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This paper deals with the relations between the aberrations of a
lens system, used with a front stop, and those of the compound system
formed by two such systems disposed symmetrically with respect
to the stop. The method of Hamilton’s characteristic function is
used as adapted by Maxwell, the notation employed and the expres-
sions for aberrations of any system being those given by Thiessen.*

The optical length between the points (z; 41 #1), (¥2 72 %) in the
medium nye is Mo {(@1 - 22)? + (41— ¥2)> + (21— 22)?}}; which is ex-
pressible in terms of @i, s, 41, 42 when the points lie on the surfaces
s=f1 (@ y) and za =15 (2, ¥).

If these be surfaces of revolution about the axis of z, their equations
may be written z = a1 +bipi®+aprt+ . . ., where p2=u2+ 2% and
the characteristic, omitting the constant and writing x12 for — @, — y19,
is given by

T2 = Auger® + Brape? + 2012x12 + Diapr® + Eigpat + 4F19x19% 4+ 2G19p12p2°

+ 4Hi9p1%x12 4 4J12p22X12
to terms of the 4th order in x, ¥, where,

2 representing as — ay,
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Eip = - <_8E2§+ T - 02> s ‘ His = — o

1
Fip = —mpo <§ﬂ;3> )

.................. .

The characteristic of the media between (1) and (3) is Tig+ Tas,
where 2, yg are to be eliminated by the relations

0 o .
o (T12+ Tos) = 0, %('_IlﬁT%) =0,

* ¢ Sitzungsberichte der K. Preuss. Akad.,” Berlin, 1890.
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giving, when Bjy + Ay is not zero,

Tz = Auspr® + Buaps? + 2Cisx13 + Dispit + Euspst + 4F13x15% + 2G13012ps?
+ 4H1sp1?x 13 + 4J 1303213,
where
A= A e, B B B, O e,
Dy = Dig — 4aHys + 262 (Gra+ 2F10) — 40310 + ot (Eqz + Das),
Bz = Bog — 45+ 2% (Gyg + 2Fa3) — 4 8% g + 5 (Eqp + Dag),
Fiy = 02Fos + G219 — 202 BHog — 23219 + 0282 (g + Dag),
Gz = «®Gas + B2Gs — 2a%BHas — 263219 + a2 (Eyg + Dag),
Hy; = BHis — aff (Gia+ 2F1s) + a®Hos + 322619 — 38 (Eyg + Das),
Jig = ados—af3 (st + 2F53) + B30+ 3a32Has — af3? ‘\Elz + D28>1
.................. (1),
_ _On - COn
Ay + By’ Ass+Byy’

If, however, A+ Bio is zero, (zsys) is the Gaussian image of (ay91)
and

in which

ag = ayy — 23 (hps? +ipa? ~ 2fX°3) + 23 (gps? + epa® — 2ixaz),

Cio
where v o= -,
7T T O
= 2 — 2 le
¢ = 0—2—3 (le—I-ng,), h = -C;g <—;§— +J_),3),
2 (Fio | 1 > .2 <J10 >
= 2 (- F s = S {2¥ L H
J 023(74- 23 4 Con 7“l' 23 )
Go
= = A,-Q‘.+G‘_,‘>,
4 023 < e s
.................. (IIT).
Thus ¢ = 0 is the condition for the correction of Spherieal Aberration,
t =0 - ’ absence of Coma,
f=0 ” correction of Astigmatism,

¢ = 0is the a.ddltlonal condition for Flatness of Fleld
7 = 0 is the condition for no Distortion.

Or if we write 2F + G = 3K and 2f+ g = 3%, then

3 /K
I = 12 K>
C>3< + 8

and we may use the conditions & = 0 and f—-g = 0 together, instead
of f=0and g =0.
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Before applying these results to our special problem it is necessary
to show that f—¢g=0is equivalent to Petzval’s condition for Flatness
of Field.

From equations (II) it is evident that

Fis—Gis _ Fio—Gup | Fos— Gy _ z( F-Gy,
Cyg? Cio? Cgs? . C )
from (III)

Feg =20y { Fr2m G Foy — G }

hat is, using I, we have

s{ Ly} -0 or {<l-l>l} =0,
(AT ) Ny M) 7T

which is Petzval’s form.

It is evident that, if this condition be satisfied for a single system,
it is also satisfied for the double symmetrical system and wvice versd.

Application to the case of Double Symmetrical Objectives.

Consider the object plane at (0), the image due to the combined
system at (3), the stop at (2), and let (1) be the plane symmetrical to
(8) with regard to the stop.

Let

Tie = A1gp? + Biope? + 2C19x12 + Digpr* + Eiopg® + 4F 10102 + 2Grop12pe?

+ 4Hiop1®X12 + 412027 X125
then from symmetry

Tos = Ajops® + Bigpe® + 200X 28 + Digpst + Eigpot + 4F 19X 0% + 2G12ps%00”
+ 4H19ps%x 05 + 4 19p2%X23 5

let .
To = Agp®+ . . o
where Ag; = B = Cyp = _,:_lw_,’ and
2ty

3
Dpy=Ep=...= —(9;0-) , agsuming ng = 1.
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In the complete system

yo Co_ GG,
Cre (A2 +Bpy) Cyz
and
Cn _ _a
Ap 1-a°

2 2
e = K D = o 10
e C {Eqg + Dys} Cl‘% {Bgg + Epa}
2 N
= [ {2E12 ~ 4BJ 12+ 687Kya — 48°Haa + £+ (D1g + Eo) },

2 [ Hp 2 H
6—{——~+J23} =Cn a302+le}

{ = BHp — 3aKo1 + 322BJ 01 — a8 (D1a + E1) }

C oc3
P
= Cﬁ {Diz+ Asp®},
12
v 2 Jm H, } —Jog
(Jze. > 012 Ta +J12}

C“‘“’ {aJ12 = 3aKyz + 3a?BHiz + BT g1 — &% (D1g + Eor) — a5}
010 { 3Kys — 36Hi2+ D1z~ ﬁs — Eo }

9 K02 } 2 K{)o }
k= Ca + K ol + Ko

,82Ko] + a2Kyg — 2062,8H10 - QO-BZJM -+ OC“B" (D]g + Em) + chKlg},

012062 ¢

lom {2K12 ~ 2Hys+ Do+ < ——~> Em}
12

We have h=0 provided Dys+ As® =0 ; but this is the condition that
the single lens should be spherically corrected with regard to the
centre of the stop.*

It is further evident that it is impossible to exactly satisfy =0,
k=0, and 4=0, and it is easy to obtain the minimum residual error
for a given stop and field. T

* This result is given by Professor Lummer,

+ This was pointed out by . Bruns, “Das Eikonal,” ¢ Abh. der 2. Klasse K.
Siichs. Akad.,” Leipzig, 1895. In both cases the methods employed are essentially
different from the above.
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When the object is at oo, we can express the errors in terms of
those of the single system with a front stop.
Let the image due to the single system be at (4), then

Css = Bay = Agy = Ay, since A34+A12--QL = 0, and Am____cm =
Bl B1
2 4 \ C C
21 = = E: D :N_M{E_ D — 1-4 12
e o {Foz + Das} oM + Do H23 +6 ( 3 A12> Kos

4<;3;;>J o e}

= é; {Eqg - 2BJ 15+ $2Kys — 165 Hy2 + 84 (D12 — As?) }.
Again

Koy _ Ko Ky 2 Ha 2 J %
= G2 ( IJ) I)
Cot ~ Cag? ' Ca2 2A1y Oy ZA3 Gy ' 4 A -y (Bag+ Dsa)

2
= (711? {K12-BH12+§~ Dw*%Aw:)}

therefore

2 o Co4? )
‘When the object is at o,
e = {Em - 2,8J12 + SBZKLQ - 2ﬂ3H12 + ﬁ Dy }

- o, 4 4B
= €1+ 6B kl + C—— (D12 + 7A123>
12

h = (-_2J£(D12+A123)a
_GB{ AL @?Df} _ 3B, ﬁ,, D
= Kio BHl“.— 3 Du 50, 1+ ( 12+ 3A197),
4 32 } . )
= ¢ Ky-BFHp+C Dy = by + L (Drg + Ayg®).
012{ 12— 12+2 12 1+012( 12+ 12)

From these expressions it is evident that the whole system will be
stigmatically corrected, if one component is so, and the additional
condition Do+ A8 =0 is satisfied; the latter is the condition that
there should be no Distortion in the whole system. It is impossible,
under these conditions, to satisfy ¢=0 exactly; but it may be shown
that in symmetrical objectives, whose aperture-ratio and field correspond
to those of modern Anastigmats, the combined effect of % and ¢ will be
least when %k=0. If also ¢;=0 then ¢=0 with sufficient approxi-

mation.
U 2
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Thus with a lens 100 mm. focal length, aperture ratio F. 7, field 50°,
the greatest diameter of the image of any point (defect due to 4) is
0°2 mm. approx. ; that of a point on the axis (defect due to ¢) will be
approx. 0:02 mm.

For these values the effect of terms in T of higher order would be
appreciable ; but the results justify the practice of correcting a single
component—the back one—for astigmatism and spherical aberration,
provided due attention is paid to the securing of the condition for no
distortion.
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(Abstract.)

This paper contains an account of a series of experiments on the
discharge of electricity from hot platinum wires. The main object of
the investigation was to determine the influence exerted by the nature
of the gasin which the wire is immersed. The first part of the paper
contains a short account of some of the results obtained by previous
investigators. The rest of the paper is divided into the following
sections :—

(1) Description of apparatus, &c.

(2) The leak in air, nitrogen and water vapour.

(3) The variation of the negative leak with the temperature.
(4) The leak in hydrogen.

(5) The leak from palladium in hydrogen.

(6) Summary of principal results.

(7) Conclusion.

The wire used was of pure platinum, and was mounted like the
filament of an incandescent lamp, in a glass tube. A platinum cylinder
surrounded the wire, and the current from the wire to the cylinder, with
various differences of potential between them, was measured with a
galvanometer. The wire was heated by passing a current through it,
and its temperature was determined from its resistance.

It was found that at low pressures using a wire not specially cleaned
a large negative leak could be obtained. This leak, however, was not
the same on different occasions with the same wire, nor with different
wires at the same temperature. The leak on first heating a wire is very
large, but falls off with the time. If the wire is then left cold for some
hours the leak is again large on first heating and falls off as before. If
the wire is kept at a constant temperature and the leak measured for



