A

/

e

THE ROYAL A
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

) §

.
f

A
S

THE ROYAL A
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

Downloaded from rsta.royalsocietypublishing.org

TRANSACTIONS

PHILOSOPHICAL THE ROYAL
OF SOCIETY

Some Observations on the Amount of Light Reflected and
Transmitted by Certain Kinds of Glass

John Conroy

Phil. Trans. R. Soc. Lond. A 1889 180, 245-289
doi: 10.1098/rsta.1889.0008

Email alerting service Receive free email alerts when new articles cite this article - sign up in the box at the top right-hand
corner of the article or click here

To subscribe to Phil. Trans. R. Soc. Lond. A go to: http://rsta.royalsocietypublishing.org/subscriptions

This journal is © 1889 The Royal Society


http://rsta.royalsocietypublishing.org/cgi/alerts/ctalert?alertType=citedby&addAlert=cited_by&saveAlert=no&cited_by_criteria_resid=roypta;180/0/245&return_type=article&return_url=http://rsta.royalsocietypublishing.org/content/180/245.full.pdf
http://rsta.royalsocietypublishing.org/subscriptions
http://rsta.royalsocietypublishing.org/

a
A Y
A \

/%

A A

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

\
I~
AL A

THE ROYAL A
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

Downloaded from rsta.royalsocietypublishing.org

[ 245 ]

VIIL. Some Observations on the Amount of Light Reflected and Transmitted by
Certain Kinds of Glass.

By Sir Joun Coxroy, Bart., M.A., Bedford Lecturer of Balliol College, and Millord
Lecturer of Trinity College, Oxford.

Communicated by A. G. VErNoN Harcourr, LL.D., F.R.S.
Received November 8,—Read December 6, 18883.

[PrATE 8.]

INTRODUCTION.

Avraoven for both theoretical and practical purposes it is important to know the
amount of light reflected from the surface of glass, and the loss which light suffers
in passing through glass, but few accurate experiments appear to have been made on
this subject. :

Dr. Rosinson, in the report on the Melbourne telescope (‘Phil. Trans., 1869, p. 127),
gives an account of experiments made by Lord Rosse, Mr. GruBB, and himself to
determine the amount of light transmitted by telescopic object glasses, and through
various kinds of flint and crown glass ; he states that Lord Rosse’s and Mr. GRUBB’s
experiments were made with a BUNSEN’S photometer, and his own with a ZOLLNER'S
photometer. Dr. RopINsoN assumed the truth of FrEsNEL'S formulee, and then
calculated the values of the extinction coefficients e from the expression
n = (log p* — log I)/(¢ X modulus), where I is the intensity of the emergent light,
t the thickness of the glass, and p® the coeflicient giving the amount which escapes
reflection at the two surfaces.

Mr. Roop published in the ¢ American Journal of Science’ for 1870 (vol. 50, p. 1)
an account of some observations he had made, with a medification of BUNSENS
photometer, of the loss which light suffers in passing through crown glass. He states
that the formulee for reflection were originally given by Youxe, and obtained subse-
quently by PoissoN and FRESNEL, but believes that no accurate experiments have
ever been made to test their truth. He used two plates of glass, '15 mm. and
1677 mm. thick, and assumed that with such thin plates the loss of light was
practically entirely due to reflection. He found that with one plate, of which the
index was 1'5236, and which therefore should have transmitted 91:786 per cent. of
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246 SIR J. CONROY ON THE AMOUNT OF LIGHT REFLECTED

the incident light, 91440 per cent. actually passed through; and with the other, of
which the index was 15225, 91°155 was transmitted, instead of 91-763.

VoeEL published in the ¢Berliner Monatsberichte’ for 1877 (p. 138) some deter-
minations of the absorption of crown, and of two kinds of flint, glass for different
parts of the spectrum, but states that, as the three glasses were not equally well
polished, no conclusion can be drawn as to their relative merits.

M. Avvarp (“L’Intensité des Phares,” ¢ Annales des Ponts et Chaussées,” 1876,
p. 31) states that the absorption of light by the glass which it passes through is given
“par une formule exponentielle, mais on peut sans grande erreur la supposer propor~
tionelle & I'épaisseur et I'évaluer & raison de 003 par centimétre de verre traversé,”
but does not give an account of any experiments made to determine the amount
absorbed. 4

Since the experiments described in this paper were commenced Lord RAvLEIGH has
published (‘Roy. Soc. Proc.,” vol. 41, p. 275) an account of some determinations he
has made of the intensity of the light reflected from glass at a nearly perpendicular
incidence ; he came to the conclusion that ¢recently polished glass surfaces have a
reflecting power differing not more than 1 or 2 per cent. from that given by FrESNEL'S
formula ; but that after some months or years the reflection may fall off from 10 to
30 per cent., and that without any apparent tarnish.”

The experiments of which I have the honour of presenting an account to the Royal
Society were commenced in order to determine, if possible, the amount of light lost by
transmission through glass, without assuming the truth of the formule for reflection,
and also to determine experimentally the amount reflected from the surface of the
glass : ‘
It was thought that one way in which this might be effected Would be by takmg
plates of the same kind of glass, but of different thicknesses, and observing the
amount of light which passed through ; the reflection from the first surface would be
the same in all cases, whilst that from the second would only differ slightly in amount,
as, owing to the increased absorption of the thicker pieces, less light would reach the
second surface; but, the absorption being small, and photometric methods not very
exact, it was thought that this would hardly produce any sensible difference in the
results. .

It was also hoped that it might be found possible to determine the reflected light
directly, since, as Lord RayLeicH has pointed out (loc. cit.) with reference to Professor
Roop’s experiments, any error in the measured amount of the light transmitted would
give rise to a very much greater error in the estimated amount of the reflected light.
This was subsequently accomplished by measuring the relative intensities of the
illumination produced by two Argand gas flames, when thelight from both fell directly
on the photometric surfaces, and when the light from one fell directly, whilst that
from the other reached the photometer after reflection from the surface of a piece of
glass.
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AND TRANSMITTED BY CERTAIN KINDS OF GLASS. 247

Experiments were also made to ascertain whether repolishing altered in any way
the reflective power of the glass; and the polarising angles before, and after, repolish-
ing were also determined.

The observations were made with five plates of Messrs. CHANCE'S ““lighthouse”
glass, for which the author is indebted to Mr. KENwARD, the plates being 6'5 mm.,
11'5 mm., 15 mm., 185 mm., and 24'3 mm. thick respectively, and with different
thicknesses of Messrs. FIELD’S “ ordinary dense flint.” A block of this glass was
procured from Mr. HILGER, by whom a slice 7 mm. thick was cut off and‘polished
and then the remainder of the piece formed into a rectangular block mea@urmg
91'3 mm. X 695 mm. X 49 mm., and the six faces carefully polished.

Some measurements were a]so made Wlth a piece of ordinary plate glass 6 mm.
thick.

The ordinary plate glass was green when seen edgewise, Messrs. CHANCE'S glass
was slightly green when viewed in the same manner, and the flint glass was dlstmctly
yellow by daylight.

Mr. KENWARD states that ““ the lighthouse glass is of a special mixture, varying
slightly from time to time; it is of the nature of hard crown glass.” The average
refractive index for the sodium line of Messrs. CHANCE’S hard crown is stated by them
to be 15172, and of their soft crown 15146 ; and in a letter which accompanied the
glass its index was said to be ““about 1-51 or 1'52.” '

The refractive indices for the sodium line of the crown glass, the flint glass, and
the plate glass used in these experiments were determined in the ordinary way with
small prisms made of each kind of glass by Mr. Hiroer ; the values found were :—

Crownglass . . . . . . . 15145,
Flint glass . . . . . . . 1'6330,
Plate glass . . . . . . . 1-5274.

The indices of the crown and plate glass were also determined with the wedges of
these two kinds of glass used for the reflection experiments ; that for the crown was
found to be 1'5137, and of the flint 1-6385 ; the refracting angles of these two wedges
being only 9° 89" 45" and 9° 51" 19”, whilst those of the small prisms were 59° 45" 19”
and 59° 45’ 17", it seemed probable that the values obtained with the latter were
the most accurate, and they were therefore taken as the true values of the indices.

The account of the experiments is given in Part L., and the results deduced from
them in Part IL, the account of the experiments being divided into six sections :—
1. Amount of light transmitted. 2. Amount of light reflected at a nearly perpen-
dicular incidence. 3. Amount of light reflected at a nearly perpendicular incidence
after repolishing. 4. Amount of light reflected at various incidences between 0° and
90° by the crown glass before and after repolishing. 5. Amount of light transmitted
after repolishing. 6. Values of the polarising angles before and after repolishing.
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248 SIR J. CONROY ON THE AMOUNT OF LIGHT REFLECTED

Parr I
Section I.—Determination of the Amount of Lught Transmatted.

A photometric arrangement similar to the one described in Prekering’s ¢ Physical
Manipulations,” vol. 1, p. 182, was used for the greater number of these determina-
tions (see Plate 8, fig. 1). Two similar pieces of looking glass 125 mm. X 125 mm.
were fixed vertically at the ends of a horizontal board rather more than 2 metres long
and 27 cm. wide, the mirrors being 2 metres apart ; a small Argand gas burner, giving
a flame 15 mm. in diameter, was fixed opposite the middle point of the line joining
the centres of the mirrors, and at a horizontal distance of 20 cm. from the line; the
mirrors were so adjusted that they reflected the light of the lamp towards each other.

A block of wood, resting on four small metal rollers and guided by two strips of
wood fixed 78 cm. apart on the upper surface of the horizontal board, carried the
photometer ; an index was fixed to the wood block, and a scale, divided into milli-
metres, to the board, the zero being at one of the mirrors.

The photometer of which a description was given in ‘Roy. Soc. Proc.,” vol. 85,
p. 27, and ¢ Phil. Mag., series 5, vol. 15, p. 423, was used (Plate 8, fig. 14); it con-
sisted essentially of two pieces of white paper so placed that, whilst each was
illuminated by one only of the two lights to be compared, both were visible to the
observer. Three pieces of wood were screwed to the block, and between these the
photometer was placed ; this arrangement, whilst permitting the photometer to be
reversed, so that the light from each of the two mirrors could be made to fall first on
the one and then on the other paper, ensured its always being replaced in the same
position. ,

The whole arrangement was optically equivalent to two exactly similar sources of
light which always retained the same relative intensity, and were at a distance apart
of a little more than twice the distance between the two mirrors.

A wooden screen was placed between the lamp and the observer, and, in order to
cut off stray light reflected from the horizontal board, screens, with apertures in
them rather larger than the apertures in the photometer box, were placed on either
side of it, and between it and the mirrors; the edges of the apertures in the screens
being formed of metal filed to a feather edge, and then, together with all the wood
work, painted a dead black.

Assuming that the two sides of the Argand flame were equally bright, that the
reflective powers of the two looking glasses were equal, and that there was no stray
light, or at least that there was an equal amount from either side, then at a point
midway between the two mirrors the intensities of the light reflected from the mirrors
would necessarily have been equal, and, in order to determine the amount of light
which passed through any transparent substance, it would merely have been necessary
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to interpose the substance in question between one of the mirrors and the photometer,
and determine, by means of the photometer, the new position of equality.

But, as such assumptions might be erroneous, the experiments were actually made in
the following manner :—First, the glass plate was fixed on one side of the photometer,
whose position was altered until both papers appeared equally bright; six readings
having been thus made, the glass was then placed on the other side, and six more
readings made. The glass was then replaced in its original position, and six more
readings made, and so on. After thirty-six readings the photometer was reversed,
and another set of thirty-six readings made in the same manner. In making the
readings, the photometer was first placed too much to the right, and then moved to
the left till the point at which the illumination was equal was reached ; it was then
pushed to the left, and gradually moved back to the right, till the papers appeared
equally bright, being thus brought to the position of equality alternately from one
side and from the other. ,

In order to prevent the possibility of any light reflected from the edges of the
plates reaching the photometer, the plates were placed either close to it or close to
one of the screens. For two sets of readings the glass was placed against the opening
in the box enclosing the photometer, and for one set against the opening in the
screen, except in the case of the thick piece of flint glass, which was too large and
heavy to be carried by the block on which the photometer rested, and which was
therefore always placed against one of the screens, The position of the glass made
no ditference in the measurements,

The percentage transmitted of light falling upon the glass was calculated in the
following manner:—Half the difference between the means of each set of six observa-
tions with the plate on either side of the photometer was taken ; half the distance
between the two mirrors, plus or minus this quantity, together with the distance
between the lamp and the mirrors, gave the two distances from the lamp at which
there was equality of illumination. The mirrors being 200 cm. apart and the lamp at a
horizontal distance of 20 cm. from the middle of the line which joined their centres,
the half difference was added to or subtracted from 202.*

Calling these distances a and b, « being the lesser, a correction # had to be made in
the value of & for the optical shortening of the path of the light due to its passage
through the glass; this was calculated by the ordinary formula = e (1 — 1/n),
where e is the thickness of the plate, and n its refractive index, the distance of the
lamp from the glass being sufficiently great to allow the formula for perpendicular
incidence to be used without introducing any sensible error.

The percentage amount of light transmitted was given by the expression
100 (o — x)?/b.

* Strictly speaking, the geometrical, and not the arithmetical, mean of the readings should have been
taken, as the intensity of light varies inversely as the square of the distance. Calling the two sources of
light, to which the lamp and mirrors were equivalent, m and n, and the distance between them , the

. MDCCCLXXXIX.—A. 2 K
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250 SIR J. CONROY ON THE AMOUNT OF LIGHT REFLECTED

~ The surfaces of the glass plates were always cleaned with a wash-leather imme-
diately before the plates were used, but, in order to ascertain whether this was
sufficient, a number of readings were made with a piece of plate glass treated in this
way, and then the plate was cleaned with strong nitric acid, washed with water,
with alcohol, and again with water, dried with a clean cloth, and finally rubbed with
a wash-leather. The means of the twelve readings made immediately before, and
immediately after, the plate had been so treated were identical.

- Table I. gives the readings made with the 24'3 mm. plate of crown glass. The
observations made with the other pieces of glass were about as concordant.

two positions of the photometer in which there is equality #, and @, and the coefficient of transparency
for the particular piece of glass &, then 4

ml __ 7 and nk . m
\ z?  (z—axp)?’ (x— ag)? @’
then
3 , > — )2
= _m? a,nd/c-——m(q’ 2'09) ,
m (s — x;)* Ny

5= @)? (& — a9)® ;
@ (@ — 2)?
© (2 — @)

k= .
xy (2. — @)

The difference, however, between the values of & obtained by taking the quotient of the squares of the
geometrical means of the readings, and by taking the quotient of the squares of the arithmetical means,

v + (2 — )\
2

2t (z—w) |’
2

was very small, and, as the readings themselves could not be made with any very great degree of
accuracy, the simpler process was used for calculating out the results.
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Tasre 1.
A.
cIm. cm. cm. cim., cm. cm.
971 1108 96°1 1104 961 1096
97-3 1111 968 1102 96-8 1100
960 110-4 96-7 1096 965 109-3
963 111-2 964 109-8 96°5 1106
96'3 109-8 959 109-3 958 1095
967 | 1107 965 1100 958 109-7
I -
Mean 966 110-7 964 109-9 962 1098
B.
94-3 1063 935 107-2 946 107°1
9492 1078 | 94 2 1064 945 106+7
936 1065 937 1065 94:0 107-1
94-2 106-8 936 1069 94-3 107-5
94:0 1068 94:1 1068 944, 1068
9404, 1069 94:-8 106°1 ‘ 9404, 1071
Mean 941 1067 94:0 1063 944 107-0 B

Table II. gives the mean readings (1st column), their half differences (2nd), the
values of @ — « and b (3rd and 4th), and the percentage amount of light transmitted
(5th), A and B being the readings made in the two positions of the photometer.

o
b2
[\
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Tasre IL

Crown Glass. 65 mm. plate. 2 =2 mm.

A.
o Percentage of
L : Half Percentage of . .
_?\L\J Readings. diﬂ‘er;nces. a= b. light transmitted. Jﬁg&i}tg}ﬁtﬁ;ﬁeﬁ,
§ > cm. . cm.
—~ 97-7-106'1 42 1976 2062 9184
O L] 97-1-106'3 46 1972 - 2066 91-11
e 96-7-1054: 43 1975 2063 91:65
23] -
T 8 9153
= uw
-l () B
<Z .
=0
= —
80, 9471034 43 1975 2063 91-65
AIO 95:1-104-0 4-4 1974 2064 9147
9‘2 95°1-104-1 45 1973 2065 91-29
=<
At 91-47 91-50
Crown Glass. 11'5 mm. plate. = 4 mm.
A.
Percentage of
. Half Percentage of 1. - =%
Readings. diﬂ'ergnces. @ - b. light transmitted. ﬁ’éﬁfﬁ?ﬁi’ﬁﬁe&
cm. cm.
@A 96-2-106'3 50 1966 2070 90-20
_ ~ 96-3-1064 50 196:6 2070 90-20
< 96:-3-106"4 50 1966 2070 99-20
— 96-4-106'5 50 196+6 2070 90-20
of | 90-20
= :
= O
O B.
= w
<z 94-1-104-9 54 196:2 2074 89:49
Yo 94-4-104°6 51 1965 207°1 90-02
o= 94-4-105°1 53 1963 207-3 89-67
P 95'3-104-9 48 196'8 2068 9056
<0
s 8903 9007
]
T ]
O
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Crown Glass.

15 mm. plate.

€ = 5 mm.
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A.
Percentage of
4o Half Percentage of . K
Readings. diﬂ'erznces. a4- b lightrt:;ns;gnit?:ed‘ k{i}:;tﬁniﬁigeg:
em. em.
95:5-107°1 58 1957 207-8 8869
95-8-1069 55 1960 2075 89-22
95'6-106'6 55 1960 2075 89-22
8904
B.
94r3-104-9 53 1962 207-3 8958
94:0-1052 56 1959 207'6 89:04
94-2-1054 56 1959 207-6 89:04
8922 89-13
Crown Glass. 185 mm. plate. @« = 6 mm.
A.
Percentage of
. Half P t £ 1, f
Readings. diﬁ’erznces. e— o b lighir(ff:;ln:grfit‘zed. &ge};tntl(; ?ﬁrﬁgeﬁ:
cm. - em.
97-1-108'7 58 1956 2078 8860
96:7-109-0 61 1953 2081 8808
96-2-108'1 59 1955 2079 8843
8837
B.
}
94:-7-105'8 55 1959 2075 89-13
94-6-1064 59 1955 207-9 8843
94r6-106"4 59 1955 2079 88-43
88:66 8831
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Crown Glass. 243 mm. plate. @ =8 mm.

A.
: Percentage of
. Half . Percentage of |,. 8¢
Readings. differences. - b. lighirifgnsr%leitzed. %ﬁg;tg?’f;geg:
cm. cm.
96'6-110"7 70 194-2 2090 8634
96:4-109-9 67 19405 2087 86-86
96:2-109-8 68 194-4 2088 8668
8663
B.
94-1-106-7 t 6'3 194-9 2083 87:55
94-0-106'3 ’ 61 1951 2081 87°90
9441070 | 63 194:9 2083 87-55
! 87:70 87'16
Flint Glass. 7 mm. plate. 2 = 8 mm.
A.
S ' Percentage of
. Half : P tage of |, .
Readings. differences. ¢ -2 b. lighir;}:;nsrgrlitted. Rige};tntg?ilg‘lfdteg:
cm, cm.
95-8-1084: 6'3 1954 2083 88:00
96:2-108'1 60 1957 2080 88:52
96:1-107'1 55 196-2 2075 8940
96:5-108'1 58 1959 207-8 8887
8870
B.
93:5-1050 57 196:0 207-7 89-05
94-0-1054 57 196-0 2077 8905
94:2-1055 57 196:0 2077 89-05
94-3-106°1 59 1958 2079 8870
' 8804 8383
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.Flint Glass. 49 mm. thick. = 19 mm.
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A.
Percentage of
. Half Porcentage of |, 3
Readings. diﬁ'er:nces. a—-a ‘ b. Iighirgf:n:r%gtged. Rﬁgﬁfﬁ?ﬁ’:ﬁeﬁlj
cm. cm.
94-5-109-2 73 192-8 2093 84:85
94-5-109-0 72 1929 209-2 8502
94:9-109-0 70 1931 - 2090 8536
95:3-109-2 69 - 193-2 2089 8553
8519
B.
93:1-106'8 68 1933 2088 8570
93:3-1074 70 - 1931 . 2090 . 8536
93:1-107-0 69. 193-2 2089 8553
93:9-107-3 67 193-4 2087 8588
8562 8540
Flint Glass. 69'5 mm. thick. = 27 mm.
A,
. Half | Percontage of ‘;'Pe’cen"age. of
Readings. differences, o= b :lighirzfan:iit(t’ed..i\llge}:]’ltg?f:;?eg'
| .
cim. cim.,
93:1-110-3 86 1907 ‘ 2106 81-99
93:5-110"3 84 190-9 2104 8232
93:6-1104 84 1909 2104 82-32
8221
B.
92:5-1089 82 191-1 210-2 8265
92:9-1089 80 1913 2100 82-98
93-1-109-0 79 191 4 2099 8315
| 8293 8257

PHILOSOPHICAL
TRANSACTIONS
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- Flint Glass. 91°3 mm. thick. == 35 mm.

A.
Percentage of
. Half P tage of ;. .
Readings. diﬁ'ergnces. a—a b. lighir?,:;n:;gnitted. lblfi};?ltg?[l:’{ﬁgeg:
cm. cm. ,
92:-7-110-6 89 1896 2109 80-82
92:9-1109 90 1895 211-0 8066
93:1-110-7 88 189-7 2108 8098
80-82
B.
91-6-110-1 92 189-3 211-2 80-34
192-0-1102 91 189-4 211-1 8050
92-3-109-8 87 189-8 210-7 8115
8066 80-74
Three plates of 6 mm. Crown Glass. Cemented together. x = 6 mm.
A.
: Half Percentage of
Readings. diifer:nces. a—a . ligh?ul tf;nsiitted.
cm. em.
96-2-108'6 62 1952 2082 87:90
96-3-108"4 60 1954 2080 8825
96-3-108'6 61 1953 2081 8808
88:08
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Ordinary Plate Glass. 6 mm. thick.

A,
. Half b Percentage of '}, };lercentagq t(t)f 4
Readings. differences. @— 2 light transmitted. 1’\1{%3 atntf)ﬁrﬁ deB:
N |
cm. cm.
94-9-108"4 67 1951 2087 87:39
94-9-1084 . 67 1951 2087 87:39
94-9-108'6 68 1950 2088 87-22
8733
B.
94-4-107-3 64 1954 2084 8791
94-4~107-0 63 1957 2083 8791
94:1-106-9 64 195-4 2084 8827
88-02 87:68

These determinations were carefully made, and the results are fairly concordant ; as,
however, this agreement was not inconsistent with the existence of a constant source
of error, it appeared desirable to repeat some of them by a different method.

A polarising photometer was, therefore, set up (Plate 8, fig. 2), consisting of two
Nicols and a right-angled prism ; the Nicols, which were furnished with divided circles
and verniers reading to 1°, were placed in the same straight line, and about 30 cm.
apart, the right-angled prism being between them, and so placed that the field of
view of the analysing Nicol was bisected vertically by the edge of the prism.

Two pieces of white paper were fixed in vertical planes at right angles to one
another, both being illuminated by a small Argand gas burner; one was seen directly
through the two Nicols, and the other, through the analyser only, by reflection in the
prism. A blackened diaphragm was fixed between the prism and the second piece of
paper, the aperture being of the same apparent size as the circular diaphragm of the
polarising Nicol. :

On looking through the analysing Nicol a circular white field was seen, bisected
vertically, the two halves being usually of unequal brightness. On rotating the
analyser one half of the field (that due to the reflection of the second paper in the
prism), remained unchanged, whilst the other varied in brightness, being quite dark in
two positions (when the Nicols were “ crossed ”). There were, of course, four positions
of the analyser in which the two halves of the field appeared equally illuminated.

MDCCCLXXXIX.—A. 2 L
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258 SIR J. CONROY ON THE AMOUNT OF LIGHT REFLECTED

The light reflected by the right-angled prism was examined with a double-image
prism and a plate of selenite, and was found to be completely unpolarised.

The observations were made by first determining the position of the analyser in
which the field appeared equally bright throughout; then the plate of glass to be
examined was placed between the right-angled prism and the white surface, and the
new position of the analyser, in which there was equality of illumination, observed.
As the intensity of the light which traversed the two Nicols varied as the square of
the cosine of the angle between their principal sections, the percentage amount trans-
mitted by the glass was given by 100 X cos® a'/cos? @, where « is the angle between
the principal sections of the Nicol, when the field was uniformly bright without the
glass, and &’ when it was interposed.

The analysing Nicol was first rotated * clockwise,” and readings made in each of
the four quadrants of the position in which the two halves of the field appeared
equally illuminated; the Nicol was then rotated  counter-clockwise,” and four
similar readings made, the mean of the eight readings being taken as the true
position. The glass was then interposed between the diaphragm and the reflecting
prism, and eight readings of the new position of the analyser, in which there was
equality, made in the same way.

To determine the light transmitted by each piece of glass, four sets of eight
observations were made without the glass, and four sets with it. Table III. gives
the first set of each for the 6'5 mm. plate of crown glass; the other sets were about
as concordant.

TasLe IIT.

Without Glass.

Readings of analyser. Mean. * o
42 25 42 45 a2 35 47 25
137 0 139 30 138 15 48 15
222 25 223 15 222 50 47 10
317 385 318 30 318 0 48 0
Mean . . . 47 42
|

* As the intensity of the light varies as the square of the cosine, the geometrical, and not the
arithmetical, is the true mean; but the observations did not appear to b sufficiently concordant to make
it worth while to employ the longer process.
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With 6'5 mm. plate of Crown Glass.

Readings of analyser. Mean.*
a0 15 38 0 39 07 50 53
138 30 139 05 138 47 48 47
222 0 223 45 229 52 47 08
319 30 320 20 319 55 49 55
Mean 49 11
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Table IV. gives the values of « determined in this way for the 65 mm., 11'5 mm.,
and 15 mm. plates of crown glass, and the percentage amount of light transmitted,
as calculated from these numbers.

Tasre IV.

Crown glass.  6'5 mm. plate.

A
) 4

y i

Y
A

a

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

a.
Percentage amount
- of light transmitted.
Without glass. With glass.
47 42 4y 11 94:32
45 44 49 36 8622
46 16 48 37 91-45
46 54 48 37 9361
Mean 91-40
11'5 mm. plate.
&
Percentage amount
of light transmitted.
Without glass. With glass.
2 03 44 53 91:05
40 14 43 45 8954
41 16 44 37 8968
40 09 42 54 9185
Mean 9053
2L 2
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260 SIR J. CONROY ON THE AMOUNT OF LIGHT REFLECTED

15 mm. plate.

Percentage amount
of light transmitted.

Without glass. With glass.

4l 54 45 29 8873
- 40 23 43 42 9008
“40 17 43 44 89-82

Mean 8954

This method is clearly incapable of giving very accurate results. It is difficult to
jndge of the equality of the illumination in the two halves of the field, and also the
angle through which the Nicol has to be turned to make the comparison is small, and,
therefore, a slight error in the determination of the value of « makes a very
considerable one in the result.

The measurements with the polarising photometer not being entirely satisfactory,
another form of photometer was devised (Plate 8, figs.. 8 and 3A). It consisted
essentially of two white surfaces illuminated by the same lamp, the light falling very
nearly perpendicularly on both. One surface was at a constant distance from the
lamp, whilst the other could be brought nearer to, and moved further from it ; one.
surface was seen directly, and the other through the glass to be examined, and then
the distance of the movable surface from the lamp altered till both surfaces appeared
equally bright.

One surface was fixed at a distance of 78 cm. from the lamp and in the same
horizontal plane, whilst the second was fixed to a vertical screen, which could be
moved backwards and forwards by means of a pulley and catgut band along a board
with a divided scale. The surfaces consisted of a double thickness of white paper, as
it was found by taking a double thickness the apparent illumination was increased, a
portion of the light which passed through the first paper being reflected back by the
second. In front of the lamp two right-angled prisms were placed. They were held
in position by two pieces of wood, through which a screw was passed, one prism being
slightly in advance of the other, and overlapping it to a small extent. To adjust the
prisms they were placed on a smooth table, the one resting directly on the table, and
the other on a tbin piece of card, and, after being adjusted, fixed in position by means
of the screw. When so placed. the line dividing the two fields of view was much
narrower than when the front surfaces of the prisms were in the same vertical plane
and their edges in contact. A screen was placed between the prisms and the lamp,
which were only 8 cm. apart.

The light of the lamp fell nearly perpendicularly on the white paper, and the
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direction of that reflected back to the prism was also nearly normal to the paper, so
that the distance of the paper from the lamp could be altered without altering to any
considerable extent the angle at which the light fell upon it, or the angle under which
it was seen.

The distance of the moveable surface from the lamp, when its reflection in
the prism and that of the fixed surface appeared equally bright, was determined
(1) without any glass being interposed, (2) with a plate of glass between the fixed
surface and the prisms, and (3) between the moveable surface and the prisms, six
readings being made of each of these positions, and then the prisms reversed so that
the surface which had been seen by reflection in the one was seen by reflection in the
other, and six more readings made.

Calling the apparent brightness of the fixed surface C, the distance of the moveable
surface from the lamp without the glass @, with the glass between the fixed surface
and the prisms «’, and with the glass between the moveable surface and the prisms ”,
and the coefficient of transparency of the particular piece of glass k, then the two
surfaces will appear equally bright when

.
2

1 1
C==; Ck= @’ and C=Fk ")

whence

k= <f ? <9£,: 2 ol 2’
— ;c’> , or ﬂ> ,  or more simply <;/_>

The percentage amount of light transmitted by the 65 mm. and the 24'3 mm. plates
of crown glass was determined in this way. Table V. gives the results.

TarrLe V.
6'5 mm. plate.
Readings.
Percentage of
light transmitted.

a”. x.
cm, cm,
780 84-4 92-42
778 84-9 91 64

Mean 92:03
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262 SIR J. CONROY ON THE AMOUNT OF LIGHT REFLECTED

24'3 mm. plate.

Readings.
Percentage of
light transmitted.
a”. z.
cm. ‘ em, ‘
780 870 f 89-65
74°1 859 | 8626
Mean 87-95

In order to have obtained really accurate results with this method it would have
been necessary to have made a large number of observations, and taken their mean ;
but, as the results obtained with it, and with the polarising photometer, agreed fairly
well with one another and with the far larger number of observations made with the
first method, it was thought unnecessary to continue the observations, the agreement
between those obtained by all three methods being sufficient to show that there was
but slight, if any, probability of a constant error due to the photometer itself used in
the first series.

Table VI. gives the results of the three methods and the probable error of each
determination calculated by the ordinary formula, 0674 ,/ (2€?). /n.

TapLE VI.-—Percentage Amount of Light Transmitted.

First method. ; Second method. Third method.

Crown glass—

6'5 mm. plate . . . . . 91-50 + 06 9140 + 1-07 92:03 + '18

115 ” e 90-07 ,, 07 9053 ,, 32

150 ” e 89-13 ,, -07 89'54 ,, ‘22

185 ’ o 8851 ,, 08

24r3 ” e 87:16 ,, ‘15 é .. 8795 ,, ‘81
Flint glass— ;

70 mm. thick . . . . . 8883 ,, -09

490 ” e 8540 ,, -07

695 » e 82:57 ,, "11

91'3 ” o 8074 ,, 07
Common plate glass--

6 mm. thick . . . . . . 8768 ,, ‘10
3 plates of 6 mm. crown glass . 8808 ,, "05
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Sectron L11.—Amount of Light Reflected at a nearly Perpendicular Incidence.

The small percentage of light reflected by glass at a perpendicular incidence
rendered its direct determination difficult ; a fairly satisfactory method of measure-
ment was, however, at length devised. The principle of the method was the obvious
one of comparing the amount of light which reached the photometer when it came
direct from the lamp with that which reached it after reflection from the glass.

It was found necessary to use two lamps, as no single-lamp apparatus, such as had
been used for the transmission experiments, could be employed.

One of the lamps, a small Argand gas burner, was placed at the end of the photo-
meter board (Plate 8, fig. 1), and a similar gas burner attached to the arm of a
goniometer fixed at a short distance from the other end of the photometer board, the
vertical axis of the goniometer being in the prolongation of the median line of the
board. The glass of which the reflective power was to be determined could be placed
with its surface vertical, and in the axis of the goniometer.

The experiments were made by first comparing the illumination produced by the
two lamps when the light from both fell directly on the ¢ photometer,” the arm of the
goniometer carrying the lamp being in the prolongation of the line joining the fixed
lamp and the axis of the goniometer ; the glass plate was then attached to the gonio-
meter with its surface vertical and nearly normal to the line joining the fixed lamp
and the axis-of the goniometer, the arm of the goniometer rotated until the light
again fell on the photometer after reflection from the glass plate, and the position of
equality determined.

It was not necessary that the illuminating power of the two lamps should be equal:
it was necessary that the ratio between their illuminating powers should remain as
nearly constant as possible. The gas for the two burners came from the same supply
pipe, and was passed through a bell-and-valve regulator ; in spite of the regulator, it
was found impossible to get satisfactory measurements, except in fairly still weather ;
the slight flickerings in the flames which occurred whenever there was much wind
prevented the position of equality of illumination being determined with any degree
of accuracy.

The measurements were always made in a dark room, a “detector” gas burner
being used to read the position of the index on the scale ; and, in order to reduce the
stray light as much as possible, cylindrical metal chimneys, 55 cm. in diameter and
18 em. in height, blackened externally and internally, were placed round the glass
chimneys of the burners, a rectangular aperture being cut in each at the level of the
flame. Two black wood screens with square openings, similar to those used in the
transmission experiments (p. 248), were fixed at either end of the photometer board;
there were black cloth screens behind and above the board, and the walls and ceiling
of the room were painted a dead black ; the metal clamp by which the glass plate was
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264 SIR J. CONROY ON THE AMOUNT OF LIGHT REFLECTED

attached to the goniometer was made as small as possible and blackened, and the
goniometer itself was covered with a black cloth whilst the observations were being
made.

In order to measure the intensity of the light reflected by the glass both when
incident normally and at various angles, that is, to compare the intensity of light
which under certain circumstances would be partially polarised with the intensity of
unpolarised light, it was necessary that the photometric surface should be normal both
to the incident light and to the line of sight ; hence, the photometer which had been
used in the transmission experiments clearly could not be used, nor indeed could a
Bunsen’s disk or any of its modifications. A new form of photometer was, therefore,
devised. Two wooden screens were fixed to the sides of a block 10 cm. across, similar
to the one which had carried the photometer in the first set of experiments; in these
rectangular apertures were cut, 3 cm. by 2 cm., and “parchment” paper fastened
over them ; the two right-angled glass prisms which had been used in the third
method for determining the amount of the transmitted light (Plate 8, fig. 34, p. 260)
were placed between the screens, and in a line with the apertures. The two papers,
each 1lluminated by the light of one of the lamps, were seen by reflection in the
prisms, and by moving the block, to which an index was fixed, along the photometer-
board a position could be found in which the two images appeared equally bright.

Glass only reflecting from 4 to 5 per cent. of the light incident normally upon its
surface, and the photometer scale being only 2 metres long, it was impossible to
compare the intensities of the direct and reflected light when the two lamps had the
same illuminating power. During the first set of experiments, those marked A, the
necessary difference was obtained by keeping the flame of the comparison lamp turned
down rather low. Subsequently, in the determinations marked B, the same result
was obtained by different sized apertures in the metal chimneys ; that in the chimney
of the goniometer lamp was 10 mm. by 18 mm., whilst the one in the chimney of the
comparison or fixed lamp was only 10 mm. by 6 mm. ; the gas flames were so regu-
lated that the apertures appeared completely filled with a uniformly bright flame.
When the gas pressure changes slightly, the size of a flame, and not its intrinsic
brilliancy, is mainly what alters; and, therefore, by limiting the visible portion of the
flame in this way a greater constancy in the ratio between the illumination produced
by the two lamps was obtained ; but, as the tables show, the measurements made
when the whole flame, and those in which the central portions ounly were used, agree
satisfactorily.

This method for determining the reflective power possesses the obvious defect that,
owing to the necessary alteration in the course of the light, the direct and reflected
light cannot be interchanged, and, therefore, a constant source of error may easily
exist. It seems probable that, to a small extent, such was the case, and that the
measured amounts of the reflected light were slightly too high. -
~ When the lamp attached to the goniometer was so placed that the light; fell directly
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on the photometer, the whole beam of light which passed through the aperture in the
chimney fell solely on the screen at the end of the photometer board, and no light
diffused from the lamp reached the photometer. When, however, the lamp was so
placed that the light was reflected from the glass, part of the light fell on the wall of
the room, and, although this was at a distance of about 2 metres and painted black,
some light must have been diffused from it towards the photometer; the metal clamp
also in which the glass was held, although made as small as possible and blackened,
certainly reflected some light. In order to obtain some idea of the amount of light
which reached the photometer from these sources, the clamp was fixed to the gonio-
meter without any glass; the left half of the field was not absolutely dark, but the
amount of illumination was far too slight to be measurable, in fact it was almost
imperceptible when the light from the comparison lamp illuminated the other half of
the field ; hence, the error from this cause can only be small.

In order to eliminate as far as possible any error due to a change in the relative
amount of illumination produced by the lamps, four readings were first made of the
position of the photometer when the two halves of the field were equally bright, the
light of both lamps falling directly on it ; four readings of the position when the light
was reflected from the glass were then made; and then four more with the direct
light : the mean of the eight readings being taken as the true position of the photo-
meter when the light reached it directly.

Calling the two sources of light m and n, the distance between them @, the two
positions of the photometer in which there is equality of illumination x; and ,, and
K the coefficient of reflection for the particular plate of glass, then

m n and Km _ n
7 - (@ — o)) @y o (@ — z,)? ’
nx,? nxy?
m = @ lx 7 and Km= 7 290 ik
- T g
therefore
K = 2? (1 — ,)? ) 7 (2 —27)]?
T2 — @) or Z (e —uwy) | "
1 ) 1 2

The lamps not being placed at the ends of the divided scale and the two translucent
screens of the photometer being necessarily at some distance apart, in order to obtain
x; and a, the distance between the lamp and the zero of the scale had to be added,
and the distance between the translucent screen and the index subtracted from the
scale reading; thus, the distance from the axis of the lamp carried by the goniometer
to the zero of the scale being 45'6 cm., in the first series of experiments, and the
index of the photometer being at a distance of 57 cm. from the paper, the scale
readings, plus 899, gave the value of x; and x,. Similarly, 16°9 cm. added to the
difference between the readings and 200 gave the value of (x — ) and (z — a,).

- In the first set of experiments the distances from the lamps were measured from

MDCOCOLXXXIX, —A, 2 M -
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266 SIR J. CONROY ON THE AMOUNT OF LIGHT REFLECTED

the axes of the flames, which were about 15 mm. in diameter; in all the others, for
which portions only of the flames were used, the distances were measured from the
apertures in the chimneys.

The same glass was used for these experiments that had been employed in the
transmission experiments already described. In order to prevent the light reflected
from the second surface of the glass reaching the photometer the measurements were
made with prisms cut from the 185 mm. plate of crown glass, and from the flint
glass block ; one face of each of these prisms was formed by one of the original
surfaces of the glass, and these faces, which had not been repolished, were used for
the reflection experiments.

Table VIL. gives some of the actual measurements made with the prism of crown
glass. The first four columns contain measurements made with the light from the
whole surface of the flames ; the others with light from the central portions only. In
the first set the light was incident upon the glass at an angle of 6° 17/, and in the
second at 6° 47'. ‘

TasLe VII.

A B.
. . i . ean with . . Mean wit, . Mean with
Direct light. dNi[riz(l:? ]‘:V;glb Reflected light.| e?lict?d“gght. Direct light. direct l?gh};. Reflected light. eflected light.
cm. cm. cm. em, e, cm. cm. © em.
1288 1170 )
1298 ) 1189
1278 288 1181 24:0
1801 301 . 1193 949
128-8 l28‘0 287 1189 23-8 2401
127-8 980 1186 24,3
1294 120°1
1276 . 119:3 . .
1291 o 120-2 o
1279 977 288 1194 241 24-2
126:3 29:6 1183 247
1280 ’ 120:3 :
1267 985 119.2 941
127-2 280 284 : 118:8 045 24-4
126-1 286 1183 249
1280 1181
126:3 97-8 1182 935
1279 289 1186 . 243 ‘
127:0 976 28:2 1183 949 24-1
1269 984, 1181 94:3
1280 117°5
1258 1185
1273 119°6

From the mean results the values of x, ,, (x — ;) and (x — x,) were obtained,
and from these the percentage amount of light reflected by the glass calculated by
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the formula K = {

of meastrements, are contained in Table VIII.

@y (8 — @)
z (X — )

Tasre VIIL

Crown Glass.

; Per cent, of

of iﬁ(‘:li%ilfn o ). (v — 2, g (@ — @), ineigég(ftéfht
A 6°17 1687 881 686 1832 362
167-8 890 687 1881 375
167-1 89-7 683 1885 378
166-9 899 681 1887 378
6° 17 1715 853 717 1851 371
1786 832 7405 1823 - 3:84
1743 825 740 1828 367
1756 812 764 1804 3:83
B. 6° 47’ 1561 952 613 1900 3:87
1566 94:7 614 1899 3:82
1560 953 616 189-7 393
1556 958 613 190-0 395
7° 307 1584 925 622 1887 3:70
157-8 931 617 189-2 370
157-8 931 624 1885 381
1577 93-2 62-3 1886 381
1575 934 618 1891 3:76
Mean 378

Similar measurements were made with the flint glass wedge.

in Table IX.

267

P
} . These values, and others obtained from similar sets

The results are given

TaBLe IX,
Flint Glass.
Per cent. of
 Angle of o (@ — ). . (@—ap. | incident lisht
e : - reflected.
10° 156-2 947 682 1827 512
1559 1950 678 1831 509
1551 958 687 182-2 542
1556 953 691 1818 542
10° 1576 933 689 182:0 502
1556 933 €94 1815 512
157-2 937 694, 1815 520
Mean 520

2 M 2


http://rsta.royalsocietypublishing.org/

s \
Vam \

a4
A A

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

A

%

S

JA \

THE ROYAL A
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

Downloaded from rsta.royalsocietypublishing.org

268 SIR J. CONROY ON THE AMOUNT OF LIGHT REFLECTED

Section ITT.—Amount of Light Reflected at a nearly Perpendicular Incidence
after Repolishing. '

Lord Ravrerer found (‘ Roy. Soc. Proc.,” vol. 41, p. 889) that, although the glass
surfaces he examined were free from any apparent tarnish, the amount of light they
reflected was largely increased by repolishing. The wedge of crown glass was, there-
fore, repoliéhed on December 21, 1887, by means of a disk of wood charged with
putty powder and mounted in a lathe (the same method that Lord Ravreiem had
used), and its reflective power redetermined immediately; it was found to reflect
429, instead of 378, per cent. The glass was again examined on January 5, 1888,
and it then reflected 4'20 per cent.

Two days later the glass was repolished a second time with fine rouge, and again
examined ; it reflected 422 per cent. of the incident light.

After an interval of five months, on June 18, this piece of glass, the surface of
which had become considerably tarnished, was rubbed with wash-leather until the
moisture deposited on the glass by breathing gently on it evaporated quite uniformly ;
it was then examined, and found to reflect 4'42 per cent. of the incident light.
The next day it was repolished for the third time, and examined immediately ; it
reflected 4:30 per cent.

~ An attempt was made to repolish the flint glass wedge on February 28, 1888, with

both putty and rouge, but a surface free from scratches could not be obtained. Its
reflective power, however, was increased, and it reflected 6:20 per cent., instead of
520, after this imperfect polishing.

The surface not being satisfactory, the glass was sent to Mr. HiLeErR to be
repolished. It was received back on the evening of March 2, and examined on the
3rd ; it reflected 6°06 per cent. '

After three months the glass was again examined, the film which had formed on its
surface having been previously removed by rubbing with a wash-leather ; it only
reflected 571 per cent., although the surface appeared perfectly polished. On
June 11 it was repolished with very fine washed rouge, and was found to reflect
6:25 per cent. of the incident light. Two days later, on June 13, it only reflected
5:73 per cent.

The polishing with putty powder was effected by means of a soft wood disk,
mounted in a lathe, the disk being kept moist. For the rouge a polisher was formed
by cementing a piece of silk to a sheet of plate glass fastened to a table, and charging
this with carefully washed rouge : the glass was held against the rapidly rotating
disk in the one case, and rubbed over the fixed surface in the other. The relative
velocities of glass and polisher were very different in the two cases, and with the disk
the friction was sufficiently great for the glass to become sensibly warm.
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Tables X. and XI. give the details of these experiments ; with the crown glass the
angle of incidence was 7° 80’, and with the flint glass 10°.

TasrLe X,

Crown Glass.

\

A
|
A

<1,

Y - Per cent. of
p— @1 (x — 21.) o, (x — x5.) incident light
< >-‘ reflected.
>

~
2 23 December 21, 1887.—Re- 157-8 931 650 1859 4:25

et polished with putty 157:0 939 64-8 186°1 434
= O
E O Mean 429

w
o January 5,1888 . . . . . 157-8 93-1 643 1866 413
3z 1566 94-3 639 1870 423
Yo 1560 94-9 635 1874 425
=O .

[
8U L Mean 420
2z
92 January 7, 1888.—Repolished 1557 952 630 187+9 420
Eé with rouge 154-9 960 626 1883 424
&= 1555 954 63'3 1876 4-28

1562 94-7 632 187-7 417

Mean 4:22

June 13 . . . . . . . . 159-6 91-3 67-5 183-4 4:43

159:6 913 67-3 1836 440

159-8 911 67-7 183-2 4-44

Mean 442

June' 14.—Repolished with 160-8 90-1 681 182-8 4:36

rouge ' 1609 900 676 183-3 425

160-9 900 678 1831 4:29

" Mean| 430
<L

=

—
O H
=
= O
LT O
=w
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270 SIR J. CONROY ON THE AMOUNT OF LIGHT REFLECTED

TasLe XI.
Flint Glass.

Per cent. of
&y (&~ 2) 3. (v — @5.) iucident light
reflected.

February 28,1888.—Repolished 154-6 96-3 71-2 179-7 609 - -
with ronge and putty 1534 975 70'8 180-1 6-24
1529 980 - 705 1804 6:27
Mean 6:20
March 3, 1888, 5 p.m.— Re- 1567 94:2 736 177-3 623
polished by Mr. HiLGER. 1574 935 730 1779 594,
1574 935 738 177:1 613
1571 938 736 177-3 6'14
Mean 6:11
{ March 3, 1888, 9pM.. . . . 156-1 948 716 179-3 588
1554 955 71'5 1794 6:00
1554 955 716 1793 6:02
1552 957 72°1 1788 617
Mean 6:02
June 5,1888. . . . . . . 1599 910 741 1768 569
159-9. 910 747 1762 582
160-2 907 749 1760 582
1604 905 736 1773 551
Mean 571
June 7,1888. . . . . . . 160-2 907 757 1752 598
160'8 901 7404 1765 558
160°6 90-3 753 1756 581
159-7 91-2 753 1756 6:00
Mean 584
June 11,1888 .. . . . . 1605 ‘ 904 74°0 1769 555
1605 904 743 1766 561
1605 904 746 1763 568
1610 899 746 1763 558
Mean 560
June 11, 1888.—Repolished 166:0 84-9 815 169-4 605
with rouge 1657 852 825 1684 634
165-8 851 82-6 1683 635
Mean 625
June 13,1888 . . . . . . 1601 908 745 176-4 574
1604 905 7404 1765 566
1605 904 751 1758 579
Mean 573
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Section, IV.—Amount of Light Reflected at Various Incidences between 0° and 90° by
the Crown Glass before and after Eepolishing.

In the experiments already described the light incident on the glass consisted of a
divergent beam, or rather of a complex of rays, the mean incidence of which, if such
a term may be used, was as nearly normal as the construction of the apparatus
permitted.

Measurements were also made with the crown glass both before and after it was
repolished, when the light was incident upon its surface at various angles, the angle
between the axis of the beam of light and the normal to the surface being considered
as the angle of incidence. Table XII. gives these results.

TaBLE XII,—Crown Glass.

Before repolishing. After repolighing.
Angle of
incidence. Per cent. Per cent.
2. (x—a)). 29 |(w—ay).| of light, ). (x—2). | @ [|(@—ag).| oflight
) reflected. reflected.

10° B. | 1565 | 946 614 | 1897 | 383 1555 | 954 631 | 1878 | 425
1567 | 944 615 | 1896 | 382 1500 | 959 631 | 1876 | 436
1568 | 943 612 | 1899 | 376 1544 | 965 635 | 1874 | 448
154-0 |- 969 636 | 1873 | 456

Mean | 3:80 Mean | 441

20° B. | 1572 | 989 611 | 1900 | 369 1549 | 960 €6:1 | 1848 | 491
1562 949 | 609 | 1902 | 378 154°7 | 962 653 | 1856 | 479

1559 | 952 607 | 1904 { 379 154-7 | 962 651 | 1858 | 475

1557 | 954 607 | 1904 | 381 1544 | 965 652 | 1857 | 481

Mean | 877 Mean | 481

30° A.| 1718 | 850 738 | 1830 | 398
170-4 | 864 741 | 1827 | 423
1706 | 862 731 | 1837 | 404
1706 | 862 781 | 1837 | 404

B. | 1550 | 961 593 1 1918 { 367 | 1536 973 63:0 | 1879 | 451
154:4 | 967 599 | 1912 1 386 | 1529 | 980 628 | 1881 | 4-58
1538 | 97:3 597 | 1914 | 3-89 | 1530 | 979 629 |"188'0 | 4°58
1542 | 969 587 | 1927 | 368 | 1528 | 981 625 | 1884 | 453

Mean | 392 Mean | 455

40° B. | 1564 | 947 64-7 | 1864 | 442 1583 | 926 72:0 | 1789 | 554
1565 | 946 656 | 1855 | 457 1581 | 928 713 | 1796 | 543
156:3 | 948 658 | 185°3 | 464 | 1582 | 927 704 | 1805 | 522
1557 | 954 6404 | 1867 | 4747 | 1574 | 935 693 | 1816 | 514
1566 | 943 | 689 | 182:0 | 519

Mean | 4-52 Mean | 530
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272 SIR J. CONROY ON THE AMOUNT OF LIGHT REFLECTED

TasLe XII.—continued.

Before repolishing. After repolishing.
Angle of
incidence. | Per cent. Per ceat..
). (w—uay). o, [(w—axq). | of light ). (x—mxy). g (x—=).| of light
reflected. - | reflected.
50° A, | 1622 | 946 72:5 | 184:8 | 526
1613 | 956 719 | 1849 | 530
1612 | 956 722 | 1846 | 538
1612 | 956 724 | 1844 | 542
B. | 1543 | 968 686 | 1825 | 556 1586 1 923 756 | 1753 | 619
1528 | 983 678 | 1833 | 566 158'3 | 926 762 11753 | 629
152:4 | 987 683 | 1828 | 585 1583 | 926 747 | 1762 | 646
1519 | 992 677 | 1834 | 581 157°9 | 930 745 | 1764 | 615
Mean | 553 Mean | 627
56° 34’ B. | 156°4 | 94:7 7731738 725 1553 | 956 797 | 1712 | 821
1587 | 924 784 | 1727 | 699 1555 | 954 799 | 171:0 | 822
1595 | 916 792 | 1719 7:00 1552 | 957 799 | 1710 | 830
1577 | 934 799 | 1712 7°64 1549 | 960 794 | 1715 | 823
Mean | 722 Mean | 824
60° A. | 16311 937 856 | 1712 8:25
1632 | 936 84-9 | 171'9 | 802
1619 | 949 853 | 1715 | 850
] 161:8 | 950 841 | 1727 | 817
B. | 1544 | 967 802 | 1709 | 864 1551 | 958 845 | 1664 | 984
1534 | 977 807 | 1704 | 910 154°5 ) 964 835 | 1674 | 968
15221 989 7951716 | 888 1539 | 970 837 11672 | 995
1519 | 992 783 | 1728 | 876 1537 | 972 838 | 1671 | 10:06
Mean | 854 | Mean | 988
65° A. | 1668 | 900 970 | 1598 | 10:73
166:8 | 900 975 | 1593 | 10:90
| 167°4 | 894 986 | 1582 | 11-08
{1682 | 886 | 978 159'0'. 1050 |
B. 1541 | 970 | 871 ‘ 164:0 | 11-18 1564 | 945 919 | 1590 | 1220
115331 978 871 | 1640 | 1148 15581 951 | 9151 1594 | 1228
1521 99-0 866 | 164'5 | 1174 1558 1 951 916 | 1593 | 1232
11515 996 859 | 1652 | 11:66 1554 | 955 91:2 | 1597 | 12:31
Mean | 1116 : Mean | 1228
760 A. | 1679 | 889 | 1098 | 147°0 | 1564
1676 | 892 | 1098 | 1470 | 1580
1680 | 888 | 1100 | 1468 | 1569
1695 | 873 | 1116 | 1452 | 1567
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AND TRANSMITTED BY CERTAIN KINDS OF GLASS. 273
TapLe XII.—continued.
Before repolishing. After repolishing.
Angle of
incidence. Per cent. Per cent.
@, (w—a). 2y | (w—ws) | of light . (z—ay). @y | (@ —ay).| of light
reflected. reflected.

70° A. | 1692 | 876 | 1091 | 1477 | 1462 1587 | 922 | 1058 | 1451 | 17°94
1673 | 895 109:0 | 147-8 | 15-57 1577 | 932 1052 | 1457 | 1821
166:0 | 90'8 1068 | 1500 | 15°17 157:0 | 989 | 1044 | 1465 | 1816
1653 | 915 1074 | 1494 | 15-83 1570 | 939 | 1055 | 1454 | 1883
Mean | 1828
B. | 1569 | 942 99-3 | 1518 | 1542
Mean | 1549
75° B. 160-1 | 908 119:4 | 1315 | 26:52
1595 | 914 | 1189 | 1320 | 2664
1587 | 922 | 1167 | 1342 | 2552
1578 | 931 | 1173 | 1336 | 2683
Mean | 26'33

Section V.—Amount of Light Transmitted after Repolishing.

The effect of repolishing on the amount of light transmitted by the glass was
examined. The first observations, those with the 24'3 mm. plate of crown glass (except
the last) were made with the photometer used in the reflection experiments, the arm
of the goniometer carrying the lamp being clamped in the prolongation of the line
joining the fixed lamp and the axis of the goniometer. The small slot in front of the
flame of the fixed lump was subsequently replaced by one of the same size as that in
front of the lamp carried by the goniometer, and most of the observations made with
this arrangement, in which there were two lamps of nearly equal illuminating power.
Finally, a photometer with a single lamp, two mirrors, and inclined paper surfaces,
like that used for the original transmission experiments, was fitted up, and this was
used for all measurements made in August and September, 1888, that is, those with
the flint glass and the four last determinations of the light transmitted by the
crown glass.

The measurements were made as described in Section I, but only four readings
were taken in each position of the glass, and the results were calculated out by the
@y (2 — a5)
2z, (@ — 1) ,
distance between the two lights, and #, and x, the two positions of the photometer
in which there is equality of illumination, the optical shortening of the path of the
light due to its passage through the glass being of course allowed for.

The results are contained in Tables XIII. and XIV.

MDCCCLXXXIX,—-A. 2 N

expression £ = (see p. 250), where % is the coeflicient of transparency,  the
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274 SIR J. CONROY ON THE AMOUNT OF LIGHT REFLECTED
TasLe XIII.
Crown Glass.
Per cent. of
. (z — @), o, (2 — @), | iucident light
transmitted.
6'5 mm. plate.
July 6, 1888.—Cleaned, but not repolished . | 127-2 1851 1331 129-2 91-39
1269 1354 132-7 1296 91-53
127-7 1346 1334 1289 91-67
Mean 91'53
July 13— Ground grey and repolished” | 1259 1364 132-3 130-0 90-70
by Mr. HiLceER 1272 1351 133-3 1290 91-11
1260 136-3 1331 129-2 8973
Mean 90-31
July 17.—Re-examined . . . . . . .| 1258 1365 132:2 1301 90-70
1260 136-3 132-0 130-3 91-25
1259 1364 132-1 130-2 90-98
Mean - 90-90
11'5 mm. plate.
August 13.—Cleaned, but not repelished .| 1878 1968 1980 1866 89-93
| 1879 196-7 197:5 187-1 9050
1878 1968 197°5 187°1 90-40
Mean 90-28
11'5 mm. plate bis.
July 13.—% Ground grey and repolished” | 1261 1360 1325 1296 90-69
by Mr. HiLGER 126-1 1360 1336 1285 8918
1257 1364 132-4 1297 90-28
Mean 9005
July 16.~Re-examined . . . . . . .| 1256 1365 132-8 129-3 89-59
1256 136°5 1330 1291 8932
1255 1366 132-9 129-5 8952
Mean 89-48
July 17.—Re-examined . . . . . . .| 1249 137-2 131-7 1304 9014
124-5 137°6 1320 130°1 89-18
1248 1373 131-7 1304 90-00
Mean 89-77
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TABLE XIII.—continued.

o
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Per cent. of
5. (x — ). g (z — @) | incident light
transmitted.
11-5 mm. plate bis (continued). : :

August 13.—Repolished with fine rouge on | 1874 1972 1982 1864 89-37
silk, and subsequently (11/8/88) with| 1879 196-7 1982 1864 89-84
putty powder on wood disk 1887 1969 1983 1863 90-03

Mean 8975

15 mm. plate.
July 6.—Cleaned, but not repolished. . .| 1256 1364 1332 | 1288 89-04
1261 1359 133:6 1284 89-18
1262 1358 1333 1287 89-72
Mean 89-31

July 13.—“ Ground grey and repolished ” | 1253 1367 13411 1279 8742

by Mr. HILGER 1256 1364 133:6 1284 88-50
126°1 1359 1339 1281 8877

Mean 8823

July 17.—Re-examined . . % . . . .| 1248 1872 1322 129-8 89-31
124-8 1372 1325 1295 8890

1249 13711 132-7 129-3 8877

Mean 8899

August 17.—Repolished with putty powder { 1854 199-1 197:1 187-4 8854
on wood disk 1855 199-0 197-0 187'5 88-72

1856 1989 1969 187:6 88-90

Mean 8872
185 mm. plate.

July 16.—Cleaned, but not repolished . .| 1254 1365 1333 1286 8863
' ’ 1249 137:0 1331 | 1288 88-22
Mean 8841

July 17.—Re-examined . . . . . . .| 1235 1384 1316 130-3 8835
123-6 1383 131-6 1303 8849

1244 1375 131'8 | 1807 8972

Mean 8885

August 17.—Re-examined . . . . . .| 1846 199-8 197-2 187-2 87:71
1857 1987 196:5 187-9 89-37

1852 199-2 1974 187:0 8807

Mean 88:38

PHILOSOPHICAL
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276 SIR J. CONROY ON THE AMOUNT OF LIGHT REFLECTED

Tasre XIII. —continued.

Per cent. of
2. (z — z). @ (z — @), | incident light
transmitted.

243 mm. plate.

June 15.—Cleaned, but not repolished . . 84-7 1654 924 157:7 8740
: 84:8 | 1653 92-5 1576 8741
84:9 1652 939 156-2 8549

Mean 8690

June 16.—Re-examined . . . . . . . 86-7 1634 956 154'5 8575
877 162-4, 953 154-8 8772

880 162:1 959 154-2 8729

Mean 86-92

June 16.—Polished with rouge on silk . .. 848 165-3 92-9 1572 86-81
855 1646 93-3 156-8 .. 8730

856 1645 938 1563 8671

Mean 86-93

June 23.—Repolished by Mr. HirLcER; the 846 1655 946 1555 8403
polish was defective 84-4 1657 943 1558 8415
84-2 1659 94-3 1558 83:85

84r1 1660 94-2 1559 83-85

Mean 8397

June 30.—Repolished a second time by Mr. 855 164-6 92-9 157:2 87-90
Hircer 856 1645 926 1575 8850
846 1655 92'5 1576 87:09

Mean 8784

June 30.—Re-examined . . . . . . . 864 163-3 94-0 1561 87-86
863 163-8 937 1564 8794

867 1634 943 1558 87-67

Mean 87:82

July 17—Re-examined . . . . . . .| 1230 1387 1320 129-7 87-14
1237 1380 132-4 129-8 87-88

1233 1384 1317 1300 87-94

Mean 8765
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TasrLr XIV.
Flint Glass.
Per cent. of
). (x — ). 5. (x — xy). | incident light
transmitted.
7 mm. thick.
September 30, 1888 —Cleaned, but not re- | 1876 1971 194-8 1899 9278
polished 187-7 197-0 194-7 1900 9298
187°5 1972 1951 189-6 92-40
187°5 197-2 1950 1897 92:50
Mean 92:66
49 mm. thick.
August 15.—Surface repolished with putty | 1830 2001 1984 184-7 8514
powder on August 14 1825 2006 197-8 1853 8523
1829 2002 1981 1850 8532
1831 200-0 1985 1846 | 8514
Mean 8521
August 16.—Re-examined . . . . . .| 1828 2003 1987 184r4: 84:70
' 1832 199-9 198:0 1851 8568
1827 2004 1981 1850 8515
Mean 8518
August 16.—Repolished with putty powder | 1831 2000 1981 1850 8550
and examined immediately 182-3 2008 1989 1842 84-08
1825 2006 199-1 184°0 84-08
Mean 84r55
August 18.—Re-examined . . . . . .| 1830 200°1 1988 1843 84-78
1827 200°4: 1987 184-4 84-61
1827 2004 1986 1845 84-70
Mean 84:70
695 mm. thick.
August 15.—Cleaned, but not repolished .| 182-1 2002 1985 1838 84-22
1819 2004 1984 1833 8413
182-1 2002 1980 1843 84:67
182-4 199-9 1986 183-7 84-40
Mean 8435
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278 SIR J. CONROY ON THE AMOUNT OF LIGHT REFLECTED

Section VI.—Values of the Polarising Angles before and after Repolishing.

In order to determine the angles of polarisation, a form of apparatus essentiaily
similar to that employed by SeEBECK (‘ PoGGENDORFF, Annalen,” vol. 20, 1830, p. 27)
was used. It consisted of a goniometer with a horizontal circle reading to 20”; the
slit and lens of the collimator were removed and the observing telescope replaced by
a tube to one end of which a vertical divided circle was fixed. A Nicol was contained
in an inner tube, and by means of a vernier the position of its pfincipal section could
be read on the vertical circle to 5". The stage of the goniometer and the arm carry-
ing the Nicol were geared together by means of toothed wheels working into a double
pinion, the number of teeth in the wheels and pinion being such that on moving the
arm of the goniometer carrying the Nicol the angular velocity of the tube was twice
that of the stage.

A small gas flame was placed close to the end of the collimator tube, the flame
being surrounded by a blackened metal chimney with a small aperture in it, and the
glass surface whose angle of polarisation was to be observed clamped to the vertical
stage with its surface in the prolongation of the vertical axis of the goniometer, the
stage turned till the image of the flame was seen through the Nicol, and then, by
means of the pinion (the axis of which was fixed to a sliding piece), the stage and
Nicol geared together.

The Nicol having been clamped with its short diagonal horizontal, the arm was
moved till the light reflected by the glass was reduced to a minimum.

The end of the collimator tube nearest the lamp was bisected by a vertical thread ;
a pair of cross threads were placed in the inner end, and a diaphragm with a small
aperture at the eye end, of the Nicol tube ; and in making the observations care was
taken that the image of the vertical thread should coincide with the point of inter-
section of the two cross threads as seen through the diaphragm.

The observations were made by moving the Nicol tube alternately towards the
right and the left. As the image of the flame always remained in the field of view
and the room was completely dark, the angle at which the light was reduced to a
minimum could be observed with a fair amount of accuracy. ,

The amount of light reflected by glass at a perpendicular incidence being small,
and a satisfactory diagonal eyepiece not being available, the position of the stage in
which the light was incident perpendicularly on the surface of the glass was deter-
mined by an indirect method.

The axis of the Nicol tube was first, by means of the diaphragm and cross threads,
brought into the same line as that of the collimator tube, and its position read on
the divided circle of the goniometer ; the tube was then turned through 90° the glass
surface attached to the vertical stage and adjusted, and the stage rotated until the
image of the single thread again coincided with the cross threads of the Nieol tube.
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AND TRANSMITTED BY CERTAIN KINDS OF GLASS. 279

The stage reading gave the position in which the light was incident upon the surface
at an angle of 45°. To verify the adjustment, the Nicol tube was clamped, first, at
an angle differing by 4 90° and then at one differing by — 90° from its orlcrmal
position.

The reading of the Nicol, when light polarised in the plane of incidence was cut
off, had been carefully determined some years previously, and was again verified. To
reduce, as far as possible, the errors due to the Nicol (which was of the ordinary
construction, with its terminal faces not perpendicular to its geometrical axis), eight
readings were made with the prism in one position, and eight more after it had been -
turned round through 180°.

The actual readings made with the 6'5 mm. plate of crown glass, which had been
repolished by Mr. HireEr, were—

] / o / [e] / o /
107 06 107 25 106 59 106 55
107 03 107 08 107 02 107 04
107 20 107 09 107 08« 106 56
107 27 107 09 107 04 106 55.

The readings made with the other glass surfaces were about as concordant.
Table XV. gives the angles of polarisation as deduced from the means of these
readings.

TasLe XV.

Angles of Polarisation.

Crown glass-- :
6'5 mm. plate, repolished by Mr. Hirger . . . . . . . . . . 56 22 30

115 ’ not repolished . . . . 56 14 30
115 ” No. 2, repolished by Mr. HILGER a.nd again thh rouge 56 28 30
115 ’ ’ ) with putty powder . . . . . . . 56 49 0
150 ” ” by Mr. Hricger . . . . . . . . 56 42 30
150 ' ’ with patty powder . . . . . . . 56 49 30
185 ’ not repolished . . . . . . . . . . . . . . 56 21 30
185 ’ not repolished . . . . . . . . . . . . [ . 56 25 30
24-3 ’ repolished by Mr. Hitger . . . . e 56 37 30
Wedge used for reflection experiments repolished Wlth putty powder, -
and subsequently withrouge . . . . . . . . . . .. . 56 52 0
Flint glass—

Face of block—mnot repolished . . . C e e e e 58 14 0

' ’ repolished  with putty powder and examined
immediately . . . . . . .o . 58 48 0

" s repolished with putty powder and exammed after
twodays . . . . . . . . . . . L. 58 44 O
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Parr I1.

When light passes through a transparent plate it is diminished by reflection at the
two surfaces, and by “ obstruction ” within the plate, the cause of obstruction being
that a part of the light which has entered the plate is absorbed and, unless the plate
be absolutely homogeneous, a part scattered.

If » be the ratio of the light reflected by the first surface, and »* by the second
surface, to the light incident upon them, o the coeflicient of transmission, and ¢ the
thickness of the plate, then the intensity of the transmitted beam is given by the
expression ¢ = Ipp'a!, where p = (1 — r) and p’ = (1 — 7).

I, ¢, and ¢ being known, by eliminating pp’, @ can be readily calculated. The value
of 7 depends in the case of coloured media on the refrangibility of the light, but iu the
case of the two kinds of glass used in these experiments it may be taken to be the
same for light of all wave-lengths.

Table XVI. contains the values of a for a thickness of one millimetre of crown and
flint glass, obtained by combining in pairs the five values of 4 for crown glass, and the
four values for flint glass, contained in Table VI.

TasLe XVI

Values of o.

} Crown glass. Flint glass.

| ‘99685 99906

! 99690 99884
99744 99887
99729 99893
99692 99837
99752 99897
99750
99809 Mean 99884
99763

. 99733

; Mean 99735

Dr. RoBinsoN, in the paper already mentioned (‘Phil. Trans.,” 1869, p. 160), gives
the values of n in the expression ¢ = Ip%~", p* being calculated from FRESNEL’S
formula, and ¢ being the thickness in inches. From the values given by Dr. RosiNson
for a cylinder of crown, and a prism of flint, glass, both of Messrs. CHANCE'S manu-
facture, the values of the coefficient a« were calculated for a thickness of one millimetre.
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| Index for line L. n. ‘ a.
Crown glass . . . . . 1-5200 0-0272 099893
Flint glass . . 1:6216 00218 099914

From the values of « it would appear that these two specimens of glass absorbed
somewhat less light than those used in the experiments of which an account is
contained in this paper, but Dr. RoBinson’s results depend on the value of p being
“ calculated accurately from FrmsNeL's formula,” and if, as seems probable, glass
usually reflects less than the theoretical amount of light, the amount absorbed would
necessarily appear less than it really was. ‘

From the mean values of a given in Table XVI. the values of p (on the assumption
that p = p’) were obtained by calculating the values of of for the different thicknesses
of the two kinds of glass used in these experiments and then introducing these values
into the equation 7 = Ipp'at.

TapLe XVIL

Values of p.

Crown glass. Flint glass.

65 mm. plate. ‘9648 7°0 mm. plate. 9453
115 ’ ‘9636 490 ’ 9508
150 ’ 9629 695 " 9461
185 ” 9648 91'3 N 9475
243 ' 19642

) R — Mean . . 9477
Mean . . 9641

The value of 7 for the crown glass is therefore *0359, and for the flint gleiss 0523.
The amount of light which according to theory should have been reflected by the

%+ 1
These values, and also the amount of the reflected light, as determined directly (see
Tables VIII. and IX.), are given in Table X VIIL.

) .
glass was calculated by the expression< >, where n is the index of refraction.

TaprLe XVIIIL
Percentage amount of Light Reflected.

Observed.
Calculated.
By transmission. | Ry reflexion.
Crown glass . . . . 359 378 4187
Flint glass . . . . 523 520 5780

MDCCCLXXXIX.—A, . 20
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282 SIR J. CONROY ON THE AMOUNT OF LIGHT REFLECTED

The observed values of the light reflected by the crown glass do not agree quite so
well as those for the flint glass ; this may be due to the fact that all the measurements
with the flint glass were made with one thick block, whilst several pieces of crown
glass were used for the transmission experiments, and these plates may have ditfered
slightly both in their composition and in the polish of their surfaces. Making due
allowance for this, and for the approximate character of all photometric measurements,
the agreement between the results obtained by two entirely distinct methods is,
probably, quite as close as could have been anticipated.

The calculated value for both kinds of glass considerably exceeds the observed. As
has already been mentioned, the refractive indices, as determined with the large
prisms used for the reflection experiments, and with the small prisms, differed slightly;
the differences, however, — *0008 and -+ ‘0055, are not sufficiently great to affect the
result to any considerable extent. Thus, at a perpendicular incidence the two
theoretical values for the reflected light are 4187 and 4°176 for the crown glass, and
5-780 and 5856 for the flint glass, or a difference of 0°011 and 0°076 per cent. of the
incident light, a quantity which is, of course, quite inappreciable photometrically.

Both the crown glass and the flint glass had been recently polished, the former by
Messrs. CHANCE and the latter by Mr. Hirerr, both kinds of glass having been
ground with emery and polished with rouge ; the crown glass was partially machine-
polished but finished by hand, the flint glass entirely hand-polished. The glass
surfaces were always well cleaned with wash-leather immediately before being used,
as after being left in the laboratory for some days they were usually somewhat
tarnished ; the films, however, were easily removed, and in no case could any
deterioration of the surface be detected.

The effect of repolishing the glass was to increase its reflective power, but Tables X.
and XI. show that the two kinds of glass behaved somewhat differently. Immediately
after repolishing both reflected more than the theoretical amount of light ; but, whilst
the crown continued to do so, the reflective power of the flint decreased, and after an
interval it reflected the theoretical amount.

TapLe XIX.
Crown glass. Flint glass.
Percentage of light reflected before repolishing. . . . . . . . . 378 520
fhor Tishi Tmmediately . . . . 4-27 614
” ” ” atter Tepolsting 9 After an interval . . 431 572
" ' ' calculated from the observed index of
refraction. . . . . . .« . .« . . 419 578

A number of measurements were made of the light reflected by the crown glass at
various angles before and after repolishing; the means of the results contained in
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Table XII., and also those for crown glass from Table XIX., are given in the second
and third columns of Table XX. The amount of light which, according to FRESNEL'S
theory, should have been reflected by the glass was calculated for the various
incidences by means of the formula

Jr=1 {sin2 (i —7) + tan® (¢ — 9‘)}’

T2 |sin? (¢ +7) | tan? (4 + 7)

the values of r being determined from the observed value of the refracting index of
the glass ; the fourth column contains the results.
By assuming the truth of the theory, the value of the refractive index could, of

course, be readily deduced from the amount of light reflected at a nearly normal
—1\2

Z 1> . Before repolishing, the crown glass reflected

378 per cent. of the incident light ; hence, the value of n would be 1-4842. Assuming

that such was the case, the amount of light reflected by the glass at various angles

was calculated, and these numbers are given in the fifth column,

incidence, this being equal to <

TasLe XX.

Percentage amount of Light Reflected by Crown Glass.

Observed. Calculated.
Angle of incidence.
Before After From observed | From calculated
repolishing. repolishing. value of n. value of n.

6 17

6 47 378 429 419

7 30
10 O 3:80 441 419 381
20 O 377 481 421 381
30 O 3:92 455 434 393
40 0 452 530 477 4-34
50 0 553 627 598 552
56 34 7:22 824 762 723
60 O 854 9:88 916 8:63
65 0 11-16 12-28 12-31 11:75
70 0 1549 18-28 17:37 1678
7% 0 .. 2633 2558

The percentage amount of light reflected before and after repolishing and the
amount calculated from the observed index of the glass are represented by the curves
on Plate 8, fig. 4, where the abscissze are the angles of incidence, and the ordinates
the percentages. The curve for the values deduced from the index calculated from the
amount of light reflected normally is not given, as it coincides so closely with the
curve for the glass in its original state that, in order to render the differences visible,
it would have been necessary to draw the diagram on a much larger scale.

202
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284 SIR J. CONROY ON THE AMOUNT OF LIGHT REFLECTED

More observations were made with the glass before repolishing than after, which
accounts for the one curve being so much smoother than the other.

These results show (1) that repolishing increased the amount of the reflected light ;
(2) that before repolishing the amount of light reflected was less than the theoretical
amount calculated from the observed index of refraction of the glass, but that in the
case of the crown glass, by assuming a value for the index in accordance with the
amount of light retlected at a perpendicular incidence, the amount reflected at other
angles by the glass before repolishing was given correctly by the formula ; (3) that
after repolishing the observed amount of light reflected exceeded the calculated
amount ; (4) that in ths case of the flint glass what may be described as the
“ polishing-effect ” passed off in the course of a day or two, and then the theoretical
and actual intensities of the reflected light agreed, but that with the crown glass this
did not appear to be the case.

The effect of repolishing being to increase the amount of light reflected by the glass,
it seemed desirable to ascertain whether repolishing would produce any change, and,
if so, whether increase or diminution, in the amount transmitted. If the increase in
the reflected light were due to a more perfect surface being obtained, and, therefore,
to less light being irregularly reflected or diffused, the intensity of the transmitted
beam would certainly not be weakened by repolishing ; if, however, it were due to an
increase in the refractive index of the surface-layer of the glass, then the intensity of
the transmitted beam would be decreased.

Table XXI. contains the means of the values set forth in Tables XIII. and XIV.,
and in the second column the values for the transmitted light obtained with the same
samples of glass two years previously (see Table VI.).

TasLe XXI,

Percentage amount of Light Transmitted by Crown Glass.

Original Not Repolished with | Repolished with
determinations, repolished. rouge. putty.
6'5 mm. plate . . 91-50 91'53 90-60
115 ” .o 90-07 90-28 8977 89-75
150, . . 8913 89-31 88-61 8872
185 .. 8851 88'55
243, . .| 8716 8691 8777
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Percentage amount of Light Transmitted by Flint Glass.

Repolished with putty and examined
Original Not
determinations. repolished.
Immediately. After an interval.
7 mm. thick . 8883 92:66
49 » 8540 .. 84:55 8503
69-5 » 8257 84:35
91'3 ” 8074

These numbers show that, except with the 24-3 mm. plate of crown glass, the effect
of repolishing was to decrease the amount of light transmitted by both kinds of
glass ; they also show that, whilst the amount transmitted by the crown glass was the
same as when it was first examined, the amount transmitted by the flint glass had
increased considerably, although both kinds of glass had been kept during the interval
wrapped in soft paper and in the same room.

The 243 mm. plate of crown glass behaved differently from the others. As is
stated in Table XIII., it was first cleaned, and the amount of light it transmitted
determined ; each surface was then polished for 20 minutes with fine rouge on a silk
polisher. This produced no change, and the plate was, therefore, sent to an optician,
who returned it with the statement that it had been ¢ polished with rouge on pitch,
almost dry, to get a high polish.” The moment the glass was placed in the photo~
meter the polish was seen to be defective, the surface being apparently grained, and,
as the table shows, its transmissive power was greatly decreased ; it was returned to
the optician to be again repolished, and then it let through more light than When
first tested.

The values of p, calculated with the value of a previously obtained (p. 280), are
given in Table XXII.

Tarre XXII.

Values of p for the Crown Glass.

THE ROYAL A
SOCIETY

OF

Original Not Repolished with | Repolished with
determinations. repolished. rouge. putty.
6'5 mm. plate . -9648 9650 ‘9601
11-5 ’ . 9636 9647 ‘9617 9619
150 - 9629 9640 9601 ‘9608
185 ’ 0648 9644 — )
24-3 5 0642 9642 [19672]
Mean . 9641 9645 9609

PHILOSOPHICAL
TRANSACTIONS
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286 SIR J. CONROY ON THE AMOUNT OF LIGHT REFLECTED

Values of p for the Flint Glass.

Repolished with putty and examined
Original Not
determinations. repolished.
Immediately. After an interval.
7 mm, thick . . ‘9463 9665
49 s .o 9508 . 9460 9482
695 ’ .o 9461 9562
91-3 v RN 9475
Mean . . . . 9477

These results agree with those obtained by the direct measurement of the reflected
light, and show that the effect of the repolishing is to increase the amount of light
reflected and to decrease the amount transmitted, and this latter effect must be due
to some cause other than a more perfect surface having been obtained.

The polish of the glass plates was examined by holding them close to the aperture
in one of the screens of the photometer, and allowing the beam of light from the
lamp to pass through the glass, the cross-section of the beam being smaller than the
surface of the glass, and all other light being carefully excluded. If the surfaces had
been perfectly polished, they would have been quite invisible, but such was not the
case, the shadow cast by the edge of the aperture being just visible in all cases.

Examined in this way, there did not seem to be much, if any, difference between
the various plates of crown glass, of which two were in their original state and four
had been repolished, nor between them and the four faces of the flint block, of which
two had been repolished.

The surfaces of the crown and flint glass wedges used for the reflection experiments
did not appear to be quite so good; the difference, however, was very slight. The
7 mm. plate of flint glass was much inferior to all the other pieces, the boundaries of
the beam of light which passed through it being distinctly visible. When examined
in a strong light there appeared to be a slight film on the surface; on continued
rubbing with a wash-leather this diminished, and then the surface of the plate, when
placed in a beam of light in the dark room, was less visible than before. The
inferiority of the surfaces of this plate appeared to be due to the films which had
formed on them, and not to any roughness due to imperfect polishing.

The truth of BrEWwsTER’s law, that the tangent of the polarising angle of a
substance is numerically equal to its index of refraction, being generally admitted, it
seemed desirable to ascertain the values of the polarising angles for the different
plates before and after repolishing.

Table XXIII. gives the mean results collected from Table XV. The means show
that the eftect of repolishing was in all cases to increase the polarising angle, a result
which is in accordance with those previousiy obtained.
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TasrLe XXIIT.—Polarising Angles.

Crown Glass.

Not repolished. Repolished with rouge. Repolished with putty powder.
56 14 30 56 922 30 © 56 49 0
56 21 30 56 28 30 56 49 30
56 25 30 56 42 30 56 52 0

56 37 30
Mean 56 20 30 56 32 45 56 50 10
Flint Glass.
‘Not repolished. Repolished with putty powder.
S, 58 48 0
58 140 58 44 0
Mean 58 14 O 58 46 0

Table XXIV. gives the values of the refractive indices of the two kinds of glass
as determined directly, and as deduced from the amounts of the reflected and trans-
mitted light, and from the values of the polarising angles, both before and after
repolishing. The values obtained in these ways do not agree well together, those
deduced from the amount of the transmitted light being considerably the lowest ;
they show, however, that repolishing increased the theoretical value of the index as
determined by three independent methods.

TABLE XXIV.

Values of the Refracti&e Indices.

Crown glass. | Flint glass.
Observed T T TSP B A 1 €5 1:6330
Calculated from amount of light reflected, Before repolishing . . . o 1-4830 igggg*
determined directly. After repolishing . . . . . .| 15220 { 16290+
Calculated from amount of light reflected, [ Before repolishing . . . . .| 14676 1:5930
deduced from amount transmitted. After repolishing . . . . . .| 14928 1:6055
Before repolishing . . . . .| 15017 1-6149
Calculated from polarising angle. After repolishing with rouge . .| 15136
. ” putty . .| 15203 1:6490

* Immediately after repolishing.
+ After an interval.
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Sir DAvip BREWSTER stated, many years ago (‘Phil. Trans,” 1815, p. 126), that
glass “acquires an incrustation or experiences a decomposition by exposure to the air
which alters its polarising angle without altering its general refractive power,” and
added that by the action of heat alone he had produced a variation of 9° in the
polarising angle of flint glass.

SeEBECK (‘ PogGENDORTF, Annalen,’ vol. 20, 1830, p. 27) made a number of deter-
minations of the polarising angles of different kinds of glass, and found that there was
considerable difference between the observed values and those calculated from the
refractive index, except in the case of surfaces which he himself had ground and
polished (with emery and colcothar).

With one specimen of flint glass the difference was originally — 38’; he then
polished it himself, and found that the difference was only 4 3"; after being polished
by an optician, the difference became - 28

SEEBECK was of opinion that these differences were due to the treatment which the
glass had received whilst being polished and cleaned, and that lapse of time made no
change. The only experiments he appears to have made on this latter point were with
crown glass, the surface of which, as the experiments here recorded show, does not
alter, or at least only alters very slowly. _

Lord Ravreica found (‘ Roy. Soc. Proc.,” vol. 41, p. 275) that repolishing prisms of
crown glass caused a considerable increase in the amount of light they reflected ; but
his experiments do not show that when the prisms were first examined by him they
reflected less light than when they were originally polished.

CONCLUSION.

It seems probable that the amount of light reflected by freshly polished glass
varies with the way in which it has been polished, and that, if a perfect surface could
be obtained without altering the refractive index of the surface-layer, then the amount
would be accurately given by FrRESNEL's formula, but that usually the amount differs
from that given by the formula, being sometimes greater and sometimes less.

The formation of a film of lower refractive index on the glass would account for the
defect in the reflected light; but, to account for the excess, it seems necessary to
assume that the polishing has increased the optical density of the surface-layer, and
the changes produced in the amount of light transmitted and in the angle of polarisa-
tion support this view.

After being polished, the surface of flint glass seems to alter somewhat readily, the
amount of the reflected light decreasing, and the amount of the transmitted increasing,
whilst with crown glass the change, if any, proceeds very slowly.

There is no evidence to show to what particular cause these changes are due.

The values of the transmission coefficients for light of mean refrangibility for the two
particular kinds of glass are given, and show that for 1 centimetre the loss by obstruction
amounts to 2:62 per cent. with the crown glass, and 1°15 per cent. with the flint glass.
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ExpraxATION OF Prare 8,

Fig. 1. Double mirror photometer.
Photometer board.
Scale.

Lamp.

DD. Mirrors.

Block carrying photometer.
Photometer.

Wood stops.

Screens.

O RES oW

. Windows in screens.
Fig. 1a. Photometer.
A. Base.
B. Wooden prisms.
CC. Pieces of white paper.
DDD. Windows in casing.
ig. 2. Polarising photometer.
AA. Nicols.
B. Right-angled prism.
C. Lamp.
DD. Pieces of white paper.
E. Screen.
Fig. 8. Prism photometer.
A. Photometer board.
B. Secale.
C. Lamp.
DD. Pieces of white paper.
E. Block carrying photometric surface.
F. Screen.
G. Prisms.
Tig. 3a. Photometer.
A. Base.
BB. Right-angled prisms.
C. Screw.
Fig. 4. Curves representing the percentage amount of light reflected by crown glass
at various angles of incidence.
1. Observed values with the glass in its original condition.
2. Caleulated values from observed index of refraction.
3. Observed values with repolished glass.
MDCCCLX X XIX.— A. 2P
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