
A
 r

e
p

o
r
t u

p
o

n
 th

e
 a

n
a

ly
s
is

o
f
 t

h
e
 t

e
le

s
c
o
p

ic
 r

e
s
o
lu

t
io

n
o
f d

o
u

b
le

 s
ta

r
s
 o

f 
u

n
e
q

u
a

l b
r
ig

h
tn

e
s
s
 

A
bstract:

T
h

e su
b
sta

n
ce of th

is p
a
p
er d

ea
ls w

ith
 th

e a
n

a
lysis of visu

a
l estim

a
tes of th

e a
n

gu
la

r sep
a
ra

tion
s of d

ou
b
le sta

rs of u
n

eq
u

a
l 

b
righ

tn
ess a

t th
e th

resh
old

 of telescop
ic resolu

tion
.  T

h
e m

ea
su

res a
re b

oth
 th

ose ob
ta

in
ed

 in
 m

y ow
n

 w
ork

 w
h

ich
 su

p
p
lem

en
t th

ose 
p
u

b
lish

ed
 b

y th
e p

rofession
a
l d

ou
b
le sta

r ob
server, L

ew
is, in

 th
e ‘O

b
serva

tory’ m
a
ga

zin
e of th

e R
oya

l A
stron

om
ica

l S
ociety in

 1
9
1
4
.

T
h

e d
a
ta

 h
a
s b

een
 a

n
a
lyzed

 u
sin

g th
e m

eth
od

 of lea
st sq

u
a
res, a

n
d
 a

 la
w

 gen
era

ted
 b

y fittin
g th

e m
ea

n
s to a

 loga
rith

m
ic cu

rve.  T
h

e 
good

n
ess of fit h

a
s b

een
 d

eterm
in

ed
 b

y ca
lcu

la
tin

g th
e corrella

tion
 coeficien

t.

T
h

e n
a
tu

re of th
e d

erived
 rela

tion
sh

ip
 is exp

lored
 a

n
d
 in

vestiga
ted

 from
 th

e sta
n

d
p
oin

t of w
h

a
t is k

n
ow

n
 th

eoretica
lly a

b
ou

t th
e 

sp
u

riou
s im

a
ge of a

 sta
r, k

n
ow

n
 a

s th
e ‘P

oin
t S

p
rea

d
 F

u
n

ction
.’

T
h

e d
a
ta

 a
n

d
 th

e em
p
irica

l a
n

d
 th

eoretica
l rela

tion
sh

ip
s a

re m
od

elled
 in

 term
s of th

ose fa
ctors w

h
ich

 effect telescop
ic resolu

tion
, a

n
d
 

grap
h

s an
d
 a n

om
ogram

 are p
rovid

ed
 to illu

strate th
e n

atu
re of th

e relation
sh

ip
s an

d
 assist in

 solvin
g th

e lim
itin

g equ
ation

 govern
in

g 
th

e telescop
ic resolu

tion
 of u

n
eq

u
a
l b

in
a
ries.



T
elesco

p
ic R

eso
lu

tio
n

 o
f U

n
eq

u
al B

in
aries

C
.J

.R
.L

o
rd

 

T
h

is 
p
a
p
er 

con
sid

ers 
th

e 
h

istorica
l 

a
sp

ects 
to 

th
e 

va
riou

s 
a
p
ertu

re 
d
ep

en
d
en

t 
resolu

tion
 
lim

its 
com

m
on

ly 
a
p
p
lied

 
to 

telescop
e 

ob
jectives figu

red
 to p

rovid
e d

iffra
ction

 lim
ited

 im
a
ges, a

n
d
 h

ow
 su

ch
 lim

its ca
n

 b
e m

od
ified

 to p
red

ict th
e d

iffra
ction

 lim
ited

 a
p
ertu

re 
req

u
ired

 to resolve p
a
irs of u

n
eq

u
a
l b

righ
tn

esses.

F
ra

u
n

h
ofer d

iffra
ction

 lim
its th

e ob
jective resolu

tion
 of a

n
y op

tica
l system

. 1  H
ow

 on
e d

efin
es th

a
t lim

it is a
 d

ifficu
lt p

rob
lem

 for 
w

h
ich

 th
ere ca

n
 b

e n
o d

efin
ite a

n
sw

er.  R
esolu

tion
 is d

ep
en

d
en

t n
ot on

ly on
 th

e a
p
ertu

re, b
u

t th
e n

a
tu

re of th
e im

a
ge. 2  F

ortu
n

a
tely 

w
h

en
 

con
sid

erin
g 

th
e 

resolu
tion

 
of 

a
stron

om
ica

l 
telescop

es, 
m

a
tters 

b
ecom

e 
som

ew
h

a
t 

sim
p
lified

, 
a
n

d
 

w
h

en
 

con
sid

erin
g 

th
e 

telescop
ic resolu

tion
 of d

ou
b
le sta

rs, even
 m

ore so.  A
n

d
 yet, th

e d
eriva

tion
 of a

 la
w

 govern
in

g th
e telescop

ic resolu
tion

 of u
n

eq
u

a
l 

b
in

a
ries h

a
s rem

a
in

ed
 a

n
 u

n
solved

 p
rob

lem
 for over on

e h
u

n
d
red

 a
n

d
 fifty yea

rs.

F
ra

u
n

h
ofer d

iffra
ction

 b
y a

 circu
la

r a
p
ertu

re, in
clu

d
in

g a
p
ertu

res p
ossessin

g a
 cen

tra
l ob

stru
ction

, w
a
s first in

vestiga
ted

 th
eoretica

lly 
b
y G

eorge B
id

d
ell A

iry in
 a

 p
a
p
er p

resen
ted

 to th
e C

a
m

b
rid

ge P
h

ilosop
h

ica
l S

ociety on
 N

ovem
b
er 2

4
th

. 1
8
3
4
. 3  T

h
e n

a
tu

re of th
e 

eq
u

a
tion

 w
h

ich
 A

iry d
erived

 h
a
d
 b

een
 k

n
ow

n
 for som

e tim
e, in

 fa
ct sin

ce th
e th

eoretica
l w

ork
 p

ion
eered

 b
y F

ra
u

n
h

ofer in
to th

e 
a
p
p
ea

ra
n

ce of recta
n

gu
la

r a
p
ertu

res u
sed

 in
 th

e sp
ectroscop

es h
e d

evised
 for m

ea
su

rin
g th

e d
isp

ersion
 of op

tica
l gla

sses. 4

T
h

e d
ifficu

lty w
a
s a

p
p
lyin

g it to a
 circu

la
r a

p
ertu

re.  A
iry w

a
s n

ot th
e first to a

ttem
p
t a

 solu
tion

.  T
h

e G
erm

a
n

 m
a
th

em
a
ticia

n
 

S
ch

w
a
rd

 a
rrived

 a
t a

 via
b
le solu

tion
 u

sin
g a

s a
n

 a
p
p
roxim

a
tion

, a
 p

olygon
a
l a

p
ertu

re p
ossessin

g 1
8
0
 sid

es. 5

T
h

e exp
ression

 d
efin

in
g th

e sp
u

riou
s d

isc form
ed

 b
y a

 p
oin

t sou
rce a

t in
fin

ity, a
t th

e foca
l p

la
n

e of th
e ob

jective ta
k
es th

e form
: 

4
a

2
sin

2πλ
vt−

f−
A

(
)

1−
ω

2
(

)
cosnω

.dω
ω ∫

w
h

ere
n

=
2πλ

. baƒ
& 

w
h

ere a
 is th

e ob
jective ra

d
iu

s 
b
 is th

e la
tera

l d
ista

n
ce of a

 p
oin

t n
orm

a
l to th

e op
tica

l a
xis from

 th
e focu

s  
          

ω
 =

 x
.a

-1
,  x b

ein
g a

n
 ord

in
a
te in

 th
e p

la
n

e of th
e ob

jective
                                                                                                                    

λ =
 w

a
velen

gth
 of ligh

t 
         

vt =
 p

h
a
se sep

a
ra

tion
 (ligh

t p
a
th

 d
ista

n
ce b

etw
een

 en
tra

n
ce p

u
p
il a

n
d
 im

a
ge p

la
n

e.)                                                                                      
A

 =
 a

rb
ita

ry con
sta

n
t 

          
f =

 foca
l len

gth
 

         



T
h

e J
a
cob

ea
n

 ellip
tic in

tegra
l  b

elon
gs to a

 cla
ss of  lin

ea
r d

ifferen
tia

l eq
u

a
tion

s k
n

ow
n

 a
s B

essel fu
n

ction
s of th

e first k
in

d
.  It 

ca
n

n
ot b

e in
tegra

ted
 b

y tra
d
ition

a
l m

eth
od

s w
h

ich
 trea

t in
tegra

tion
 a

s th
e reverse of d

ifferen
tia

tion
.  It h

a
s to b

e solved
 n

u
m

erica
lly 

b
y exp

a
n

d
in

g cosn
ω

 u
sin

g a
 T

a
ylor series exp

a
n

sion
 a

n
d
 in

tegra
ted

 b
y p

a
rts. A

iry w
a
s th

e first to su
cceed

 in
 d

oin
g so, a

n
d
 a

lth
ou

gh
 

th
e m

eth
od

 w
a
s ted

iou
s b

y th
e con

tem
p
ora

ry m
eth

od
s a

va
ila

b
le to h

im
, th

e B
essel fu

n
ction

s m
a
y n

ow
a
d
a
ys b

e rea
d
ily solved

 u
sin

g a
 

p
rogra

m
m

ea
b
le com

p
u

ter. 6

H
a
vin

g d
em

on
stra

ted
 th

a
t th

e w
a
ve n

a
tu

re of ligh
t p

rod
u

ced
 th

e p
h

en
om

en
on

 of F
ra

u
n

h
ofer d

iffra
ction

, A
iry w

a
s a

b
le to m

od
el th

e 
d
istrib

u
tion

 of ligh
t in

 th
e sp

u
riou

s d
isc of a

 p
oin

t sou
rce form

ed
 b

y a
 circu

la
r a

p
ertu

re.  H
e a

lso sh
ow

ed
 h

ow
 a

n
 a

xia
l su

b
-a

p
ertu

re 
stop

 m
od

ified
 th

e d
ia

m
eter a

n
d
 th

e d
istrib

u
tion

 of ligh
t in

 th
e d

iffra
ction

 p
a
ttern

, in
 a

n
 u

n
exp

ected
 a

n
d
 com

p
lex w

a
y.

H
e 

a
lso 

p
roved

 
th

e 
a
n

gu
la

r 
d
ia

m
eter 

of 
th

e 
sp

u
riou

s 
d
isc 

w
a
s 

in
versely 

p
rop

ortion
a
l 

to 
th

e 
ob

jective 
a
p
ertu

re, 
a
n

d
 

h
a
d
 

n
o 

d
ep

en
d
en

ce on
 eith

er th
e m

a
gn

ifica
tion

 or foca
l len

gth
 a

s h
a
d
, u

n
til th

a
t tim

e, b
een

 a
ssu

m
ed

. ( T
h

a
t is w

h
y
 th

rou
gh

ou
t th

e C
1

7
th

 &
 

C
1

8
th

 a
 telescop

e's p
ow

er w
a

s d
efin

ed
 b

y
 eith

er its foca
l len

gth
 or its foca

l ra
tio, ra

th
er th

a
n

 its a
p
ertu

re
 ). 7

B
eca

u
se a

 d
iffra

ction
 lim

ited
 ob

jective form
s a

 sp
u

riou
s d

isc (th
e so ca

lled
 'A

iry' d
isc) in

stea
d
 of a

 geom
etric p

oin
t, w

h
en

 im
a
gin

g a
 

sta
r (or a

n
y p

oin
t sou

rce); a
 d

isc w
h

ose a
n

gu
la

r d
ia

m
eter is in

versely p
rop

ortion
a
l to th

e ob
jective a

p
ertu

re; it b
eca

m
e im

m
ed

ia
tely 

evid
en

t to th
ose w

h
o w

ere a
b
le to com

p
reh

en
d
 th

e im
p
lica

tion
s of A

iry's w
ork

, th
a
t telescop

ic resolu
tion

 w
a
s d

ep
en

d
en

t on
 a

p
ertu

re 
a
lon

e.  M
a
gn

ifica
tion

 or foca
l len

gth
 h

a
d
 n

oth
in

g to d
o w

ith
 resolu

tion
, excep

t in
a
sm

u
ch

 a
s th

e im
a
ge n

eed
ed

 m
a
gn

ifyin
g a

 certa
in

 
a
m

ou
n

t b
efore th

e eye cou
ld

 resolve th
e d

eta
il in

 it.

T
h

e sn
a
g w

a
s of cou

rse n
ot m

a
n

y d
ou

b
le sta

r ob
servers d

id
 u

n
d
ersta

n
d
 A

iry's p
a
p
er.  H

ow
ever on

e w
h

o d
id

 w
a
s h

is con
tem

p
ora

ry,  
J
oh

n
 H

ersch
el.  B

oth
 A

iry a
n

d
 H

ersch
el h

a
d
 b

een
 S

en
ior W

ra
n

glers  a
n

d
 h

a
d
 b

oth
 gra

d
u

a
ted

 from
 C

a
m

b
rid

ge h
a
vin

g a
tta

in
ed

 firsts 
in

 th
e m

ath
em

atical trip
os.  B

oth
 ran

k
ed

 am
on

gst th
e m

ost b
rillian

t m
ath

em
atician

s of th
eir d

ay.  S
o b

rillian
t th

at eith
er cou

ld
 h

ave 
d
erived

 a
n

d
 solved

 th
e in

tegra
l. In

 fa
ct A

iry, in
 referrin

g to h
is solu

tion
 ta

citly a
d
m

its it w
a
s som

eth
in

g h
e con

sid
ered

 d
oin

g on
ly 

b
eca

u
se it h

a
d
 b

ecom
e a

 sou
rce of irita

tion
 to h

im
.  A

iry w
a
s a

b
ove a

ll else a
 m

ost p
ra

ctica
l m

a
n

, a
n

d
 h

ere w
a
s a

 q
u

a
n

tifia
b
le 

p
h

en
om

en
on

 con
seq

u
en

t u
p
on

 th
e u

n
d
u

la
tory n

a
tu

re of ligh
t, w

h
ose p

ra
ctica

l effects recu
rred

 p
erp

etu
a
lly a

n
d
 for w

h
ich

, a
t th

a
t 

tim
e, th

ere w
a
s n

o com
p
lete in

vestiga
tion

. 

In
 h

is ' O
u

tlin
es of A

stron
om

y,'  J
oh

n
 H

ersch
el 8 d

escrib
es th

e A
iry d

isc a
n

d
 h

ow
 it m

a
y b

e m
od

ified
 b

y a
 cen

tra
l stop

 to im
p
rove th

e 
ob

jective's resolvin
g p

ow
er u

p
on

 d
ou

b
le sta

rs.  H
ersch

el recom
m

en
d
ed

 th
e ob

server p
la

ce a
n

 op
a
q
u

e d
isc, "cen

tra
lly

 b
efore th

e ob
ject-

gla
ss, h

a
vin

g a
 d

ia
m

eter from
 a

 sixth
 to a

 fifth
 of th

a
t of th

e ob
ject-gla

ss." 

T
h

e rea
son

 H
ersch

el m
a
d
e th

is su
ggestion

 w
a
s b

eca
u

se h
e u

n
d
erstood

 th
e effect a

 cen
tra

l ob
stru

ction
 h

a
d
 on

 th
e A

iry d
isc.  B

y 
red

u
cin

g th
e d

ia
m

eter of th
e cen

tra
l ligh

t a
n

d
 p

u
ttin

g m
ore ligh

t in
to th

e rin
gs, it sh

ou
ld

, a
t lea

st in
 th

eory, b
e p

ossib
le to im

p
rove th

e 
resolu

tion
 of th

e ob
jective. 



T
h

e fa
m

ou
s d

ou
b
le sta

r ob
server, W

illia
m

 R
u

tter D
a
w

es 9 took
 u

p
 J

oh
n

 H
ersch

el's su
ggestion

 a
n

d
 d

escrib
ed

 th
e effects a

s ...
"in

crea
sin

g th
e sep

a
ra

tin
g

 p
ow

er of th
e telescop

e, b
u

t a
t th

e sa
m

e tim
e in

crea
sin

g b
oth

 th
e n

u
m

b
er a

n
d

 th
e b

righ
tn

ess of th
e rin

gs rou
n

d
 

th
e b

righ
ter sta

rs ... T
h

e sm
a

ll com
p

a
n

ion
s of ra

th
er b

righ
t sta

rs a
re often

 h
id

d
en

 b
y

 th
em

; a
n

d
 th

e d
iscs of n

ea
rly

 equ
a

l sta
rs a

re a
p

t to 
b

e elon
ga

ted
 b

y
 th

e rin
gs p

a
ssin

g th
rou

gh
 th

em
.  I h

a
ve th

erefore seld
om

 u
sed

 th
is exp

ed
ien

t, th
ou

gh
 in

 som
e in

sta
n

ces it is u
n

d
ou

b
ted

ly
 

a
d

va
n

ta
geou

s." 

D
a
w

es su
m

m
a
rised

 h
is lifelon

g exp
erien

ce w
ith

 d
ou

b
le sta

rs in
 a

 M
em

oir of th
e R

oya
l A

stron
om

ica
l S

ociety, p
u

b
lish

ed
 in

 1
8
6
5
. 1

0
  In

 
it h

e con
clu

d
ed

 b
y sta

tin
g h

is lim
it for a

n
 u

n
ob

stru
cted

 a
p
ertu

re.  T
h

is n
ow

 fa
m

ou
s criterion

 w
a
s b

a
sed

 u
p
on

 th
e resolu

tion
 of eq

u
a
l 

p
a
irs of a

p
p
roxim

a
tely th

e sixth
 m

a
gn

itu
d
e, seen

 in
 a

 six in
ch

 refra
ctor.  In

 so d
efin

in
g h

is resu
lts h

e w
a
s a

w
a
re th

a
t th

e resolva
b
ility 

of eq
u

a
l b

righ
t a

n
d
 eq

u
a
l fa

in
t p

a
irs m

igh
t d

iffer.  Y
et h

e, in
 m

y op
in

ion
 correctly, sta

ted
 th

a
t h

e d
id

 n
ot th

in
k
 th

e d
istin

ction
 a

 very 
grea

t on
e. 

H
is a

rgu
m

en
t, w

h
ich

 A
iry's th

eory su
p
p
orts, is th

a
t th

e in
crea

sed
 m

a
gn

ifica
tion

 a
 b

righ
t sta

r m
igh

t a
llow

 d
oes n

ot a
lter th

e d
isc-first 

in
tersp

a
ce ra

tio.  T
h

e a
n

gu
la

r size rem
a
in

s th
e sa

m
e.  H

ow
ever h

is a
rgu

m
en

t is n
ot en

tirely va
lid

.  T
h

e p
erceived

 d
ia

m
eter of th

e A
iry 

d
isc d

oes d
ep

en
d
 on

 th
e b

righ
tn

ess of th
e sta

r.  A
iry 3 q

u
otes tw

o b
ou

n
d
a
ry con

d
ition

s to th
e ed

ge of th
e d

isc cen
tre b

y w
a
y of 

illu
stra

tion
.  T

h
e ra

d
iu

s of th
e sp

u
riou

s d
isc of a

 fa
in

t sta
r, w

h
ere less th

a
n

 h
a
lf th

e in
ten

sity of th
e cen

tra
l ligh

t m
a
k
es n

o im
p
ression

 
on

 th
e eye (S

 =
 1

.1
7
/
a
), a

n
d
 th

a
t of a

 b
righ

t sta
r w

h
ere ligh

t of on
e ten

th
 th

e in
ten

sity of th
e cen

tra
l ligh

t is sen
sib

le 
(S

 =
1
.9

7
/
a
).  ('a

' is th
e ob

jective ra
d
iu

s in
 in

ch
es).  B

righ
t eq

u
a
l p

a
irs m

igh
t n

ot b
e so ea

sily resolved
 a

s sligh
tly fa

in
ter eq

u
a
l p

a
irs. 

D
a
w

es w
a
s h

ow
ever clea

r on
 on

e vita
l p

oin
t.  H

is lim
it a

p
p
lied

 on
ly to eq

u
a
l p

a
irs.  U

n
eq

u
a
l p

a
irs w

ou
ld

 req
u

ire a
 b

igger a
p
ertu

re, 
th

ou
gh

 h
ow

 m
u

ch
 b

igger h
e d

id
 n

ot sp
ecu

la
te. 

S
o h

ow
 va

lid
 is D

a
w

es' lim
it in

 p
ra

ctice?  D
a
w

es' lim
it is em

p
irica

l, b
a
sed

 u
p
on

 p
ra

ctica
l d

ou
b
le sta

r ob
serva

tion
, a

n
d
 b

eca
u

se it is a
 

p
u

rely em
p
irica

l lim
it, its va

lid
ity is a

ssu
red

 on
ly for sm

a
ll refra

ctors a
n

d
 D

a
w

es'  "E
a
gle E

ye."  (D
a

w
es' ren

ow
n

ed
 a

cu
ity

 d
id

 n
ot 

exten
d

 b
ey

on
d

 th
e telescop

e.  H
e w

a
s so m

y
op

ic h
e is ru

m
ou

red
 to h

a
ve p

a
ssed

 h
is w

ife in
 th

e street w
ith

ou
t recogn

izin
g h

er!  W
h

eth
er 

b
y
 om

ission
 or com

ission
 is n

ot m
en

tion
ed

, th
ou

gh
 evid

en
tly

 sh
e w

a
s n

o ' M
a

d
a

m
 G

a
m

m
a

.' ) 

T
h

ere 
a
re 

tw
o 

com
m

on
ly 

em
p
loyed

 
resolu

tion
 
lim

its 
b
a
sed

 
u

p
on

 
d
iffra

ction
 
th

eory. 
T
h

ey 
a
re 

d
erived

 
from

 
p
a
p
ers 

d
iscu

ssin
g 

resolu
tion

 criteria
 of p

roxim
a
te sp

ectra
l lin

es.  T
h

eir a
p
p
lica

tion
 to d

ou
b
le sta

rs m
u

st h
a
ve com

e la
ter, b

u
t in

 ea
ch

 in
sta

n
ce I h

a
ve n

ot 
b
een

 a
b
le to id

en
tify w

h
o w

a
s resp

on
sib

le for a
p
p
lyin

g th
em

. 

T
h

e first p
a
p
er to d

ea
l w

ith
 d

iffra
ction

 lim
ited

 resolu
tion

 w
a
s p

u
b
lish

ed
 in

 th
e P

h
ilosop

h
ica

l M
a
ga

zin
e b

y L
ord

 R
a
yleigh

 in
 F

eb
ru

a
ry 

1
8
7
4
, 1

1
 (L

ord
 R

a
yleigh

's given
 n

a
m

e w
a
s J

oh
n

 W
. S

tru
tt), u

n
d
er th

e title, "O
n

 th
e M

a
n

u
fa

ctu
re a

n
d

 T
h

eory
 of D

iffra
ction

-gra
tin

gs." 
R

a
yleigh

's resolu
tion

 criterion
 is b

a
sed

 u
p
on

 a
 sep

a
ra

tion
 of tw

o sp
u

riou
s d

iscs b
y a

n
 a

n
gu

la
r d

ista
n

ce corresp
on

d
in

g to th
e d

isc - 
first in

tersp
a
ce ra

tio, a
n

d
 w

a
s given

 a
s r =

 0
.6

1λf/
R

.  N
ow

a
d
a
ys it is u

su
a
lly q

u
oted

 a
s r =

 1
.2

2
 λf/

D
, w

h
ich

 for a
 w

a
velen

gth
 

λ =
 5

5
0
n

m
, eq

u
a
tes to r =

 1
3
8
/
D

(m
m

) (w
h

ere D
 is th

e ob
jective a

p
ertu

re in
 m

illim
etres.)



M
u

ch
 la

ter, th
e A

m
erica

n
 p

h
ysicist, C

.M
. S

p
a
rrow

, 1
2
 d

erived
 a

 tigh
ter criterion

, corresp
on

d
in

g to th
e sep

a
ra

tion
 w

h
ere th

e in
ten

sity 
d
ip

 b
etw

een
 th

e tw
o cen

tra
l d

iscs va
n

ish
es (1

0
7
/
D

(m
m

)).  Iron
ica

lly S
p
a
rrow

 a
ctu

a
lly sta

ted
 h

is criterion
 cou

ld
 b

e a
p
p
lied

 to th
e 

telescop
ic resolu

tion
 of d

ou
b
le sta

rs,  yet it is a
lm

ost u
n

k
n

ow
n

 to a
stron

om
ica

l litera
tu

re!  

D
a
w

es' lim
it fa

lls b
etw

een
 th

ese th
eoretica

l lim
its, a

n
d
 n

on
e of cou

rse a
p
p
ly to u

n
eq

u
a
l p

a
irs, w

h
ich

 form
 th

e va
st b

u
lk

 of visu
a
l 

b
in

a
ries.  H

ow
 is it th

en
 th

e R
a
yleigh

 a
n

d
 D

a
w

es' resolu
tion

 lim
its h

a
ve b

ecom
e a

 sin
é q

u
a
 n

on
, a

p
p
lied

 w
ith

 so little rigou
r? 

T
h

e m
a
th

em
a
tics of d

iffra
ction

 th
eory is com

p
lica

ted
, a

n
d
 m

ost a
stron

om
ers d

o n
ot u

n
d
ersta

n
d
 it.  F

ew
er yet a

re ca
p
a
b
le of a

p
p
lyin

g 
it 

to 
su

ch
 
m

a
tters 

a
s 

th
e 

resolu
tion

 
of 

u
n

eq
u

a
l 

b
in

a
ries, 

a
n

d
 
a
re 

h
a
p
p
y 

to 
a
d
op

t 
a
 
sim

p
le 

rela
tion

sh
ip

 
a
n

d
 
la

rgely 
d
isrega

rd
 

in
con

ven
ien

t n
iceties. N

everth
eless, th

ere is a
 n

eed
 of a

n
 ob

jective criterion
 of resolu

tion
 of d

ou
b
le sta

rs th
a
t a

ccou
n

ts for th
e 

in
ten

sity d
ifferen

ce of th
e com

p
on

en
ts.  

A
s fa

r a
s I h

a
ve b

een
 a

b
le to a

scerta
in

 th
ere h

a
ve on

ly b
een

 tw
o con

certed
 efforts (b

esid
e m

y ow
n

) to in
vestiga

te th
e p

erform
a
n

ce of 
telescop

es on
 u

n
eq

u
a
l p

a
irs, a

n
d
 on

ly on
e on

 th
e com

p
a
ra

tive p
erform

a
n

ce of a
 telescop

e on
 eq

u
a
l b

righ
t a

n
d
 eq

u
a
l fa

in
t p

a
irs, a

n
d
 

n
eith

er h
a
ve p

rod
u

ced
 a

n
y p

ra
ctica

l resu
lt. 

In
 a

 sh
ort p

a
p
er p

u
b
lish

ed
 in

 'T
h

e O
b
serva

tory' A
p
ril 1

9
4
6
, 1

3
 th

e J
esu

it d
ou

b
le sta

r ob
server, P

.J
. T

rea
n

or p
resen

ted
, in

 gra
p
h

ica
l 

form
, h

is a
n

a
lysis of d

a
ta

 fu
rn

ish
ed

 b
y L

ew
is.  L

ew
is,  a

 p
rofession

a
l  d

ou
b
le  sta

r  ob
server  b

a
sed

 a
t G

reen
w

ich
,  w

a
s em

p
loyed

 to 
u

se th
e 2

8
-in

ch
 G

ru
b
b
 refra

ctor.  In
 1

9
1
4
 1

5
  h

e p
u

b
lish

ed
 th

e resu
lts of a

 selection
 of th

e m
ost d

ifficu
lt ob

jects m
ea

su
red

 b
y over 

fifty d
ifferen

t ob
servers.  T

h
ese w

ere d
ivid

ed
 in

to fou
r grou

p
s, th

e n
u

m
b
er of p

a
irs on

 ea
ch

 grou
p
 b

ein
g red

u
ced

 to a
b
ou

t five.  T
h

e 
m

ea
n

 m
a
gn

itu
d
e a

n
d
 sep

a
ra

tion
s for ea

ch
 grou

p
 w

ere given
 in

 a
 ta

b
le.  T

h
ese m

ea
n

s th
erefore su

m
m

a
rised

 th
e ob

serva
tion

 of som
e 

8
0
0
 d

ifficu
lt b

in
a
ries, w

ith
 a

 w
id

e selection
 of in

stru
m

en
ts a

n
d
 ob

servers.  

T
rea

n
or 

p
lotted

 
th

e 
sep

a
ra

tion
s, 

exp
ressed

 
a
s 

a
 
fu

n
ction

 
of 

D
a
w

es' 
lim

it, 
a
ga

in
st 

th
e 

m
a
gn

itu
d
e 

d
ifferen

ce. 
In

 
a
ll, 

1
6
0
 
su

ch
 

coord
in

a
tes w

ere p
lotted

 on
 h

is d
ia

gra
m

.  H
e a

d
d
ed

 fou
r coord

in
a
tes w

h
ich

 rep
resen

ted
 m

ea
n

s a
d
op

ted
 b

y L
ew

is for n
ea

rly eq
u

a
l 

b
righ

t a
n

d
 fa

in
t p

a
irs, a

n
d
 u

n
eq

u
a
l a

n
d
 very u

n
eq

u
a
l p

a
irs.  H

e a
lso a

d
d
ed

 a
 m

od
ifica

tion
 of th

e R
a
yleigh

 criterion
 b

a
sed

 on
 th

e 
resu

lts of la
b
ora

tory ob
serva

tion
s of th

e d
iffra

ction
 p

a
ttern

s of a
rtificia

l d
ou

b
les.  

T
rea

n
or's m

od
ifica

tion
 of th

e R
a
yleigh

 lim
it w

a
s q

u
ite stra

igh
tforw

a
rd

, a
n

d
 it is su

rp
risin

g n
o on

e h
a
d
 con

sid
ered

 it soon
er.  H

e 
rea

son
ed

 th
a
t resolu

tion
 occu

rs if th
e fa

in
t com

p
a
n

ion
 fa

lls on
 a

 m
in

im
a
 of th

e b
righ

ter sta
r, su

ch
 th

a
t th

e a
d
ja

cen
t m

a
xim

a
 a

re n
ot 

b
righ

ter th
a
n

 th
e fa

in
t sta

r itself. 



T
h

e ra
tion

a
le is sou

n
d
 en

ou
gh

 (given
 on

e a
ccep

ts th
e R

a
yleigh

 resolu
tion

 criterion
 h

a
s ob

jective rea
lity - for fu

rth
er rea

d
in

g on
 th

e 
a
cu

ity of vision
 a

p
p
lied

 to th
e resolu

tion
 of eq

u
a
l a

n
d
 u

n
eq

u
a
l sta

rs refer to 1
6
 "O

p
tics - T

h
e S

cien
ce of V

ision
" C

h
.V

p
2

0
5

 - 'T
h

e A
cu

ity
 of 

V
ision

" - w
h

ich
 d

ea
ls w

ith
 F

ech
n

er's L
a
w

 a
n

d
 th

e R
a
yleigh

 criterion
)  a

lth
ou

gh
 it is a

ltogeth
er too p

essim
istic w

h
en

 on
e con

sid
ers th

e 
ca

se of n
ea

rly eq
u

a
l p

a
irs.  In

 th
e ca

se of p
a
irs of eq

u
a
l b

righ
tn

ess, th
e first m

in
im

u
m

 fu
lfils th

is con
d
ition

, th
e a

d
ja

cen
t m

a
xim

a
 

b
ein

g th
e A

iry d
isc cen

tre of on
e com

p
on

en
t, so th

a
t th

e ru
le a

grees w
ith

 th
a
t of R

a
yleigh

.  H
ow

ever, a
t th

e R
a
yleigh

 lim
it, a

n
d
 

esp
ecia

lly w
h

ere fa
in

t p
a
irs a

re in
volved

, th
e sep

a
ra

tion
 of th

e tw
o m

a
xim

a
 is su

ch
 th

a
t a

 2
.8

 m
a
gn

itu
d
e d

ifferen
ce ca

n
 still b

e 
resolved

.  A
n

d
 w

h
ere, esp

ecia
lly in

 sm
a
ll telescop

es, in
 p

erfect seein
g, th

e sp
u

riou
s d

isc rem
a
in

s stea
d
y, th

e fa
in

ter com
p
on

en
t m

a
y 

b
e d

etected
 w

h
en

 it lies on
 th

e n
eigh

b
ou

rin
g in

n
er  m

in
im

a
 ra

th
er th

a
n

 th
e n

eigh
b
ou

rin
g ou

ter m
in

im
a
. 

B
eca

u
se th

e B
essel fu

n
ction

s for th
e sp

u
riou

s d
isc en

a
b
le th

e n
orm

a
lised

 in
ten

sity of th
e cen

tra
l ligh

t a
n

d
 rin

gs, a
n

d
 th

eir a
n

gu
la

r 
d
ia

m
eters 

to 
b
e 

ca
lcu

la
ted

, 
b
oth

 
for 

u
n

ob
stru

cted
 
a
n

d
 
ob

stru
cted

 
circu

la
r 

a
p
ertu

res, 
it 

is 
a
 
stra

igh
tforw

a
rd

 
p
rocess 

to 
a
p
p
ly 

T
rea

n
or's id

ea
.  

T
h

e tab
le b

elow
 lists th

e d
isc-m

axim
a-m

in
im

a ratios for variou
s ob

stru
ction

 ratios  (ε), 

th
e n

orm
a
lised

 in
ten

sities of th
e p

oin
t sp

rea
d
 fu

n
ction

, 
II
0

 a
n

d
 th

e eq
u

iva
len

t m
a
gn

itu
d
e d

ifferen
ce 6

,  .∆
m

=
2.5

lg
10

II
0

.

d
isc

d
isc

cen
tre

ed
ge

rin
g 1

rin
g 2

rin
g 3

L
.ƒ

/
#

ε=0
S
/
p

0
0
.5

1
5

1
.2

2
0

1
.6

3
5

2
.2

3
3

2
.6

7
9

3
.2

3
8

3
.6

9
9

I/
Io

1
0
.5

0
1
/
5
7

0
1
/
2
4
0

0
1
/
6
2
5

D
elta m

0
4
.3

9
0

5
.9

5
0

6
.9

9
e=

0
.2

0
0
.5

0
3

1
.1

6
7

1
.6

3
0

2
.3

5
7

2
.6

9
2

3
.0

8
8

3
.6

7
6
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Io

1
0
.5

0
1
/
3
3

0
1
/
6
6
8

0
1
/
2
6
9

D
elta m

0
3
.7

9
0

7
.0

6
0

6
.0

7
e=

0
.3

3
0

0
.4

8
6

1
.0

9
8

1
.6

0
7

2
.4

2
4

2
.7

4
2

3
.1

3
7

3
.6

3
7
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1
0
.5

0
1
/
1
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0
1
/
7
3
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0
1
/
4
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0

D
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0
3
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7
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7
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6
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6
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0
.4

0
0
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7
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1
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5
8

1
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8
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2
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8
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2
.7

6
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3
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0
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3
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5
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1
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0
1
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1
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1
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9
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0
1
/
1
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7
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D
m

0
2
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8
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6
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9
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7
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T
rea

n
or's m

od
ifica

tion
 of R

a
yleigh

's lim
it form

ed
 a

 tolera
b
le lim

it to th
e ob

serva
tion

s of n
ea

rly eq
u

a
l b

righ
t p

a
irs, b

u
t a

s a
 resolu

tion
 

criterion
 u

n
d
er a

vera
ge ob

servin
g con

d
ition

s w
a
s m

u
ch

 too op
tim

istic for very u
n

eq
u

a
l p

a
irs resolved

 u
sin

g la
rge telescop

es.  W
h

y 
th

is w
a
s so w

ill b
e d

iscu
ssed

 la
ter. 

T
h

e p
rob

lem
 w

a
s ta

ck
led

 in
d
ep

en
d
en

tly b
y tw

o A
m

erica
n

 a
m

a
teu

r d
ou

b
le sta

r ob
servers in

 th
e ea

rly 1
9
5
0
's.  A

t th
e 1

9
5
2
 m

eetin
g of 

th
e m

id
-sta

tes region
 of th

e A
stron

om
ica

l L
ea

gu
e, S

.L
. O

'B
yrn

e 1
7
 exp

la
in

ed
 a

 p
red

iction
 form

u
la

 th
a
t h

e h
a
d
 evolved

 for h
is ow

n
 

2
-in

ch
 refra

ctor w
h

en
 it w

a
s eq

u
ip

p
ed

 w
ith

 a
 x3

3
 eyep

iece. F
rom

 h
is exten

sive ob
serva

tion
s h

e con
clu

d
ed

 th
a
t th

e m
a
in

 fa
ctor w

a
s 

th
e d

ifferen
ce in

 m
a
gn

itu
d
e b

etw
een

 th
e fa

in
ter com

p
on

en
t a

n
d
 th

e m
a
gn

itu
d
e lim

it of th
e telescop

e, ra
th

er th
a
n

 th
e d

ifferen
ce 

b
etw

een
 th

e com
p
on

en
ts.  T

h
e w

id
er th

e p
a
ir h

ow
ever, th

e fa
in

ter th
e com

p
a
n

ion
 th

a
t cou

ld
 b

e resolved
.

O
'B

yrn
e's resu

lts w
ere em

u
la

ted
 b

y H
a
rold

 H
. P

eterson
, 1

8
 a

n
d
 h

is ob
serva

tion
s of 3

2
3
 p

a
irs w

ith
 com

p
a
n

ion
s ra

n
gin

g from
 +

4
.5

m
v 

to +
1
1
.5

m
v, a

n
d
 sep

a
ra

tion
s b

etw
een

 1
"a

rc &
 1

0
0
"a

rc, extra
cted

 from
 W

illia
m

 T
yler O

lcott's, "F
ield

 B
ook

 of th
e S

k
ies,"  (a

 gem
 of a

 
h

a
n

d
b
ook

, p
rob

a
b
ly th

e b
est ever w

ritten
) w

ere p
resen

ted
 gra

p
h

ica
lly (ref.fig.1

).  T
h

e resu
lta

n
t, resolved

 a
n

d
 u

n
resolved

 zon
e 

b
ou

n
d
a
ry cou

ld
 b

e d
escrib

ed
 m

a
th

em
a
tica

lly b
y th

e eq
u

a
tion

:

m
2

=
L

−
2.4

+
1.6

lg
10

SS
0

w
here 

L
 is the lim

iting m
agnitude of the telescope

m
2 is the m

agnitude of the com
panion

S is the separation in arcsecs &
 S

o is the lim
iting resolution on bright stars for the eyepiece 

Peterson gave the lim
iting m

agnitude for his 3-inch refractor as +11.1m
v.  H

ow
ever the lim

iting m
agnitude one could realistically expect from

 a sm
all 

refractor in a dark sky location is given by:
m

1 =
2.7

+
5

lg
10

D
m

m
(

)  w
hich w

hen resubstituted into Petersons equation and rearranged for 
SS

0

 , gives:

SS
0

=
lg

10 −
1

58
m

1 +
0.7

−
5

lg
10 D

−
m

2 −
m

1
(

)
[

]
   

   

w
here ∆

m
 =

 m
2 - m

1 



fig.1



C
lea

rly O
'B

yrn
e &

 P
eterson

 w
ere n

ot m
ea

su
rin

g th
e resolu

tion
 lim

it of th
eir telescop

es.  A
fter a

ll, a
t su

ch
 low

 p
ow

ers th
e a

p
p
a
ren

t 
a
n

gu
la

r sep
a
ra

tion
 of p

a
irs n

ea
r th

e R
a
yleigh

 lim
it ca

n
n

ot b
e resolved

 b
y th

e eye.  F
ovea

l resolu
tion

 is a
p
p
roxim

a
tely 7

0
"a

rc 
1
9
 a

n
d
 

for clea
r recogn

ition
, tw

ice th
a
t, so th

e m
in

im
u

m
 m

a
gn

ifica
tion

 n
eed

ed
 to resolve d

iffra
ction

 lim
ited

 sep
a
ra

tion
s is a

p
p
roxim

a
tely x2

5
 

p
er in

ch
 of a

p
ertu

re, th
e so ca

lled
 W

h
itta

k
er ru

le. 2
0
 

P
eterson

's zon
e d

ia
gra

m
 is a

 m
ea

su
re of th

e resolu
tion

 of th
e eye.  T

h
e slop

e cu
t off, a

p
p
roxim

a
tely th

ree m
a
gn

itu
d
es a

b
ove th

e 
telescop

ic th
resh

old
 is th

e p
oin

t b
elow

 w
h

ich
 scotop

ic (p
erip

h
era

l) vision
 b

ecom
es d

om
in

a
n

t. 

T
h

e con
clu

sion
s to b

e d
ra

w
n

 from
 T

rea
n

or's &
 P

eterson
's resu

lts a
re clea

r.  L
a
rge telescop

es ra
rely p

erform
 a

n
yw

h
ere n

ea
r th

eir 
d
iffra

ction
 lim

it. A
t low

 ligh
t levels th

e eye is d
ep

en
d
en

t u
p
on

 scotop
ic vision

, visu
a
l a

cu
ity is m

u
ch

 red
u

ced
, a

n
d
 th

e F
ech

n
er-W

eb
er 

ra
tio in

crea
ses. 

A
n

y m
od

ifica
tion

 of D
a
w

es' lim
it p

red
ictin

g th
e resolu

tion
 of u

n
eq

u
a
l p

a
irs m

u
st b

e con
stru

cted
 w

ith
in

 th
ese con

sid
era

tion
s.  It is n

o 
u

se a
ttem

p
tin

g to in
clu

d
e p

a
irs th

a
t m

a
y on

ly b
e d

etected
 u

sin
g p

erip
h

era
l vision

.  R
esolu

tion
 lim

its m
u

st ta
k
e th

e d
ep

a
rtu

re from
 

d
iffra

ction
 lim

ited
 p

ereform
a
n

ce d
u

e to seein
g in

to con
sid

era
tion

, a
n

d
 b

e ca
p
a
b
le of m

od
ellin

g p
ra

ctica
l p

erform
a
n

ce lim
its on

 u
n

eq
u

a
l 

p
a
irs u

sin
g u

n
ob

stru
cted

 a
n

d
 ob

stru
cted

 telescop
ic system

s.

A
 revision

 of D
a
w

es' lim
it in

volves  a
 con

sid
era

tion
 of th

e th
ree in

d
ep

en
d
en

t va
ria

b
les, m

a
gn

itu
d
e d

ifferen
ce, a

p
ertu

re a
n

d
 sep

a
ra

tion
.  

T
h

e tru
e rela

tion
sh

ip
, of w

h
ich

 D
a
w

es' lim
it w

ill b
e a

 sp
ecia

l ca
se w

h
en

 ∆
m

 =
 0

, w
ill b

e rep
resen

ted
 on

 a
 th

ree a
xis p

lot b
y a

 
h

yp
erb

olic in
terfa

ce b
etw

een
 resolved

 a
n

d
 u

n
resolved

 com
p
on

en
ts.  T

h
e slop

e of th
e in

terfa
ce w

ill b
e a

t a
 m

a
xim

u
m

 w
h

en
 ∆

m
 =

 0
 

a
n

d
 corresp

on
d
 w

ith
 D

a
w

es' lim
it.  B

u
t a

s m
a
gn

itu
d
e d

ifferen
ce ∆

m
 in

crea
ses th

e slop
e of th

e in
terfa

ce w
ill d

ecrea
se a

s m
ore 

a
p
ertu

re is n
eed

ed
 to resolve p

a
irs of a

 given
 sep

a
ra

tion
. 

D
a
ta

 collected
 in

to m
ea

n
s a

s a
 fu

n
ction

 of D
a
w

es' lim
it ca

n
 b

e p
lotted

 on
to a

 tw
o a

xis gra
p
h

 th
a
t w

ill resem
b
le a

 slice th
rou

gh
 th

e 
th

ree a
xis gra

p
h

, a
n

d
 su

p
erim

p
osed

 p
lots for th

e d
ifferen

t a
p
ertu

res sh
ou

ld
 resem

b
le on

e a
n

oth
er. 

T
h

e la
w

 w
ill b

e a
 log.log form

:- lg
S

=
lg

k
−

lg
D

−
∆

m
∫

   

w
h

ere
 S.Dk

=
m

∫
   is th

e lim
itin

g term
 ...(corresp

on
d
in

g to D
a
w

es' lim
it) 

k
  is a

 con
sta

n
t for a

 p
a
rticu

la
r u

n
it of  D

 

m
∫

   is a
 m

a
gn

itu
d
e fu

n
ction

∆
m

∫
  is th

e m
a
gn

itu
d
e d

ifferen
ce fu

n
ction

In
 collectin

g d
a
ta

 to d
eterm

in
e th

e coefficien
ts th

e m
a
gn

itu
d
e of th

e p
rim

es (m
1 ) w

ill in
trod

u
ce a

 selection
 effect - p

a
irs of a

 given
 

d
ifferen

ce (∆
m

) w
ill b

e m
ore ea

sily resolved
 a

s D
 in

crea
ses.  P

a
irs of a

 given
 d

ifferen
ce, m

a
gn

itu
d
e of p

rim
a
ry a

 fixed
 a

m
ou

n
t a

b
ove 

th
resh

old
, sh

ou
ld

 b
e eq

u
a
lly resolved

 in
 a

ll a
p
ertu

res, th
erefore p

a
irs h

a
ve to b

e b
in

n
ed

 in
 m

a
gn

itu
d
e d

ifferen
ce a

n
d
 m

a
gn

itu
d
e of 

com
ites a

b
ove th

resh
old

. 



F
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 su
ch
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olles)
6
 - in
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 C
ook

e refra
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 X
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 in

ch
 T
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 - in
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 M

a
k
su

tov-C
a
ssegra

in
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u
a
n

tu
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 X
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5
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/
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 in

ch
 M

on
ocen

tric)
1
0
-in

ch
 ƒ

/
1
0
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 N
ew

ton
ia

n
, b

y C
a
lver, @

 X
4
0
0
 (1

/
4
 in

ch
 T

olles)
th

e em
p
irica

l coefficien
ts w

ere d
eterm

in
ed

 b
y th

e m
eth

od
 of lea

st sq
u

a
res.  (S

ee a
p
p
en

d
ix)

B
in

a
ries w

ere selected
 from

 B
u

rn
h

a
m

's C
elestia

l H
a
n

d
b
ook

. 2
1
  O

n
ly th

ose w
h

ose orb
its w

ere given
 in

 S
k
y C

a
ta

logu
e 2

0
0
0
 2

2
 w

ere 
ch

osen
, a

n
d
 n

o red
 p

a
irs, or p

a
irs w

ith
 red

 com
ites w

ere in
clu

d
ed

.

A
n

a
lysin

g th
e m

ea
n

s, com
p
risin

g 9
4
 selected

 p
a
irs, I h

a
ve d

erived
 b

y loga
rith

m
ic regression

 th
e follow

in
g em

p
irica

l exp
ression

 
(see a

p
p
en

d
ix):

∆
m

=
0.1

+
7

lg
10

m
∫

----------------------------------------------------------- (i)

th
e corrella

tion
 coefficien

t  r =
 0

.9
9
9
8

rea
rra

n
gin

g (i):

m
=

lg
10 −

1 17
∆

m
−

0.1
(

)
∫

 

b
u

t
S

=
m

kD
∫

------------------------------------------------------------------- (ii)

w
h

en
  D

  is exp
ressed

 in
 m

illim
eters,  k

 =
 1

2
0

th
erefore    S

=
120D

lg
10 −1

17
∆

m
−

δm
(

)
   ---------------------------------------------- (iii)
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T
h

is exp
ression

 is th
e sta

tistica
l m

ed
ia

n
 of a

 fa
m

ily of em
p
irica

l la
w

s w
h

ich
 d

escrib
e m

y resu
lts.  It m

a
y b

e gen
era

lised
 to in

corp
ora

te 
a
n

y p
ossib

le p
a
ir, ob

served
 in

 a
n

y telescop
e, u

n
d
er a

n
y con

d
ition

s, a
s follow

s:

Sρ
=

1

10
δ

mn
'

lg
10 −

1
1n

∆
m

−
δm

(
)

i.e.
Sρ

=
1.033

lg
10 −

1 1n
∆

m
−

0.1
(

)

 w
here

Sρ
  is a function of D

aw
es' lim

it  
116

D
m

m
(

) =
1

   
   

  

 n is an index defining telescopic perform
ance 

 (n' is a m
edian = 7)

δ
m

 is the least significant m
agnitude difference (-0.1m

v)

E
xtrapolating m

y results to T
reanor's diagram

 the bulk of L
ew

is' m
eans are represented by perform

ance indices n = 4 thru' n = 12.  T
he m

edian lies near 
n' = 7 and L

ew
is'  m

eans near n = 6.  (A
 table of L

ew
is' m

eans and m
y ow

n are included in the appendix).

T
he perform

ance index is dependent on three factors; seeing, aperture and obstruction ratio.  I have tabulated values of n corresponding to each factor - 
to obtain the perform

ance index, sim
ply add the factors:
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T
h

e effect of a
 cen

tra
l ob

stru
ction

  h
a
s on

ly a
 m

a
rgin

a
l im

p
rovem

en
t  on

 th
e sep

a
ra

tin
g p

ow
er on

 n
ea

rly eq
u

a
l p

a
irs n

ea
r th

e R
a
yleigh

 
lim

it, a
s ∆

m
 in

crea
ses, th

e effect is a
 red

u
ction

 in
 th

e sep
a
ra

tin
g p

ow
er. (ref. a

p
p
en

d
ix)

F
or a

 sp
ecific telescop

e, a
p
ertu

re a
n

d
 ob

stru
ction

 ra
tio a

re fixed
, th

erefore th
e on

ly va
ria

b
le effectin

g th
e p

erform
a
n

ce in
d
ex b

ecom
es 

th
e seein

g.  T
h

is m
ea

n
s a

 list of seein
g d

ep
en

d
en

t  p
erform

a
n

ce in
d
ices ca

n
 b

e m
a
d
e, for a

 p
a
rticu

la
r d

iffra
ction

 lim
ited

 telescop
e.

E
xam

ple: 
150m

m
 M

A
K

SU
T

O
V

;  
ε  =

  
0.33

n
 =

 n
s  +

  4
1/2   

SE
E

IN
G

n
      I

8
1/2

     II
6

1/2
 III-IV

5
1/2

     V
5

T
o fa

cilita
te th

e a
p
p
lica

tion
 of m

y gen
era

lised
 em

p
irica

l la
w

 I h
a
ve con

stru
cted

  a
 n

om
ogra

m
.  T

o en
a
b
le th

e in
terested

 rea
d
er to 

con
stru

ct h
is or h

er ow
n

 gra
p
h

 I h
a
ve in

clu
d
ed

 a
 solu

tion
 exa

m
p
le in

 th
e a

p
p
en

d
ix.



T
o  u

se th
e n

om
ogra

m
 - 

(i)
d
eterm

in
e th

e a
p
p
rop

ria
te p

erform
a
n

ce in
d
ex from

 th
e ta

b
le;

(ii)
con

stru
ct a

n
 isop

leth
 to th

e p
a
rticu

la
r va

lu
e of ∆

m
;

(iii)
rea

d
 off th

e corresp
on

d
in

g resolu
tion

 fu
n

ction
 Sρ

 u
sin

g th
e righ

t h
a
n

d
 sca

le;

(iv)
con

stru
ct  a

n
 isop

leth
 con

n
ectin

g th
e telescop

e a
p
ertu

re a
n

d
 th

e resolu
tion

 fu
n

ction
  

Sρ
 d

efin
ed

 on
 th

e left  h
a
n

d
 sca

le;

(v)
rea

d
 off th

e corresp
on

d
in

g sep
a
ra

tion
 in

 a
rcsecs.

T
h

e  m
od

ified
 R

a
yleigh

 lim
it for  ε =

 0
   is d

escrib
ed

  b
y th

e term
:∆

m
=

2.810
+

7.370
lg

10 −
1

Sρ
 

----------- (see a
p
p
en

d
ix for d

eriva
tion

).  

T
h

e R
a
yleigh

 lim
it  m

a
y  b

e  a
p
p
lied

 to u
n

eq
u

a
l  p

a
irs b

elow
 a

 critica
l va

lu
e of ∆

m
  corresp

on
d
in

g  to th
e in

ten
sity d

ifferen
ce   of th

e 

cen
tra

l ligh
t a

n
d
 th

e first rin
g.  W

h
en

  
Sρ

=
1.22λ

f
D

,
∆

m
=

3.44m
v   I h

a
ve  m

a
p
p
ed

 th
e resolu

tion
  b

ou
n

d
a
ry d

efin
ed

  b
y  th

ese 

lim
its.  'n

'  isop
leth

s con
n

ect p
a
irs of con

gru
en

t d
ifficu

lty.  D
ifficu

lty in
crea

ses w
ith

 th
e  n

u
m

erica
l m

a
gn

itu
d
e of  'n

'.   N
o
te   

Sρ
 

eq
u

a
tes to a

rcsecs w
h

en
  D

 =
 1

1
3
m

m
 ( λ =

 5
5
0
n

m
 ).  T

o  con
vert to a

rcsecs for a
n

y oth
er a

p
ertu

re, d
ivid

e 1
1
3
  b

y th
a
t   a

p
ertu

re in
 

m
illim

etres.

T
h

e con
clu

sion
s on

e m
a
y d

ra
w

 from
 m

y a
n

a
lysis of  L

ew
is' resu

lts a
n

d
 m

y ow
n

 a
re th

a
t, on

 th
e w

h
ole, sm

a
ll telescop

es p
erform

 m
ore 

efficien
tly th

a
n

 la
rger on

es.  E
ven

 in
 ra

th
er good

 ob
servin

g con
d
ition

s, la
rge telescop

es ra
rely a

tta
in

 th
eir th

eoretica
l lim

it.  T
h

ere a
re 

severa
l rea

son
s for th

is.  A
p
ertu

res grea
ter th

a
n

 2
5
0
m

m
 to 3

0
0
m

m
 a

re in
flu

en
ced

  b
y  seein

g to a
 m

u
ch

 grea
ter exten

t.  R
esid

u
a
l 

sp
h

erica
l a

b
erra

tion
 a

n
d
 a

 cen
tra

l ob
stru

cton
 w

ill a
lso red

u
ce telescop

ic p
erform

a
n

ce  on
  u

n
eq

u
a
l b

in
a
ries.  T

h
ere is a

lso a
n

 
eq

u
iva

len
ce  b

etw
een

 resid
u

a
l sp

h
erica

l a
b
erra

tion
 a

n
d
 a

 cen
tra

l ob
stru

ction
.  C

on
ra

d
y

2
3
 sh

ow
ed

 th
e A

iry d
isc is m

od
ified

 in
 a

 sim
ila

r 

fa
sh

ion
 in

 th
e p

resen
ce of eith

er a
  13

 cen
tra

l ob
stru

ction
  or a

 14
λ

O
P

D
 sp

h
erica

l a
b
erra

tion
.  D

a
n

jon
 &

 C
ou

d
er

2
4
 a

lso p
oin

ted
 ou

t 

th
a
t even

 sligh
t resid

u
a
l sp

h
erica

l a
b
erra

tion
, w

ith
in

 th
e R

a
yleigh

2
5
 criterion

 for d
iffra

ction
 lim

ited
 p

erform
a
n

ce  14
λ

O
P

D
 w

ill grea
tly 

in
crea

se 
sen

sitivity 
to 

seein
g. 

R
eflectors 

a
re 

p
a
rticu

la
rly 

p
ron

e 
to 

im
p
a
irm

en
t 

of 
resolvin

g 
p
ow

er 
d
u

e 
to 

th
erm

a
l 

la
g, 

a
n

d
 
th

e 
con

com
itta

n
t d

ep
a
rtu

re from
 d

iffra
ction

 lim
ited

 p
erform

a
n

ce.  T
h

e cen
tra

l ob
stru

ction
 exa

scerp
a
tes th

is d
ep

a
rtu

re, a
n

d
 red

u
ces th

e 
efficien

cy in
 sep

a
ra

tin
g u

n
eq

u
a
l p

a
irs.

I w
ou

ld
 lik

e to th
a
n

k
 R

ich
a
rd

 B
erry a

n
d
 D

a
vid

 S
toltzm

a
n

n
  for su

p
p
lyin

g th
e com

p
u

ter gen
era

ted
 P

oin
t S

p
rea

d
 F

u
n

ction
s sh

ow
in

g th
e 

effects of in
crea

sin
g ob

stru
ction

 ra
tio a

n
d
 th

e a
p
p
ea

ra
n

ce of u
n

eq
u

a
l p

a
irs corresp

on
d
in

g to T
rea

n
or's m

od
ifica

tion
 to R

a
yleigh

's lim
it, 

a
n

d
 to R

oger S
in

n
ott for p

erm
ission

 to rep
rod

u
ce P

eterson
's d

ia
gra

m
.  I w

ou
ld

 a
lso lik

e to exp
ress m

y gra
titu

d
e to P

h
il H

orrock
s for 

ch
eck

in
g m

y  m
a
th

em
a
tica

l a
n

a
lysis , rea

d
in

g th
e p

roofs a
n

d
  su

ggestin
g im

p
rovem

en
ts.
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