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L. C. MARTIN AND R. W. B. PEARSE

THE subject of visual acuity continues to attract attention. The
experimental facts of contour acuity and the certainty of the
relatively difluse character of the light concentration in the retinal
image in comparison with the size of the retinal elements, together
with the supposed rapid perturbations of the eye direction, have
made it reasonable to conclude that visual acuity is-dependent on
local brightness discriminationi, which is known to be a function of
the intensity level. We need not here discuss the operation of the
retinal mosaic except in so far as it would seem to set a lower limit
to resolution under certain special conditions.
The chromatic aberration of 'the optical system of the eye will

render a "white" image somewhat more diffuse than the mono-
chromatic image, and we may reasonably anticipate some improve-
ment of acuity, "other things being equal," in using monochromatic
light. Certain measurements of relative visual acu-ity in monochro'-
matic v. white light have, however, yield'ed contradictory results.
The experiments now to be described were not conducted primarily
with a view to testing this point, but for a more technical purpose.

* Received for publication, January 10, 1947.
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130 L; C. MARTIN an2d R. \VW B. PEARSE

Nevertheless, they may be found of interest in their bearing on the
general problem. It was desired to obtain information on the
relative acuity of an 4ccommodated eye both in red and white light,
and also the comparative "ease of reading"; the former presents
the more definite problem. The c6nditions imposed on the work
precluded the use of artificial pupils, and binocular vision was used
throughout. It was desired, however, to pay careful attention to<\ L~~AMR P o/XXX

0

EYI POSTON fOR OBSERVER

'FIG. 1.

the level of brightness of the visual field and the consequent state
~of adaption of the eye.

The apparatus designed for this purpose, Fig. 1, consisted of a
cubical white-lined rectangular box, each edge of which was about
20 in. long. One wall is pierced by the observing aperture (about
3 in. by 1 in.), and the opposite one by a square hole, subtending
about 8.50 in the observer's visual field, through which the back-
ground C of the acuity object was viewed. The background field
was obtained by illuminating a white card by suitable lamps (of
colour temperature approximately 2680' K) moving on a long
optical bench. The illumination of the white field was measured
by a Holophane lumeter. A wide range of illumination levels
could be obtained. Red or neutral filters could be placed over the
hole at F so as to modify the illumination of the central field. The
spectrophotometric transmissions of these filters (Fig. 2) were
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COMPARATIVE VISUAL ACUITY
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measured by the National Physical Laboratory, and their abbarent
light transmission computed with standard photopic visibility data.
The white card is assumed ta reflect non-selectively.
The specification of the illumination of the field then avoids

heterochromatic photometry.
The box contained both red and white lamps screened from

direct view, but capable of illuminating the matt-white interior wall
of the box (subtending about 300 each way) in which the observing
hole is pierced. The illumination level of this wall is thus controlled
by screens and rheostats so as to be as nearly equal as possible to
and of the same general colour as that of the central field for all
observations. The forehead of the observer rested against a velvet-
covered stop so that the distance of observation was kept constant.
The acuity object (Fig. 1), was generally a grating; a small

transparency about 1 cm. square cut from a lantern slide on which
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* 132 L. C. MARTIN and R. W\. B. PEARSE

a half-tone sereen (55 lines per inch.) had been printed. There are
well-known disadvantages in the use of a grating object with many
lines, always parallel to one direction, in any,attempt to obtain a
fair estimate for the fundamental limiting angle of visual acuity.
On the other hand, since the primary object was the comparison of
the red and white illumination, conditions, the great convenience of
a grating object seemed to outweigh its limitations. The possibility
that a grating may give anomalous results near the threshold by
appearing with reversed contrast was not overlooked, and a good
many trials were made with a much smaller object of the Cobb
type, which seemed, however, to offer undue difficulty to some
observers. No evidence that the grating was giving anomalous
results came to light.

This object was only adopted after trials with other systems, in
some of which reduced images of other acuity objects were projected
into the binocular visual field by mirrors or lenses.

TABLE I

Visual Resolving Limit in Minutes of Arc
(" B.O. T. Red " and " White ")

Field Brightness Level (Foot-candles)

Observer I
264 3'30 0-245 0 295 Observer* 0 050 0 060
Red White Red White Red White

2 1'64 1'69 1-94 IP92
5 IP47 1P57 IP75 1 92

11 148 1P52 1P93 2.14 1 1 2'32 2'75
13 1'80 1*93 1*89 1*97 15 2 29 2'39
-12 1P85 1P96 2'05 2 00 12 2'19 2 15
10 1P65 1 64 1P90 2 00 10 2 27 2'32
3 PI81 I 72 2'10 2'33 3 2'40 2 65
1 2'20 2'20 2 27 2'26 21 2-66 2'73
8 l90 1'88 2'06 1208 22 2'77 2 96
9 1P55 1P57 17f1 2'18 20 2'07 2-23
6 219 222'I 2'66 268 6 255 260
4 1P75 176 1 89 2'21 19 2'46 2'69

Average ... 1/7 181 201 2 14 2A4 2 55_~~~~~~~~~~~~ ---.--. . --1iRelative Acuity 0 5641 0552 04981 0 467 0417 0392

*The results for the lowest brightness of field with the B.O.T. Red are not strictly
comparable with the others, since some of the observers differ. The programme at
first included only two brightness levels, and some who took part in the first
observations were npt available later.
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COMPARATIVE VISUAL AcUITY
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Ease of reading and acuity;B_O_T. Red and White.

Comparisons were made between (a) white light (b) li'ght trans-
mitted by Chance's Ruby No. 1 glass, and (c) light transmitted by
Board of Trade Red glass. The general levels of illumination used
were approximately 0'06, 0'6, 6,0 foot-candles (and for some
experiments 3,0 f.c.). Exact value!; appear in the tables.
The red and white observations were sandwiched, four or five

trials be'ing made with -white, then with red, then with white again;
all for on'e level of illuminationi. The illumination was then changed
and the procedure r-epeated.

In the first set of trials the recorder tilted the grating in steps of
100' till the observer reported resolution ceased; he then went back
200 and advanced in steps of 50; then back 100 and advanced in
steps of 2Q till the apparent limit was ascertained. However, this
system seemed to throw a good deal of strain on the observer, and
it was abandoned in favour of finding quickly a first rough setting,
and then changing the setting by a degree or two as might seem
necessary till the observer feels that the limit is reached. The

133
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134 L. C. MARTIN and -R. W. B. PEARSE

observer is allowed to sit back from the observing position for a few
minutes as often as he feels it necessary to, avoid any feeling of
strain in position or attention. The observer did not himself adjust
the setting of the grating. He had only to report whether he could
resolve it or not. The observers, who varied in age from 14 to' 50
years, wore their normal spectacles, if any. ,

The results with " B.O.T. Red" and " White" are given in
Table I and Fig. 3.
The measure of acuity is plotted as the reciprocal of the visual

resolving limit in minutes.; this limit is the angular subtense in the
observer's visual field of the apparent size of' one grating element,
i.e., the apparent angle between the mid-points of two adjacent bars
or spaces, taking account of the tilt.
The results with Chance's 'No. 1. Ruby' and 'White' are given

in Table II and Fig. 4.
TABLE 11

Visual Resolving Limit in Minutes of Arc
(Chantce's "Ruby, No. 1 " and " White ')

Field Brightness Level (Foot-candles)

Observer
s6vr 6-3 0-66 0-63 0-066 0 063
_ Red White Red White Red White

8 r1 7 [1 7 P35 1[51 2'21 2'31
15 1'60 1P63 IP71 IP98 1[98 2'74
3 PI38 146 [45 [53 1[98 2'31

10 1[24 1P24 1P36 1P41 1P61 1*82
12 1'07 1P09 1P19 [1'6 ['54 1P53
11 P124 1P20 1'34 [ 54 2'03 2A46
24 1'61 1[63 I[68 1[76 2'02 2 32
23 IIP98 1P91 1'83 1r77 2 55 2'70
19 1'17 1[24 ['55 1[56 1P79 2'18
26 [67 1[71 2'30 2'32 2'07 2-41
25 P'52 1'53 1'70 1[74 2-39 2 54

Average ... 1P42 1P43 1P59 1 66 2 01 2'30

Re!ative Acuity 0704 0-699 0629 0 602 0 498 0 435

It-was unfortunately not possible to ensure that identically the
same group of observers was used for the acuity observations with
the two red glasses, moreover the apparent general improvement in
the results with the Chance's Ruby glass probably indicates some
effects of practice. In spite of the discrepancies between the general
averages for the two sets of observations it is probable that the red
and white observations have been affected equally.
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COMPARATIVE \LISUAL ACUITY
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Ease of Reading and Acuitv; Chance's Ruby No. 1 or White

Some idea of the consistenc) of the readings (in the second series
above) can be obtained from the following table, which shows the
spread of the angular settings for three observers picked at random.
The columns correspond to the table above.

[ABLE III

I)ifference betw,een, Highiest a;zd Lowest Aniguilar Settittgs' inl
Seveni Readinigs togethier withi the Mean Reaiding

B3rightness (approximate 6 0 0 6 0 06
foot-candles)

bserver Red White Red White Red Wlhite

25 316 1° 5/610 55 7 2j'6 7 0 S/36
26 3/58 1/59 7/43 2/60 12/48 4/40
19 3/68 3/67 2/66 2 60 3 /46 2155

135
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136 L. C. MARTIN and R. W. B. PEARSE

As in the case of the reading trials it would be meaningless to
make a formal statistical analysis of the results, since it had been
made clear that the immediate result is a function of the experience
and visual condition of the observer. But to give one example, and
having regard only to the variation 'of the results, the "probable
error" of an estimated angular setting for a typical observer
(W.D.\V.) is only about 0.50 when the angle is 460; this in turn
means about 0 02 minutes in the resolving limit, or about one per
cent. This accuracy should be carried over at least into the
comparison of red and white illuminations.

For all these figures and curves it may be concluded that
(a). the angular resolving limit is about 4 per cent. better for the

average observer at 0,6 ft/candles for red than for white of equal
illumination;

(b) for most (but not all) observers the advantage of the red light
is more marked at still lower levels of illumination.

(c) For equal visual acuit.y about 80 per cent. more white light
than red is requiired in the range 0 3 to 0 5 f.c. and at lower levels
the ratio of white to red (for equal acuity) mavyexceed 2: 1.

(d) There is no significant difference between the two kinds of
red light.
The general results thus indicate that while there is some suggested

improvement in using red light rather than white at low illumination
levels, the answer to the question as to the influence of the chromatic
aberration of the eye on acuity cannot be answered with any certainty
owing to the marked influence of intensity on acuity and the
uncertainties of heterochromatic photometry.

The visual acuity of the unaccommodated eye for different
colours under conditions of high brightness

The result that intensity rather than colour was the major con-
trolling factor in acuity in the laboratory experiments suggested that
acuity of vision when using colour filters in conditions of high
illumination might be similarly affected.

Following the experience of the laboratory test, a rotating grating
acuity test object was used. It had horizontal lines, and rotated
about a horizontal axis. The grating had an element size 16 mm.,
and was mounted between two opposite apertures in a box through
which the grating could be seen against a background of skv. The
observer's distance varied from 100 ft. to 140 ft. according to
conditions. The front of the box was hidden by a mirror having an
aperture 5-8 cm. high and 7 0 cm. wide corresponding to that in the
box behind it, and the mirror was adjustable so that it reflected an
image of the sky near the horizon behind the observer. In this way
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COMPARATIVE VISUAL ACUITY

the immediate surrounding field for the acuity object could be given
the same general brightness as the sky- background. The recorder
'set' the grating, and the observer signalled his observation.
The following filters and goggles were employed

Filters
Percentage Photopic
transmission (daylight)

1. Kodak hand-shade Yellow ... ... ... 67
2. Kodak hand-shade Orange ... ... ... 30
3. Red eye-shade ...

.
... ... ... 16

4. Ilford minus Green 13

5. Neutral goggles 5

6. Kodak hand-shade ileutral ... ... ... 3
7. Goggles with plain glass .. ... ... 90
8. Ilford Yellow-green (y) ... ... ... 45
9. Ilford Blue (804) ... ... ... ... 40
10. Special double filter (purple), (used as hand-

shade ... ... ... ... ... 2-2
11. Olive green (046) hand-shade ... ... 77

All the filters, except where hand-shade is specified, were used in
goggles.

Observations for the high and medium brightness levels were

made on the,roof of the Imperial College with a general direction of
view East to West, and mostly between 10.30 a.m. and 3.30 p.m.
(Summer time) so that the sun is to the left. Observers were allowed
to shade their eyes from direct sunlight. The 'medium' level
observations Were made on very dull days.
The brightness of the sky near the acuity object was observed

with a Holophane lumeter, but the instrument was working near the-
top of its range and the readings are approximate only. The readings
in apparent foot candles are given in the following tables. Observa-
tions for the lowest brightness were made inidoors in a corridor; the
grating was seen against a white screen with daylight illumination,
and a matt white surround field was employed.

Observations were made for each filter and each brightness level
as follows:

1. Three settings with naked eyeS.

2. Three settings with filter.
3. Three settings with naked eyes.

4. Three settings with filter.
5. -Three settings with naked eyes.

Thus each figure given in the table for a result "with filter" is
the mean of six settings sandwiched between nine settings with
naked eyes; the mean of these nine is also entered.

9

137
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138 L. C. MAR'rLN4 and R. W. B. PEARSE

TABLE IV

Angular Resolving Lim-its (in minutes of arc) with or
without Filters

iK.H.S. K.H.S.ge Red Ilford Brightness LevelsK.H.S.K.H.S. Red Minus in foot candlesYellowOrange Eyeshade Green" (Sky without filter)

1 2 3 4 1 2 3 4

with |with- witwith- with- ithw with-
out out out out

1. R.W.B.P. 0 79 0,70 079 0 70 1-23 1 04 1P07 1P10 2500 1000 2200 800
2. L.C.M. 0-85 0'89 0-89 0`93 1-22 1P17 110 120 25001000 22002000
3. L.B. 0'80- 0'79* 0'70 0 79 0'88 0 57 061 0 58 400 40025002500
4. S. 1P45 1-46 1-39 144 0'85 0-81 1-10 0'98 220 2200 700 700
5. A.M. P22 0'96 127 P'01 1P49+ 1-39t 1-37 0'85 800 800 1000 800
6. E.M.M. 2'21 192 2'48 197 1*46+ 1I39$ 2'33 2'05 1500 1500 1000 1$00
7. H.M. 1-44 142 126 131 1'51 149 122 1'23 2000 2000 1000 2000
8. B.K.J. P46 P48 1'46 P35 1'27 1]27 P128 1P22 190019001900 1900

Mean 135 1P26 1 36 P24 P24 11'4 P25 1P15

1. R.W.B.P. P20 1P20 125 1-17 110 1 02 P29 113 All at 75 f.c.
2. L.C.M. 1`42 P45 1-52 1P44 1-71 146 1-85 1-50

Mean 131 P32 1-38 130 140 124 P57 P31

1. R.W.B.P. 144 1'53 2'07 P42 1-96 1P32 2-12 1-32 All at P'0 f.c.
2. L. C.M. 2-00 1P84 2'64 V80 3 24 1-84 3'41 2-03
3. L.B. 117 P36 1'72 1-24 140 1P14 1P96 1P15
4. S. 175 P60 2 00 1 81 2 85 1 68 3'31 P 63
5. A.M, 2-32 211 2-49 2-32 3&2 2-32 2'80 2'06
6. E.M.M. 2'40 2'10 2'56 218 3-32 2'19 3 06 2'00
7. H.M. 2 27 2'08 2-88 2-01 2-54 P59 2-37 1 68
8. B.K.J. 1 80 1P73 2355 1-61 2-89 1-44 3-18 149

Mean 189 1 79 236 1-80 2.65 1P69 2'65 167

*Results below 700 f.c. not included in mean. t Results

TABLE IV-(continued).

by L. -1 Results by E.P

Neutral K.H.S. Plain Ilford Ilford Double Olive
Y6116w ~~~~GreenGoggles Neutral Glass Yellow Blue Filter Hand.D= 1-3 D=15 Goggles Green (804) Purple Shade

with with- with with- with with- with with- with with- with with, with with-
out out out out out out out

1. P. 1 36 1P08 0 97 0'86 1P44 P43 1 04 P05 P02 1P04 P'41 0'85 1P28 P 25
,I. 0'72 01772

2. M. 1-63 1P24 1P23 0-87 1P18 1P28 1P38 1-38 1P35 1*35 1P99 1P38 lP29 1P24
1P27 P332

3. B. - -- - 0'48 0'58 0'96 1O-1 1-1.4 1P14 _-- _
4. S. - 1P50 1-44- - - - V32 1'31 -
5. M. 187 1 27 -- - - - --1-20 1-15
6. M - - - - - 300 198 2'38 2-22
7. M. _ - - - - -1.20 1'24

1 62 1'20 1P23 1P06 1P03 110 1-13 1-13 1-21 P121 2 13 1P40 1P33 1'31
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COMPARATIVE VISUAL ACJITY

Brightness levels of Observations above in f. c.
1. 1,000 2,500 1,200 2,000 2,000 1,000 400

1,000
2. 1,000 2,500 2,200 1,000 2,000 1,000 400

1,000
- son9Vi nn9A 9fA- - -

4. 2,200
5.
6.
7.

139-

2,000
800 - - 800

- 1,50 1,500
-- -- - 2,000

The most prominent feature of the observations is the loss of
acuity with the majority of the filters; the loss is generally greater,
the greater the absorption. Plotting the mean results of R.W.B.P.
and L.C.M. for naked eye vision against log. of field brightness a
curve was obtained .from which the expected increase of angular
resolving limit for any filter consequent on it's known diminution
of brightness can be roughly found. The data are

Illumination Angular Resolving
in equiv. f. c. limit

1,700 0'96
75 1P30
1]0 1P64

Other published data (Lythgoe, Hecht and others) show consider-
able mutual divergences, and obviously depend greatly on experi-
mental conditions. Our experimental results are therefore retained
as likely to apply (better than others) to the conditions special to
our work. The following table shows the expected ratio of resolv-
ing limits thus anticipated from the loss of light, compared with the
observed values; they relate to the highest brightness level only.

Ratio of Resolving Limits
Filter

K.H.S. Orange ...

K.H.S. Yellow ...

'Red eye-shade
Ilford Minus qreen ...

K.H.S. Neutral ...

Neutral goggles ...

Ilford Yellow green ...

Ilford Blue (804) ...

Double filter (purple)...
Olive green (AP 946)

Transmission
factor

067
0'30
0-16
0'13
0'03
0'05
045
040
0025
077

- Calculated
from experi-

mental results
1P05
1P14
P21
F23
IP36
I-32
1*10
F112
P37
1P04

Observed

1i07
1*10
1 09
1P08
1-16
1.36
1*00
l.00
1'52
1'02

The adoption of Lythgoe's results for the variation of acuity with
brightness would lead to somewhat smaller 'expected' values; in

4)JVV 4,1VVV
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140 L. C. MARTIN and R. W. B. PEARSE

fact the 'expected' values for the red eye-shade would fall to 1P13.
It may be concluded that as far as the present experimental evidence
goes, the whole ' acuity' deterioration caused by a filter may be
attributed to the loss of light. This 'photometric' sensitiveness
makes outdoor observations very difficult to conduct unless conditions
are very steady. Adaptation is very noticeable in the first few
moments after putting up goggles or hand-shade, but it cannot be
measured with any certainty under the conditions described- above.

It may be of interest to note that the observer L.B., who reports
extraordinarily small resolving limits ascompared with other observers
has shown himself to be an exceptionally good rifle shot. In spite
of all that has been done on ' acuity', this work suggests that there
are still questions regarding effects in daylight (and for particular
observers) which are not well-understood. The results of L.B. were
very consistent, and his estimates were tested over and over again
under conditions in which it was impossible for him to know what
results his answers would indicate.

Exploratory tests on "Ease of Reading" in Red and
White illumination

The general subject of "ease of reading" is one which has received
considerable attention from psycho-physical experimenters in con-
nection with investigation of the optimum illumination, size and form
of type, and other factors. Apart from the investigation of the
possible speed of reading under various circumstances, attempts have
been made to register the necessary effort put forward by the reader
in terms of "rate of blinking," "muscular-tension," "eye movements
and the indicated span," " changes in pulse rate" and so on, but it
appeared from a first survey of the literature that it would be
dangerous to base any experimental conclusion on criteria of the
above kind unless as the results of very protracted work. In this
case the objective was quickly to obtain a comparison of the ease of
reading in equal red and white illumination, and it was decided after
consultation with workers who are familiar with such' investigations
to compare the numbers of simple disconnected words readable in
short-period exposures, alternately red and white. Careful considera-
tion was given to the provision of the alternating illumination, and
the- avoidance of any extraneous factors (such as glare from a page
of paper, etc.) which tnight, if undetected, produce an erroneous
result.
The reading material consisted of plainly printed simple words

arranged in 15 groups and photographed as lantern-slide trans-
parencies. The slide could be placed in a holder over the viewing
hole at S, Fig. 1. The order for exposure of five or seven of the
groups was selected arbitrarily before any seven tests; the colour
was changed between each group.
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COMPARATIVE VISUAL ACUITY 141

The observer, looking through the observing aperture, saw the
surround field and fixate,d a small mark about 100 below the lower
edge of the reading field; the latter was quite dark until a switch
actuated by an 'Advertisement ' motor was mechanically closed for a
fixed time of about seven seconds.
The observers were asked to read at such a speed that they felt

reasonable accuracy would be possible; 'occasional casual errors were
not heeded in recording the number of words read. The selection
and orderof the groups, and the order of the relative illumination
levels differed from person to person. These precautions, together
with the sandwiching of red with white observations, should result
in the ultimate elimination of the effects due 'to 'experience' and
the inevitable effects of variations in the reading material.

There is a noticeable lag in the starting of reading after the appear-
ance of the light. Once the reading starts,'the observer does not
feel much difference of effort between, say six foot-candles and 0'6
foot-candles, but it is considered that the eye movements involved
in normal reading, in going from the end of one line to another, are
likely to be hindered by loss of illumination; this may be compared
with the difficulty in commencement of reading when the light is
sNvitched on. The initial lag may therefore fairly be regarded as a
part of the test and not merely as an error.
The results for several observers using the B.O.T. Red alternately

with white, and Chance's Ruby No. 1. alternately with white are
given in the following tables; see also Figs. 3 and 4.

TABLE V
Average Numtber of lWords per Second " Red (B.O.T.)" and " White."

Observer

6
4
2
5

11
13
12
10
15
8-
9

Mean for all
observations

Level of illumination (Foot-candles)

2 64
Red

1'85
1)88
1-88
2'33
1-96
2'23
2'47
2'33
1 33
1'78
1Y96

2T00

3'30
White

1)82
1)92
2'03
2'19
2' 13
2'1 3
2'47
2' 19
1'72
1)85
2'22

2'05

0245
Red

1'85
1-92
1'72
1F65
2' 12
1'85
1'69
1'69
1F23
1F36
1'58

170

0'295
White

1'88
1'96
1Y47
1.51
1778
1'92
1-92
1'58
1'19
1'44
1'55

1'65

0060
Red

1'16
1'51
1'02

1'19

1'48
1'37

07O71
1'37

1'23

0072
White

1'12
1.51
0'86

1'30

1333
1'37

0'59
1'37

0034
Red

0'78

_

1'18 0'78

0038
White

0 51

0'51
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TABLIE VI.

rge Nutnber of Words per second "Chince's Ruby, No. 1
and "White"

Observer

8
15
10
12
11
24
23
19
26
25

Mean

Levels of illumination (Foot-candles)
I

6'3
Red

1'92
2'22
2,10
2'58
2'24
1'33
1'82
2'22
2' 15
2' 19

2'08

6'3
White

IP88
2'33
2' 13
3'19
2'33
1'34
1P71
2733
2'19
2'05

2'15

0'66 0'63
Red White

2'20 2'10
2410 1P85
2'10 2 12
2'30 2'20
2'01 2'22
1'58 P51
1'74 1'72
1 99 2'01
IP82 1'78
2'01 1'18

1.1,908 1 93

0'066
Red

1'0
1P58
1'19
1P72
1P41
1P40
1'74
1'54
2'03
'40

1'50

0066
White

1'09
1'37
1'16
1P47
1P12
1F27
1P64
1P37
1-78
0'82

1 31

In estimating the precision of the results, typical values as obtained
by one observer (J.P.) -may be quoted. Results are the actual
numbers of words ' read' in the trials; all of the same duration.

Approximate illumination level, foot-candles
0-06 06 6'0

White Red White Red White Red

7 17 17
12 15 17

15 16
9 14 16

8 15 18
10 ' 15 16

7 18 17

Mean 8`2 10'3 16'2 14'7 17'0 16'3

The number of results is insufficient for any satisfactory statistical
analysis,- and indeed, the numerical results for speed of reading
represent a quantity which depends on very complete psychological
factors. However, the quick alternation between white and red was

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://bjo.bm

j.com
/

B
r J O

phthalm
ol: first published as 10.1136/bjo.31.3.129 on 1 M

arch 1947. D
ow

nloaded from
 

http://bjo.bmj.com/


COMPARATIVE VISUAL ACUITY 143

an effort to secure that whatever the uncertainty in other things,
any difference between these illuminations should be brought out.
The numerical results suggest' that his reading speed is being
measured by each observer under any one set of conditions with an
error which does not often exceed one word in 7'3 seconds or 0'14
words per second. If there be an average 'reading speed for human
beings it certainly cannot be found from experiments from ten to
twelve observers; on the other hand if there be any consistent
difference for red and white it should remain (like the effect of
varying brightness) after averaging for such a number.

It may be concluded that ease of reading and relative acuity show
similar variations under the conditions of these experiments. In
particular

(a) Any difference between red and white illumination in their
effect on ease or speed of reading is too small to be certainly
established in the present experiments at levels of 0 3 or 6'0 foot
candles, though there is some indication that "white" may have
some advantage at the higher and "red" at the lower of these two
levels.

(b) The speed of reading at the lowest intensity (0-06 foot candles)
is about 15 per cent. greater for red than for white at equal illumina-
tion levels. For equal reading speeds it is necessary to have about
60 per cent. more white than red light.

(c) There is no appreciable difference between the two types of
red light at any level.
The effects of variation with intensity agree fairly well with

"speed of reading " data published by Luckiesh, Taylor and Sinden
U'. Franklin Inst., Vol. CXCII, p. 757, 1921).
As mentioned above, the purpose of these experiments was of a

practical nature, and no attempt was -made to use artificial pupils.
The eye is under-corrected for both colour and spherical aberration,
but the zone of maximum tinder correction is of radius 1P5 to 2,0 mm.
Changing from white to red illumination will remove the chromatic
aberration, and call for an increase of about 0 5 D in the effort of
accommodation; this is likely to result in a small contraction of the
pupil, which would improve the definition but lower the illumination
as compared with any possible experiments using artificial pupils.

It is not known whether there was any change in pupil size con-
sequent on Ghanging from red to white, or vice versa, in our
experiments.

Only one case of marked colour defectiveness, No. 26, deuter-
anomalous, was known amongst our observers, though a formal test
of colour vision could not be given to all. It is well known, however,
that 'normal' individuals differ somewhat among themselves in the
apparent luminosity assigned to deep red light (x> 0 65,A) as com-
pared with white. If it had been possible to find the relative acuity
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144 L. C. MARTIN anid R. W. B. PEARSE

etc., with respect to the true apparent luminosity in all cases, the
results might have been considerably modified. It is possible that
the small relative advantage in acuity and ease of reading associated
with red light can be attributed to the improved -definition and
contrast of the monochromatic image, but there does not appear to
.be any ready explanation of the tendency of this advantage to dis-
appear, and even reverse, with increasing intensity. The Complex
factors are at work which effectively prevent any hasty judgment
as to the relative merits of red and white illuminations for acuity
and ease of reading. Acuity is, however, not the only desideration
for ease of reading, as soon appears from subjective texts.

Subjective tests of reading in red illumination

1. For the first part of these trials a number of red electric lamp
(G.E.C. Osram ruby 40 watt) bulbs were procured and loaned to
selected individuals-with the request that each one should read for
half an hour or more in the red light, and give a report of his
experience. These bulbs are of ruby glass (not 'sprayed') and the
light is largely confined to wave-lengths greater than -0 65,u.

In all cases a reading lamp was, employed. An illumination of
approximately 0 25 apparent foot-candles can be obtained at about
18 ins. from these lamps with the red bulbs, but they vary among
themselves to a considerable extent, and in some cases the illumina-
tion did not exceed 0'1 apparent foot-candles.

As a general result of the tests there seems to be no real difficulty
in reading at any illumination from 0'1 f.c. (apparent) upwards,
except that one or two people find a slight difficulty in beginning to
read. The 'surroundings' seem dark, and there is in some cases a
rather vague unfavourable mental reaction- possibly associated with
a- slight degree of extra effort at the 0-1 f.c. level. Those who tried
reading at higher illuminations did not mnention any difficulty; it
seemed considerably more attractive to read at lhO f.c. than at 041 f.c.
The para-fevea is well known to be less sensitive to red light as

compared with the shorter wave-lengths, and the surroundings
appear very feebly iiluminated as compared with the book. This
again makes conditions seem a little unfamiliar. It may be expected
that red light will not be very satisfactory (from a "safety" point of
view) in the neighbourhood of machinery, etc.
Some efforts were made in the subjective tests to determine how

many words could be read in red light in 15 minutes as against
white, but it was found .that the uncertainties associated with the
variation of the reading material, the changing adaptation of the
observer, the effect of practice and so on, were so great as to mask
any difference attributable to the change of colour of the light, and
the attempt was abandoned in favour of the short-period exposure
tests which have been described above.
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