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DESIGN of the MEETING BEAM of the AUTOMOBILE HEADLIGHT

A, Jo Harris
Road Research Laboratory
Harmondsworth, England

SYNOPSIS

The most-important factor in the design of the typical meet-
ing beam, so far as the range of direct seeing is concerned, is
the sharpness and form of the cutoff near the horizontal. But
the effect which the cutoff will have on the likelihood of being
dazzled (i.e., of being rendered incapable of seeing more than a
short distance) when meeting other vehicles at night depends
enormously on the accuracy with which meeting beams are aimed.
The effect can be calculated when the standard of aiming is known;
the basis of the calculation and soms results are given in this
paper. Curves are provided from which may be found the sharpness
of cutoff required to give any desired level of freedom from
dazzle, or glare. It is shown that if the standard of aiming is
too low it will be impossible to design a beam to fulfill the re-
quired conditions. The necessary improvement in aiming can, how-
ever, be determined from the curves. The effect of deterioration
in increasing the liability to dazzle is also considered. The
pitching motion of the vehicle, and its effect on seeing distance
and on intermittent glare, have had to be omitted from this an-
alysis; the effect will be more important the sharper the cutoff
employed.

HEADLIGHT beams must be judged by their performance in the conditions in
which they have to operate: meeting beams, for instance, by how well the
driver can see when meeting another vehicle. Tests of performance of this
sort have frequently been carried out for meeting beams, but in almost all
of them the lamps used have been new and have been correctly aimed. The
conditions of the test have therefore been different from conditions on
the road, and the tests may be misleading because they entirely omit the
effects of misaim and deterioration, which in practice (in England at least)
are of considerable importance., These effects would remain even if, as in
the United States, all vehicles were fitted with lamps of essentially the
same design. There would still be differences in the effective intensities
of the beams on different vehicles, and in consequence, a driver meeting
another vehicle would see well enough on some occasions and badly on others.
He would also experience very different amounts of discomfort. The per-
formance with which we are concerned is really the aggregate of the per-
formances in the individual encounters, and in judging the suitability of
a design all possible encounters should be borne in mind, particularly
those in which seeing is poor. It is clear that performance, defined in
this way, does not depend solely on the design of the beam itself; indeed,
it is meaningless to speak of performance except in relation to a definite
standard of aiming and level of deterioration. It follows, therefore, that
the choice of beam must depend on the standard of aiming attainable and the
degree of deterioration allowed. For example, a beam with a very sharp
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cutoff might be quite satisfactory if aiming was generally good but give a
large proportion of short seeing distances and be intolerably dazzling if
aiming was poor. Or again, a beam of low intensity might be satisfactory
if a strict standard of maintenance was insisted upon but be unsatisfactory
if severe deterioration was tolerated.

The paper shows how this overall performance of a beam may be calcu-~
lated when the minimum seeing distance during an encounter is taken as a
measure of the performance during that encounter. The relations between
performance, sharpness of cutoff, and standard of aim are investigated; the
effect of deterioration is also considered. Numerical results are obtained
for a beam of simple design which approximates to typical modern designs in
the region of the beam mainly responsible for glare and for distant seeing
on the nearside of the road. These results go some of the way towards put-
ting the design of meeting beams on a rational foundation., For example, if
a certain level of performance is specified, then the necessary sharpness
of cutoff and standard of aAiming can be determined.

Factors which have had to be ignored in the present paper are the pitch-
ing motion of the vehicle, due mainly to the irregularity of the road sur-
face, and the intermittent dazzle to which it can give rise. The effect of
this will be more marked on beams having a sharp cutoff.

SEEING UNDER CONDITIONS OF GLARE

The glare of approaching headlights reduces a driver's ability to see.
But, by revealing as dark silhouettes any pedestrians or vehicles which may
be on the road between him and the approaching vehicle, these lights may,
at times, actually assist him to see. A driver may see a pedestrian in
silhouette long before he is able to see him directly. This silhouette see-
ing is sometimes of great assistance when direct seeing is poor. But it has
been argued that less importance should be attached to it than to direct
seeing, because it is not always effective and cannot, in any case, reveal
a pedestrian who does not step on to the road until the approaching vehicle
has passed him., In this paper the possibility of silhouette seeing is ig-
nored, and discussion is confined to the performance of lamps in direct see-
ing.

The performance of a meseting beam in a single encounter is found by
fitting two cars with identical beams and running them against one another
on a straight track on which certain objects of a standard form have been
placed. By means of distance-recording mechanisms in the vehicles, the
drivers are able to record the distances at which they first see the object;
after a number of runs with objects in different positions, a curve can be
drawn which shows the seeing distance as a function of the separation be-
tween the vehicles, as in Figure 1, which is based on results given by
Roper (1). The seeing distance diminishes as the vehicles approach each
other, reaches a minimum before they meet, and then rises again more rapid-
ly as the vehicles pass and the eyes recover from the effect of the glare,
It is common to attach considerable importance to the minimum distance and
to attempt to increase it by improvements in design so that it shall exceed
the stopping distance by a comfortable margin. ¥e shall therefore adopt it
as a measure of the performance of the beam during the encounter and enquire
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how this minimum seeing distance is affected by lamp design and by misaim
and deterioration.

BASIC DATA AND ASSUMPTIONS
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The minimum seeing dis-
tance is obtained for an
soof- object which is almost
level with the approaching
Sibouee H ool vehicle at the moment of

Ty perception. Since, near
so0k a minimum, values do not

/ \ change very rapidly, the
\ seeing distance for an ob-
Yoop Jject just beyond the glare

gource is approximately
1o} equal to the minimum,
Roper (2) has investigated
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Figure 1. Seeing distance as function of dis- tionary, but such tests
tance between vehicles (after Roper). appear to give mmch the
sams result, as far as
direct seeing is concerned, as those in which both vehicles are moving.
Beams of uniform intensity were used so that the intensity directed at the
object or at the driver'!s eyes did not change during the test run. This
work has been extended at the Road Research Laboratory to those lower val-
ues of illumination and glare which are of particular importance in the de-
sign of meeting beams (3). The experimental results for a single observer
have been plotted as smoothed curves in Figure 2, The question arises
whether the same seeing distances would have been obtained with more-normal
beams in which the intensities of illumination and glare were not uniform
and would, therefore, have changed during the approach of the vehicles.
This has been investigated by comparing, for a number of lamps, the seeing
distances actually obtained in tests and those obtained by calculation from
the beam distributions (4). It was found that the agreement was reasonably
good, particularly as regards the relative performances of the different
lamps. It will therefore be assumed that the results in Figure 2 apply to
any distribution and that minimum seeing distances can be calculated from
these curves and the beam distributions. It should be remembered, however,
that these results are not completely general. They apply to conditions
similar to those of the tests in which they were obtained. Briefly, the
seeing distance is that for an object about 1.5 ft. high, with a reflection
factor of 7 percent, seen on the nearside of a 20-ft. road. This standard
object is a good deal lighter than the darkest clothinz, which has a re-
flection factor of 2 percent or less, but is of smaller size than the av-
erage pedestrian. The broken curves in Figure 2 show that, provided the
ratio of illumination intensity to glare intensity is kept fixed, an in-
crease in absolute magnitude produces only a small change in seeing dis-
tance. In Figure 3 the same results have been plotted in a different way
to show the ratio of illumination intensity to glare intensity required to
achieve a minimum seeing distance of any desired value. These curves are
more useful for our purpose than Figure 2,
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TYPICAL FEATURES OF BEAM DISTRIBUTION

Figures 4, 5, and 6 show the beam distributions from one lamp (5) of a
British, an American, and a European meeting beam, Figure 4 also shows the
-
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Figure 4. Beam distribution from one lamp of Lucas FF 700 system. Also
SAE recommended practice for sealed-beam lamp. (Reversed
from left to right to suit British rule of road.)

American intensity limits according to the specification of the Society of
Automotive Engineers, reversed from left to right to fit the British rule
of the road, The origin HS represents the horizontal direction straight
ahead through the lamp; other directions are given in terms of their angu-
lar displacement to offside and nearside or up and down. Objects on a
straight road 150 ft. or more ahead of the vehicle are illuminated by in-
tensities which lie within the region ABCD marked on the diagram; the in-
tensities causing dazzle are also found within this region. In this part
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Figure 5. Beam distribution from one lamp of the General Electric Meet-
ing system (see Reference 5).
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of the beam the intensity increases in a downward direction. In the Brit-
ish or American lamp it increases towards the nearside also. In the
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European lamp, which (unlike British or American lamps) dips vertically
downwards without deflecting to the nearside, the beam has a much smaller
sideways rate of change. The beam distribution in the region ABCD might be
defined by stating the intensity I, at HS and the rate at which the inten-
sity increases dowrnwards and to the nearside. Unfortunately the rate of
change is not constant, so for most existing beams a description of this
sort would be somewhat complicated. To simplify the calculations, which
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Figure 6., Beam distribution from one lamp of the Cibie meeting system
(see Reference 5).

are described later, it will be assumed that the intensity is increased in
a constant ratio for each degree downward or to the nearside. Jfith this
assumption the isocandela lines of the beam distribution become parallel,
straight lines as in Figure 7., These can be fitted fairly closely to many
existing patterns in the region which we are considering, although they di-
verge elsewhere., The factors by which the intensity is increased in a dis-
placement of 1 deg., are denoted by nj for sideways and np for downward dis-
placements. The quantities nj and n will be called the cutoff factors for
side and top cutoff respectively.,
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4 —~— ! , Cutoff factors, as already mention-

T — \\\u'_o\ ed, are not constant in the important

] T T B region of typical British, European,

e e Iy e S I e 2 or American meeting beams., Table 1
Reornde © [ [ 1—|”"* ghows typical values of n,, and it is

" = g evident that the European lamp has

? 1] = much higher values of np, i.e., much

3 . ] sharper top cutoff than the others.

4 A S Even in the European lamp the highest

S 5 |5 values of n, are not at the horizontal

Down but a degree or so below, European

lamps also differ from the others in
Figure 7. Idealiged beam pattern having a lower intensity at the hori
used in calculations (actual ex- zo;ﬁ. e ensity a e hori

ample shown here has np = 2.2
ny = 1.17 I, = 3000cd).
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TABLE 1
VAIUES OF THE TOP CUTOFF FACTOR n; AVERAGED OVER

RANGES OF 0.5 DEGe IN A VERTICAL PLANE STRAIGHT
AHEAD OF THE LAMP

! Below Hotizontal ! __Above horizontal
1.0° to 0.5°  0.5° to 0° 00 to 0.5°  0.5° to 1.00
British 2.5 2.4 2.2 2.7
American 3.1 4.1 2.3 1.6
European 1.9 6,1 2,2 1.5
AIM OF LAMPS

Errors may be present in both the horizontal and the vertical aim of
the beam, It has been found in England that these errors follow fairly
closely the normal law of errors and that their magnitude can therefore be
defined by means of the standard deviation~ . The standard deviations
for horizontal ard vertical aim will be denoted by G 1 and 02 respective-
ly. A survey of several-hundred wehicles in Great Britain showed recently
(&) that 07y and g, were of the order of 2 deg. for the older types of
lamp and about 1 deg. for newer vehicles with flush-fitting lamps. There-
fore, even on the new vehicles some 25 percent of lamps are aimed more than
0.7 deg. too high and another 25 percent 0,7 deg.too low; 5 percent are more
than 1.6 deg. too high and another 5 percent 1.6 deg. too low. Vertical
misaim is normally more important than horizontal misaim in its effect on
driver vision, because top cutoff is sharper than side cutoff. A form of
misaim which is distinct from that due to carelessness or neglect is the
change of tilt produced by changes of load of the wehicle. This is particu-
larly important for trucks, which may tilt upwards by as much as 3 deg. when
being loaded.

BRIEF OUYLINE OF THE CALCULATIONS

Consider a pair of vehicles separated by a distance d on a road like
that used in the tests from which Figure 2 and 3 were derived. If the lamps
are aimed so that one driver has just reached the point where his seeing
distance is a minimum, then the intensity of illumination of the object must
be related to the glare intensity in the manner shown in Figure 3 for a see-
ing distance d. The probability that the intensities would have any of
these suitable values can be calculated from the geometry of the layout,
the beam pattern, and the probabilities of the necessary amounts of misaim.
Thus it is possible to calculate for any beam pattern the probability that
the minimum seeing distance for one of the drivers in a chance encounter
should have the value d. But it would be a tedious calculation for the or-
dinary beam pattern, and it may be simplified by adopting the sort of pat-
tern shown in Figure 7. When aiming is poor the intensities with which we
are concerned may be derived from almost any part of the beam, but the bet-
ter the aiming the more they will be restricted. Since the main purpose of
the paper is to examine how far conditions may be improved by improvements
in the standard of aim, we may, without serious error, assume that the whole
of the beam pattern possesses the characteristics found in the restricted
regions ABCD in Figures 4, 5 and 6, i.e., that it has the simplified charac-
ter of Figure 7.
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It would be possible, in the calculations, to allow for the fact that
the beams encountered suffer from deterioration to varying degrees, but as
this would complicate the working, the only cases which have been evaluated
are: (1) deteriorated lamps meeting deteriorated lamps, all of which have
deteriorated to the same degree, and (2) deteriorated lamps meeting lamps
which have not deteriorated.

To carry out the calculations a given design of beam and a given stand-
ard of aiming are assumed, (i.e., values of Io, n], n2,0" 1, andd 2) and
the data in Figure 3. The fact that the curves of Figure 3 turn upwards
rapidly at the low intensity end is ignored; the curves are assumed parallel
to AB, and in consequence, low intensities of illumination are assumed to
be more effective than they really are. It is then possible to calculate
quite easily how often a mimimum seeing distance falls short of any particu-
lar value d, or how often the glare intensity or the ratio of illumination
to glare exceeds any chosen value.

In the calculations on which Fig-
ures 8 to 12 are based, it is assum-
ed that, except for deteriorated
lamps, the intensity straight ahead
in the horizontal is 3,000 cd. This %
is a typical value for the beam from
a new British double~-dipper system
and is higher than American and much
higher than European practice. Where
side cutoff is not zero, it is assum-
ed that the isocandela lines are in-
clined at a slope of 1 in 5, as in
the British lamp., It is assumed
that the lamps are mounted at a
height of 2.5 ft., and that at least
1l ft. of the target must be illumi-
nated to the required level for it
to become visible.
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The results of the calculations
are shown in Figures 8 to 12. A
word of warning should be given as Gerarst
to the exact meaning of the proba- e oo are et
bilities shown in these figures. In O
any encounter there are two drivers Al
and, therefore, two minimum seeing MY o]
distances, whose values are general- o o /
ly different, The probabilities for S/
minimm seeing distances given in % 0 S 700
Figllres 8’ 9’ a.nd 10 are calmhted MINIMUM SEEING DISTANCE o - feet
on the basis of the number of see- Figure 8, Probability of minimum
ing distances, not on the number seeing distance as affected by misaim

of encounters. For example, curve and deterioration.
A of Figure 8(a) shows that the
probability of distances less than 100 ft. is 22 percent. In 100 encounters
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there are 200 seeing distances and therefore L4 of these may be expected to
be less than 100 ft. A large seeing distance for one driver tends to be
associated with a small one for his opponent, and these 4L short distances
represent just under 4/ different encounters; so at least one driver has a
minimim seeing distance of less than 100 ft. in about 40 encounters out of
100. Thus, for encounters between similar vehicles, the probability based
on the number of encounters is almost double the probability based on the
number of seeing distances. When the encounters are between unlike vehi-
cles, as in the broken curves in Figure 8 between vehicles with deteriorated
lamps and vehicles with new lamps, the probabilities refer to the seeing
distances for one type of vehicle, and the probability is the same whether
based on the number of seeing distances or the number of encounters. Simi-

lar remarks apply to the probability for glare intensities in Figures 11 and
12.

The Effect of Misaim on Seeing Distance

The full lines in Figure 8 show the probabilities for different values
of the cutoff factors and different standards of aiming. Each curve crosses
the line denoting 50-percent probability at a distance which is the design
distance for that lamp, i.e., if all lamps were of the same design and cor-
rectly aimed the mimimum seeing distance would be the sams for all and
would have this valus.

In Figure 8(a), Curve A gives results for a lamp approximating closely
to the British lamp shown in Figure 4 and for the standard of aim which ex-
ists on older cars in Britain today (07 = Oy = 2 deg.)s Although the
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design distance works out at about
150 ft., 22 percent of distances

¢ / (about 4O percent of encounters) are
— less than 100 ft.

2
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@ // 0
op =07 . 2
/ Curves B, C, and D show the effect
/ of sharpening the cutoff while re-
taining the same horizontal forward
intensity. The design performance is
improved, but the probability of get-
ting seeing distances less than 100
%, ft. is only slightly affected, fall-
/ ing from 22 percent to 18 percent as
P A n, is increased from 2.2 (British

® ’/ lamp) to 10 (maximum value for Euro-
o7 o o pean lamps). The misaim is so large
/ - that it swamps the effect of the
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sharper cutoff at the low-performance
end of the curves. At the high-
performance end there are, however,
far more cases in which the seeing
distance is mich greater, for ex-
ample, than 150 or 200 ft.; so there
is an improvement, though not where
it is presumably most important.
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Figures 8 (b) and 8(c) show the
results obtained when the misaim is
reduced to one half and then to one
S == — 3 quarter of that assumed in Figure 8

MINIMUM SEEING DISTANCE o - feat (a). Design performance is not af-

fected, i.e., the curves still cross
Figure 10. Probability of minimum the 50-percent probability line at
seeing distance for lamps without the same values of d, but the prob-
gide cutoff, ability of distances less than the

design value is reduced, and in this
example, for instance, the probability of distances less than 100 ft. is
greatly reduced. If the standard deviation of aim could be reduced, as in,
Figure 8(c), to 0.5 deg., seeing distances less than 120 ft. would not oc-
cur in more than 5 percent of cases, i.e., in fewer than 10 percent of en-
counters with the present British lamp. A further improvement would be
possible if there were some sharpening of the cutoff.
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Another way of setting out the results, one which brings out more
clearly the connection between design and standards of aiming, is shown in
Figure 9. This shows what values of np and O o are required in order that
the probability of distances of 100, 150, or 200 ft. should be kept at some
low figure. For exampls, if seeing distances less than 100 ft. are to form
5 percent or less of the total, then np and O 5 mist be given by points on
or to the left of Curve A. If O 5 is 2 deg., this is clearly imposgsible,
If 05 just exceeds 1.1 dege. it becomes possible, but a sharp cutoff (n2
greater than 8) is required. If o 5 is less than 1 deg., it is possible
to obtain the low probability with Values of ny as low as that for the
British lamp, or even lower.
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Curve B for 150 ft. is similar but more demanding, both as regards aim
and sharpness of cutoff, Curve C for 200 ft. calls for a still sharper cut-
off and a standard of aiming so high that in order to attain it lamps on
trucks would certainly have to be adjusted for changes of load, and it might
even be necessary to readjust the aim on cars according to the number of
passengers in the back seat. The addition of one passenger tilts the av-
erage British car about 0.2 deg.

Effect of Deterioration

It has been assumed in calculating the results given by the full lines
in Figures:8 and 9 that the only differences between the beams on different
vehicles were due to misaim, In practice there would be differences due to
deterioration and to the effect of manufacturing tolerances which allow
quite considerable variations between beam and beam, Drivers whose lamps
have deteriorated will experience short seeing distances more frequently
than the drivers we have just been considering, whose lights, though mis-
aimed, are at least giving a normal output. Calculations have been made for
lamps whose output in any direction is only one quarter of the normal., It
is assumed that these lamps suffer from misaim as before. The probability
of minimum seeing distances for drivers using these lamps but meeting new
lamps is shown by broken lines in Figures 8 and 9. It is clear that for a
seeing distance of 100 ft. the demands are fairly severe and for 150 ft.
well-nigh impossible, somewhat similar, in fact, to the requirements for
a seeing distance of 200 ft. with new lamps,

A more-elaborate study of the effect of mixing beams with various lev-
ols of deterioration is clearly required to give a true picture of the im-
portance of deterioration. The results just quoted show, however, that a
general deterioration to one quarter of the initial intensity will very
seriously handicap the user when meeting beams from undeteriorated lamps.
It is interesting in this connection that the recommended SAE standard is
one half of the initial intensity.

Effect of Side Cutoff

Figure 10 gives the probabilities for beams which differ from those of
Figure 8 (full lines) only in having no side cutoff. The curves show that
the side cutoff adopted in the idealized beam (similar to that of the Brit-
ish lamp in Figure 4) increases the seeing distance by about 20 ft. For
sharper side cutoff (isocandela lines sloping dovm more sharply) the in-
crease would have been larger. The improvement thus produced in the visi-
bility of objects on the nearside of the road may, however, be accompanied
by a deterioration for objects more to the offside, If side cutoff is used
it should not extend much below the horizontal or the visibility on the off-
side of the road will be seriously reduced.

Intensities of Glare

The discomfort caused by a headlight does not depend simply on the
intensity of the beam, but intensity is probably the most-important factor.
Vthen the design of the meeting beam is governed by regulation, it is usual
to have an upper limit to the intensity which can be directed into the eyes
of approaching drivers, It is of interest, therefore, to find the effects
of misaim and sharpness of cutoff on the intensities actually encountered.
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Figures 11 and 12 give some re-
sults for the simplified beam of Fig-
ure 7. It is assumed, as before, that
the horizontal intensity is maintain-
ed at the fixed value Iy while the
sharpness of the cutoff is varied.

M Figure 11 is similar to Figure 9 and
shows the relationship between cut-
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! 314 off and aim required to keep the
. Q \ probabilities at the 5-percent level.
L1 [~ Curves have to be drawn for each sep-
| Lo s o g | eration of the vehicles and each
o o s i ), level of glare. The glare levels
o chosen for Figure 11 and 12 are hor-
Flgure 11. Relation between cutoff izontal intensity. I_ and one third
and misaim for S-percent probabil- and three times this intensity, i.e.,
ity of glare exceeding Io I and 1,000, 3,000 and 9,000 cd. according
314 3 to Figure 7. The glare intersity

will not exceed the chosen value in
more than 5 percent of cases, provided that the aim and cutoff are repre-
sented by a point on or to the left of the appropriate curve. As with the
curves for seeing distance, the probabilities are calculated on the number
of glare intensities, which is double the number of encounters, and the
probability for encounters is not 5 percent but almost 10 percent.

In Figure 11, probabilities for glare intensities exceeding I, are
clearly independent of the cutoff,and for this special case the general
relationship between probability and standard of aiming is given in Figure
12, The probability remains constant for this particular value of glare,
because it is being assumed that I,

remains constant while the cutoff 40

is changed. The misaim required to

bring this intensity to the driver!'s

eyes remains constant and so, there- £ 30 =

fore, does the probability. Other N /

assumptions might clearly be made; 2 /

in some countries, the United ' 20

States for example, the intensities E /

which are limited by legislation or < /

agreement extend below the hori- g 1o

gontal, Figures 1l and 12 may be & /

used in investigating such condi- )

tions pmﬁded I is then regarded o) 100 300 300 300 500

as dependent on Ehe cutoff factor a; d

na. PRODUCT OF DISTANCE AND STANDARD DEVIATION
It is an important question Figure 12, Probability of glare in-

whether changes in cutoff neces- tensities exceeding the forward in-

sary to achieve large seeing dis- tensity in the horizontal Io‘

tances can be made without running

into serious trouble from high intensities of glare. An improvement in the
standard of aiming makes it less likely that high glare intensities will be
encountered; the effect of sharpening the cutoff is more complicated. If
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the cutoff is made sharper, high intensities become more probable and low
intensities less probable; the intensity for which the probability remains
unchanged is, as we have already shown, the intensity which remains fixed
while the cutoff is varied, i.e., in our calculations the horizontal in-
tensity I,. A comparison of Figures 9 and 11 shows that to keep down in-
tensities exceeding I /3 (1,000 c¢d.) to a probability of 5 percent at a dis-
tance of 200 ft. requires standards of aiming and sharpness of cutoff simi-
lar to those required to achieve seeing distances of the same order with
the same probability level. There is, in fact, a correspondence between the
two diagrams which may be expressed as follows: If the cutoff and standard
of aiming give probability p for seeing distances less than d, then when
the vehicles are separated by a distance d the probability for glare inten-
sities exceeding kI, is also less than p., The factor k is a function of
the separation and is given in the following table. For distances greater
than 150 ft. it is less than 0.3.

d ft. 100 150 200 300 400
k 0.7 0.3 0,125 0,02 0.004

It follows from this that if as a result of sharpening the cutoff and im-
proving the aim the performance of beams is improved as to seeing distance
it will also be improved as to glare intensities. This suggests that apart
from intermttent glare due to the pitching motion of vehicles comfort will
look after itself if visibility is dealt with., It is the intermittent glare,
therefore, which probably sets an ultimate limit to the sharpness of cutoff
that can be psed.

CONCLUSIONS

The effectiveness of a meeting beam should be judged not by its per-
formance when correctly aimed and in perfect condition but by the perform-
ances which will be given by such beams in actual use when subject to the
inevitable effects of misaim and deterioration, A method of evaluating
this overall performance is given, based on the minimum seeing distance
and the glare intensity.

Judged in this way the performance of any given design depends on the
standard of aiming and on the degree of deterioration which is to be tol-
erated, Curves are given from which the effects of the various factors and
the connections between them may be seen.

An attempt to increase the minimum direct-seeing distance at most en-
counters to much over 150 ft. for the standard test layout makes demands as
to accuracy of aiming and sharpness of cutoff which it will be difficult to
meet, especially if deterioration to a small fraction of initial intensities
is tolerated. The prospects of designing a beam which will effect any con-
giderable improvement are therefore small,

The sharp cutoff, coupled with a high standard of aiming which is re-
quired if improved seeing distances are to be attained, is not likely to
give rise to high intensities of glare, except for intermittent glare due
to the pitching motion of the vehicle, or at places, such as hilltops, where
the slope of the road is not constant. If it may be assumed that standards
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of aiming can be greatly improved, then it is the intermittent dazzle due
to the pitching motion which probably sets a limit to the sharpness of cut-
off which may be used.
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