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ABSTRACT 

The object of this _problem was to investigate the glare 
reduction properties of lovf reflection coatings as applied to sampl e 
transparent materials fo~ use on i nstrwnent windows. External, general, 
illmm:nation of the instrurnents was assumed. 

The effectiveness of such coatings in reducing glare will depend 
mainly on the angle of incidence of the reflected glare source and on 
the f reedom of the surface from oil or other deleterious -subst ances. 

A suitable anti- glare coating if properlly applied will b e almost 
as effective for red or blue light as for vrhiite light. 

The sample coatings on glass are s omewhat fragile in that they 
can be readily removed by vigorous scouring .. ·rith connnon abr asi ve 
cleaners such as Bon Ami. 

The coated plastic sampl es are consi dered unsuitable f or instru­
ment windows aboard- ship in that they are easil y scratched and 
clouded by r elat i vely gentle cleaning_with c~mmon abrasive cleaners 
such as Bon Ami. 

I t was concluded that the application of low reflection coatings 
to instru.ment windows will under many conditions materially contribute 
to the legibility of the instruments on which they are installed. 
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INTRODUCTION 

Authorizat ion 

l. ?his nrobl om was authorized by BuShips ltr. JJ17/Glare P(33.S) 
of 10 Hay 1945 to-Dir. NRL. 

Object of :nvcstigation 

2 . The object of this inveat igation w<).s to investigat e the 

glare reduction properties of l ow reflection coatings as exhibited by 

the subnitt od saoplc:s of transparent material intended f or use as 
i nstrun.cnt ·,7:Lndorrs. 

Descriution of Material 

3. The samples submitted consisted of thrae (3) glass discs 

(one uncoated and two coated) , four (4) hexagon- shaped co2..ted glass 

instnment ,nndows and t\70 (2) coll.ted plastic sheets. 
I 

4. Tho uncoated disc is 9-1/2 inches in di ameter und 0.375 
inches t hick. The coated discs are 9-1/2 inches in dianeter, 0.35 
i nches thick and have central areas 4 inches i n diameter co;itcd on both 

sides . Tho co~tod discs were assigned Lnborator y i dentifications 
11No. 111

, and "lfo. 211 and the uncoated disc, 11No . 3". 

5. The hexagonal glass instrunent vri.ndows arc approximately 

0.115 inch thick, 3-3/4 inches vvide by 2-inches high. Of these, the 

t wo windows identified by Bureau i nscription as 11regular11 were narked 

HA and HB. The two identified as "baked" were marked 11 HC11 and "HD" by 

t he Lnbornt ory. 

6. Tho 1/8- inch plasti c sheets vmrc identified by Bureau 
inscription as BTu8-360A and Lucik HC201. For these invcsticat i ons 
t hey ucre i dentified as 11 Pl11 D.nd 11 P2 11 respectively. 

PROCEDURE 

Ucthods 

7. In order to obtain tho i.nfornntion requested by the letter 

of authoriz~tion a simple procedure to establish the anti-glare properties 

.:md the i1:1:provomont in visibilit y attending the use of low reflection 

coatings as applied to instrwncnt vri.ndovrs was evolved. As determinations 

of conparativc r eflection and t r ansnission values of the submitted uncoated 

and coated S<'.l.'Tlplcs under like conditions were considered r.iore practical and 

more pcrtincmt to this problem t han the dcternination of the actual 

r eflection and transmission fact or s, the investigation was conducted 

on tho coE1parative basis . 

8. In preparation for t ho tests , the untreated areas of the 

coated discs were blan.lccd off wi th velvot- fi.l"lished black paper. A 

siuilar ,:,.rec. of the uncoated disc ·.-ro.s blanked to insure like test 

conditions. 

- l -



9. Each of the glass instrument ,·l:i.ndows and plastic sheets 

was mounted on heavy cardboard to facilitate handling. Each was then 

blanl<ed off ·.;rith velvet-finished black paper so as to expose an area 

2- 3/4 inches wide by 1- 7/8 inches high . 

10. A West on Model 622 micro- ammeter and General Electric Type 

88x565 barrier- layer cell s with filters uer e used for determining l i ght 

i ntensity values . For "white" light data (requiring response approximati..11g 

that of the average human eye) a cell -rrith a Wratt en No. 102 compensating 

f ilter ~-:as employed, nhi le for 11 red" light a Celanese Lumali th No . 07076 

filter and for "blue" light a Corning Pyrex No . 5113 filter were used. 

For r ed light measurements (compensated to the human eye) a combination 

of the above red f ilt er and \Vratten compensating fil t er were used. For 

compensated blue light measurements both the blue and Wratten compensating 

filters ·were used. The light cell s i:rcre protected from stray light by 

means of a louver ed box. 

11. Plate 20 shows the spectral response of t he filter-equipped 

cel l s as cor:1pared -rrith t he response of the averag0 human eye . The curves 

of tho cells were computed from spectral analysis of the filters and f r om 

manufacturer 1s data on the cells . The curves for the average human 

eye a.re based on "Values of Relative Luminosity" in the "Proceedings of' 

the Int ernational Commission on Illumination" of June 12- 21, 1939. It 

should be noted t hat these r elative r esponse scales apply only to individual 

curves and do not show r el ationship bctvreen the curves . 
I 

12 . A 300 watt 115 volt projection lamp and a simpl e condensing 

lens 17as employed as a light source for measurements involving the use 

of a s i ngle f ilter. A Navy 12- inch· searchlight with a 12.5 volt 20 ampere 

aircraf t landing lainp was employed Ylhen combinations of filters ncrc 

required and a mor e intense source uas desirable . 

13. In making transmission measurements the light source was so 

trained that the beam ·would cover the area of the barrier- layer cell and 

the lamp voltag8 was so adjusted as to produce a large scale reading on 

the microarmnetcr. Care was taken to maintain a constant lamp voltage and 

to compensat e f or fatigue of the barrier layer cell. The sa'llples wore 

careful ly cl eaned and i nterposed one at a time between the cell and the 

light source so that the rnicroaJ!ltlleter vrould indicate values of light 

t r ansr.li.tted thr ough the samples . The sampl es wer e then r otated about 

their vertical axes and readings 1:rcrc obtained ;for a series of angles of 

incidence var-iJing f rom Oto 65 degrees. The ratios of these r eadings to 

the values obtained for the bcar;i reading wer e taken as comparative 

transmission factors for t he several angles . 

lL( . In determiri.ing the r eflection factors or glare properties, 

a s:i.mple was centered in the light beam and tho light cell was arranged 

so as to intercept the reflected li~ht. The voltage of the light source 

was adjusted so as to produce a convenient scale reading on the micro­

ammeter for a coated sample . The samples wer e roto.ted about their vertical 

axes and r eadings were taken for a sorics of angl es of incidence varying 
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from 10 to 65 degrees, after the cell had been repositioned in each 

cc1.sc ·to meet the requirement that it be placed in the cent er of the 

reflected bean. In calculating the reflection of the sample at each 
angl e, the microarmnetcr r eading of the unobstructed beam was taken as 

100 percent. 

15. The set-up for deter mning comparative t r ansmission and 
-reflection is sho,m on Plate 19. 

16. After the above tes t s, the effect of oi l and abrasives on 

t he coatings werc_investignted. For t his purpose , one of the coated 

glass discs, one of the regular hexagons , and one of the baked hexagons 
was used. 

17. An angle of incidence of 40 .degrees vras chosen to compnro the 

Sa)Tiplcs before and after these tests . Percentages of reflection and 

transmission wore r ecorded at -40 degrees angl e of incidence using 
compensating filters and the photoelectric cells . v1Ti th the set-up 
arr~nged for transwission measurements the sample was careful ly r emoved 

so as not to disturb the photoel ectric cell or its r elationship vTith 

the light beam. Step 1: The sample -vras smeared on both sides ·with a 

thick coating of penetrating oil, then wiped with absorbent cotton 

and tho per centage of light trans,.ri.ssion vras recorded. Step 2 : The 

oil ed surfaces were cleaned -rTi th 11\'iL--idex" and t he percentage of 
tr::msmission r ecorded . Step 3.: The sample wa5 vigorously scoured 

f or about 3 minutes with a thin mixture of 11Windox 11 and 11 Bon Ami" and 

the percentage of transnission was again r ecorded. After this final 

step the per centage of r eflecti on was determined by the u1ethods of 

paragraph 14 and r ecorded. The r eflectance value was not obtained 

after each s tep. 

18. The hexagon glass and pieces of the plastics were mounted 

in du.'!1my s·,·fi tchboard type met e rs which wer e visually examined under 

glare conditions . General illunination was furnished by variable 
intensit y overhead incandescent fixtur es and a forty (40) watt 11daylight 11 

fluoresceDt la.mp ·rras so arrar .. ged that its irr.age vras r efl ect ed by t he 

s amples. It was observed that i'or any angle of incidence the 11glare" 

or visual interference from the image of the fluorescent lamp could be 

subs tantic1lly reduced by increas ine; the level of the general illumii1ation 

and coulcl be intensified by r educing the general illumination. For 

comparative observations c1nd f or photographs the general illumination was 

so adjusted that at a 10 degree angle of incidence the r eflection of 
the fluorescent 12..mp on the untreated sm:iples 11 just barely11 obscured t he 

figur es on thJ meter dials . The glass discs were examined under similar 

conditions . Plates 11 to 18 inclusi vc ar e phot,ogr2.phs of the glasses 

and plastics w1der glare condit ions for angl e~ of incidence of approximately 

10 degrees and 65 degrees . 

Results 

19. The r esults of the invcs0ig~tions arc given as Plates 1 to 

10 inclusive and Plut0 21. 
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Discussion 

20. The glass discs had apparently been carefully finished, 

the surfaces were approximate planes c.nd littl e difficul t y vms experienced 

in obtai ning consistent readings . Surfaces of t he two plastic shee t s 

wore cor.tp:!.ratively irr,3gular and the r esultant dist ortion of the 

transnitted and r eflectod beams caused rather inconsistent readings . 

Hovmvcr, the curves shovm herei n are based 'on the averages of a nunber 

of r eadings for each condition and these resul ts arc considered to be 

r epresentative for t he s ampl es subr.ri.tted. 

21. A spectral transmis si on ano.lysis of sar:iplc Pl shovred t hat 

this pl c.stic had a decided 11cut- of f 11 below 450 millimicrons. As this 
11 cut- off11 is well ,nthin t he range of t he cel l s with blue filters t he 

comparatively low transmission as deter :ilined vrith blue filters (sec 

Plates 6 and 9) is at tributed to tho above 11cut- off11 effect. 

22. I t may be noted tha,t on some curves for the hcxagonsJ tho 

su.~ of t ho val ues for transmission nnd reflect ion exceeds 100 percent . 

Im examination of the hexagon glo.sses revealed that those. gl asses had 

been so polished as to produce sli ghtly convex surfaces t hus making co.ch 

gl c\SS a low power condc:isi ng lens . The gr e.:>.t cr por t i on of t hese 

i nconsistencies is at t ribut ed t o the lens ef fect of these gl asses . . 

Expcrinontal err ors, .rhilc undotcrrQnod are believed t o be smal l . 

23. It was observed that oil filrns tend t o neutralize the gl ar e 

reduci ng properties of the low- r eflection coatings (as is predictabl e 

on a theoretical basts) but tho.j:, these proper ties tan-be restor ed by 

car eful cl oanines (removal of t ho oil) . Ho,:cvor, the coatings can be 

porr.w.ncntly damaged by the use of cor.11-non abro.sr:i. vo cleaners such as 

Bon Ami. 

24. After glass disc No : l has been scoured vrith Bon Ami it 

appear ed nottlod and sc:ratched as though tho coating had been <'.ttacked 

but not entirely removed. A second scouri ng ;r.i.th Bon Ann; for another 

3 11'.inuto~ did '1.ot appreciably ch~nce :its appearance. 

25. . When the hexagonal sm.rpl es ncrc scour ed once , the coating 

appeared t o be coopletcly removed except for traces on the edges .-mere 

a nettled surfnce vras obscrvcdl ?fore evident traces of the coating re­

mained on.the edges of the baked saaplc RC than on that of the regular 

s arn!_:>l c HA~ It appeared th:1t t he "baked" s c.rnple was slightly more 

r csi s ta:1t ·w 2.br asion than tho one narlccd 11r ogular11 but this r.1D.y have 

bocn a result of an uneven n.111ount of scouring of,thc two sanplcs. 

26. An atteT.pt t o clean the plastic sa-:ipl cs prior to tho 

contcr:1p].ot cd oil and abrasion test r evo<1lcd tho.t these samples VTcr c 

easily dar,1:iged. When subjected to abr.:>.sion, the surfaces behaved as 

though t hey ,70re comparativcli soft although this \T<:ts more probably due 

to a poor bond to the pl c.stic . A thin :ipplico.ti on of "Bon .Ar.ti." and 

rel ..,_t.ivcly eentl c removal ,1ith cbsorbcat cotton, scratched and clouded 

t ho surfnccs of these sanplcs, honco the submission of the plastics to 

thu oil a.nd abrasion tost procedure nas not considered warranted. 
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33. By NRL Tost Report No. 593 of 25 February 1946 to BuShips 
t ho Laboratory forwarded preliminary inforra~tion on this problen. 
The infornation contained therein is supers1dcd by this report. 

3!~. Unless oth0rwisc notified -within fourteen (14) do.ys from 
date, this problem (IC-10h5) will be considered clos0d. The samples 
vr.i..J.l be returned to Bureau of Ships, Attn: Gode 330. 
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PLATE II 

ANGLE OF INCIDENCE APPROXIMATELY 10° 

PLAT E 12 

ANGLE Of INCIDENCE APPROXIMATELY 65° 
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PLATE 13 

AHGLE OF I HC IDC:NCE APPROX IMAT\ELY I o0 

PLATE 14 

ANGLE OF lffCIDENCE APPROX IMAi ELY 65° 

B-2996 



PLATE 15 

ANGLE OF INCIDENCE APPROX IMA ELY 10° 

PLATE 16 

ANGLE OF INCIDENCE APPROXIMATELY 65° 

B- 2996 



PLATE 17 

ANGLE OF INCIDENCE APPROXIMATELY 10° 

PLATE 18 

ANGLE OF INC IOENCE APPROXIMATELY 65° 
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ADDRESS REPLY TO 

JIRECTOR, NAVAL RESEARCH LABORATORY 
WASHINGTON 20, 0. C. 

AND REFER TO: 

JJ17/LS-2 
1581-52/46 
Test No. 595 

mew 

.. 

NAVY DEPARTMENT 

OFFICE OF !RESEARCH AND l~VENTIONS 
NAVAL RESEARCH LABORATORY 

WASHINGTON 20, D . Cf• 

Subj: Investigation of the Glare Propertie~ of Transparent Material 
for use on Instrument Windows, Preliminary Report on. 

Ref: (a) BuShips ltr, JJl'_rt-lare P(355a) of 10 May 1945. 

1. As a result of the request of reference (a), an experimental 
procedure to establish the improvement in visibility attending the use 

..-

of fluoride coated glass windows for instrumenfs has been evolved and the 
investigation now is underway. Comparative determinations of glare and 
transmission of the submitted uncoated and coated samples under identical 
conditions have been considered more pertinent to the problem than 
determination of actual reflection and transnu;,sion factors and data on this 
basis have been obtained on the 9-1/211 diameter, .57511 thick, uncoated 
glass disc and the two 9-1/21' diamater, .35H tlhick, coated glass discs. 

2. The coated discs have a central ar.ea 4tt in diameter treated on 
both sides. The untreated areas were blanked off with velvet finished 
black paper. A similar area on the uncoated disc was blanked to insure 
like test conditions. The coated discs were marked No. 1 anQ 2 and the 
uncoated disc No. 3, 

5. In this investigation an 8" Navy type signalling light was 
used as a source of collimated light and a Wes.ton foot-candle meter 
equipped with a Viscor compensating filter was employed. The light cell 
was shielded from stray light by means of a lquvered box. 

4. The light source was trained on tHe foot-candle meter cell 
and the voltage adjusted so as to produce a s9ale reading of 100 on the 
foot-candle meter. Care was taken to mainta~ a constant lamp voltage 
and to compensate for fatigue of the foot-candle meter's barrier-layer 
cell. The discs were carefully cleaned a.~d interposed one at a time 
between the cell and the light source so that the meter would indicate 
values of light transmitted through the discs. The discs were then rotated 
about their vertical axes and readings were o~tained for a series of angles 
of incidence varying from 90 to 30 degrees. hese r eadings were taken as 
comparative transmission factors for the seve al angles . 

5. In determining the reflection fac~ors or glare properties, the 
specimen was centered in the light beam and tHe light cell was arranged so 
as to i.nt.ercept t.he reflected 1.ight. The voltlage or the light source was 
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adjusted so as to produce approxi.Jrately a one-third scale reading on the foot-candle meter for a coated disc. The discs were rotated about their vertical axes and readings taken for a series of angles of incidence varying from 75 to 20 degrees, after the cell had been repositioned in each case to meet the requirement that it be placed in the center of the reflected beam. In estimating the glare reduction attributable to the coating at each angle, the foot-candle meter reading of the uncoated disc was taken as 100%. 

6. The results of the preliminary tests are as follows: 
' -.. : i Ill, 

Comparative Transmission Fercent 
•. .A,.;:! . -~~ .s -

Disc No . 

l 
2 
5 

1 

2 

5 

95.5 
95.5 
91 

F .C. 
% 

F .C. 
% 

F.C. 

Angles of Incidence 
80° 70° 60° 

95.5 
. 5 

91 

95. 
95.5 
91 

95. 
95 . 
90.5 

94 
94 . 
90 

45° 

94 
93 .5 
89 

40° 

93 91 
92 .5 91 
88 86 

Comparative Reflection Factors 

Angles of Incidence 
75° 70° 60° 

9. 5 
52 

8 
60 

20 

9. 5 
52 

8 
60 

20 

9.5 
52 

8 . 5 
57 

20 

50° 

10,5 
52 

10 
54 

22 

40° 

14,5 
45 

'25.5 
50 

14.5 26 
45 29 

:36 . 5 
25 

22 

25 . 5 56.5 47 . 5 

Notes: F.C. 
% 

= Foot-candle meter reading 
= Reduction attributable to coatings. 

88 
88 
85 

52 
20 

51 
21 

65 

.._ 

•f'"'. • 

"'!' . 

.. 
◄ 

' I J 
1;. 

,,.. 

- , ..,_ 7. From these results it appears that the coatings increase the visible transmission of the glass discs to collimated light approximately 5% and reduce reflection approximately 50% fer angles of incidence above 45°. The coatings are less effective as the angle of incidence approaches ,. oo. 

8. It should be understood that the above results were taken from ~ preliminary data and are subject to revision upon further investigation. 

9. At a later date a full report will be submitted giving similar information on the other samples submitted and also data on reflection at wave length a9ove 600 millimicrons and below 500 millimicrons. • 
--1- ~ .. •.. .. ... ·~•-'\.. ,f ..._ > J . D. Haynsworth . J . 

1IElectrical Engineer 
_La.mp Development and PhQtometry 
I. C. Division 


