apparently approaches zero dose and
Zero response.

In Fig. 2 the ratio of tumors to ani-
mals in each of the eight lowest dosage
groups is plotted against dosage in the
above-described units. The tumors rep-
resented in this graph are the sum of
the malignant bone tumors and the
reticular tissue tumors reported in
Argonne Natl. Lab. Rept. No. 5597
and the sum of the sarcomas, giant cell
tumors, and epidermoid cancers re-
ported in Argonne Natl. Lab. Rept.
No. 5841 by Finkel et al. (3). Since
some animals had more than one type
of tumor, the resultant ratio in two of
the groups was greater than 1.0. The
points on this graph also appear to
represent a direct linear relationship
between dosage and response which
approaches zero dose and zero re-
sponse.

When presénted in this way, the
results of Finkel’s work can thus be
used not only as an argument against
the stand taken by Brues (2) but can
be used to support the views of the
United Nations Scientific Committee
on the Effects of Atomic Radiation
(4) and of Lewis (5), which are that
there may be no threshold for radia-
tion injury, and that the dose-response
curve may be straight, extending to
zero dose and zero response.

As noted above, in Figs. 1 and 2
only the eight groups of animals hav-
ing the lowest doses have been used.
The four high dosage groups, which
were not used, do not continue on the
straight line exhibited by the eight
lowwer dosage groups. This alteration
of the curve at high radiation levels
may be attributed to the fact that at
high levels there is considerable “wast-
age” of radiation. That is, much of the
radiation energy is absorbed by dead
or dying tissue. Energy which is ab-
sorbed by dead or dying tissue is not
likely to produce tumors or to shorten
life.

In all experience with radiation-
induced neoplasms, a latent period be-
tween irradiation and resultant neo-
plasms has been observed. This latent
period has been thought to be short-
ened by larger radiation doses. In
Finkel’s experiment (/) there was an
initial whole body radiation dose fol-
lowed by chronic radiation, primarily
to bone. Under these conditions, the
longer-lived (low-dose) groups might
be expected to exhibit proportionately
more neoplasms by virtue of having
lived farther past an average latent
period. However, this effect might be
counteracted by a shortened latent
period in the high-dose (shorter-lived)
groups.

Without the knowledge to assess the
importance of these three factors—ini-
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tial radiation dose, chronic radiation
dose, and possibly variable latent pe-
riod—one must consider that the linear
response suggested in Fig. 2 may be
merely fortuitous. However, it gives
no comfort to those who would inter-
pret this data as demonstrating a thresh-
old for radiation-induced neoplasia.

In both Fig. 1 and Fig. 2, uncertain-
ties in the values for the points near
zero dose as well as uncertainties in
the average lifetime of the controls
and per cent of tumors in controls
are sufficiently great that little reliance
can be placed on the exact position or
shape of the curves as they approach
zero dose.

There are, no doubt, other informa-
tive methods of presenting the data
from this excellent experiment. In a
more recent publication Finkel has
presented the data somewhat differently
(6). This presentation indicates, among
other things, an apparent independence
of Sr” dose and latent period of result-
ant tumors.

VicTtor E. ARCHER
BengaMIN E. CARROLL
National Cancer Institute,
National Institutes of Health,
Hagerstown, Maryland

References

1. M. P. Finkel, Science 128, 637 (1958).

2. A. M. Brues, Science 128, 693 (1958).

3. M. P. Finkel et al., Argonne Natl. Lab. Biol.
Med. Research Div. Rept. No. 5597 (1956);
No. 5841 (1958).

4. United Nations Scientific Committee on the
Effects of Atomic Radiation, Science 128, 402
(1958).

5. E. B. Lewis, Science 125, 965 (1957).

6. M. P. Finkel and B. O. Biskis, Acta Unio
Intern. Contra Cancrum 15, 99 (1959).

11 March 1960

Weber Ratio for Visual
Discrimination of Velocity

Abstract. As an approximation based
on various experiments reported in the
literature, the least detectable difference
in speed (A w) varies in direct proportion
to the speed (w) over a range from 0.1
to 20 degrees of visual angle per second.
The constancy of the Weber ratio (Aw/w)
aids in understanding how men react to
velocity in various situations.

Need for information on the Weber
ratio has recently been stressed in re-
search on traffic dynamics. Chandler,
Herman, and Montroll (/) have re-
ported that drivers react mainly to
relative velocity rather than to relative
distance. This finding provides an ex-
perimental basis for models of vehic-
ular interaction which may be applied
to multiple collisions on modern super-
highways and to other traffic problems.

Fortunately, a rather extensive litera-
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Fig. 1. The differential threshold (A ) as
a function of angular speed (w). Experi-
mental points are the thresholds as meas-
ured in eight experiments (5). A least
squares solution for the intercept constant
yielded the straight line with unit slope;
logm Aw=—1.00 -+ logm w.,

ture has accumulated on visual dis-
criminations of velocity. Plotting of
data from the literature yields a useful
generalization. The inference may be
applied not only to the dynamics of
moving vehicles, but also to other inter-
actions of men with machines.

Graham (2) has emphasized the im-
portance of expressing extent in terms
of the visual angle subtended at the eye.
Similarly, it is advantageous to use
angular units for velocity. Expression of
speed in units of visual angle per second
makes it easy to compare measurements
which experimenters have made from
different distances of observation. In
addition, angular speed has advantages
for experimental design since its use
facilitates the recognition and control
of major variables. These and other
methodological considerations have been
reviewed recently (3, 4).

Visual sensitivity to velocity is indi-

cated by the differential threshold,
which may be defined as
Aw=w — w (1)

where «: is a uniform angular speed an
observer discriminates, according to a
specified criterion, from the constant
rate of motion «. The differential
threshold has been of continuing inter-
est since the turn of the century; in
eight papers (5), scientists have re-
ported measurements over a wide range
of speeds.

The difference thresholds are plotted
against the angular speed in Fig. 1.
The straight line of unit slope repre-
sents a constant Weber ratio Aw/o.
Solution for the intercept constant by
least squares yields the plotted equation

Aw=(010) w (2)

As a very rough approximation, Fig. 1
shows that the differential threshold in-
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creases in direct proportion to the
angular speed of the stimulus. Dis-
crepancies result from variations in pro-
cedures and from nonrandom effects
of major variables. A recent report
(4) has presented a rationale for inter-
preting the discrepancies.

The Weber ratio provides a conven-
ient measure by means of which velocity
discriminations may be compared with
other sensory discriminations and with
performances in tracking and pre-
dicting. As indicated by Fig. 1 and
the least squares solution, the best
estimate of Aw/w for an unspecified
o is 0.10. This value is of the same
order of magnitude as the Weber ratio
for a loudness of 100 db at 1000 cy/sec
and for cutaneous pressure at 5 gm/
mm*® and for smell of rubber at 200
olfacties (6).

Speed of target motion seems to have
the same effect on tracking error as it
has on the differential threshold, that
is, tracking error increases as a linear
function of speed (7). In addition, the
discrimination of a 10-percent differ-
ence in speed agrees with the error a
tracker makes when he follows a target
which moves at a constant speed but
suddenly disappears (8). The Weber
ratio is also clearly related to predic-
tions of future positions of a moving
object (9).

Research on tracking and predictive
behavior indicates the need to consider
the effects of parameters other than
speed. It may be anticipated that Aw/w,
like other Weber ratios, is approximately
constant only within a restricted range
of stimulus variation, and that the sys-
tematic effects of major variables other
than speed will become apparent in
future experiments. The present report
serves to indicate the potential utility
which may result from appropriate ex-
perimental analyses of the Weber ratio
for visual discriminations of velocity.

RoBErRT H. BROWN
U.S. Naval Research Laboratory,
Washington, D.C.
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Complementation at the
Maroon-like Eye-Color Locus
of Drosophila melanogaster

Abstract. Two “allelic” Drosophila mel-
anogaster mutants which are deficient in
xanthine dehydrogenase can complement
one another in heterozygotes. This com-
plementation is due to the production of
small amounts of xanthine dehydrogenase,
enough of which is present to restore the
normal eye color. However, not enough of
the enzyme is present to produce normal
amounts of the enzyme products, or to
reduce the accumulation of the enzyme
substrates to levels found in wild-type
flies.

Many cases have now been reported
in which “allelic” genes can comple-
ment each other in heterozygotes or in
heterocaryons to produce a wild-type
phenotype. Such complementation has
been reported for some eye-color alleles
in Habrobrocon (I) and for some wing
mutants (2) and the bithorax cluster
(3) in Drosophila. The data indicate that
restoration of proteins is involved, since,
in Neurospora, glutamic dehydrogenase
is found in heterocaryons of allelic mu-
tants lacking this enzyme (4), while a
similar situation exists for allelic mu-
tants lacking adenylsuccinase (5). This
is a report of a similar phenomenon
which we have found in Drosophila
melanogaster between “allelic” mutants
which lack xanthine dehydrogenase.

Mutants deficient in this enzyme
comprise two loci, maroon-like eye-
color (ma-l) (6) and rosy eye color
(ry), which are located on the first and
third .chromosomes, respectively (7).
As a result of the deficiency of xanthine
dehydrogenase, ma-/ and ry mutants
accumulate the enzyme substrates (hy-
poxanthine and 2-amino-4-hydroxy-
pteridine), and show .no trace of the
products (uric acid and isoxanthop-
terin) formed from these compounds
(8). Xanthine dehydrogenase has been
purified from wild-type flies by using
charcoal, ammonium sulfate, and cal-
cium phosphate gel, and no activity
could be detected in purified extracts
of the mutants (9). In this report we
are concerned solely with the ma-/
locus.

In general, the chromatographic
methods followed those described by

Hadorn and Mitchell (10) and others;
the enzymatic techniques followed those
described by Glassman and Mitchell
(9). The amount of xanthine dehydro-
genase in the various stocks was deter-
mined as follows: Flies were homoge-
nized (40 mg/ml) in a Kontes “Duall”
glass tissue grinder in 0.1M Tris buffer
at pH 8. An amount of charcoal (No-
rite-A) equal to the weight of the flies
used was added to remove inhibitors,
and after 30 minutes the solution was
centrifuged at 20,000g for 20 minutes.
One milliliter of the supernatant was
placed in the fluorometer cuvette with
0.02 ml of 10°M methylene blue and
0.05 ml of 5 X 10*M 2-amino-4-hy-
droxypteridine. The increase in fluores-
cence due to the formation of isoxan-
thopterin was detected in a Turner
model 110 fluorometer using a primary
filter with principal transmission at 360,
and a Turner 2A with a Farrand inter-
ference filter transmitting at 416 mg
for a secondary filter. The red eye pig-
ment was estimated by measuring the
fluorescence directly on the paper (/7).
The other compounds were estimated
visually.

The locus involved in this investiga-
tion is on the right end of the X-chro-
mosome between Beadex wing (Bx’)
and suppressor of forked bristle (su-f)
(12). The mutants are ma-l/, induced
by x-rays by Oliver (7), and the bronzy
allele of maroon-like eye color (ma-I"*),
originally called bronzy by M. O. Fahmy,
who induced it with phenylalanine mus-
tard (/3). The “allelism” of these mu-
tants is based on their biochemical sim-
ilarity, on the lack of complete com-
plementation, and on the fact that no
crossovers were observed in approxi-
mately 5000 progeny (Z/2). This num-
ber is low, however, and does not rule
out the possibility that these mutants
are psuedoallelic; indeed, because they
are complementary one might expect
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Fig. 1. Xanthine dehydrogenase activity in
extracts of ma-l'/ma-I* and ma-l/ ma-I**.
The assay was conducted as described in
the text. It should be noted that no activ-
ity was detected in ma-l or ma-I"* flies.

SCIENCE, VOL. 131



	Cit r64_c76: 
	Cit r64_c71: 
	Cit r67_c80: 
	Cit r67_c82: 


