, 15 mm. Resolving power, about 200,000,
Thickness of plate, 43 mm,

The thickness of the plate and optical properties of the glass of which it is made are
engraved on the mount.

. 04.—We can also supply Lummer-Gehreke Parallel Plates, of the same size,
in quartz, for work in the ultra-violet (Fig. O 3).

These can be used in front of a quartz spectrograph on the mount
described below (Fig. % 12) which iz then supplied with
a quartz-fuorspar double (O 5}, or a quartz-rocksalt triple
(O 18) achromatic lens at an extra charge

As# quariz fluorspar makes a better achromatic combination than quartz-rocksall, the former will
always be supplicd whenever fluorspar of suitable quality ia obtainable,

(For the theory of the Lummer-Gehreke parallel plate, see Annalen der Physik,
Band 10, 1903, p. 457.)

0 6.—Fabry & Perot Etalon (see Fig. O 6). The Etalon is constructed with a
distance piece consisting of a hollow cylinder of fused silica between the plates (as
described by H. C. Rentschler, Astrophysical Journal, December 1908).

The co-efficient of expansion of fused silica being less than that of any other
known material (0-000,000,59 per 1C°—about one-seventeenth part of that of
platinum) temperature alterations can be entirely avoided quite esalﬁr&

The plates are silvered by cathodic deposition from fine silver. With silver films
deposited in this manner the loss of light is less than by any other known method,
and the necessary condition for sharply defined and bright intensity maxima is thus
fulfilled. The plates are made slightly wedge-shaped in the usual manner to avoid

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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the secondary interference systems caused by reflection at the unsilvered outer
surfaces ; but the angles of the wedges are the same in each plate, and they are
g0 mounted that the total deviation caused by the Etalon is zero.

The appearance seen in the eyepiece when the Etalon is in position and correctly

adjusted is as follows :—

(@) The lines of the spectrum are visible in the same positions as they would
occupy were the Ktalon removed ; but of course far less bright.

(b) Each spectrum line is a diametrical strip of the ring system which would
be produced by the Etalon if the field of view were filled with light of the
wavelength of the line in question. The diameter of the ring system for
each line can then be measured with a micrometer eyepiece.

Flg. O 6

The distance between the plates is about 10 mm., this distance producing a
convenient ring system for measurement.
The thickness of the Etalon correct to 0-005 mm. is in each case engraved on
the mount.
Length over all of Etalon and mount, 105 mm.
0 7.—Fabry & Perot Etalon with plates of quartz, platinized by eathodic discharge,
for ultra-violet work.
For the method of working lo obtain standard wavelengths by comparison with lines of
accuralely known wavelengths, see papers by Lord Rayleigh, Phil. Mag. (6),
May 1906, p. 685 ; and (15) April 1908, p. 548,

Nore.—The height to the centre of the aperture in each of the above accessories is 35 mm.

THE HILGER WAVELENGTH SPECTROMETER (CONSTANT DEVIATION
TYPE) MODIFIED FOR USE WITH THE ABOVE ACCESSORIES

(See also separate leaflet deseribing the normal form.)
The modifications are as follows :—

(1) The arm earrying the collimator is extended to make room for any one of
the above accessories to be placed in position between the collimator and
prism. A protective cover for the prism table is also supplied.

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1

Entrance t-—14 Rochester Place (adjoining)
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{2) The accessories stand on a brass plate capable of slight rotation bf‘
of a milled head screw. This, together with a ily accessible levelling
screw, provides the necessary adjustment for each of the accessories.

{3) The aperture of the slit of the collimator is longer than that of the slit
nerally supplied with the Wavelength Spectrometer, this being desirable
or use with the Etalon. A second slit is attached to the main slit, the
jaws running at right angles to it. This second slit can be rotated into
or out of position as desired, and is necessary for use with the Echelon.
The Echelon is mounted with the edges horizontal in the manner employed

by Professor Michelson.

(4) An extra low-power eyepiece is supplied for use with the Etalon or Lummer-
Gehreke Plate.

Flg. O 8

0 8. —Modified Wavelength Spectrometer, with extra dense prism,
refractive index for I =174, suitable for use with Lummer-
Gehreke Plate or Fabry & Perot Etalon

0 9.—Well-made case with lock and key

0 10.—Modified Wavelength Spectrometer Htundm:'l to suit F-:hclou
of 12 plates (O 2), and suitable also for use with Lummer-
Gehreke plate, or Fabry & Perot Etalon ... : 22

0 19.—Well-made case, with lock and key ...

0 11.—Accurate micrometer eyepiece for measurement of the diameter
of the ring system produced by the Etalon, or for employ-
ment with the Echelon and Lummer-Gehreke Plate, with
adapter for low-power eyepiece interchangeable with that
for the usual evepiece supplied.

nan asn .

(For sundry other accessoriezs for the Wavelength Spectrometer, see Sections
D and F.)

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1

Entrance :—24 Rochester Place (adjoining)
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MOUNT TO TAKE THE ABOVE FABRY & PEROT ETALON, OR
LUMMER-GEHRCEE PARALLEL PLATE, IN FRONT OF AN
ORDINARY SPECTROSCOPE

0 12.—This mount (Fig. O 12) is made to suit the Fabry & Perot Etalons and
Lummer-Gehreke Parallel Plates deseribed above,

The Etalon (as in the npper figure) or the Lummer.Gehrcke Parallel Plate (as in
the lower figure) stands on a brass plate which is capable of slight rotation about a
vertical axis by means of a milled head serew. This, together with a readily accessible
levelling screw, provides the necessary adjustment for either of the accessories.

Fig. O 12 with O &

The rays from the source of light should be approximately collimated by a
condensing lens. They then traverse the Lummer-Gehroke Parallel Plate or Etalon,
as the case may be; and an image of the resulting diffraction pattern is formed
by an achromatic lens of about 5° (130 mm.) focal length. This image consists, of
course, of a number of superposed images produced by the various monochromatic
radiations emanating from the source.

The spectroscope to be used in conjunction with this arrangement is then placed
in train with the above apparatus so that the diffraction image falls on the slit. The
jaws of the slit should be set vertical ; and the dispersion of the spectroscope will then
give the necessary separation of the overlapping diffraction e,

The apparatus is mounted on a substantial east-iron tﬁmg, with three levelling
gerews, and is suitable for use with any ordinary spectroscope.

0 5, 0 18.—Quartz-fluorspar double or quartz rocksalt triple achromatic lens,
for use with the quartz Lummer Plate described on page O 2, fitted to the above

mount.

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
Entrance :—24 Roechester Place (adjolning)
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Besides its use with the Lummer-Gehreke Parallel Plate and Etalon, this piece
of apparatus can also be employed, with the addition of a special collimator, to
utilise the Echelon, described above, in combination with any ordinary spectroscope.
The short tube with achromatic lens shown in Fig. O 12 must then be replaced lby

Fig: O 12 with O 3.

the special collimator in question, and the collimator of the ordinary spectroscope
removed. The light from the source first passes through the special collimator, then
through the Echelon, and then on to the prism of the spectroscope.

0 13.—Special collimator (which is identical with that of the Modified
Wavelength Spectrometer described above)

USEFUL ACCESSORIES FOR THE DEMONSTRATION OF THE ZEEMAN
EFFECT BY MEANS OF THE LUMMER-GEHRCKE PARALLEL
PLATE

0 14.—8mall electro-magnet on raising and lowering stand, pole pieces adjustable
from contact to 1" (12} mm.) apart ; suitable for demonstrating the Zeeman effect
with these Lummer-Gehrcke Parallel Plates. The current required is about 3 amperes
when using an ordinary vacuum tube as the source of light. The lines are distinetly
separated with these itea into triplets, eto.

0 15.—Shutter eyepiece with hright pointer and double image prism, for Zeeman
effect observations with the Lummer-Gehrcke Parallel Plate. By means of the shutter
eyepiece the line under observation can be isolated, and the double image prism being
turned into position, the components of the rays polarised in vertical a.n(l horizontal
planes can then be observed side by side simultancously.

The surfaces of the double image prism are protected by glass plates.

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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SECTION P
OPTICAL WORK

Achromatic Object Glasses made from ordinary silicate glasses. Supplied
mounted either in flanged, or in screwed cells.

In ordering, please state type of cell

required.
i TG |
atadoite : | Types I. and II. | Type 111.
No, Effective Aperture. | I
Foeal Length. Mt‘ﬂ:r.%r:, Focal Length.
| TR =5 I
| |  inches. Trim . | inchea,  mm, | inches.  om,
8 | 03 127 | 41 104 /8 45 11-3
] P2 08 208 | 57 145 | fi8 62 158
P3 1-0 25-4 | 80 203 | /8 87 221
| Pa 125 317 | 112 284 | 122 309
[ P5 1-5 38-1 157 400 /10 17-1 436
Ps 1-8 48-2 219 556 f/11 23-8 60-€
| BT 25 63-5 306 777 | 112 333 546
‘ ; g gg 53-8 42-8 1,087 | 13 | 40-6 118-0

109-2 | G0-00 1,524 fll4 | 65-4 1660

The lenses are made in three types.

Type 1., for visual spectrum work, corrected for spherical aberration in axis,

and achromatised for the extreme visible red and violet.

Type IL, for spectrum photography from wavelength 800 up to wavelength

350 pp, achromatised for the violet,

Type II1., for ordinary telescope work, achromatised for C and F.

The above focal lengths may vary from time to time by as much as 3 per cent.
Ordinary doublet Lenses to other specified sizes, focal lengths, or other special
specifications, price 30 per cent. extra.

PRISMS FOR SPECTROSCOPIC WORK

The following expressions give the prices of single prisms of 60° angle made to

order :—

h is the height of the prism in centimetres.
I i the length of the refracting face in centimetres,

| The Ex| i sk s In st
Refractive Index | prign 1 shilings, l be m"‘ i | et Prisaus o
! % | 1 [cemtimetres) | {centimetres)
h H h 1
1-58 to 1-82 3381 +17 13 185 | 10 1
1-65 0304 417 105 16 | 3 11
1:74 0-B2ZAR 417

it -] 105 | ] 8

- -T.ﬁe above prisms have reciangular refraciing surfaces,
Note (March 1920) —The above prices must be incregsed by 140 per cend.

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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Prisms of refractive indices below 1-58 are supplied at the same price as those of
1-58. Higher refractive indices than 1:74 are not recommended except for epecial
purposes. The expressions may be employed up to the sizes given in the third
column, and prisms exceeding the dimensions there given will be quoted for on
application,

Glass is always kept in stock to cut prisms of about the sizes given in the fourth
column, and usually to cut prisms of the gizes given in the third column.

The prices are for prisms of the highest quality. The angles are made accurate
to within 10". If a greater accuracy be required, for an accuracy of +15" add 26
per cent., with a minimum charge for the inereaged accuracy of 10s. ; for an accuracy
of +5" add 75 per cent., with a minimum charge for the increased accuracy of 23e.

Note (March 1920).—All the above prices are increased by approximately 140 per cent,

The following sizes are stocked in refractive indices from 1-58 to 1-65, and are
supplied, as will be seen, at a consziderable reduction on the above scale of prices.
They are in all respects equal in guality to the above prisms, but are only supplied in
the gizez and of the refractive indices as stated. The surfaces are rectangular.

r— o5
]

Light Flint. I Dense Flint. i

ref. ind. for D =158 to 162 about. | ref. ind. for Id =163 to 1-65 about. |
= Length of Fare. | Height af Prizm.| Cotalogue 3.'|:-. . -!.enﬂ]l of Face. | Helght of Prism. E'flf-'l:::-l-:'lu‘-:“r

in. mm, in, mm, in, mm. | fn. mm. =
li 32 1 25 P10 | 1§ 45 1 25 P14
1§ 42 13 3¢ P11 T 1§ 32 P15
2 51 i 1; 38 P12 i 24 54 !i 38 P18
2p 60 | 1f 4 P13 2i B4 1§ 44 P17

L i ]

It will be noted that the lengths of the surfaces in the above prisms are gmat- o
than the heights, and that the ratio of length of surface to height becomes greater
with the refractive index. By this means a more satisfactory effective aperture is
obtained.

RIGHT-ANGLED PRISMS

Caittas Suttacs, |  Catalogue No : Larger sizes quoted on application.
"I'D L ey e ; The above ri_ght-angl&d pl:isms are of the
15 P19 very finest quality; of white, clear, and
- o | EE‘I thoroughly annealed crown. The definition is
ili " ;gg guaranteed, and all the angles are accurate to
ani . P24 within 5°. If a greater accuracy of angles be
;1; ; | ;gg required, for an accoracy of £107 add 25 per
55, - P27 | cent., for an accuracy of +5" add 75 per cent.
60, | P2 2
| to the above prices.
Di Planes, of guaranteed quality, silvered. (These planes are so edged

as to reflect a cireular beam of light when set at an angle of 45°.)

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
Entrance :—24 Rochester Place (ad]olnlng)
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—

" Diaweter of . | Diameter of g r
minor axis of surface. ‘ Catalogus No. | minor axis of surface. Catalogue No.
1} inches. ‘ P19 | 2 inches. P33
| 2 . P 30 2F  a P34
' . _ P33 3 i P 35
| LR i P32 = S P 36

Diagonal planes can be made to fit existing mounts at the same scale of prices.

Plane Mirrors, of guaranteed quality, for Siderostats, Heliostats, and general
purposes. The prices includes silvering. The price for speculum metal mirrors is
50 per cent. higher.

Diameter in inches. | Catalogue No. .i Diameter in inches, | Catalogue No.
! R T 8 | P45
14 Pas I 9 | P 46
2 ‘ P39 10 P 47
3 P40 I 11 P48
4 P4l 12 P 49
| il P 42 13 1 P 50
i P43 14 i P51
| | P44 15 ' P 52

For concave mirrors (if of radius not less than 15 times the diameter), add 25
per cent. to the above prices. Concave mirrors of larger sizes, or with radii less than
15 times the diameter, quoted for on application.

Galvanometer Mirrors, of the highest optical perfection, to the following
dimensions :—

Diameter. ‘ Thickness. ‘ Radinz of Curvature.
Ty ‘ » | 36 inches,
: | (-5 mm. ' or
(or anything smaller) | 1.000 mm
P 53.—(1) Of glass, palladinised on the front. i
P 54.—(2) Of fused silica, platinised on the front. (These can be
soldered without damage.) - -

Plane Mirrors, up to 10 mm. dia., at the same prices as above.
Concave Mirrors, up to 10 mm. dia., of other radii than those given, can be
supplied at double the above prices.

Larger sizes quoted for if required.

w

CORNU PRISMS OF QUARTZ—REFRACTING ANGLE 60°

These prisms are accurately cut with respect to the axis. They are composed
of two prisms of right and left rotation quartz respectively, each of 30° angle.

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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P4

We have introduced an important improvement in the construction of these
prisms, viz., the setting of the two component prisms into optical contact at the
interface. Thiz procedure results in

(1) Greater optical perfection.

(2) Removal of double image caused by reflection between the two inside surfaces,
without the necessity of any liquid between the two surfaces.

(8) A gain in light transmitted.

(4) Greater convenience of handling,

Following our usual procedure with 60° prisms we quote for a length of face
greater than the height of prisms. We cannot, however, in the case of quartz prisms
always adhere quite rigidly to the sizes stated.

Length of external faces. | Height of prism. Catalogue No.

mim. in, mm in. '
25 1 19 i P 55
32 13 25 1 P 56
42 1§ - 32 1} P 57
50 2 ! 48 14 P 58
57 21 ! 44 1§ | P 59
i3] EE 41 1§ P 60
65 2 ‘ 50 2 P 61
82 3t 52 21 P 62
98 4 50 23 P 63
110 43 70 23 ‘ P 64

Catalogue No,
P ab

P 66
P &7
P 68
P69
P70
P71

IN.

1
13
1}
13
2

2
2}

QUARTZ LENSES

Price of Quartz Lenses, unmounted, accurately cut with the erystallographic
and optical axes coincident,
CLEAR APERTURE.

MM
25-4

The above prices are for Lenses of the finest definition, with carefully selected

curves, the focal length for W.L. 400 up being not less than 10 times the diameter.
Lenses of larger angular aperture up to F/4-5 can be supplied figured to correct

the axial spherical aberration at the prices obtained by multiplying the prices in the

above table by the factor

g -

N-2
where N is the focal length divided by the aperture.
Condensing Lenses of Quariz, see Section F.

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
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PLANE PARALLEL GLASS
(Firat quality surfaces only supplied.)
This is stocked in the following thicknesses ;—

1l mm., 2 mm., 3 mm., 4§ mm,, 7} mm., 10 mm,

1 mm. thick Plane Parallel Glass, accuracy of parallelism about 10 seconds.
POl Price in shillings = ¥ area in square cms, +

up to 25 mm. in the longest dimension,
2 mm, thick Plane Parallel Glass, accuracy of parallelism about 6 seconds.
POl Price in shillings = % area in square cms. +

up to 40 mm. in the longest dimension.
3 mm, thick Plane Parallel Glass, accuracy of parallelism about 3 seconds,
Pol Price in shillings = * Area in square ems. +

up to 50 mm. in the longest dimension.
4§ mm. thick Plane Parallel Glass, accuracy of parallelism about 3 seconds,
POl Price in shillings = % ared in square cms. + .

up to 65 mm. in the longest dimension.
74 mm. thick Plane Parallel Glass, acouracy of parallelism about 3 seconds.
P91 Price in shillings = » area in square cms, + .

up to 100 mm. in the longest dimension.
10 mm. thick Plane Parallel Glass, accuracy of parallelism about 3 seconds,
P ol Price in shillings = ® area in square oms. +

up to 160 mm. in the longest dimension.-

Crystalline Quartz of like accuracy cut perpendicular to the axis,
Prices, 2% times the above,

CONSTANT DEVIATION PRISMS (Fig. P 72), AS USED IN THE HILGER
CONSTANT DEVIATION SPECTROMETERS (see p. D 1-2)

Fig. P72

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1

Entrance :—24 Rochester Flace (ndjoining)



Optical Work
l Size of Equivalent 60° prism face,
Catalogue No, | Refractive Index ==
i Length of Fuce. ‘ Huight,
| |
1 I
in. mm, | in. mm.
P T2 | 1-65 1 42 1% 34
P73 1-74 1 42 1% 34
P74 l 1-65 2 5 | 1 44

Prisms of Rocksalt, up to 6 cm. long face. Can be priced from the fo]inwinﬁ
formula :—Price in shillings =1-6 A2 +17 (k and | being the height and the lengt
of face in centimetres).

Lenses of Rocksalt.,—Focal length for D) not less than five times the diameter,
second quality surfaces.

DMAMETER. & ‘ Cararocue No.
inches. I . |
1 - 25 P 80D
1 31 P Bl
1 38 P82
1 44 P B3
R, 3l P84
2 57 P 85
zt 63 P 86
2% 70 P 87
3 76 P B8
|

|
First quality lensea of Rocksalt, focal length for 1) not less than } the diameter,
curves such as to give minimum spherical aberration for W.L. 10 p, price 2§ times
the above,
Quartz-Fluorspar Doublet Achromatic Object Glasses, computed for use over the
spectral range extending from A1850 to AS000 A, being achromatised for these wave-
lengths and spherically corrected for A3200.

CLEAR APERTURE. ‘ Focarn LENGTH. | Cararoove No.
TN, I CINE. in. |

17 (F123) | 210 8.97 P o4

17 {F,l'ﬂ]l 15-3 G- | P 95

28 (F/11-5) 32-3 1292 | P 96

28 (Ff7 -5) 2140 527 P97

36 {F;‘S] 32-3 12-72 P98

P 89.—Fresnel biprisms 1} x § inch, 179° angle,

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
Entrance 1—24 Rochester Place [(adjoining)
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Optical Work

PRECISION GLASS APPARATUS, HAVING THE COMPONENT PARTS
UNITED BY HEAT TREATMENT

The information contained in this pamphlet is abridged from a paper “On a
Precision Method of Uniting Optical Glass,” ele. (K. G. Parker and A. J. Dalladay,
Farraday Society Trans., Vol. XII. Part L, 1916).

1 See also Phil. Mag., Vol. XXXIIL, March 1917, and ** Nature,” 21st December,
016,

The method which we now employ in the manufacture of certain glass
apparatus is the result of efforts to obtain glass apparatus suitable for making
measurements of the highest precision on liquids.

Method of Construction.—The component parts of the piece of apparatus which
is required are designed, and optically worked, so that they can all be put together
in optical contact. When this has been done the apparatus may appear completed,
but would almost certainly fall to pieces if any attempt were made to use it. TIf,
however, it is gently clamped, so that the components are held in their correct relative
positions, and subjected to carefully controlled heating, the surfaces in optical contact
will unite ; the apparatus may then be used for its proper purpose, as if made of
one piece of glass.

The temperature employed is very far below the melting point of glass ; it varies
with the kind of glass, from about 400° C. to 550° C. Quartz cannot be joined, as
it splits up when heated, however slow the rise of temperature may be. With certain
limitations, plates of different kinds of glass can be caused to go into complete union,

Advantages offered by the Apparatus :

1. At the low temperature employed, no bending or deformation occurs; the
surfaces of the glass work are not injured, so that we have optically-worked surfaces
in the inderior of one integral piece.

2. There is, of course, no cement to contaminate liquids placed in the apparatus,
to produce strain in the ﬂ:ga, and to perish eventually,

3. It is wholly of glass, and for this reason will resist very high temperatures
{up to 300° C.), always provided it be uniformly heated,

P 90.—Price for a single cell, space for liguid 2 =< 2 cms. x 1 em. thick
M 161.—Double cell, for comparison of two liquids, having two

compartments each 14 mm. wide = 20 mm. high x 10 mm.
thie e z

We shall be pleased lo quole for cells lo customer’s own design upon request.

ADAM HILGER, Ltd., 75a Camden Road, London, N.W.1
Entrance :—24 Rochester Place (adjoining)

Telegraphic Address—'* Sphericity, Phone, London. **
Telephone—North—16877/8.
Cable Code—Western Unlon,
Cable Address—** Sphericity, London, "
October 1924
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The Low-Hilger Audiometer R1

SECTION R

THE LOW-HILGER AUDIOMETER

Formerly known as

THE HILGER OPTICAL SONOMETER

(By arrangement with the Low Engineering Co., Ltd.)
Patent Nos. 189, §15/17 and 189, 816/18

Fig. R 1

TaeE Low-Hincer AvbiomeTER (formerly known as the Hmoer Orricat Soxo-
METER), of which a general view is shown in Fig. R 1, is an extremely sensitive optical
kymograph designed to record the pressure variation caused by sound waves,

The wooden framework is constructed of polished mahogany in the best style
of camera work, '

On connection of the bayonet plug to a source of electric supply (the voltage
of which should be stated in ordering) the instrument is at once ready for use,
being entirely self-contained and needing no accessory apparatus whatever.

The length from end to end is 4 ft. (122 cms.), or with the horn 5 ft. 10 in. (178 ems.).

An important feature is that the light-tight camera box which contains the drum .J
and sensitive film (Fig. K 1 A)is removable without disturbing the rest of the apparatus,

ADAM HILGER, Ltd., 75a Cnmden Road, London, N.W. 1

Entrance :—24 Rochester Place (adjoining)



The Low-Hilger Audiometer

and can be taken to the dark room for removal and development of the film and
for re-charging. Thus the Audiometer can be used in any room, laboratory, or
workshop under ordinary conditionz of lighting—no darkening being necessary even
during the time of taking a record.

he construction is shown in diagram in Fig. B 1 A,

The sound wave is received by the horn attached to the diaphragm box B.

The horn is of about 12 degrees taper, and 24 in. (60 cm.) long, and it is made of
specially selected millboard wound with adhesive rubber tape. This mode of con-
struction has been found by previous investigators favourable to the avoidance of
resonance in the horn itself.

In the box B is mounted an extremely light diaphragm of celluloid, rubber, or
other material (according to the sensitivity required) of which a small portion is
platinized to form a mirror, These diaphragms are manufactured according to a
procedure worked out in our Research Department, and are made in thicknesses down

e : p—~ i C |Fdasas=: cw=szbesossmanens |

0———F—4

Fig. R la

to a fraction of a wavelength of light.* Thus the mass is extremely small, and the air
damping very great, both factors making for sensitivity and acourate reproduction
of the impreased pressure wave-form,

The diaphragm is mounted so as to be optically flat when it is undeflected, and
the small platinized pateh which reflects the light remains, even on the deflection
of the diaphragm. sufficiently flat to give a very well defined spot of light on the
sensitive film.

Light is directed from the light source D by a condenser E through the slit F
and brought to a focus on the platinized area of the diaphragm C. Lenses G and H
form an image of the slit on the photographie paper (or film) on the drum J. The lens
H being eylindrical with its axis parallel to the drum, the beam of light is brought to
an intense point image, so that a record of the deflection of the diaphragm is made
as the drmm rotates. The light source iz a 30 candle power Pointolite Lamp,
which ean be supplied complete with a suitable resistance.

Liberal adjustment is provided so that the spot of light may be focussed on the
drum at any distance from 4 to 20 inches according to the amplitude of vibration to be
dealt with, while a further great variation of sensitivity (in the proportion of 20 to 1)

* Patent applied for.

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1
Entrance i—24 Rochester Place (adjoining )
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The Low-Hilger Audiometer

may be obtained by selection of a suitable diaphragm. Thus the standard instrument
is suitable for recording sounds whose amplitudes differ by more than 100 to 1.

The recording drum is arranged to take standard celluloid or paper film 1§ inches
wide.

The drum is enclosed in a specially designed camera box which is provided with an
automatic shutter arranged to expose from one-sixth to one complete revolution of the
drum as desired, thus from 1 to 6 records can be made on one film according to the
length it is desired to expose. The drum takes 37 inches of film. It is driven by a
spring motor provided with a speed indicator. The speeds shown are however only
to be taken as a rough guide, and when accurate timing is required a time marker
ghould be used. As explained above, the camera box is readily removable (two
handles being provided for carrying) for charging the films. The camera box is
conveniently arranged for loading or unloading with film through a small door in
the back,

The apparatus can also be made up suitable for projection for lecture and other
purposes where a visible indication of the sound waves is required.  Price quoted upon
receipt of full particulars of requirements.

Diaphragms of various natural frequencies can be supplied (the period more or
less varying with the sensitivity) from 80 per second up to 300 per second ; and
with the former good records of vibration of 1000 per second can be obtained, while
the presence of waves up to 10,000 per second has been observed.

Further developments in the techmique of producing the diaphragms RS
have enabled us to extend the range of frequency attainable, and we can now
supply them with a wide range of natural iuniq,mental frequenciez of from 300 to
3,000 per second. The sensitivity is greater the lower the frequency. Unless other-
wise requested we send the diaphragms of about 800 periods per second. Diaphragms
of rubber possessing lower frequencies than 300 (down to 80) can be made, but these
require a glass mirror which gives them greatly increased mass.

ACCESSORIES
R 2.—Time Marker. .
This consists of an electrically driven tuning fork (made by the Cambridge
Instrument Co., Ltd.), placed at some distance from the apparatus in order to
guard against interference with the sound to be recorded. A small mirror on the

fork reflects light taken from the light source of the recording apparatus back to the
drum where it is focussed near the edge of the film ; both zets of wvibrations are

photographed together and thus an accurate time reference is secured.

R 18.—High Frequency Camera. ’

This contains a drum (on which the film is wound) mounted on the spindle
of an electro-motor, the speed of which is variable from 2100 r.p.m. to 700 r.p.m.
A speeded shutter exposes the film during one revolution, the length of each
record being about 20 inches.

It iz sometimes useful for purposes of comparison to record sounds
of different frequencies in such a way that one period occupies always the
same length of film no matter what the frequency. For this purpose the drum
is notched on its upper rim, the distance between the two successive notches

being supposed to represent the above wavelength. During rotation a card is
held against the notches, and the resultant sound is tuned to the sound to be

photographed by varying the speed of the motor.
B 29.—Automatic shutter release for High Frequency Camera.

The above camera can also, if desired, be supplied with an arrangement for
automatically releasing the shutter at any desired time up to 15 secs. after the
commencement of the sound,

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1

Entrance :—24 Rochester Place (adjoining)
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The Low-Hilger Audiometer

R 27.—Automatic shutter release for Low-Hilger Audiometer R 1.

In the case of sounds of short duration, it is necessary to ensure that the
camera shutter opens simultaneounsly with, or at a short controlled time after,
the sound. To enable thiz to be done we can supply additions to the Low-
Hilger Audiometer by means of which an electrical circuit (controlling the means
by which the sound is produced) can be broken, at any time up to a second before
exposure of the film.

E 26, —Low-Hilger Audiometer for continuous records.

In the case of records which can be made in large numbers before develop-
ment, it is very convenient to employ a large roll of film. It may also be
necessary to record a prolonged sound from start to finish. To fulfil these
requirements, we can supply the Low-Hilger Audiometer fitted with means for
exposing up to 400 ft. of film at speeds of 60, 40, and 20 inches per sec. The
driving arrangements consist of electro-motor, resistance, and countershafting,

CATALOGUE NUMBERS
(For Prices see Price Sheel)
B 1.—Low-Hilger Audiometer, complete with uprmg motor drive
for drum (Lamp not included)

R 25.—Low-Hilger Audiometer, with electric motor drn'e mstend
of spring motor, specmllt suitable for all purposes where
continuous running is required. Complete with resistance
adjustable for any voltage from 50 to 250 D.C. or A.C.

R 2. -Time Marker with tuning fork of 50 vibrations per second ...

B 3.—Tuning Fork, 104 vibrations per second 1made by the Cam-

hnrl;:_e Instrument Co., Ltd.)

R 4. -Tuning Fork, 200 1.1brat-mns per =econd {made by the (_nrn
bridge Instrument Co., Ltd.)

F 215. Pointolite Ln.mp, 100 C.P. {ma.n only be supp].uzd for -:hre{:t
current)

F 216.—Universal r-:alstnnac for 1M} G P. P'Gln'tﬂlltie lamp ;

R 7.—Bound box with horn only. Complete with all nptm.al work
necessary to project spot of light ... i

R 8. —Extra Diaphragms in metal case, each

B 9—Paper Film 1§" wide, 100 ft. roll

E 10.—Cinematograph Film (not perforated) 100 it mll

R 11.—Negative Paper. A special fast paper giving a black lme

print of maximum contrast, speed about 300 H & D.
Made up in boxes of 50 lengths of 37" each. We

can highly recommend this new paper

R 17. -Demonstration Strip. A black band with white ]_ums [{rl.'
visual observation of wave forms. Set of fuur with

different spacings ... o
R 18.—High frequency camera o
R 29.—Automatic shutter release for R 18 co Rt

R 27.—Automatic shutter release for Low-Hilger Audiometer R 1

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1

Entrance i—28 Rochester Place {adjoining )
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The Low-Hilger Audiometer

R 26.—Low-Hilger Audiometer for continuous records ... s
B 30.—Cinematograph film (perforated) in 400 ft. rolls ...
B 31.—Negative paper (perforated) in 400 ft. rolls Ra

ALTERNATIVE LIGHT,SOURCE

Suifalde I.f;'}r’ wae with eilher .-f“!'.".h'fl.f.'..lr:'_i arr Dhrect Chirrend.

R 19.—Focuslite Lamp (20 to 30 Volt, 250 to 400 C.P.}’

B 20.—Lamp holder and flex with bayonet adapter

R 21.—Universal Resistance adjustable to sunit an} wlta;.*,e {mm
20 to 250 Volts, A.C. or D.C. i ;
Allernative Light Source where Accumunlators only are available,

R 22.—Focuslite Lamp suitable fUr use with accumulators [12 Volt,
400 C.P.) R e

E 23.—Lamp holder and flex

R 24.—Accumulator, 12 Volt, 96 amp. hours

Full description, with reproductions of 25 records, post free on application. A set of
14 lantern slides are available for hirve, terms on application,

SUNDRY INSTRUMENTS

(not described in this Catalogue)
Full descriptions will be seni post free on application.

~A rapid and accurate gauging machine

T 5.
for repetition machined parts.

T 8,—The Hilger Optical Gauge.—A specialised and simple development of
the T 5.

M 189,—The Michell Viscometer.—An accurate and rapid means of measuring
viscosity.

The following are nol of our manufacture —

Dr. Moll’s Registering Microphotometer, for measuring the intensity of photo-
graphed spectrum lines.

The Chevenard Thermic Analyser.—For determining temperature variations of
expansion co-efficients. The temperatures at w hich the rate of such variations
changes rapidly have important technical significance.

Prof, Miers' Student’s Goniometer, a useful goniometer, of simple design, for
crystallographic work.

The Fereday Palmer Stress Recorder, for accurately recording rapidly varying
strains in structures such as those produced by a train travelling at high speed over
a bridge, or those taking place in the hull or other parts of a ship at sea.

The Vickers Diamond Hardness Testing Machine, a Brinell machine with many
important novel features.

ADAM HILGER, Ltd., 75a Camden Road, London, N.W. 1

Entrance :—24 Rochester Place (adjoining)
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The Low-Hilger Audiometer

LANTERN SLIDES
We have a large number of lantern slides illustrating our instruments and their
performance and uses, and these can be loaned for lectures free of charge on payment
of postage.
Lists of those available will be sent on application.

October 1924
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Accessory, Inl:erfi}mnce, for miero-
80 = .
Annealing Test.m,g Bﬂm\h

Aundiometer, L.nwvHLIger = .
Are Lamp - - : -
Are Lamp, Vacoum - - -

Books - . . -
Burner, Sodium -

C

Carrier for Baly Absorption Tube
Carrier for Slit Rod

Cell, fused silica = 3
Coil, Hemsalech seli- |I:|.du::t-|un -
Coker's Photo-Elastic Apparatus -
Coker's Lateral Extensometer
Colorimeter, Nutting - . .
Colour Perception Spectrometer -
Comparator, Wilson Projection
Compensator, Babinet -
Condenser (electrical) -

Condensing Lenses, rlass and quartz FIL2.%

Converter, rotary - - -
Converter, rotary, for X-Ray
Bpectrometer - - -

Cornn Quartz Prisms - - -

D

Diagonal Planes - . - =
Diffraction Gratings :

Film Replicas -

. for sbud.anta
M\chulal:m Echelon, small -
- large - .
H.P. L ruled originals - -

INDEX

TAGE

N1z
M1l

Fll
E 10

F 18
M4

F 16
M12
M 13
H 17
H 15-16
R 5
ME
F 16

F 16

E 14
P3

|

El
K2
01-2
Bl1-8§
K2

E
Electrodes, carbon
" copper
e ilmenita . - -
" irom . " -
o nickel

Jones carbon - -
Ebcctmde Holder - 3 .
Etalon, Fabry & Perot, glass .
B EES quﬂﬂz L
Expun.u.m Box for plate testing
Extensometer, Lateral
Eyepiece, Autocollimating
T Fluorescent
Gauss
for Lumm.er Gehmkc
Plate or Echelon

= Micrometer - . -
! Bhutter
L Shutter with Ijght liltara
F
Fabry-Perot Etalons .
o Interferometers -

Filtar, Mercury Green Line -

G

Galvanometer, Broca - . -
e Paschon - =
magnetic shield for
Seale, on stand with
lamp for - 5
Mirrors, glass and

fused silica
Gauge, Optical - . - -

Generator, DLC.
Goniometer (No. 5) -
Grating, Infra Fed Diffraction
»  Rowland Diffraction,
Film Replica ;
- Fowland Difiraction,
Film Replica phma
graphed
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Index

FAGE

Grating, Stedent’s Hand - - K2
- Thorpe Film Replica - K2
= N.P.L. Ruled Originals K2

H

Heliostat - . . . - FB
Holder, vacuum tube and
apparatus combined . - F11

Hiufner Speotrophotometer - . H 10-12

I
Tlaminator, Monochromatic, Dr.
Tuttan - - « D11
- Monochromatke, for
Ultra-Viclel- - D2

»  Monoehromatic, U.V.
large aperture - D' 14

Interferenoe Acteasory for Miero.
= BoOpes .« o NIB
Interferometer, camers lens (Hilger) X 10

- Fabry & Perol - N3
- Michelson - - N4
=k sooossorkos for - N4, 5,0
— Priam Now 1| (Hilger) X 7
- Prism No, 2 (Hilger) X 9

Interferoscope = .« - « N1

L

Lamp, Are - . - . - Fli
w  Pointolite, 100 o, on
raising and lower-

ing stand - « MBS
" » 100 e . « H&
roslstance {or - HO

»  wobden Hght-tight
box for - - HY

v w150 cor., alternai-
ingeurremt - HY

i » 180 o.r., resistance
- . - HD

- » 600 cor, direct
current - - H®

v - B0 €. ¥, , resisl agies
for - . « H?

Lummer-Gehreke Plates ¢

small, glass and quartz - . 02
large - - - - - Bi®

Magnet, small electro - .
Michelson Interforometors -
Micrometer, Photomeasuring
Cross Slide - .
" Photomeasyring 6"
travel . -
- Photomeasuring 3"
© travel - . a
Mirror, in tilting mount M =
w Galvanometer, glass and
fusedl silica - - -
" ﬂ"-v ]ﬂlﬂ& = o =
w Speculum, plane - E
Mount for Fabry-Perot FEtalon
and Lummer.Gehreke plate

Maller X-Ray Spectrograph

N

Nutting Colorimeter - . -
- Polarisation Photometer
for
hand
(L]

L

Objaet Glnases -
qum;-ﬂlm;#
ﬂl}tk‘l: work of all kinds - -

I:l

Photo-Flastie Apparatus, Coler's
Photomeasuring  Micrometers -
FPhotometer, Nutting - . -

- Ssctor, Hilger

e i J“d-d Iﬂ'i-l

I = “’”‘F T -
FPlates, Photographis - - .
Plate, Lummer-Gohiroks - -

w  Bacolarimetor Contrel -

Polarimeter, Stamdard - -

FAGE
06
N4

L23
L2

L2
F2

P3
Pa
Pi

05
EN

H 17
HE

Fl
Pa
P1-7

M3

" It rial and thud M2

Prisens :
glass, 60° T e A
glass, right angled - : a
glass, constant deviation - -
quartz, Corni .
rocksalt - - - s -
Puldications . . .

Pumps, Vaccum - - . .
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R

Reiractomoter, Abbe - 5
" Dvipping -
- Jamin - -
e FPulirich
" Rayleigh, for gases

L ¥

Resistance Lamp Board

=5
Baccharimeter -
" Quartz Lnntrr:ul Plam
- Tubes - . -
Sector-Photometer (Hilger) - -
" (Judd Lewis) -
ﬁillﬂ for Spectrometers
Spectrograph, Concave Grating,
Eagle Mounting
" Coneave Grating,
Meggers anil
Burns - -
ot Fery -
o Quartz - 5
i Technical Wedge -
s Uvicl Glass -
i Vacuum Grating -
- X-Ray (Maller)
aquipment
for .

e ERd

FAGE
M4

M15
Mi1s
M 16
M 19

for liquids M 20

F 16

M
Ma
Ma
H 2
H4
F 4-3

E 7-8

Ed
Eé
E 2-5
H13
|
E9
E 11

E 13-14

Spectrometers, Wavelength Rea:lmg —_

Standard Model -
Modified form for use 'Mt.ll hlgll
resolving power accessories
Large Model - . 8 -
Students’ Model . . -
Diffraction Grating Model -
Chemical Model . . s
Infra-Red . 2
Infra-Red of large nperturn

D1-2

03
[N
D7
D 7-8
Da
D13
D16

Colour perception (Edridge Green) H 15

Colour perception (Hilger) H 16
Photoscale type for Flame
Spectra - . - - D10
Spectrometens, Table :
Educational Model - C1
Model ¢ 1 C1
Model C 7 . - ca
Model 12 - O3
for detection of "\wkel and
Chromium - . - D17
Bpectrophotometer, Hiiner - H 10
" Nutting - HT
e Mutting Pocket H 0

PAGE
Spherometer, Ring Form - - L3
Strainviewers for glassware - - M9
T
Telescope, Ohservation - - NG
Thermopiles . . - - F13
- adapted to Wave-
length  Speetro-
meters - « D4
Transformer . . - - Fls
#* for X-Ray Spectro-

graph - - - EI13

Tube, Absorption - - H4

a¥

for Nutting lemmﬂer - HS8

Baly - . - - F18
Discharge, various gases - F O
Discharge, wvarious gases,

with quartz windows . F 10
Discharge, generator for - F 11

Polarimeter and Sacchari-

meter . - - Mao-3g
u
Uvicl Glass Spectrographs - - E5
v
Vacuum Tubes :
glass and quartz . - - F&8
guild form - - - P9
experimental form mth glass
or quartz eondenser - - Fo
holder for B - Fl11
Vacuum Discharge Lamps
various gases - . - - P9
various gases, with quartz
windows - - - - Fl0
penerator for - . = - F11
Vacuum Are Lamp - - - E1l
Viscometer, Michell - = - RS
W

Wavelength Reading Spectrometers :
Standard Modeal . - - D1-2

modified for use with high

resolving power accessorics 0 3
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MONTHLY PRICE SHEET

NOVEMBER, 1924.

Catalogue Numbers: We recommend our customers to make use of the Catalogue
Numbers when making enquiries of sending orders. They will be found particularly
useful when eabling.

Prices : —Prices are for delivery at our Works, and packing 1s extra. Where no price is
givf_‘n this indicates that the apparatus n qur:r.tinn will be the a.ubject of a specia.l
quotation,

We shall be very pleased at any time to quote prices, including packing and delivery
f.ob. London, or delivery to any foreign port or railway station.

ADAM HILGER LIMITED
75 CAMDEN ROAD -+ LONDON - N.W.1

Entrance -—24 Rochester Place (adjoining)
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