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siuta Biography

PERSONAL

@  Amateur astronomer for over 40 years
with interests in visual, ccd, and telescope
collecting, remote observing

Past-President NOVAC
Past President Birmingham Astronomical
Society

Past President Rappahannock Astronomy
Club

a Academy of Optometry @  Observing privileges at USNO 1991-2001

Developed StarPoint astigmatism lens
(see Sky and Telescope, September 1995)

er, Virginia 20
nerican Optometric Assoc.

inia Optometric Assoc.

o] Married 24 years with 4 children

Past- President Battlefield Optometric
- Society



General Eye Anatomy
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;\je'"' Eye-Visual Acuity

20, but many

a person

y true in 'brlght light (photop
ions)

light (scotopic conditions),
uity is much less and may not

0 see color.

neans a person with normal
an 1dent1 81 at 40 feet but you
me into 20 feet to identify

ans a perso}r: with ?ormal
t approach to 10 feet a letter B s tnin . Of
erson with 20/10 can see at r DR e

Visin
that the
20 feet

Fig. 17-6. 20/20 Snellen’s letter.

o} Photo credit :Adlers Physiology of the Eye, p421




Visual acuity 425
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Fig. 17-11. Fiftieth percentile of distribution of measured
visual acuity in the population, graphed as function of age.
(Data from Weymouth?®).

ACUITY DECLINES WITH VIEWING RETINAL

ECCENTRICITY
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Fig. 17-8. Visual acuity (Snellen’s fraction) as a function of
retinal eccentricity. (Data from Wertheim.??)




Jisual a it‘ depends on many factors

Ametropia
rder aberrations present

\lity of pre-corneal tear film (primary
ting surface of ey
e of lens transparency (cataract)

ee of vitreous floaters/syneresis

@ Re | health (macular drusen or degen)
@ Density of foveal cone photoreceptors
= Optic nerve/neurologic health



Simulation of reduced acuity

What is having low
vision like?
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e " 20/70

Cao Thang Internasonal Eye Hospita

20/200 20/400



viajor structures through which light
jasses on way to retina

Tear Film
erior chamber)
us humor (posterior chamber)

7 Retine er segment
- Photoreceptors-retina outer segment



Normal Eye-Color Vision

pes of photoreceptors:
ight (can detect a single photon) but can

not very sensitive xht but can discriminate color.

ses of cones: Blue (peak sensitivity 440-450nm), Green
n), Red (570-590nm)

ple with normal color vision can differentiate
th changes as small as 1-4nm.

Color vision carried on X-Chromosome-if defective leads to a
Red-Green color deficiency

Like VA-color vision decreases with increased viewing angle
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1O0W many colors can you




niine iIGame color discrimination test

oo AT&T = 11:26 AM

& igame.com

éBVHICH ONE OF THE BOXES ( “

HAS AN IRREGULAR COLOR? \

SCORE: 9 ERRORS: 0
\

MmO




Continued

ISION

olor deficient



g' lor Vision-Continued

10N is subjective-depends on
neters including;:

wavelengths of other objects in the field
ultaneous color contrast)

atensity of light (must be above threshold)

= The wavelength of light from the object the
observer looked at just prior to looking at new
object (successive color contrast)







sive Color Contrast

ges
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Normal Eye-Sensitivity

ts its gain based on local lighting
d light/dark adaptation.

ness from a bright daytime
night is about 100 million

ts most sensitive-the rods in a young eye
letect a single photon of light!

@ The eye actually bins its rods allowing
summation of multiple receptors which
increases sensitivity but also lowers resolution.



- Ma adies of the Eye

TREATMENT/PREVENTION

@ Artificial tears such as
Systane(Balance or
o, scratchy, tired eyes. Ultra), Refresh Optive

s contrast sensitivity Advanced

HELE NUMeETOUS- = Hi Purity Omega-3
tions are often

but inflamed eyelids = Restasis/Xiidra

btoms include blur
fluctuating vision,

pharitis/roseacea) and : :
thyroid and auto-immune Lid Hygeine (] Ohr}son
disease common causes. Baby Shampoo,Chradex

Contact lenses also a factor. or Ocusoft Lid Wipes)






Vialadies of the Eye

JPHY TREATMENT/PREVENTION

m Artificial tears/lid
w | hygeine
surface can be affectec Y8

,middle, or inner

Fuch’s)

Hyperosmotic solutions
and ointments (Muro

se are hereditary 128 5%)
1 R the corneal m Gas Perm CL or Scleral
- surface scattering light- Contacts

reduces both acuity and

~ contrast sensitivity. = Corneal surgery

@ Can be progressive



ANTERIOR DYSTROPHY




ladies of the Eye

TREATMENT/PREVENTION

@ Wear sunglasses when
outdoors that block
UVA/B rays.

st region of lens) = Don’t smoke

Cataract @ Cataract Sx (monofocal
ng of outer shell) IOL, bifocal, diffractive-
: Subcapsular recommend Symphony
(cloudm of back surface

. for astronomers)
- usually on or near visual

axis)



Schematic of eye with cataract

' ,‘ normal lens



Cortical cata




Vialadies of the Eye

TREATMENT/PREVENTION

=@ Protect eyes from sun
when young-wear
sunglasses

Don’t smoke-doubles risk
of getting macular degen.

s/cones in the

| < r fluid leaking

It is the single biggest
tina. Wet-blood modifiable risk factor!
y ausmg damage © Dark green leafy veggies!
and scarring = Eye injections can help

with wet form, but no
treatment for dry form.



WET




Vialadies of the Eye

TREATMENT/PREVENTION

@ As genetics and race are
important risk factors
prevention centers on
routine eye exams to
detect and treat while
still in early stages.

‘contrast se ,
sses to loss of central visue

chanism believed to be
0 nerve axons from either too

ure in the eye or poor @ Treatment includes eye
om supply blood vessels. dr ops
es-most common form is ,
open -angle glaucoma. Hereditary medications ,laser p
component, as well as race (African-
Americans at increased risk) SUrgery.






*ed effect of glaucoma on vision-note loss
1trast sensitivity and color saturation

glaucoma



tween Rods and Cones (Curcio et al)

CONES

Less photopigment

. Fast response-short integration

| _;eponse
1ed)

ionally sensitive

Non-saturating (except blue
~cones)

Directionally sensitive

) ergent retinal @ Less convergent retinal
pathways
ity = Lower sensitivity
_ow acui = Hi acuity
Achromatic-one type of pigment @ Chromatic-3 types of color

sensitive pigments



Primer on Human Dark Adaptation

Provides 100 million X increase
in sensitivity allowing us to see

from a bright sunny day to a
dark WV night.

Most effect within 30 minutes,
continues for up to 2 hours.

Two factors-increase in pupil
(16X) and neuro-chemical
( 6 million X)

Two light sensitive cells-rods
and cones both undergo dark
adaptation.

Cones dark adapt much quicker
than rods, but don’t achieve as
high sensitivity as rods

Cytoplasmic Outer
membrane segment

Connecting
cilium

Mitochondria

Nucleus

Synaptic
vesicles




Dark Adaptation

illion
nan retina-
ones The retina 471

180,000
JST O er 160,000

where there are ur I
00 /mm2.

100,000
5 in fovea, but increase to :‘;;’ZZ
m density of
m2 about 15-20 20,000

40,000
» AV ay from fovea. 70° 60° 50° 40° 30° 20° 10° 0 10° 20° 30° 40° 50° 60° 70° 80° 90°

Number of rods or cones
per square millimeters

Temporal on retina Nasal

Or cones at OptiC nerve- Perimetric angles in degrees

Fig. 19-12. Distribution of rods and cones in human retina. Instead of retinal distances, Osterberg’s values for
) ] 2 bout 15 degrees nasal comesponding perimetric angles are given. Although approximate only, especially at higher angles, such values
- . in practice than distances on the retina. Note distribution of rods and cones on nasal side in and
from oV > in each eye (prO] eCtS ca n on this graph, would be approximately the same as distribution on temporal side of retina,
¢ left of vertical passing through 0 degree on angle scale. (After @sterberg: from Pirenne, M.

temporal ” ision and ye. London, 1948, The Pilot Press.)

Very few cones in retinal
periphery
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/

3.4 THE SPATIAL MOSAIC OF THE HUMAN
CONES. Cross sections of the human retina at the
level of the inner segments showing (A) cones in

the fovea, and (B) cones in the periphery. Note the
size difference (scale bar = 10 ym), and that, as the
separation between cones grows, the rod receptors fill
in the spaces. (C) Cone density plotted as a function
of distance from the center of the fovea for seven
human retinas; cone density decreases with distance
from the fovea. Source: Curcio et al,, 1990,




Distribution of cones in human fovea

Cone mosaic

ere cones are not
ibuted randomly-
ry few blue cones at
very center
" @ Ratio of R+G to B cones
is 100/1




0ds are more sensitive to light because they have
othhmore light sensitive pigment collecting surface

At the lefr is o generalized conception of the importont structural features of o
vertebrate photoreceptor cell. At the right are shown the differences between
the structure of rod (leff) and cone (right) outer segments. These diagrams are
from Young (1970) and Young (1971).

cone cell

ganglion

direction of light

|
bipolar nerve fibres

neurone of ganglion
cells
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1d Cones respond to different wavelengths

(yellow-green), while rods
re most sensitive to a
ightly shorter wavelength
000nm (green).

Relative Response (magnitudes)

his is known as the 4000 5000 6000 7000
Sata R A Wavelength (angstroms)
kinjee Shift

h taken from Visual
Astronomy of the Deep Sky-
Roger Clark-data from
Kingslake (1965) and
Crossier and Holway (1939)

-~
o
°
°
2
&
>
s
E
e
°
@
c
3
=3
o
°
o«
o
>
=
=
]
o«

5000 6000
Wavelength (angstroms)




Dark adaptation takes time

Dark Adaptation at Different

apt first, o $
3
ones take about 8 minutes 25t B
1

Time in Dark (minutes)

dapt and achieve a 1-2

itude gain, then rods

gin adapting and take up

0-60minutes with another outaran-iaes Ovects

nitude increase in
sensitivity

@ From VAOTDS-data by
Middleton,1958 and Hecht et
al (1935) and Bartley (1951)

Figure 2.4. a) Dark adaptation measured with a 2° diameter test object placed at various angular
distances from the fovea. Derived from data in Middleton, 1958

N
o

Surface Brightness
Object
Diameter

(magnitudes / arc-sec?)

N
L

) 10 20 30
Time in Dark (minutes)

#) Dark adaptation as measured with test objects of different angular sizes located 3t 1

center of vision. The sizes are the diameter in degrees at which the objects could just
detected. Derived from data in Hecht et al. (1935) after Bmley’c(cml)-




OCI

Vo T

2° field in
different retinal e |
positions

Log | in micromillilamberts

0 10 20 30
Minutes in dark

Fig. 16-10. Dark adaptation as measured with a 2-degree field placed at different distances from center. (From
Hecht, S., Haig, C., and Wald, G.: J. Gen. Physiol. 19:321, 1935.)




Techniques to Maximize Night
Vision

ark Adaptation

e. Exercise, eat healthy, consider smoking cessation if smoke

ou are well rested, wear sunglasses with UV /Blue
gles that helpful. Avoid excessive alcohol as it sedates

bserving stay hydrate 200d dinner, then allow fully 30-60 minutes before
‘your critical observing.
1 lighting to look at charts if needed, but even better is to avoid this as much as

ause even slightest amount of light raises threshold detection significantly.

n effect-can drape cloth over head while observing.
e-observe slowly and carefully.
f pharmacologic dilation, or breathing pure O2 unless at high altitude.



echniques to Maximize Night
~ Vision

rast Sensitivity

anti-reflective coatings, especially if you have astigmatism.
nove them. Experiment. Use artificial tears to lubricate
neal tear film intact as that’s the PRIMARY refracting

ntacts-consider obse

i out them as they tend to dry at end of day thus
‘and reducing contrast sens

ear contacts-use rewetting drops. f esh Optive Advanced/Systane Balance.

eyes dry out!



to “See” at Night

inuous T
ethmg N

y experie
no interest for me.
agree to attend
rest, experience is an
am James-American
hologist
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Ips .om Visual Astronomy of the Deep Sky

Ity

background, but can
improve visibility.

i degrees to rig
object to increase

e carefully,slowly.

lowly move telescope
ance detection of faint

asing magnification
does not increase contrast of
an extended object with sky

m Don’t be afraid to use

medium or even high
magnification (depending on
surface brightness). This
increases chance of detecting
object or feature by
increasing apparent size
which at any given sky
background brightness
lowers eye threshold contrast
detection limit (up to a point)
See Clark’s Fig. 2.6, p.13 and
read Chapter 6.

Sketch what you are looking
at! One of best ways to learn
to see! Or SKETCH AN EGG.



I he “most important diagram “in the book
L ets look at what it means
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NGC 6826 700X (way above OMVA)
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NGC 7027 700X (Way above OMVA)
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NGC 6545
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NGC 6210 (Turtle Nebula) 700X
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Thank You!
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The gentle light of a distant galaxy
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