[367]

XVIIL.

THE AUXILIARY FUNCTION 7 FOR A TELESCOPE, WHEN
THE AXIS OF EYEPIECE IS NOT COINCIDENT WITH, BUT
PARALLEL TO, THAT OF OBJECT GLASS

May 22, 1833.
[Note Book 28, pp. 17, 19 (back).]

o, 7, small emergent direction cosines; o', 7/, incident; s, ¢, intermediate ;
Ty=T 4 Py (2 + ) + P,y (30" +t7') + P, (o + 7% + TSP,
T,=TO+P,(a*+ 12+ Pp(s0 + tr) + Py (8 + ) + T+ a (a— 8) + b(r —1),
T=T,+T,;
™ P, oy P), are constants for object glass, and y g 0 0 Ve P,, are corresponding
constants for eye glass; a, b, are small coordinates of axis of eye glass, referred to an origin of

coordinates on the axis of the object glass:* the terms 7% 7D in T,, T,, are of the 4th and
higher dimensions, and we may put with sufficient approximation (neglecting 6th dimension)

TP = Qu(*+ 87 + Qo (2 + 1) (50" +tr') + Qo (* + ) (0" + 7% + @y (s0” + t1')?
4 Q:o (s’ + tr') ("2 +7'%) + Q:,' (o’ 4 7'2),

T = Q. (0* + ) + Qe (0 +72) (50 +t7) + Q5 (0® + 1) (* + %) + Q0 (80 + t7)?
+ Qo (30 +17) (2 + ) + Q) (2 + PR

To determine s, ¢, as functions of o, 7, ¢’, 7, and of the constants, we have to make 7, + 7, a
minimum or a maximum;} that is, we are to put
0=2(P,+P)s+Pyo+P,0 —a,
0=2(P;+P)t+ P,7+ Py -,

if we continue to neglect terms of the 6th dimension in 7.

* [For any given optical system, the auxiliary function 7' is a function of the initial ¢, 7/, ¢/, and of the final
o, T, v, but the form of this function will depend not only on the orientation of the axes of coordinates, but also
on the position of the origin. The general transformation of 7' for change of origin is easily obtained. Let
o, ', #, %, 3, 2, be the coordinates of initial and final points referred to certain axes Ozyz, and let 7, ¥, 7, 7, 3, 2
be the coordinates of the same points referred to parallel axes 0z¥z, where O is #=a, y=b, z=c. Then we have
2—-F=& =T =a,y—y=y -y =b, 2—2=7 —7=c. This transformation does not change the values of o', 7', v/,
o, 7, v, for =0V [0Z=0V [dx=0. Let 7T, T, denote the values of the auxiliary function corresponding to the two
sets of axes. Then

T=ocz+1y+vi—odd -7y —V7Z = V=0Z+7y+vi—07 -7y -7 - V4a(o—o)+b(r—r)+c(v-7),
since V is invariant (V= V). Thus m :
T=T+a(c—0)+b(r—7)+c(v=1).
When we make use of the symmetry of the eye-piece about its axis, we see at once that this formula of trans-
formation, with ¢’=s, ©'=t, ¢=0, yields the given expression for 7,. The formula is exact, i.e. no terms are
neglected on account of the smallness of @ and b.]
_ + [Cf. pp. 217, 218.]
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For the approximate image X, Y, Z, of a star ¢, 7', formed by this uncentred telescope, we
have

P,(a—P,d")
2(P,+P,)
P,b—-P,T) { b oo }
Y=b4+—2t ————L L4 qiZ+2P,— —1° 1},
2P+ Py 2(P,+P)
independently of o, 7; that is,

2
+0'{Z+2P¢—-—i";——}

X=Zs+a+2P,c+P,s=a+ 2(P0+P;) s

_,Pe(@a=P,d) )
et s e
P,(b—P,r) Ir'na.ge of a star, formed by telescope
Y=>b+ W ) with two parallel axes, an eye axis
i L t and an object axis.
=-2P,+ WX
2(P,+P;)

The image will therefore be on axis of eyepiece if @ = P,a’, b= P,1’, that is, if this axis pass
through the image of the star formed by the object glass.

Let a=P,0'+ 45" (c"*+12), b=P,7 +A7 (c'*+1"?),

so that the star shall be in the plane of the two parallel axes, and so that its image formed by the
telescope shall be nearly on the axis of the eyepiece. Then in 7'=T,+ 7., if we put

P
2(P,+P)’

we shall have
T=TP+T9 4+ P,(c® + 12 + P, (¢’ + %) + ac + br + T 4+ TP
— A (s0’ +t7) (0”2 + 12 + (Po + P) (s = Ao + (t — A7)2 = A2 (a® + 72)},
8 =2Ac + terms of 8rd dimension,
t = At + terms of 3rd dimension;

therefore, neglecting 6th dimension,

Wil

4(P,+P)

TO=TP+ TP+ A1 -A) (o0’ +77') (62 + 72)

=Q(®+ 72+ Q,(®+ 1) (00’ + ') + Q (®+ 1) (¢"2 +7'?)
+Q, (@0’ + 772+ Q) (o0’ +77) ("2 + %) + Q" (¢” +72)2;

Q = Qo+ M@+ 2 (Qo+ Qo) + M@ + M (Q + Q);
Q=2Q.; @,=2Q,.; Q'=Q);
Q=2Q,; Q=2Q,+4(1-2)

T=T"+ TP +(c*+12) P,— }+P,o(0'o' +77) + Py(a? +72) + TW;





