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INTRODUCTI ON [EE TR | :
Simonson & Brozek (1952, p. 357-358) consider |

'-'repeatea intraindiv1aual determinatlons of—fll@her

fusion. frequency (£ff) to be stabie over relatively
”m,,mmff;Ligwwmlakg‘peFl&dshﬁf time, Whéﬁfff”i§'déterminéﬁ“ﬁﬁﬁérw‘?7mﬁffwMﬁigiﬁ
standard conditions. Over short time intervals,
using a standard procedure, practise effects are absent
andintréindividualAvariabilitynon-significant. It is
assumed that no extraordinary physiological stress such
as iilness or malnutritlon has intervened. A drop in
1ntraindividua1 fff 1s expected after several hours of
~strenuous visual work and can be interpreted as a
fatizue effect, . |

However, Snell (1933)”estéblishedf%hatwexposure to
é‘slovly flickering 1lizht projected on a sereen produces
a pronounced decrease in fff., In Snell's eXperiment,
the subjects spent a half hour,periodwofaadaptation to
low illumination-followed“by a‘half hour”perigdan“Mww B

exposure to slow flicker in which a monocular eff reading

b“‘.
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a inability of anabclic prucesaes to procsea as rapiuly as
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},'  att?ibuted the decrease in g;{_to retlnal fatlgue and _,«;h; ;A‘ _é
_ B concluded that "fatigue from flicker depends on'the = ]
: perception of the fl;cker rather,thanuthe absglutgwrgte_l -
T of alternation. W

“””"“M”T””""' 'SimonsonandBrozék (1952;ﬁ.'§63)confirﬁédthéf"hMMMJWMMMWMM'U

eXpbsure to a'flickering light produces a pfongunced

decrease of the £ff. 1In this experiment, exposure to

- coarse fll@keﬁ defined as a rate of 25 flashes per

second below the fusion frequency, produced a 81gnificant

'drOp in fff within two minutes, the fff dropping further
until almost ten minutes of exposure had elapsed. | -
Simonson and Brozek comment, "the short duration of

s ' ™

exposure seems to exclude acceptance of a ‘general!

: !
fatlgue of the CNS as a basis for this phencmenen,.the ‘
more so as the greatepc daop occurs in the first minutes - “f““““ “”}

of exposure," and suggest that the described effect might
| | !

be interpreted as an 'adaptation' phenomena.

The following experiment was undertaken with the aim

of collecting more definitive data in regard to the effects

2 S Py - ,531.2‘3--.,: - Y S W FU S h: [ 2 . 200
of exposure ©o coarse flicker so that the drop in Iff
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intermittent stimmlatlon of anendworgan and nerve in the .
frcg9 p@stulates that th@ @har@@terwgtic@ of nerve and | e
end organ adaptation are Stflkzmgly different from fatlgue
in that time relations dlff@r9 as adap ation develops |
'"more quickly than fati gue and recovery is almost instant=

aneous on removal of the stimulus. Adapted nerve, a nerve

which had adapted to a state of complete unresponsiveness
to a constant stimulus, has ability to respond instantly

to an increase in intensity of stimulus, whereas, a

nerve fatigued to unresponsiveness cannot be excited by

~any change in intensity of stimulus.

- METHOD | - ﬂ

Apparatus:. An electronic instrument consisting of'a glow
| modulator tube and a regulating mechanism,
}wh;ch allows the frequency and other properties of the

light emitted from the glow modulator tube to be varied, .

]

e was used far the fff d@t@f%iﬁétl@ﬁsal The instrument was

placed on a desk, and the glow modulator tube was mounted

- 1in a fixed position on top of the carrying case housing

-
- - —i . A e R @ GPT Gl ~ NI '-‘N‘twm”“ﬂvﬂ
2 PSS 00 4" Mgt AR BTITR " - AT, T Kt G AT TR S AW IR wa s e RS AR oy WER i @, R SO ~"e“ﬁ L R g %Y IR ¢
e M W 2y <tv v

T "the Tegilating eguipment... As the room-available for the =

1, A detailed description of the 1nsfrument and its e
operation is glven in Appeﬁd1" I. v < :
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 experiment was ordinarily used as a stﬁdy,rwindowshadeé “_5?\4"2
and closed doors we%@mggd to eliminate @utd@@f.ligh@as e
‘much as possible, and the fff determinations were made
under artificial fluorescent lighting. Room illumination
... at the subject's pésitign during the testing a.p_prgximat,e‘d_,
fifteen International Candles as measured by a Weston
Illumination Meter, Model 603.
The subject was seated at the desk, his back to the
window, and his eyes approximately eighteen inches from

the emitted light. This distance was measured with a

ruler at the beginning @f the experimental session. The
';expef enter was seated on-the opposite side of the desk

facing the subject and the regulating dials and switches

of the instru@ent.‘ ' |

Subjects: Ten male undergraduate studentS'within anwage

range of eighteen to twentymthfee years

- | - volunteered to act as subjects for the experiment. (The
subjects have been assigned numbers from one ©o ten for

reference purposes, and are designatédjby'number in the

~ remainder of the paper.) Six subjects had normal vision:

Grmenm D0y Doy v o Wt df*%ﬂ'ﬂ‘)’ﬂr%’.—"
. LD - £ I i1gara L5 VL AR e e . ¥ e i ARzt 210 « ORI -1y QY 8 S WTARIT gy R DT B ot P rA AT D - a ATH AR s €5, n et ® P ‘ an st = €, -an roe .J;"‘#’ - g
o 0 ‘ " -~
tug 3 ~3
s

e .
- - e e Stigiects nugber_3 and_pumher.l) were nears&gbtgd'.and o

two ({subjects number 1 and number 6) were farsighted. The

 subjects with visual abnormalities wore glasses during
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- the experiment. y ‘~,'d5‘n~f'l .  _ "j ?;{5

Procedure: The instrument for determining flleker fu31on

frequency was adgusted to a llght derk ratio

of 50: 50 and a ‘brightness of 5091 A test pe eh area 3 mms.
[Win diamEtﬁf W@SAQh@S@ﬁ,QS,ﬁhLS provided ayhomogenousmw,umwnumnrnﬁnwnwww

emitted iight@ All £ff de LCFMlH%thRS were made by the

discontinuous method using steps of one cycle per second
and a one second exposure time. Ascending fff determina-
tions were begun at exposnre to a frequency of thirty

flashes per second, and descending ff{ determinations

.~ ~Were begun at exposure to a frequene§ of fift%afive
| flashes S per second. As a frequency of fifty-five flashes
per eeeond is a subjectively steedy light, this frequency
was also used for exposure to "steady light", "Coarse
flicker® refers to a flicker frequency of fourteen flashes
per second a readily discernible fllcker. Coarse flicker
was operationally defined as fourteen flaShes per second
,Ugg«this was the lowestfrequencypoesible:with.the. f.,w.{eewn,wef—wz
| instrumento‘ The starting points of thirty flashes per J

S 4 4

second for ascending Tl determinations and fiftyafive

Rt T iR U SR Q‘.»-—u T P D "y o~ v OM”—J—” m‘
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3 -~-*“""*i?““56*ie“Hﬁ'ﬁ?bit?éf?“ﬁélue’soaled to tne 1nstrument |
- not a conventional measure of ‘brightness., (See -
| imnendix I, ) e i
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flashes per second for descéndingfgf determinations were
- chosen as. both 1lie inRangeBoffthe instfﬁmentrana;so ?'M;w;x~*-i
invoivéd the least manipulation of the ins%rﬁment durihg . :
 the'fffidetermigétians;. (See Appendix Ig)‘i L - ,« ‘m'f *f:~;;j
‘ ) Ag,fﬁf.varieg,£§ng§ubj§@t %o gubjeet;»thé é#periment~~~»WMM¥l-w-;
w1 was designed as a'series of repeated cbservations using
each subject as his own control. Intraindividual f£ff
has been known to drop over the course of the day, so
it was necessary to arrange for the experimental sessions

to take place at the same time of day on different days

for a given subject.

The complete experiment required eight half hour i

| h i

experimental sessions for each subject. With the | ﬁ
exception of the first experimental session,'which was

used to familiarize the untrained subjects with the | mf¥ ,41, 'W

method of determining fff, the experimental sessions

can be generally described as follows: At the beginning 4
of each session, ascending and descending fff determina- o J

tions were made ﬁo‘pFGVide a standard for comparison |

with ﬁ&;a obtained ﬁfteF‘EXpﬁéﬁfe to coarse flicker or :

cwee oo v gteady 1iPht. A perio@ ol exposurs toesuLse TIickEr U 4 o e -

followed in order to study the-drop in fff induced by o
R o e N —

this stimulus. The period of éxposure to coarse flicker

‘\ .
&)

- B,
.o -
gas Nvgg‘i::gﬁ Ay
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'was followed by a perlod of exposure to steady light to

§ ~discover'whether -the fff would rise to %he level @bS@FV@d o

.of the subject, Experimental Session 1 was used to

__ determinations, because they serve as a “standard” or

prior to exposure to coarse flicker during“exposure to

steady‘light. e B h
 The 1ntroduction of a subjectively steady light, a |

frequency of flftyeflve flashes per second was intended

as a control, as it pPOVlded a standardized stimulus not

affecting the fff -(Simonson & Brozek, 1952, p.36L) on
which the subject could fix hie gaze during the possible
"recovery period".

As the subjects were untrained and the accuracy of

an fff determination is dependent on the careful judgement

provide them with practice in determining fff. The
asceﬁdlng and descendlng fff determlnatlons made in
Experlmental Se331on 1 and at the beginning of each

experimental session are referred to as “standard® fff

=y 39 M < -~ - - - . :-m- k2 S b BN R
induced by egpeeare L6 toarse [flicker and

EA0E IIB0E. 2 -1% 2l d. cases. Lhe stsnderd

Ei
i

fff determination is the mean of four 81ng1e observatlens,

~single ascendlng and single descendlng e determlaetlons_;;;'ﬂwmwm'»”f

(7)
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'being made in alternate order as described in steps 1 to

8 of EXperlmental Se331on l. (See Table I, PageiB) <

- Several seconds elapse before a single fff determina-

B

tion can be made, so it was decided to forego the

advantages of the better e stimate of fff obtained by o]

averaging several 51ng¢e observatlene 1n_e?de? to
interrupt the periods of exposure to coarse flicker’or'
steady light as little as possible. For this reason only
single fff determinations were made during the exposure-
periods. The time required for a single fff determination
varies directly according to the levelkef the subject's
fff above or below the starting point, thirty flashes per
second for the ascending fff determinations and fifty-
rfive flashesAper second for the deeeenﬂ?ng Te£f deeermlnaé

e

tions. The expdeu?e perisd thus Fepresenﬁeaa’tlmed

period which is interrupted at various?pqints for a short

but indefinites time interval in order to obtain a single

fff determination. The time used for the fff determlnatlon ’H‘ L

"was not 1ncluded in the tlmlng of the exposure perlodo.

Experimental Se851on 2 began Wlth standard ascending

£
L

ﬂ

J‘ ﬁ j?ﬂm@ﬁi&ggi? hLﬂi’h‘t ..) . ‘9,4 R E fl
BEb w - N I R ;wwhuwn

Miila '

and_deseeedlﬁ@ £EL

o = = =
ﬁﬁﬁ 5”1?18%: 1‘?3’3‘2 '%' *.,..E,..i,
ST B e '

9

“‘“i
(D

a periocd of ten minutes t@tal ECCQ@HL&%%Q exposure to o
coarse flicker, ending with a single ascending fff

(8) -
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determination and followed by a period of ten minutes .

_total accumulated exposure to steady llght@ The period

~of exposure to coarse flicker was interrupted at two

wwtiene- and %he pefl@d e? eypeemre £0 steady llght‘was

minute intervals to obtain eiﬁgle ascending £ff ﬁe@ermina-h

interfupted av @ne minute 1ﬁeervalu to obtain ‘single -

‘descending fff determinations. As the time required to

' ‘obtaln the single fff determinations is indefinite, it

{is not included in the exposure time. The main purpose
oflEx@erimehtal Session 2 was to obtain a general
picture\ofthe drop in fff induced by exposure to coarse
flicker'and'the peeeible rise in fff during exposure to
Steady lighﬁ by means of systematic observations. The
ieietematic'observations made at one minute intervals
during the period ef'expeeure to steady light were used
as a stendard procedure in the following eeseienegltaking

place as described in steps twelve to thirty-one of

Experimental Session 2, and are referred to as a "recovery

period". (Sece Table I, Paszell)

WJ§¥$§$ﬁﬁtjgﬁilym%ﬁ@“F%mﬁéﬁéﬁi?-iﬁ erdei - Lo deteruine the

fff auring the perlod 01 exposure to coarse fl ‘k r,;it

~ Seemed PSSlble that thege‘;nterruptiens_m;ght have

(9)
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affected the drop in fff induced"by-expééuré to coarse ! ;

" flicker. Therefore; in.Exper i,f_tal Sessions 3 through - ..

- 6’ é Single ascending fff determinatign was made during - # ;_

g

the‘period of exposure to coarsé flicker and a single
"ascending fff determination was made at the end of the
ten minute exposure period. The single observation
\during the period of exposure to coarse flicker was
made after two minutes exposure in Experimental Session
3, after four minutes eXpOSure in Experimental Session
L, after six minutes exposure in Expérimental Session 5, |
and after eight minutes exposure in Experimental Se831on - | | §
6. The order in which Experimental Sessions 3 through '
6 were given to individual subjects was randomized to
control for a possible sequénce effect. (See Appendix
II, Page I.)

Experimental Session 7 involved a change in the
brightness of the emitted light during the period of
~exposure to coarse flicker. However, the brightness _“w*ﬁgﬁfW”f,f
scale of the instrument was arbitrary at the time of
| gas could not

tab]

l’-io
o nl
-3
|20
oot
d"?‘
e
cD
n

the experiment and the change in

1EFN
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=
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é . . _ o e o P T ICRNARY £

) 2 \ o @A -~
I . be exprcssed in terms ¢f a2 general

m
'Ci

- _'measurcmanu oi brightness. The magnitude of the change o

T as appraised by the experimenter was small, and could

(10) =
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'*not be con51dered as a critical test of the hypoth981s

| that "a nerve adapted to a state of complete unr@spon-

~ siveness to a constant stimulus has ability to respond

1nstanﬁ1y to an increase in 1ﬁcen81ty of the stlmulus.

~'The detailed steps,forExperlmental.Sesslon 7 are given ...

in Table I, énd-aq*analysis of the raw data is included -

with the results, but the results have not been inter-

preted.
Monocular fff determinations were made throughout
Experimental Session &. The subject was,instructed to

hold a sheet of paper so that he could see the émitted

light with one eye, while the other eye was left open N

and exposed to the general level of illumination in

the testing room. One eye was to be expose& t6 the

coarse fllcker while the other eye was to be left open_3

but not exposed to the flickering llghte Monocular

- standard fff determinations were made, first from the

_eye to be expeéed to coarse flicker and theanrbmfthé““”““*

eye to be 1@?@ unexposed. Monocular single ascending

FEL determinations wer® made first from the exposed eye

o g

’

from t

o o

and t e e unexposed eve after four minutes of

exposure to coarse fllcker and at the end of the %9n

" minute perlod of exposure to ccarse fllckera' Exposure

(11)




'ﬁm ‘~at one minute intervals ll@wmd for the eye whlch had

been exposed to coarse fllcker unt¢1 a total of i1V°

minutes exposure to steady light had accumulated. The

~

subjects were dwv¢d@d randomly : inteo two groups, and. . .

for one group the right eye became the exposed eye, wﬁile_

for the other group the left eye became the exposed eye.

Experimental Session 8 was intended to provide an indié-

N ation as to whether the central nervous system as well
1as a_peripheral mechanism was involved in the observed
~drdp.in fff after exposure tQ'ccarse flicker. It was

- assumed ;hat'this effect might be transmitted through

pathways in the central nervous system and also affect
the level of fff in the unexposed eye. | |

As the detailed procedure involves a lengthy
sequence of ascending and descending fff determinations

and various periods of exposure to coarse flicker and

- steady light;-it~isvpresenpedminﬂtabularwferh~0£ Pag¢$

13 to 15.

g v e—-u-...-w-%"‘"‘"

i‘ to steady llght w1th single descendlng fff determinations ;“.~‘.'
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atsin atewome} e ’




i o . L
| = i
E - - i - - e B

o e.= “3;~.”* Detailed Experlmental Procedure TR RS e §

. '_fEXperlmentaI Session le

. 1) ascendlng fff»dezermiﬁation'” CLoE A
- 2) descending fff determination - T
- 3) ascending fff determination o Tt e
f L) descending fff determination = . - :
5) ascending fff determination
6) descending fff determination - )
7) ascending fff determination = .
8) descending ff7f determination
(The first eight steps in Experlmental Session 1 are
- hereafter referred to as "standard fff determinations". )
9) two minute rest perlod
10) standard fff determlnatlons
| fExperlmental 83331on 2e
1) standard fff determlnatlons
2) two minutes exposure to coarse flicker
~ 3) ascending fff determination | ~ e
L) two minutes exposure to coarse flicker ... . '
' 5) ascending fff determination |
6) two minutes exposure to coarse fllcker
7) ascending fff determination
8) +two minutes exposure to coarse fllcker
~ 9) ascending fff détermination - |
10) two minutes exposure to coarse flicker
11) ascending fff determination e -
- 12) one minute exposure to steady light -
'*'13) descending fff determination |
‘14) one minute exposure to steady light ;
15) descending fff determination S o
o 16} one wminute exposure to SHo aaV‘ilghﬁ..J;;:f. o e e
i ;17)<§@3g§§§img,9ff d@tP?ﬁlﬂabufu ) ST D S SPR
- 18} one minute exposure to steady 1ight | |
19) descending £ff determination
'~ 20) one minute exposure to steady light
-2 21} descending £ff determination
- 22) one minute exposure to steady light
- 23) descending fff determwnatlon




t“%;. 2&) one minute exposure to steady 11ght SRS ATTL A e
A ——25) descending f£ff determination e T e e L ,
26) one minute exposure to steady llght—*— | e
27) descending £ff determination - . o
28) one minute exposure to steady light
29) descending £ff determination
~ . 30) oneminute exposure: to steady llght
C31) deseendvng £ef determln&ﬁien

(Stepa 12 %o 31 inclusive in ﬂxperlmental;Session 2 are
hereafter referred to as a “recovery period"”.

%

Experlmental Session 3,

j $\\1 . standard fff determinations
2) two minutes exposure to coarse flicker
3) ascending £ff determination
L)} eight minutes exposure to coarse flicker
5) ascending £ff determination o
6) recovery perled .

Experimental Session 4. | - - -,

1) standard £ff determinations |

2) four minutes exposure to coarse flicker . | <
3) ascending fff determination | ’

L) six minutes exposure to coarse fllcker

5) ascending £ff determination

6) recovery period

Experimental Session 5.

standard fff aetermlnatlons » .

; six minutes exposure to coarse flicker -
~ascending £ff determination . e

; four minutes exposure to coarse flicker o " T

)

‘ascending fff determination
recovery period

SR (4 0 0 B ot it it B Al Attt e it P ity o s o N S Lo e R et L VUPRNEPRAPRY e S

l) sﬁaﬁéa?ﬁ ££f determinations
2) . eight minutes exposure to coarse flicker B N ~ A —

3) ascending fff determination

(14)
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‘L) two minutes exposure to coarse'flickerf:‘[;;i[ﬁfffjjfjlipw,_7
- 5) ascending £ff determination TR e R e
6) recovery period = | - e e
(The order in which Experimental Sessions 3 through 6
- mWere given to individual subjects was randomized to
control for a possible sequence effect.) . |
_Experimental Session 7. e
1) standard £ff determinations o
2) four minutes exposure to coarse flicker
3) ascending f£ff determination =
L) Dbrightness of emitted light changed to 10
| 5; six minutes exposure to coarse flicker
6) brightness of emitted light changed to 50
7) ascending f£ff determination
8) recovery period
Experimental Session 8.
(Monocular fff determinations were made throughout o
Experimental Session 8. One eye, referred to as the <
Mexposed eye® was*exposed to the coarse flicker and
steady light, while the other eye, referrad to as the
"unexposed eye® was shiélded from the emitted light
but exposed to the general illumination in the room.)
1) monocular standard fff determinations (exposed eye)
2) nmonocular standard fff determinations (unexposed eye) ;
3) four minutes exposure to coarse flicker (exposed e¥e)
k) monocular ascending fff determination (exposed eye
5) monocular ascending e determination (unexposed eve)
6) six minutes exposure to coarse flicker (exposed eye) |
7) monocular ascending fff determination (exposed eye) . .
© 8) monocular ascending fff determination (unexposed eye)
9) recovery period (exposed eye only)* |
(*The recovery period was shortened and consisted of
steps 12 through 21 of Experimental Session 2.) e e
(15) | *
>
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Instructions:

a.m. and 2:30 p.m. for all the experimental sessions.y
~ Verbal instructions were given after the subject had been
- positioned

~ ‘ascending fff'determinations, the subject was told,

instructionse“

was told,

'Each subject was asked tb come régularly

at-tﬁé same-timé”between the hours.OfV9:00

in view of the emitted light.

M S ey = = B RS Rd B

"Watch

‘the light carefully and say fsteady? when the light appears

steady to you.”® Before the descending fff determinations,

the sub jedét was told, "Watch the-light and say 'flicker'
when it starts to flicker." Before the varylng perlods

of exposure to coarse flicker and steady'llght the subJect
"Watch the light until you receive further

As a total of uwenty minutes of exposure .
tlme accumulated in each experlmental se3310n, except

Experlmenﬁal Session 1, the subjects were allowed to talk

| if’théy wished during the exposure pefiods,‘with occasional

at

reminders to "Watch the llght " In Experimental Session 8

‘the subgect was glven a sheet of paper and told "Hold the

. Before the | 4__%(

paper so that’ you can see the fllckering 11ght with your
rlght \left) eye, but not with the other eve."
clos

A few

I EEE R E R R E SRR ]

sub t ;h z%e&é&é % A

n;

* 9 2 W 3
o~ - el PPN
@ "ﬂet‘ﬁ“‘“ I
;

w%hemuﬁangS%d ~EYE

C..J,

:'.S‘"
’@i
c’E}

teld to keep bott eyes open.

I.-Seeﬁppendix 11, Page I, Date and Time of Testing.

v"'“ L o o B

Jrp

(16)
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LT The raw data for individual subjects is given im .=~ = ..

Appendix II.. This data consists of the ascending fff = -

; determinations and. the descending Tff determinations

fwigf“”fmﬁ”;fj“maﬁé at- the h“@in'i'g.@f @@ch eXperlmenta] sessions the :

single ascending £EE determinations made at intervals .
during the periods of exposure to coarse flickere and
the single desbending fffe deﬁerminations made at |
intervalsvduring'the periods of exposure to steady

light. For each subject'the mean of each set of four
ascending fff determinations made at the beginning of

the experimental sessions.is the standard ascmndzng

R fff determination for that session'and‘is used as the -~ =~ |
zero or reference point for the single_ascending'fff ;

- B _‘ dete?minations made during the period of exposure to o
coarse flicker'in the same session. Similarly, fof

each subject the mean of each set of four descending : 1

fff determinations made at the beginning of the . . . f

experimental session is the standard descending fff . o J

i
) : 5 ‘ - sj
o » ” g * ‘ }*
determination for that session and is used &s the |
C IR A Rl I R A N R N noe e m m s I A I IR T 4 2 a4 a4 44 & 4 a1 v bW ow oAE A R AN RN KR A TAA N !?lv‘b!%'
, ~ o ' - PR, a-n - ,43 R i s ':, P JO Qf@ B IR SRS B L Sopi e - - B eyt “"‘:'
s e eopeference point for - # n:“aiaalg Aeng;iLL% S i - = m————— e
SO . ; - o ' et ) i
7

determinations made
- steady light in the same session,

(17)
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'e’fff‘determinations’méde‘durinéiéhe periods of exposure :

to coarse flicker and the

- differences,

~that the fff had dropped during exposure to coarse fllcker_w

<
N

" The difference‘bet@een each of the sihgle'ascending |

2

esandlng standard ascend-

ing fff determinatidﬁé made at the beginning of the - o 1@‘ _
| experlmental se551ons were obtalned by subtractlng the -

single- escendln@ Pff determlnetlon from the epproprlate ;

standard ascending fff determlnetleno These differences

’arehégveniin Table II, Drop in FFF during Exposure to

Coarse Flicker, pages 21 to 24. Having obtained the .
it was possible to test the null hypothesis
of whether the mean of the differences was 31gn1flcant1y

different frem zero using a method described by Smith

(1946, p. 65-70) to test the significance of a difference

'between the means of two small correlated samples. The

mean difference and the results of a paired t-test for
each set of differences are also given in Table II,

The observed differences which are significant'indicate

to a 1eve1 51gn1f1cant1y lower than the pre-exposure
level of the standard ascending fff.
The differences between.each of the single-descending
Fff determinations made during the periods of exposure to
steady light and the corresponding standard descendingp
(18)




e tfff determinations made at the beglnning of the experimental

sessions are given in Table III, Rise in FFF Duflng Exp@sure

"_to Steady Light, bages 25 to 28. The mean differe_c and
‘the results of a paifec t- test Tor esch set of dlfferences ----- T

iﬂfﬂ:;mwmw_,_are also given in Table III, -The-ebserved;diffefences “if;;“?f:%{

‘ which are not significsnt indicate that the fff had riseh | -

during eXposure to steady light to a level similar to

the pre-exposiire level of the standard descendlng fff,

The results of each experimental session are 1llustrated
in the graphs on pages 29 to 35, Each point on the graphs
1slone of the mean differences given.previously in
Tables IT and III plotted against the mimutes of acoumule
-— - -ated exposure, The zero or reference point is the standard
ascending f7f determlnatlcn for the indiviaual subgects
given in Table II for the minutes of accumulated exposure tog

coarse flicker, but this reference point becomes the standard

*descending fff determination for the individual subjects

;“given in Table III for the mlnutes cf accunulated expesure

to steady 11sht Throueh oversight a true zero point was
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the ascending fff determinations made st the be eginning of
‘the experimental se531ons (N ecuals 400) is 37.2 4 flashes

per second with a standard deviation of

(19) | | . ' c B
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1 93 flashes per second. The grand mean of the descendlng
'“‘ -e~:f:s  fff determlnatlons made—at the begln ing ”
R mental sessions (N equals hOO) is 37.80 flssheg'pefsecond:“ |

*vw1th a -standard dev1esion of 2399’f1 hes ser secend,; The - “ejsfﬁf*°”“

zero point for the deseendlng ffv determlnatlons on the euwjﬁwMW “
‘Agraphs is estlmesed to be 0. 56 flashes,per second (the

difference between the grand means) above the level of the
-~ ascending fff after ten minutes exposure to coarse fllcker.

As Experimental Sessions 3 through 6 are to be compared

with Experimental Session 2 to'determlne whether repeated
interruptions of the exposure to coarse flicker in Session
2 had affected the drop in fff, a brekenlline graph repre-
senting the results of Sessien 2 is inciuded'fer reference
‘with the selid.line7graphs fof'SessionSB.through 6. As
Experimental Session 7 is a repetition of Experlmental |
Session L with the exceptlon that the last six mlnutes of

exposure to coarse flicker in Session 7 were given with .; |

o meQe%#;mmwbrightness at 100 rather than at 50, a broken line graph i,fewf;wgfg
‘» representing the results of Session L is included for

S

{

%

¥ . "'. ) e ™S i

ac solid Hne graph for Se ession 7. ~In the - » :

. o 3 -~
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. Ior Experimental Session &, the broken line fepresents

-— . T et b
A s o i o o Vgl

grap:

I

‘the results for the unexposed eye and the solid line

‘represents the results for the exposed eye,
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.Expnrlmental Session 2

TABLE I
' DROP IN FFF DURING EXPOSURE T0 COARSE FLICKER

~ .- . Subject -Standard- - Minutes Exposure t@“Coarse Flicker
- Numben» -As. FFF =~ 2 L 6 v 10
Ji § 35?75 2075 2075 3 75 3075 3075
2 hloSO 5.50 6050 7 50 6050 7050
3' '35075 1075 6075 | 9 75 9&75 9075’
L 38,00 ~ 1.00 0.00 3.00 3.00 3.00
,5 36025 1025 ho25 ’ h 25 4025 h.25
6 36,75 Le75  Lo75 Le75 575 2¢75
7 ‘“39025 4025 5025 h 25 4.25 5025
8 37425 3.25 L o25 le25 325 3.25
9 35075 2075 3075 h 75 3 75 h0751
10 35.75 1.75 2.75 3.75 575 Le75
Mean 2.90 4o10 5.00 -5,00 5¢20
t De 98h* 6.741%  7,739% 7,775% 8,000%

Experimental Session 3

Subject Standard Minutes Exposure to Coarse Fllcker
Number . As. FFF 2 10
1 35.75 5.00 3.75
2 41,50 8.25 5.00
3 35075 7100 : 9.00
L 38,00 3,00 5.00
5 - 36.25 L e25 . | - 5.25
.6 3725 . 2,25 P - 5.25
7 39,50  L.50 e 3,50
8 37.25  2.75 3.50
9 - 3575 he50 3.50
10 | 35.75°  ho25 6.00
Mean he575 e h4975v .
SRR e 7793 | 69659*

¥ 1ndlcates that the critieal ratlo, t, 1s s*onificant at
the 5% level of confidence for a paired ‘t-test, N equals
10 9 dea‘reeq of f‘rnodgm, .

(21)
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TABLE II contlnued o
| Drop in fff Durlng Exposure to Coarse Flicker_

Experimental Session A

‘Subject  Standard Minutes Exposure to Coarse’ Fllcker
Number As, FFF A | 10
2 37 OO 3.00 Q.25
3 36.00 9.25 11.75
L 37-75 h075 ‘ 3075
p) 36.25 Le75 3.25
6 37.00 4.00 6.00
7 39.75 1.00 - 5475
8 3775 2.50 375
-9 36.50 3450 L .50
10 35.25 3.00 | 9.25
Mean | 3.950 | < 6,050
368%

t : 54725% 6.3
Experimental Session 5 .

Subject Standard Minutes Exposure to Coarse Flicker

Number As. FFF 6 10
1 3775 Le75 2.75
2 L1.25 Le75 - 8,25
3 36.50 9.50 8450
5 37.00 - La25 | L .00
6 36.75 Lo 25 Le75
7 10,50 Le75 - 5450
whg,u Tm37 SQ,W_. B.ZSMM_WMmWW?W?Wh‘50wMWw
9 36.00 3.50 3.00
10 36.00 5425 5.00
-~ Hean - 4900 2 5.000 %
£t . - O 074h% - 8.065% ”

b

¥ - indzcates that the critical ratio t, is significant at
the 5% level of confidence for a palred t-test, N equals
10, 9 degrees of freedom.

(22)
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., 7. Subject . .Standard. : Minutes Exposure to Coarse Fljicker R

~ Mean e L350 T 6350

R S R,

| Drop.in fff’During:Exposure to Coarse Flicker o S

Experimental Session 6 = = -

‘ . - . — B ——

Number As. FFF L s g 10
37,00 7 h.25 5,00 o
39.75 | 725 6,75 |
37.25 o - ’ 10075 11025 _
38.75 : 3.75 6.75 "
37.25 S 3.75  L.25 -
41,00 - 4.50 6,00
38.25 o - Iy \
36.50 L.00 2,50
36.25 5.00 5425

Mean S 5,075 5.575
t -~ 7.009% 7345%

et | o
O\0 003 O\\n-c-\»mH

Experimental Session 7

Subject Standard Minutes Exposure to Coarse Flicker
Number As. FFF A - 10

35.75 3.75 ) 9.75
h1650 6 0 - | . "8050, |
36.00 8.00 : - 11,00
38.50 3.50 o Ths0
37.50 - Le50 5450
37.75 3
4L,1.00 3
- 36.25 3
»35075 3

400
.50 e |

-
OV R~NOM\NLT\WN

t wmf ) o 8;529¥ | | o __\ 7.839$J

* indicates that the critical ratio, t;;is signific§nt'at o
the 5% level of confidence for a paired t-test, N equals
10, 9 degrees of freedom. T T

:50 h‘zs i et

75 sl
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e Subghts.

Drop in- fff Durlng Exposure to Coarse Flicker
| Experlmental Se331on g - Exposed Eye

Standarda ManuﬁeSvExposufe to Coarse Filcker
Number

A
sl
'

g,
)
3

- o
- OO B~I O\ EW N =

3750

-35.50

38.25

- 36.00
34,75

36.75
38.2 5
3
3

5.00 .
7e 5-

\UL
°
W

" As. FFF L - 10
- 37.50 |

® & ¢ o
N VDO IJONMNHRIWI\N
N \JCDvnm\nCMmCDCHD

N\ = W0\ -3 N

V1 DWW WO & \W

[ ] [ J ®
DDOMNIJJOMNDW»MI\UN\U
N

Lo175

6,
OV OO0 ¢+

6.

Experlmental Session 8 - Unexposed Eye

ct
N
o
~J

3

6.311%

~Subject

Standard Minutes Exposure to Coarse Flicker
Number

As. FFF b H - 10

- _ .

36.50
- 39.50

36.25

- 38.75
36.75

3k.75
38.00

38,00 -

3575
37.50

""2‘0 50

"'3.650

2.25
0.25
1.75
0.75
1.00
1.00
0.75

0.50

""0050‘

9.25
""0025
2.75
175
2.00

2.75

0.50

~ TABLE II, contlnued '-'"7'7»e[f’°3°;j;¥eigff{.y _}

'..1R?5
2.063

~Mean . 0.L25 EUTR
&t . G.9nE R

% indicates that the eritical ratio, t, is signiflcant at
the 5% level of confidencg for a paired t-test, N equals
.10, 9 degrees of freedom.
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SubJ&cc Standard

(!

TABLE III

RISE IN FFF DURING EXPOSURE TO STEADY LIGHT

Experlmental Session 2

Minutes Accumulated Exposuge to Steady;Lightc

10

Number Ds. FFF. 1 2 3 L 5 7 8 9 :

l 3705;0 2.50 "0950 0050 0050 1050 "0050 1050 "0050 "0050 1050

2 L7.2% 12,25 10.25 10.25 10.25 8325 8.25 6.25 3.25 6,25 17.25

3 380@0 3.00 3.00 2 .00 3.00 2,00 1.00 1.00 1.00 :=1.00 0.C0

: l-l» ,: 370 ' 0925 1@25 0025 1.25 1025 “‘0975 0025 0025 -;*'@Q?S _“0@75

5 38, mc‘ 3075 2.75  1.75  1a75  0.75 <0.25 0,75 2,25 <0.25 -1.25
6 . 31’}0&&; 0025 0025 lo25 "‘0075 "2075 "‘""1075 ""2075 "'2075 @EGF?S ‘”‘"19‘?5 J

— 7 LO.C0 3.00 3,00 3.00 L, .00 3.00 4L.,00 3.00 1.00 . 2.00 2,00
N 8 3725 2425 0,25 0.25 0.25 0.25 0,25 1,25 0.25 1.25 <0.75
:2 }9 35.00 2000 3 OO 2.00 2000 0.00 1000 -1.00 ;0.00 .’Odoo '91600*
10 38.2q 1(25' 25 -0075 0025 0025 “0075 0025 ;1025 1.25 ”0@75
Mean . | 3.05 2.60 2.13 2.33 1.73 1.05 1.05° 0.15 0.70 0.45

- t 2.82&* 2.774% 2,220 2,.538*% 2,057 1.060 0.01L O. 273 1.0h5 0.536

| 4 o
~ (Note“ A minus 31gn 1ndlcates that the Fff observed durln@ exposure to steady light

was greater that the pre-@xposure standard demc@nd?ng £rfs)

% 1ndlcates that the crltlcal ratio, t, is significant at the 5% level of confidence ~'Q ¥
for a palred t-test, N equals 10, 9 degrees of freedom. o : | BN

1




\ |
ﬁ\, ¢ | |
| e
TABLE III Rise in FFF Durlng Exposure to Steady nght Contlnued. ..gij_i}h
Experlmental uPSSlon 3 | g
Subjact Standard Minutes\AccumulatedQExposure to Steady Light‘! :   '
Number Ds. FFF 1 2 3 L 5 6 7 .9 .10
1 36,500  0.50 1.50 1.50 ' 0.50 0.50 -0.50 1.50 0.50 =-2.50 0.50
2 39 7;5 hq?ﬁ 2.75 1.75 0075 2.75 2.75 1075i -0.25 -0.25 G&QQS
3 36 ?ﬁ: 2075 0075 0075 1975 -0025 —0.25 “1925r -1025 ‘0925 @l ?5
L 39,25 Le25 3.25 <0.75 0.25 l.25 0.25 -=0.75 1.25 -=0.75 =1.75
5 v37¢@6: 100@ 2.00 1.00 1.00 2.00 loOO C.00 0.00 “laOG OQOO_
6 35050 3.50 2.50 1.50 1,50 1.50 0,50 0,50 0,50 0.50 0,50
7 L0225 725 Le25 2.25 3.25 2.25 Le25 Lo25  3.25 3.25 2.25
8' 38JOOE O.Q@ 0.00 0.00 OoOO' -loOO 0.00 “1@00 0900 “2&0@ @lSQQ
— 9 31,.0C : 1.00 1.00 0.00 -2.00 -1,00 =1.00 <=2.00 «1.00 -2,00 =2.00
fg{ }10_ 360753 2p75 0075 : 0075 50025 1075- 0075 @3025 %é1§25  0075 ~Oa25
=~ Mean . ,2:78  1.88  0.88 0.68 0.98 0.78 0.03 0.75 -0.43 =0.53
-t 3. 892* Lo h96* 3.007* 1.545 2.288% 1.5,L,0 O, 036 - 0.410 0.814, 0.961
Experimental 8551on L | |
1 38,501 2,50 0.50 2.50 1.50 1.50 0.50. 1.50 =0.50 '0.50 0.50
2 LOOOO h.OO AOOO 2000 3000 3000 2.00 2.00 : 20@0' ‘2.00 l@OO,
3 3725 3.25 225 1.25 l1.25 1.25 l.25 1.25 0.25 '0.25 0,25
‘h 39025 : AOZS ‘3‘25 ,‘0;75 0025 1025 0.25, ‘0075 1025 §Oo75 é1@7§
5 3?025 E 1025 2025 1025 2025 1025 0025 190925 1925 ~0925 @0073
6 34750 1.75 1475 l.75 075 0,75 1.75 0.75 0,75 0,75 <0,2
| 7 37075 X 1075s '2075 _ 2-75 1675 1075 1¢757 0075 -gle75 0675 gﬁegg
8 37075 ; ‘1a75 0175 0075 -0925 “0625 “0025 0575 ;=@ 25 0675 @0a25
9 35.00 2.00° 2,00 0.00 0,00 -1.,00 0.00- 0.00 <-=1.00 0.00 -1.00
ﬁ 10 37.00 3.00 1.00 1.00 3.00 3,00 3.00 2. OO 4%00~ 1.00 2.00
| Mean 2.55 2.55 1.35 1.25 1.05 0.85 O. 75 0.55 =0,05
Tt 7. 822* 7.083* 3. \579% 3 608w 3. 205% 3.181% 3, 148+ 2. 206 2e391% 0.149
| |
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Experimental d&SSlon 5

SubgectnStdndard
Number Ds. FFF

< 35.5C

O R~JOMWNnF~WN

10

Mean

t

L2 o2

: 310@

30,50

38.25
3&9§Q' 
LOLCO

38.25
35,00

37.50

1
p ¢!

1

; ‘2050 .

2.25

. 2.25

3 50
1.25
0.50
3.00

1.25

OOOO
3.50

1.50
2,586

Experimental Session 6

el i
O\O B~ OWIVE- W =

Mean

—

36.50
12 .50

36.75
/’Y o

hO.@”
38.7&

35475
39.25
L1.,C0
3525
35.00

e ¢ 03 e et et et e e e v SR b

;-1.505

6.50
2075
3.0C
1.25
Re75
0.75

- 3.00:
o 0625

0.50

© 1.93
2. 786* 3.154%

Minutes Accumulated Exposure to Stead

2

0.50
2.25
1.25

3.50

2.25

1.50
1.00
1.25
-1.00
2,50

1.50

3.8L6%

0.50
L .50
1le75
3.00
2e25
0.75

-0075
L .00

0025'

1.50

1.70

3

e & ¢ o o © o o
VT OMNOVINWVYI ) N
COMOOoOUVNMOUVIUVMIO

! - |
WHENOKMDONK

1,10
2.2L5

-0.50
5.50
0.75
2 00

1.25
1.75
2.25
3.00
“0075
-0050

1.40

202&7

L

-OQSB‘

325

1925‘

2050
2.25
0.50
1,00
0.25
0,00
2650

1.30
3.283%

—0.5@
2.50
0.75

1.00

2625
1075
3.25
3.00
“0075
0.50

1.38

3.022%

>

‘2050
1.25
-0.75
2650
1.25
0.50
2.00
0.25
'2000
250

0.50
0.893

-2.50

550
O0.75

2,00

1.25
=025

2.25

3.00

=06 75
”Ooso

0.78
1.090

6 7
-0050 -1050
1.25 3.25
0.25 0.25
-1050 0050
0.25 0.25
0.50 0.50
1.00 1.00
‘0075 -1075
-1.00, “1900
2,50 1.50
0.20 0.30
0.532 0.638
-5.50 -1050
Ll—.50 2050
0.75 0.75
1.000 -1.00
0.25 O0.25
~Le75 =0.25
2.25 2.25
3.00 2.00
-0.75 =1.75
0.50 2450
1.08 0.58
1.736 10080

TABLE III Rlse in FFF During Exposure to Steady Light, Continued.

y nght

'-ZJSO

325
“Oe75
@1950

1.25

1,50

0,00

0.25

=2.00

- 1.50
@Oelo

0.175

7-2050

'2050

- 0.75
- G.00
“v1025
,@@@25
- 3.25

2,00

=0,75
- 1.50

0.78

1.440

%-1;50

1.25

0.25
=050
0.25
;0950
- 1.00

0.25

-2.00

2,50

1 0.20
0.,88

-2.50
2.50

0.75

- 0.00
: 0925
075
5-3025 }
f 3900 |

“197§

- gge 5@

; 0.68
?1@133.
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37.00C
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36.75

FFF

.

¢ o
'KﬂCﬁﬁ\ﬁC)Cﬂjfjﬁth”

HHEHOWMDKHF-JOFN
L
OOV OWVIO O]

N

N

®

(943
VTN
@FC)‘

2

2e75
3.00
1.00
l!'OSO
0.00

0.50

-0075

-0.75
1.00

1075 :

1.30

* 2.L07

3

-1.25
3.00

1,00
2650

| “’1@00

0.50
2025

"’0975
~ ""’leoo
1075 '

- 0,70
* 1,372

Experlmpntal Session 8 - Bxposed Eye

;Meanﬁ

OOV RN WO

37450
38.50
33.75

- 3975

35,00
33.25

37.50

39,30
33.00
38.75

2o 50'.
Le50

375
—1.00
1.25

250

3.50

2.00.
L.75

2.35

0.50
3.50
"1.25
2e75
-loOO
2e25
1.50
h450
-1.00
3.75

1e55

- 1.50
- 3.50
}"2025
- 0.75
"”‘1000
225

1,50

' 1950
- 0,00

375

1.16

3.872% 2.313% 1.731

)

-0.25
3.00
1.00
1,50
0.00
0.50
325
0.25

-1.500
0.75

0.90
2.0L5

Only

"'Oo 50
2450
-2.25
1.75
“‘ila@O
0.25
PQFD
3450
0.00
he75

1.00

OMNvVOMNMVWHIETO

2

°
DDV OWN OO

|
= =

[
N O
WO

1.10
1.86L4

1.50
0.50

"2025 .

le75
""1.00
0.25
P.Fe.
3.50
0.00
3.75

0.88
1.448

N
ViniO OO O0O0OWm

0,00
2050
0,00
-0+ 50
2625
0.25
0.00
l.75

0090

(Power

TABLE III Rlse in FFF During Exposure to Steady Light, Contlnued.

¥“Minmtes Accumulated ExPOSPrg to Steady L;ght:

-0.25
3.00

'failuréj

2.00
0.00

‘ ',"'OQ 50
"" ""3 GO@

“"Oe 50
3625
-0.75
-1.00
0.75

0.10

LAl T . .
' : .

(t at 4 min and 5 min has only

8 degrees of freedom.);

| ..,10 Af}%
0.75

0.75
2,00
000
0650

ﬁ“B e@@
0,50
2025

-1.75

=2 .00
Lo.75

0,10

0,178
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'f”mlnuta intervals to ebtaln single, asggﬁ—ifg §”

“6“?é§éét the 6b3érvatiﬁﬁs of EXperlmental Session 2 - Uf~f“mﬂ¥7

The period of exposure to coarse flicker in Exper-

"imental Sesslon 2 had been 1nterrupted'Pe;ea@%ﬁly at two

b

‘M?,'atlons. ‘As a control, Experlmental Se351ons 3 through

except that one interruption toémake a single ascending

fff determination occurad during the period of ekposuré o
to coarse flicker and a seand sing}e ascending fff
determination was obtained at the end of the exposure

period. = The order in which Experimental Sessions 3

through 6 were given to individual subjects was random-

ized. The differences between the drop in fff observed
after various periods of accumulated exposure to coarse

flicker in Experimental Session 2 and the drop in fff

- observed after the corresponding periods of accumulated

_jcontrol sessions from the drop 1n fff observed 1n

exposure in the control experimental sessions were

obtained-by-subtraCting the drop in L observed‘in the

Experlmental Session 2. The differences are glven in

‘@ (4 [ *
Table IV, Differences in Dreop in FFF in Repeated
' - - o~ < o mfy - - .-.
Observations,; page 27, The mean difference ana the

f a paired t-test completed for each set of

differences are also given in Table IV. o B

(36)




L TABIE IV
R o DIFFERE NCES IN DROP IN FFF IN REPEATED OBSERVATIONS

865310n 2 cfo 86531on 3 Se551on 2 cfo Se551on h

SubJect leference Difference 'leference lefermnce | ” B
- Number 2 Minutes 10 Minutes 4 Minutes 10 Minutes . _
1 ' “2.25 o »0000 -1000 0 50.
2 "2075 b 2.00 3050 ' : _‘"l 75
3 -5025 0075 A , -2050 . “2000
b '2000 : -2000 "¥ -4075 '0075
5 | -3000 -1025 “0050 N .1000
6 2450 04,50 0.75 -0.,25
7 -0.25 1.75 Le25 -0.50 » -
8 0050 -0050 . 1075 , '0050 jgg
9 -1,75 1.25 0.25 - 0425 * B
- 10 =250 -1.25 -0.25 =L+ 50 |
Mean 1.675 | 0.125 0.150 | 0.850
t 2.4,81% 0.429 0.174 1.700
Session 2 c¢f. Session 5 Session 2 c¢f. Session 6 -
- Subject Difference Difference Difference Difference
Number 6 Minutes 10 Minutes & Minutes 10 Minutes
1 | -1060 1000v | :-0050 | 51025
2’~ 2075 '0075 ‘0075 o 0075
3 | 0025 1025’ ‘1000 "1050
L - =1,75 -0.75 - =0.75 -3¢75
5 0.00 0.75 1.25 0.50
6 - 0,50  1.00 . 200 1,50 . . -
7 20.50 T =0.25 o =0.25 L0075 0 T T
8 - 1.00 -1,25 -1,25 -1.00 |
9 1025 . | 1075 -0025 . 2(25
10 -1050 | "'0325 0075 | "'00 50
~ Mean 0.100 0.150 ~0.750 «0.37)
-t 0. 307 0.4.60 - 04224 - 0.692
* 1ndleates,ﬁhat the critical ratio, t, is significant at
gge g” level of confidence for a palred t-test N. equals
Aegraee af freedam e

(37)
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ﬁ'iresults @f EkD@fum@nuﬁl 5@531on 2, page 29, app@ars to

The drop in fff illustrated in the graph of the

e

’ileve1 Ofi after 31x mlmutes of accumulated exposure to’

coarse flicker, which suggests that a limit qf -

_adaptation to a constant stimulus hﬂ%‘bééﬁf@aehﬁé”f“%””yt*f“fTé'

at this point, To discover if this were the case, the
differences betweeh the drop in f7f afterthelvarious;?-
periods of eXposure in Experimental Session 2 were
obtaimed by sub tracting the drop in fff observed in

the shorter periods of exposure to coarse flicker

from the drop in fff observed after further accumulated

exposure. These differences are given in Table v,

Further Drop in FFF During Exposure td'Coarse Flicker,

on page 39. The mean difference and the results of a
paired t-test for each set of differences are also
given in Table V, The t-tests indicate that a further

significant drop occurs after two minutes'andwafter

2oy e et A e —n i

four minutes of accumulated'eprsure to coarse flicker, - .~

but that'no further signilicant drop occurs after six

minutes accumulated exposure to coarse flicker,
In Ex cperimental Session 8, monoculak £ff Jdetermin-

ations were maQ69 anﬁ one eye was to be exposed to the

coarse flicier and steady llvht, wni;e the @fher eye was

3 (38)
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ST e R o | TABLE'V, | L L e ChE T o
. __ FURTHER DROP IN FFF DURIH’G EKEO@URE : T_o cOAiRSE F—‘ICKERA | ~ ' __ IR L S

‘Subject Difference Between Minutes Accumulated Exposure - « -
Number 10-2 8-2 6-2 L-2 - 10=f | |
) - 1 1 1 1 -0 1 -
| 2 2 1 2 B | o
— - S 8 B & 5 3 p
L 2 ‘2 3 1 . 3
.5 3 3 3 3 0
6 1 1 0 0 1
R 7 1 0 0 1 0]
8 0 -0 1 1 -1
9 2: ~ 1 2 1 1
) 10 3 L 2 1 2 _
Mean~ | 2.3 201 202 loll- 101
t 3.286% 2,916*% 3,055% 2,916% 2,683%

Subject Difference Between Minutes Accumulated Exposure

Number 8=l 6-1, 10-6 8-6" 10-8
-0

-1

B
o

o

HORFRMFEFROOOOO

\
NHHOHOO0O

= ; .
OO0 R~IO\INET-\W N I
! o

== OMMOOOOKD

0.2 0.0 0.2

”Mean'“! 70.9 - N )
1.000  0.000 1,000

t 1.800 2

\Oe | | '
VIO H OO OWW H

—~O

’gal ratio, t, is significantw

. Y'Y .

i
idence for a paired t-test, .. C. -

' =7

4> - e o
ab oI & D™ 3
-, ’J'

i zao M
22 l‘:}"je.z,

* indicates that th
o

3 Note: Fach column hsading, e.g. 10-2 indiecates that the
s . drop in fff at two minutes was subtracted from the drop
/ | in £fff at ten minutes,

o)
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e B e e Ve et e D e e i e . — —_

--to be laft~open-andéxposad to'thagenerai'levelof

The rssults of — -

— *”*%{d ﬁflllumlnatlon in ths testlng room.

ﬁQt_.gExperlmental Session 8 in Table 1T,
separately for the axposcd aﬁd uns fpaaea eye, indicate
mthat a 51gn1flcant drop in ff was o%sarved in the
- B -~ exposed eye, but that the al drop in fff observed in
| -the corresponding observations from the unexposed eye
“was not 81gn1f1cant. Further t st\\yere made to discover
whether the monocular standard ascendi%é’fo\datarmln-
atlons .and the monocular standard descandlnw e
determinations obtalned at the beginning of the
experimental session dif fere significantly for the
eye to be exposed to coarse flicker as compared to the
eye to be left unaxposed. The differences in the standard
ffr datarminatiohs were obtained by subtracting the
- monOCU1ar standard ascending fff determinations for the‘
,uggxpoaad”aye.fromdthammonoeular standﬁrd-aaafnding fff
determlnatlons for the eye to be expoacd to coarse fl”cka“
and simllarlly by subtracting the monocular_standard_

descending fff determinations for the unex cposed eve from

the eye to be exposad to coarse flicksr., The differences

which are g en. .




| ‘uneiéoséd éyes' after four minutes and after ten minutesw;\A;f 
| expesupetg—gnarse_f1iéker for the expose “dm ye, was A i
’ found»by sdbtractlng the drop 1n fff obsprvéd 1n the )
unexposed eye from the drop in fff observed in the - N
exposed. eye. The'differences.are givén in Table VI,;J
Gomparison of Monocular FFF Determinations, page Ll. =
The mean difference and the results éf a naiwed t=test
for each set of dif Fferences are also given in Table VI.
AThe results 1nd1§até“that the pre-exposure standard fff M
determinations did not dlffer significantly from the
" exposed to the unexposed eye, but that the drop in fff
observed in the exposed eye wasAsignifieantly different ?
from’ﬁhe smallér drop%n £ff observed in the unexposed_ o
eye. | |
N (- e e




~ COMPARISON OF MONOCULAR FFF DETERMINATIONS ﬂ

~ Subject Standard Ascending FFF . Standard Descending FFF
- Number  Exposed - Unexposed- ~ Exposed - Unexposed -

21,25

'1075

" ‘-Oo SO

‘0075
0.00
"1.25
0.25

"'(1 ® OD
"‘3 @ 00

0.75
-1050
0.25
1,00
1.25

: 0675 .
0.25 .

Mean 0.325
. 1.132

-y |
OO RB~J O\NLE\W P

. 0,275
1,060

in FFF (10 Minutes)
Exposed - Unexposed

Subject Drop in FFF (4 Minutes) Drop
Number Exposed - Unexposed

O 0~3 OV -\ D)
NN OO

W O\WAW = =\ = O\N\W

| b 1,65%
% indicates that the critical ratio, t, is significant
at the 5% level of confidence for a paired t-test,

L YA A
N egquals 10, 9 degrees of freedom,
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- appear to be similar to the results obtained by other

 DISCUSSION

standard ascending and

authors using similar methods. The grand mean of the

‘ascending fff determinations made at the beginning of

the experimental sessions (N equals LO0) is 37.2L flashes

per second with a'standard,deviatiOn of 1.93 flashes

per second. The grand mean of all the descending fff QQ'?‘" .f»'

determinations made at the beginning of the experimental
sessigﬁs'(m equals L00) is 37.80 flashes per second o
withzawstandardjﬂéviatibn of 2;99 flashes per second;'
These levels are rather low for normal subjects, but
this trend is to be expected with the small test patch

area of 3 mms. in diameter and the rather low intensity

- of the emitted light. The ascending fff determinations

~are generally somewhat lower than the desgendingwfffv'

determinations and show less variability as indicated by

the overall standard deviations.

The results

| | of Table II
indicate that a significant, drop in fff is'observed after
| (143) '




- further until ten minutes of accumulated exposure to

coarse flicker have elapsed Thefresgltg of Table V
" for Experimental Session 2 show thét the further drop
© is not - significant after six minutes accumulated exposure
~to coarse flicker and indicate that at this point a )
limit of adaptation to amebnstantlstimulus had been
reached, ' | | o
The results of Table IV 1ndicaté»that the repeated
linterruptions of thégperipd of exposure to coarse flicker
in Experimental Session 2 did not affect the drop in fff,
This ebservatlon suppoits the use of the more economical
method Of maklng repeated observations during the period
of exposure “to coarse flicker, as the time required to
obtain a single ascending fff determination does not
appear to be sufficient to act as a partial "recovery

period" for the ffrf during exposure to coarse flicker;

DL U SSURNITUS. DY SNV S S

The orop in fff after two mlnutes of exposufe to N :,,,;”m;ﬂ ;_T;

/

coarse flicker in Experlmental Se531on 2 was 81¢n1ficantly

_difzerent from the drop in frf observed after two minutes

expo

L‘W

e to coarse flicker for the repeated observation
in Experimental Session 3, an uneypected result, as the
prccedure for the experlmental sess1ons was identlcal to




T I gy g I s e e

this point. This result suggests that the length of -

-exposure may be related t@(%h@'@@ability of the drop in

S
repeated ) o

fff as th@ dlffewences observe& in tbe

-

'“obsefvatlsns ”@ﬂb?dl1j be ome smaller as the perlods"of.

=¢awvf‘¥ -~ - “-exposure becoms lon ger, and are not signific nt when’théfff7“ﬁ

iengthof,thv pmfved of accumulated exposure is
sufficient to produce a state of unresponsiveness to a
constant stimulus. | .
Although le§s pronquﬁced, the drop in fff during the
period of éxposure to codrse flicker in Experimental
Session 2 appears to be similar to the drop in fff
observed in the earlier experiment of Slmgpson &
Brozek. In the present study coérse flicker is defined

as a frequency of 1L flashes per second or 23 flashes

per second below'the grand mean of the pre-exposure

standard ascending £ff determinatioﬁs for the group., | .

In the earlier study coarse flicker was dmllnem as. a |
wafequeﬂcy.Of;25wfla§heswp§rvgecendﬁbelow the group mean.s |

Tﬁe results of the expefiments are illustréted for

he graph on page 46. In both experiments o
hi

: £ » £ 2 1 Ldlam DOOD 3L e
minutes of exposure to coarse flicker, the fff aropping

,
e

further until ten minutes of exposure had elapsed.

(45) . o




151

Results of an Earlier Experiment by Simonson & Brozek

_;Compared*to.the Results QflExperimenial‘Session 2e fl; ;*1;;g5;

R i -
2 4% & & 10

mi‘naﬁes estpo‘sure tﬂ cﬁﬂaYSé F Ilcker |

""'—"""—"'—O resalts QP Su’vﬁonéd‘n & RVozekA

.
\‘Q‘h-.-—

o (16) .




o

ight:  The results

of Table III o ee |

. indicate that the fff rises auring exposurs to steady light e
R s énd that the difference between the standard deseending n LR
e £EF dete ?ﬂlﬁ%tl@ﬁﬂ ade at the beginning of the e:ff—*;jg)e'zf*:i.fﬁe-ni-»\»l——f~-ﬁ:¥au~,~~-,~

‘tal sessions and the si ingle descending fff determinations

made during the periods of exposure to steady light

becomes insignificant by the end of the ten minute-péfiod o
of exposure to steady light. The point after which no ‘
eignificant difference is observed varies from three to

ten minutes of exposure to steady,light,4 However, in five

of the seven eXpefimental sessions, the differences were
not signizl ant after three mlnutes exposure to steady
»vlight although in three cases the dlfferences became

- e31gn1flcant again after four minutes exposure to steady

light., The range*for ‘the point after which no significant
difference is observed is from three to six minutes
of exposure to steady light for six of the seven ... __ =

experimental sessions. Experimental Session L is an

dlfference appears is ten minutes exposure to steady llght,

(h7)




The f£f rlses sharplv duri ﬁhe first minute~of

e EXPOQQf@ b@ steady li

ghﬁ and then rises irregularl y

‘@g‘
&4

a

i

fse

g

nearly aachlnﬁ and 5o mebimes excee

CL'

level at some p@lnc near the end of the exposure period.

However, as a trae Zero p01nt was not obtalned for the

descending fff, as explalned in the preliminary remarks

in regard to,the_graphs of the experimental S@SSanS,"R

R

-page 19, scme part*of the sharp rise in £ff observed *
in»the first minute of exposure to steady light must be
attributed to the” fact that ihe level @f the descending
~fff determinations was generally higher than the level
of the ascending fff determinations. The experimenter
apologizes for this oversightlwith the mbst sincere

regret.

¢

Time Relations in Fatlgue .and Adagtation. As stated in

F | | the 1ntroduct10n
_the characterlstics of adaptation are strikingly dlfferent

;”,% mW‘;y_ from fatigue in that time relatlons differ, as adantatlon

develops more quickly than fatigue and recovery is almost

d

instantaneous on removal of the stimulus. -The time

i

exposure to coarse flicker and




exposure to steady light, were as follows:

drop in fff is observed after

'elapsed@

A sign

two minutes of exposure

.. to coarse fllgker the fff dropping further until ten

minutes accumulated sxposure to coarse flicker have

g

~ drop in fff is observed is six minutes accumulated

exposure to coarse fllcker.

- are the effect of adaptation.

stated in minutes are not instanﬁ&neous,

to steady 118h#:thefff.riseswreaching‘a,Eoint,whigh

ranges from three to five minutes of exposure to steady

light, after which no significant difference is observed
between the pre-exposure standard descending fff determin-
ations and the single descending fff determinations

'during the period of exposure to steady light.

The time relations observed appear to Support the
hypothesis that the changesﬂin fff durﬁng exposure to
coarse flicker and subsequent exposure to Steady light'"
While time relations.

the pattern of .

The point after which no further 31gn1f1cant o

During the period of exposure

“Ithe time relations is similar to those4ob8erved in
Adrian's experiment involving th@‘intérmittent stimal-
- ation of an end organ and nerve in the frog; Also
Adriant's experiment are not directly comparable
‘aS'the one‘involvesrfgiggeriﬁgi1ighv stimalating the B
' (49) .




;exter two minutes oceurs in a remarkably short time

" six minutes of exposure to coarse flickef,'it WOUld appear

this point, Steady 1i

complate visual syeﬁeﬁ of a hmmen smbgeet wheﬂees ﬁme_

o»hee LHNO1V@@ intermittent te0u11e st1mu1stwen of an fr;--kef~«'

end eegeﬂ ene @erve in a fsog@ The drop in £{f observed

interval in contrast to the'hours,usuallyinvelved‘in*?'W?

| studies of fatigue. The rise of £ff to its pre-exposure

'level in three to five minutes appears to be rapid, but

is difficult to evaluate9 because—few studies have been

directly concerned with uhe changes in £ff over time.

Effect_of a Change in Stimulgg Intensity: A second

characteristie

- which- differentiates fatigue from adaptation is that

adaptea nerve, a nerve which has adapted to a state of
complete unrespon31veness to a ‘constant stlmulus9 has
abillty to respond 1nstenuly to an 1ncrease in intensity
of stimulusg'whefees a nerve fatigued to unresponsiveness*

cannotv be excited by any change in intensity of stimulus.

‘As no nurther 51gn1fieant drop in fff was observed after

that a state somewhat analogous to a state of comnliete un-
responsiveness to a constant stimulus had been reached at

ht, operationally defined es_emfre—

0

quency of fifty-five iasnes per second, migh be xsiaered

£t s e R e a

IOV~

(50)




XN
R

as a @kanﬁe in the 1HE%ES?LW @f a constant StﬂmuT 18, the
coarse zllcier, operatlonally deflned as a ?rmqumncy of
fourteen flashes per second. From.thls viewpoint, the |

‘.fact that a change took place in the level of £ff | N

wwg;&gT;;duringmthefirst minutes @? mxpgsure t@ steady l;ght ~ -
adds further support to the hypothssis that the changes
observed ars the effect of adaptation.

Transfer of Effect of Exposure to Coarse Flicker: From
~the

results of Table VI for Experimental Session 8, the

reader will recall that the monocular ascending fff

determinations and the m0n®culaP descending -ff detefmin-

ations from the eye to bé'éxpcsed £to coarse fiicker aﬁd
- 'steady light and the eye to be-lg?t unexposed were not
hsignificantly different from one another. The results -
df Table VI also indicate that the drop in fff observed _
during the period of exposure to coarse‘flicker for»the,;vi |

exposed eye dlffered 31gn1fwcantly in the exp@ssd and

 unexposed eye. The results for rxperlmental Session 8

in Tables IT and III indicate that a siznificant drop

i - R

t
~significantly in the gaeprsed eye. The fff for the
- - (51)
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expaeed eye rose during the @eﬁl@ﬂ ef exposure Lo aeeady

light, W@a@hiﬁg a level not eignlfleentiy dlffefent from

- -the pre-e: peeure level of the standard descending ffi after

R

_threejminutes accumulated exposure to steaay 5ht.

e e e e e e e e T =

Experlmental Se351on 8 was 1nc&uaed as a pilot study

and wasvlntenaea to provide an indication as to whether

'the central nervous system as well as a peripheral

mechanism was anOLV@Q in the arOp in fff observed after
exposure to coarse flicker, It was assumed that EE}S
effect might be transmitted through pathways in the{z

central nervous system and also affect the level of fff

in the unexposed eye, On the basis of the'a%OVe“reeulte

1t is concluded that the effeét of exposure to coarse
flicker on fff was not ffansfefred from the exposed to
the unexposed eye. However, the fff in the unexposed |
eye did drop consistently, and ‘the difference observed

in the unexposed eye, after ten minutes accunulated expos-~

wure to coarse flicker for the exposed eye, was very elese

to being significant, This sugzests that the effect is

delayed and might have been observec if a longer period

b

q
b=

flick

of exposure te

0
(ﬁ)

DY
Wl W

I nad been used for the

exXperimental session,

4s a known transfereofieffeet from the'exyegéﬂ e;w;“

(52)
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0 ?h% LQQVposmd ey e wouid provide a measurement of
activits by within the central nervous systen,

experlment u51ng a longer pe,i"d of exposure to coarse

flicker would seem de31wableo Iﬁ is S?@culateﬁAthat’

magnltude than the effect 1nduced in- the exposed.eye.

L.
SUMMARY

The object of the experiment was to collect more
definitive data in regard to a dropyin ffe indﬁted'by
exposure to coarse flicker so that the drop in fff
might be considered within the framework of a theory

of fatigue and adaptation, using the following crﬂterla.

- Time relations differ, as adaptatlon develops more

quickly than fatigue and recovery is almost instantaneous

on removal of the stimulus. A nerve, which has adapted

to a state of complete unrespon31venégg to a constant

stlmulus, has ability to respcnd inStantlx to an 1ncrease

in i nten31ty of stlﬂmlusﬁ ‘whereas a nerve Iatlgued to

unresponsiveness cannot be excited by any change in
stimuius intensity.,

An electronic instrument consisting of a glow

modulator tube and 3 regulatlng mecnanlsm, Whlch allows

(53)
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the iLf determlnatlonse The Iff de
. under artificial fluorescent lighting, and room

. illw mination appreoximated fifteen Ir

per second.

~ the frequ@ncy and other prcpertles of the light emltted

S fram,%h ﬁl@w meduTgﬁ@? tub@ to be vafied was used for

cl
®
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=
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£
v
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The subjects were ten male uﬂaefgfaduate studenﬁs .....
within an age range of eighteen to twenty-three years.

Six suawmets had normal vision: two were nearsighted:

and tWO'were far51ghted. The subjects with visual .

abnormalltles wore vlasses durlng the experlm@nte

The instrument was set at a lights dafk ratio of

-50 50, a brightness of 50, and a test patch area 3 mms,.

in diameter was used. The fff determinations were
made by the discontinuous method using steps of one
cycle per second énd'a one second exposure time.
Ascending fff determlnatlons were begun at exposure to

a frequency of féurteen flashes per second, and descend-

mg frf determlnat'*ons were begun at exposure toa . - 4

frequ@ncy of fifty=Five flashes per second. Coarse

fllcker was operationally defined as a frequency of

'b P B it
i Lwoell

acond zd teady lignt was

(44

operationally defined as a frequency of fi fty-five flashes




The experlment'was de31gned as a series of repeated

sobservetzeme uelae ‘each stbject as his own control, The o

complete experiment required eight half hour experimental

sessions for cach subject. Experimental Session 1 was

of determining fff, During the other experimental sessions

standard ascendiug and standard descending fff determin-

_ations were made to determine the*pre-exposurenleVel of
fff. These were followed by a ten minute period of | | “ B
7 ‘ |

accumulated exposure to coarse fllcker anc subeequently

- by a ten minute period of exposure to ste edy llght.

Experimental Session 2 was used to obtain a general
picture of the drop in fff induced by exposure to coarse

flicker and the pdssiblerise in fff during subsequent

~exposure to steady light by means of systematic e
observations made at’two minute intervals during the |
.period'of'eXpOSure to coarse flicker and at one minute
e iate rvals 4 ur in s % he per iod of e ;{pﬁc) sure ©o st E"ia'd‘f}’ llght. R __.__‘_'_;_W ff:";":;f ..:

Experimental Sessions 3 through 6 repeat the

observations of Experimdntal Session 2, but with a single

"’-t'14°~-~~s~¢w1vq-~<-¢amn-‘-g-‘.“,\.Q@‘Qo‘ﬂﬁnm

interuption of the periocd of exposure tc coarse flicker,

i

and were used to control for the possibility that

ST T

repeated 1nterrupt10ns of the perlod of exposure to i

e g e e
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”d“?coarse flicker mlght affect the drop in fff. | -

Experlmental Se551on 7 1nW01ved a change 1n the

V”ﬁfightneSS“effthe emltted>11ght;”bﬁt“t“e“?eeulte“arewWGM;W

nconclusive, because the brightness of the emitted

eye,

i
light cannot be expressed-in terms of’a generally accept-

able measureme nt of brightness.

Monocular fffedeterminationsdwereﬁmede'throughout

Experimental Session 8;.butvon1y one eye was. exposed to
the coarse flicker and the steady light. Corresponding

monocular fff determinations were obtained from the

-unexposed eye. This experimental session'was intended

to provide an indication as to whethef°the central

nervous system as well as a peripheral mechanlsm was

involved in the observed drop in fff after exposure to

coarse fllcker. It'was assumed that this effect mlght

be transmltted through pathways in the central nervous

system and also affect the.levelcf_fff_;n_the.unex90§ed'A'

¢

The grand mean of the pre-exposure ascending fff

adetermlnatlons (N equals L00) is 3792h flashes per second

with 2 standard deviatios of 1.93 flashes per cecond.

' The grand mean of -the pre-exposure descending fff determ-

in&gfgﬁgmwas 37.80 flashes per second with a standard_ | |

(56)




'in Experimental Se331on 2 was 2,90 erter‘uuo minutes,

deviation of 2,99 flasheS’per'second | The level of the

preeexposure fff determinatlons is low for normal suogeots

M”beeanse of the 1nstrumenta1 settings but appears similar - fwe%we%%ea

to the results of other authors u31ne Slmll&r methoos.

%

The arop in fff durlng exposure to coarse ?ickerlw

4,10 after four minutes; 5.00 after &§ix mlnutes' 5.00

after 8 mlnutes, and 5 20 flashes per second after ten

| minutes aceumulatea exposure to coarse flicker.

Statlselcal tests indicate that a s1vnificant drop

¥In fff is observed after two minutes of exposure to

»coarse flicker, the fff dropping further until ten minutes

accumulateq éxposure to coarse fiicker have elapsed, The
further drop in £ff is not significant after six minutes

accunulzated eXposure, and indicates that a 1imitiof  |

--adaptetion to a constant stimulus had been reached

Repeateo observations for EXperlmental Session 2

~ ation dees not app

d not differ significantly except after two mlnutes_ﬁ

”exposure to coarse flicker. ThlS inalcates that the

time required to obtain a single ascending fff oetermin-

(] f'“l

- o bm - P
Lo ©E Sul i

H»

1M
Q)

cient to act as a partial

"recovery periog® and does not affect the drop in fff,

S

The sign fi ant 11ference 1n the orop in fff after two




/'minutes‘exposuresuggests that the length of the
e - accumulzted exposure is releted to the»stability'ef the

, drop in £ef The erop in f££ during exposure to coarse

R flicker is less pronounced than the drop observed in an

B earlier experiment by Slmonson.& Brozek. A more marked ”MMW;Wf;WW_"Lf

drop was obtained in the earlier experiment using a

‘relatively coarser flicker,

. "“. "..
i
i

The rise in fff during exposure to steady light
reached a point sftep which no szenlflcant difference

from the pre-exposure level of fff was observed within

a range of three to six minutes of accumulated exposure

to steady light. The results of Experimenzal Session 4

in which this point was reached at ten minutes are'an R '%
exception, | | ;é
It was concluded. that the observed time relations S _;

~ support thevhypotheses that the changes in £ff during L
| exposure to coarse fileker and subsequent exposure to

| steady light are the ef fec+ of aeaptation, as the tlme

relations are more rapid than ordinarilyrexpectedein'Mwwunh

fatigue. 4s steady light is Operstionally defined as

a rate of -flicker and can he ad asg a h nge' in

€

Qr

Ha
m
l::

ide:;

"::»

(H

e

hat the level of the fff

ct

stimlus intensity, the fact
changes shortly after the stimulus chqnges to steaay N

(58)
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light was eonsidered as adding support to the hypothesis

of adaptetwon@

‘as compared to the 51en111csnt drop in the eyposed eye

during exposure to coarse flicker. As the<drop in® fff
for the unexposed eye approacned signlllcance after
ten minutes of accumulated exposure to coarse flicker

for the exposed eye, further study 1s suggeested to
determine if the effect may be delayed.

- ) No transxer of effect was observed 1niExperimental
| ﬁhSession 8. However, tﬁegfff in nhe unenposed eye aid
B B ~drop consistently, althougzh thls nroe was 1ns;gnificant~
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%, el | CAPPENDIX I R T
| ,, . An Electronic Instrument ﬂor\Determining‘ L R
o R Flicker Fusion Frequency - '
f fffff ) T;The electronic‘instfﬁment usgdinthigexpepiment_;hmw; .
|  yasM¢onstrueted by‘Morman Do Koons, Senior Technical : -
Aide, Bell Telephone-LaboratOries, Allentown, Pénnéylvania,
who followed the specifications. of the apparatus designed N
) by Fritze and Simonson (1951) maklnﬂ minor madlflcauimns.
L As this study marked the “launchlmgW of a new instrument
) for determining flicker fusion frequency, a detailed
description of its operation is included to clarlfy
| questions that may arise in regard to the factor of o
‘ instrumental varlatloq.
| The instrument has two nmJor parts, a glow modulator
f‘ tube,'whlch prov1d°s the emltted llght and ﬁhe separate
regulatiing equipment. uFor protection the glow mcduTgtor
s *"Wtube 1s housed in a metal conﬁalqer L, 1mchea long wzth S
ends 2 1/L inches square@ Lhe tube plugs into a glow |
modulator auﬁput on the Pegulatiﬁg equipment, and an
: €Xtension cord nine feet in length allows the emitted ’
light to be used in a variety of positions at a distance .
-frcm.the regulating mechanism. For storagaﬁénu testing e B
_ o A




[ O .

U IF

- LT

 ___J
wrd—— ——
¢

) )
o “——n o

——

with the tube in a fixed pos%tiang the container is

fitted on thﬁ tap Up?ﬁf left of th@ regulaﬁlmﬁ mechan-

o e e g e

ism b*‘means of two 8pr1mg ‘pegs. The pegs can beuMMM&fN

Jacked up over a distance of 1/£ 1nch to adJust the

lighﬁ t@ mi_feriu_

e ey —mm aen S

¢

.. 12 inches long.

container by a clamp and screw set in a slot so that
~the tube may be moved to vary the test patch area

Mirqm;%_mms. to 6 mms. in diameter. The light appears’

more homogenous with the smaller test paneh areag. The e

front of the container is screwed in place and can be

removed to insert screens and plates to vary the lighting;
~ The lighted end of the tube fits against a window 3,4

inch square. It was observed durlng the preparatlon for

the experiment that the llght from a bare glow modulator

tube has a corona, and this unwanted feature was

minimized by use of a frosted glass diffu51ng screen.

The regulatinv mechanism is contained in a metal

angles.. The tube is held in the -

i

earrylng case 8 1/8 inches wide,

The instrument is portable and weighs

fomd
3

ab isg

")

ug pecunds. The top of the carrying eas

D
2.

vid:

3

r with a handle and with holes fQF the spring
prox | ‘ skl i3 810408 101X . g

“’pegs from the tube container, so that thé complete

9 3,8 inches high and - —

- apparatus can be stored or moved as a unit.

II

Each side
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of the cafrylnw case has two rows of six sllts to allow il R

for air c1rculatlon to cool the apparatuS'whlle it is in

Q use. The back of the carrylng case 13 made of metal

screenlng to allow for further air 01rculat10n, and has

a small rectangular opening at the center bettem to o e R

(£

allow access to the fuseax_The,fron of th@ C@WPYng case
is fitted with the dials and switches which regulate the
”émitted light, and-is shown in a diagram on the follow- K

ing page. | o | _ .f -
| Power is provided by plugging the six foot extension -
cord from the regulating mechanism into an ordinary
elfctrical outlet, and can be turned on and off by the -
POWER ON switch. The plug in mark@d GLOW MODULATOR -
OUTPUT transmits the desired current 4o the glow modulator s
tube. The ﬁﬁab marked CAL. FREQ. allows one to calibrate
the'frequency at 60 cycles or any of its harmonics or sub-

’harmonics. As the fllcker 1s 1rregular until the instru-

ment'warmsg the ‘green waverlng light labelled CALIBRATE
AT 60 CYCLES is convenient in that it becomes regular a

shortly after the emltted light is ope?atlm properly

OnC@‘warmad th@ instrument can be opera ted for at least

an hour w1thout~exce551ve heatlng, but it requires short

. I

- eee—gtd provi & signal tiat the instrument is readyv, ° R SO




e o CALIBRATE |

AT GOCYCLES|




fi | o

f:'~var1ed by turnlng the dlal labelled BRIGHTNESSG4

50: 50 by means of a Wms%@n phwtume@@F aﬁa has a range of

‘instrument may be used to determine fff by varying the

-*f;g9“£138hésﬁpgrgggggnd;;rangg.BAermwzg/Le~§9¢£ia§hesmper,«ﬂ";

- _cooling periods if used more extensive1yo

The brwghﬁnbgs of the emzﬁt@d llght may be set or
The

\

/*iiﬂbrlghtness scale was ca71bfatcd to a light: dark ratlo of

1 to 100, which represents a~ehang@ cz ten times in
inﬁensiﬁyo' While a,gloﬁ modulator tube emité a bfight
light éf‘mixed characteristics at a-maximum éurrent flow,
it has the dlsadvantage that the light becomes yellow,
orange and then red with lower intensities. So faf no
method has been found to remove thls unwanted

# e
At present, the smaﬁl area, of the emitted lwght and the

colerlng.f
lack of an extremely sensitive illuminometer prevent an
exact statement of brightness in terms of International

Candles., When these measurements are obtained, the

brightness at a set fredUency, and adjustments in

brightness can be used to comp@nsate for the effect of

changes in llght dark ratlo on the emmtted llght.

The LIGHT DARK RATIO dial permits changes ight:

=

in

4 .
tig thr

(f”% 3

ugh 2 rangs of 20320 to 20:80.

(=R

aarb ra

)
zt- g

The~

o L

flicker frequency has three ranges: range A from 14 to

v




~secondy and r@ﬁg% C from 59 to 120 flashes per second.

- The range is set by %Lfﬁwﬂﬁ the FRWQU“WC? R&NFE km@b

and the frequency is Va?led by %uwnlﬁg ﬁhe FLICKER FREa -
| QUENCY dlal.. Under some c1rcumstances this wrrangement ’ rmi,;'
,;Q#Tm; |  .l,~i§ in en1en£ asvthe tlmlng of @h@ sbbps &sfng the “‘¢1* 'f"
| discontinucus method is depend@nm on the experimenter's
&ﬁ judgement and manual dexterity. Another d{éadvantage
arises when the subject®s fff lies in a range other
than the originalvsetting, as_several seconds'elapsei *¥w~:www~m«~~~w
during the fff determination before the frequency can
be set at the desired range. - -
A circuit diagram is provided on the following
page, and the reader is»P@ferred'tb Fritze and Simonson
(1951) for a technical description of the instrument.
| > . . - ) B o . _
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