
was then characterized by a K con- 
centration of 128 mmole per liter of 
cell water. During the incubation at 
37?C, the cells took up K so that, at 
the end of a 15-minute period, the K 
concentration had risen to 212 mmole 
per liter of cell water, which approxi- 
mates the K concentration in the un- 
washed harvested H- cells. On the other 
hand, the initial K concentration in 
H-M-~-K had fallen to 60 mmole per 
liter of cell water, the lower value 
presumably arising because the mutant 
cell was unable to maintain its K con- 
centration during the washing and cen- 
trifugation. In this case the cells lost 
so much K during incubation that no 
K could be detected in the cell by our 
analytical methods after 15 minutes at 
37?C. Thus, it appears that H-M-I-r 
is unable to maintain the high K con- 
centration ratios which can be attained 
by the parent strain. 

It therefore appears that H-M-,-x~ is 
defective in its ability to concen- 
trate K as well as in ability to syn- 
thesize methionine. In order to see 
whether these are expressions of a sin- 
gle defect, experiments were carried 
out on revertant clones. Thirteen such 
clones, selected at random from plate 
cultures on low-K medium which con- 
tained the 18 amino acids, were 
streaked on low-K medium plates, 
which lacked all amino acids but histi- 
dine. All 13 transport revertants had 
simultaneously reverted their biosyn- 
thetic defect since they grew well on 
these plates. Similarly four clones se- 
lected for reversion from their amino 
acid requirement were also transport 
revertants since they grew well on low- 
K medium supplemented with histi- 
dine. One amino acid revertant was 
isolated which retained its transport 
defect and would not grow on the low- 
K medium. 

We also considered that all methio- 
nine-requiring auxotrophs might have 
defects in their K-transport system or 
that K might be necessary for methio- 
nine transport. Neither appeared to be 
the case. Several methionine-requiring 
auxotrophs of E. coli B (9) were in- 
vestigated, including one that can grow 
in the presence of homocysteine but 
not cystathionine. All were able to 
grow on low-K medium, indicating that 
their methionine defects were unrelated 
to a K requirement. 
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methionine requirement. Although the 
possibility that we are dealing with 
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two genetic defects has not been ruled 
out by our experiments, the indication 
is strong that only one genetic event 
is involved in the observed mutant and 
its revertants. If this is indeed the case, 
we would expect K transport in this 
organism to be metabolically related to 
methionine biosynthesis. 
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Abstract. Changes in the physical 
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simultaneous changes in the apparent 
flicker rate of a flashing light. For ex- 
ample, for one observer a flicker with 
a frequency of 10 cycles per second 
was driven downward to as low as 7 
cycles per second and upward to as high 
as 22 cycles per second by changing the 
rate of initially synchronous auditory 
clicks. The reverse does not occur- 
changes in the flicker rate do not induce 
changes in apparent flutter rates. 

The sense of the lateral position of 
objects is mediated largely by vision. 
Moreover, sounds will be sensed as orig- 
inating from the most reasonable visi- 
ble sources perceived to be acting in 
synchrony with the sounds. The ear, 
on the other hand, is an organ of 

References and Notes 

1. S. Schultz and A. K. Solomon, Nature 187, 
802 (1960). 

2. M. Lubin and D. Kessel, Biochem. Biophys. 
Res. Commun. 2, 249 (1960). 

3. Kindly supplied by Dr. L. Gorini. 
4. M. Lubin, J. Bacteriol. 83, 696 (1962). 
5. B. D. Davis, J. Am. Chem. Soc. 70, 4267 

(1948); J. Lederberg and N. Zinder, ibid.; 
B. D. Davis, Proc. Natl. Acad. Sci. U.S. 
35, 1 (1949). 

6. L. Gorini and H. Kaufman, Science 131, 
604 (1960). 

7. B. D. Davis and E. S. Mingioli, J. Bacteriol. 
60, 17 (1950). 

8. H. F. Umbarger and B. D. Davis, in The 
Bacteria, I. C. Gunsalus and R. Y. Stanier, 
Eds. (Academic Press, New York, 1962), 
vol. 3, p. 196. 

9. Kindly supplied by Dr. B. D. Davis. 
10. S. Schultz and A. K. Solomon, J. Gen. 

Physiol. 45, 355 (1961). 
11. P. Weiden, senior thesis, Harvard University 

(1963). 
12. Supported in part by the NSF and the 

AEC; and also by USPHS fellowship F2 
HE-18, 836-01 to R.D. from the National 
Heart Institute. We thank Dr. M. Lubin for 
help in developing the penicillin cycling 
techniques for the present purposes, D. Levy 
for help with the K analyses, and Drs. B. D. 
Davis, H. Amos, and L. Gorini for discus- 
sion and criticism. 

11 June 1964 

Auditory Flutter-Driving 
of Visual Flicker 

Abstract. Changes in the physical 
flutter rate of a clicking sound induce 
simultaneous changes in the apparent 
flicker rate of a flashing light. For ex- 
ample, for one observer a flicker with 
a frequency of 10 cycles per second 
was driven downward to as low as 7 
cycles per second and upward to as high 
as 22 cycles per second by changing the 
rate of initially synchronous auditory 
clicks. The reverse does not occur- 
changes in the flicker rate do not induce 
changes in apparent flutter rates. 

The sense of the lateral position of 
objects is mediated largely by vision. 
Moreover, sounds will be sensed as orig- 
inating from the most reasonable visi- 
ble sources perceived to be acting in 
synchrony with the sounds. The ear, 
on the other hand, is an organ of 

eminently superior temporal resolution. 
A healthy young ear has a critical 
flutter frequency (the frequency at 
which a clicking sound appears steady) 
which is much greater than the critical 
flicker frequency (the frequency at 
which a flashing light appears steady) 
of an eye in the same head. Thus it 
seemed reasonable to try to obtain an 
index of the perceived rate of visual 
flicker by asking the subject to match 
this to a perceived rate of auditory 
flutter. 

Up to the present time, the critical 
flicker frequency is the only aspect of 
visual temporal resolution that has been 
studied in detail, primarily because phe- 
nomenal flicker rates are very difficult 
to measure. 

Unfortunately, such flicker rates are 
not satisfactorily measured by rates of 
flutter either. The interesting intersen- 
sory fact, first noted by Gebhard and 
Mowbray, is that the flutter appears to 
"drive" the flicker (1). Suppose that a 
whitish light is set to flicker at 5 cy/sec 
and a whitish sound (approximately 
but not necessarily of the same wave- 
form) is set to flutter (approximately 
but not necessarily in phase) at exactly 
the same rate. Then the flutter rate is 
gradually turned up or down in fre- 
quency. The perceived flutter rate will, 
of course, go up or down accordingly; 
but quite unexpectedly, so also will the 
apparent flicker rate. The reverse does 
not occur-we can drive the flicker by 
the flutter but we cannot drive the 
flutter by the flicker. Since this driving 
is compelling, auditory flutter rates can- 
not be used to measure visual flicker 
rates. On the other hand, though flicker 
rate changes do not drive the flutter 
frequencies, they nevertheless cannot 
be used to measure subjective flutter 
rates because, in the presence of a fixed 
flutter rate, the change of flicker rate 
is quite simply not seen. The flicker 
stays put, locked in apparent synchrony 
with the flutter. 

An experiment was therefore con- 
ducted to determine, first, over what 
flicker-flutter ranges driving takes place, 
and, second, how far up and down a 
change in flutter can drive an initially 
synchronous flicker. The parallel dimen- 
sions of brightness-loudness, color-- 
pitch, binocularity-binaurality, lateral- 
ity-contralaterality, waveform, phase, 
on-off ratio, and modulation depth can 
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sions of brightness-loudness, color-- 
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ity-contralaterality, waveform, phase, 
on-off ratio, and modulation depth can 
be examined only after the basic phe- 
nomenon itself is described. 

The effect of sound on the critical 
flicker frequency has been studied 
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(1-3), but the results are in general 
controversial: sometimes sound seems 
to increase the critical flicker frequency 
(especially if it flutters in phase with 
the flicker) and sometimes it seems to 
decrease the critical flicker frequency. 
This controversy has occurred, per- 
haps, because too much was attempted 
without proper control, or definition, 
of the numerous parameters involved. 
In any case, Maier et al. (2) conclude 
that the effects so far shown are very 
small; typically, a 2 to 4 percent change 
in critical flicker rates may be caused 
by sound, and never more than a 10 
percent change. 

The flutter driving effect, however, 
is of much greater magnitude (though 
quantitative measurements have not 
previously been reported). 

The flicker source used was the 
Xenon lamp of the Grass model PS-2, 
reflected to the eye from a white card- 
board surface. This has a blue-white 
color and a peaked wave of about 10 

tjsec duration. The room was other- 
wise dark, so that the modulation depth 
was effectively 100 percent. The screen 
was viewed from a distance of about 
37 cm. The pupil of the eye was dilated 
with a 1 percent solution of mydriacyl 
(thus eliminating possible effects due to 
fluctuating pupil size), and viewing took 
place through a circular 5-mm artificial 
pupil placed as close to the natural 
pupil as comfortable, approximately 11 
mm from the cornea. Thus the visual 
stimulus subtended 25 degrees of visual 
angle. The head was held by a chin 
rest. The steady-state luminance of the 
screen, measured with a Macbeth il- 
luminometer, was 20.8 candles per 
square meter. The right eye was em- 
ployed; the left eye was patched. (The 
critical flicker frequency was approxi- 
mately 50 cy/sec under these condi- 
tions.) 

The flutter source used was the dis- 
charge click obtained from a General 
Radio Strobotac, No. 1531A. This had 
a high-pitched tone and was unfortu- 
nately of much longer duration than 
the flash (4). The room was otherwise 
quiet, though definitely not anechoic, so 
that the modulation depth was only ap- 
proximately 100 percent. The click was 
led into the right ear by means of a 
radio ear plug. The left ear was 
shielded. Only ipsilateral interaction 
(right eye and right ear) was studied. 
The sound pressure level was 69 db 
(ref. 0.0002 tbar) as measured on the 
C-scale of the Bruel and Kjaer No. 
2203 precision sound pressure meter. 
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of auditory flutter-driving of visual flicker for two subjects, 

Most of this energy was confined to 
the 31.5 octave band. (The critical 
flutter frequency was approximately 
100 cy/sec under these conditions.) 

The experimenter set the flicker and 
flutter rates at the same random but 
predetermined frequency. The subject 
then turned the rate of flutter up or 
down very slowly (never changing di- 
rection) until the apparent synchrony 
disappeared. The experience can be de- 
scribed as follows: the light and sound 
were initially pulsating strongly togeth- 
er; as the flutter frequency changed, the 
apparent flicker frequency followed 
right along with it until some point was 
reached where an apparent asychrony 
intruded. It was seldom clear, except 
at the very low frequencies, which sen- 
sation, sight or sound, was going faster 
and which slower, but the rather sudden 
asynchrony was fairly definite. This 
point was taken as the limit of the 
driving range. 

The results for two observers are 
presented in Fig. 1. The dotted line rep- 
resents the line of physical equality. 
The solid line connects the midpoints 
of the range over which the flutter 
driving took place. The two horizontal 
bars, at each flicker rate, indicate the 
limits of the range of flutter driving. 
Each bar is a mean of at least five 
determinations. 

The similarity of the curves for the 
two observers is quite good, suggesting 
that this technique may have some ap- 
plicability in neurosensory work where 
reliable quantitative means for study- 

ing intersensory interaction are especi- 
ally needed. The standard deviations at 
the higher frequencies, however, re- 
vealed partly by the suddenly widened 
range in the vicinity of 10 cy/sec are 
very great. Thus, for clinical use, these 
measurements might best be confined to 
frequencies of 3 cy/sec or less. Here, 
the reliability is excellent because the 
observer perceives the flicker rate clear- 
ly and perceives the asynchrony di- 
rectly in terms of which sensation is 
leading which. He can actually "count" 
the two asynchronous events, a skill 
which he no longer possesses even at 
4 cy/sec. It is important to note also 
that the curves for both observers cross 
the line of physical equality in the 
vicinity of 4 cy/sec. 

Up to about 10 cy/sec the visual field 
pulsates somewhat in a unitary and or- 
ganized fashion. Beyond that point, the 
field seems to break apart, and each 
section pulsates at a different and ir- 
regular rate. This end point is thus 
very tenuous, and the variability here 
is so great that reliable measurements 
could not be obtained at higher fre- 
quencies. Above 4 cy/sec the mean of 
the flutter range is just slightly higher 
than the corresponding flicker rate, and 
the relationship is fairly linear. But at 
10 cy/sec the mean moves rather sud- 
denly upwards, suggesting the abrupt 
participation of additional factors. 

Finally, it is apparent that flutter 
driving upwards covers a wider range 
than flutter driving downwards. It is 
for this reason that it generally takes 
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a faster flutter to match a given flicker; 
this is another way of observing that, 
except for the very low rates, auditory 
temporal resolution is better than the 
corresponding resolution by eye. 

T. SHIPLEY 
Bascomn Palmer Eye Institute, 
Department of Ophthalmology, 
University of Miami School of Medicine, 
Miami 36, Florida 
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Abstract. Eight hypnotist-experiment- 
ers administered a standardized sug- 
gestibility test to subjects under two 
separate experimental conditions. The 
experimenters understood the problem 
of experimenter bias, knew that they 
were being checked, and felt that they 
had treated both groups alike, yet 
judges were able to tell under which 
condition the subjects were tested by 
listening to the performances of the 
experimenters. 

The study reported here resulted 
from the finding, during a check of 
experimenter consistency, of significant 
bias among experimenters participating 
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condition the subjects were tested by 
listening to the performances of the 
experimenters. 

The study reported here resulted 
from the finding, during a check of 
experimenter consistency, of significant 
bias among experimenters participating 
in an investigation of the effect of two 
conditions-hypnotic induction and 
lack of it-on responses to standard- 
ized tests of hypnotic suggestibility. 
The main study will be reported else- 
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where (1); it is sufficient to know that 
the subjects in the experimental group 
of concern here were individually given 
one of two parallel versions of Form C 
of the Stanford Hypnotic Susceptibility 
Scales (SHSS) (2) on two successive 
days. Eight hypnotist-experimenters 
participated in the experiment, and no 
subject was tested by the same experi- 
menter on both days. On the 1st day 
the subjects were told to imagine that 
the suggested items were true, and no 
hypnotic induction was given; on the 
2nd day the standard eye-closure in- 
duction of the SHSS was given imme- 
diately prior to the suggestibility tests. 
One of the major comparisons to be 
made was between subjects' scores with 
and without hypnotic induction, the hy- 
pothesis being that the subjects would 
experience more hypnotic phenomena, 
and thus score higher, in the induction 
condition than in the imagination (no 
induction) condition. 

Recent studies of experimenter bias 
(3) and Orne's recent discussions of 
the importance of implicit demands 
(4) on subject performance indicate 
that an experimenter may unknowingly 
influence subjects to perform in ac- 
cordance with the experimenter's hy- 
potheses. Hence, it seemed necessary 
to ascertain whether the experimenters 
were administering the suggestibility 
tests of the SHSS in the same manner 
in both conditions, especially in view 
of the report of one experimenter 
(C.T.T.) that he found it difficult to 
speak as "hypnotically" in the imagina- 
tion condition as in the hypnosis con- 
dition (5). The problem was discussed 
with the experimenters (all of whom 
were graduate students or staff mem- 
bers in psychology, experienced in hyp- 
notic work). They were urged to be 
as consistent as possible and were in- 
formed that practically all experimental 
sessions would be tape-recorded so that 
their performances could be judged. 

Tape recordings were made with re- 
mote recorders, so that the experi- 
menters were not aware of whether or 
not they were being recorded. After 
eliminating recordings which were un- 
intelligible because of electrical and 
mechanical noise, 13 pairs of tapes 
were secured; in each pair the same 
experimenter was recorded with one 
subject in the imagination condition 
and another subject in the induction 
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transferred to the tapes which were 
to be judged. Item 1 was given im- 
mediately following instructions in the 
imagination condition, and immediately 
following induction in the hypnosis 
condition. The voices of the subjects 
never appeared on these tapes; only 
the voices of the experimenters reading 
from a standardized form were heard. 
Thus any inference as to which condi- 
tion the subject was under would have 
to be made from the various paralin- 
guistic features of the recording, such 
as amplitude, rhythm, pitch, and vol- 
ume changes. 

Seven judges (assistants and staff 
members of the Laboratory of Human 
Development) were asked to inde- 
pendently rate which half of each pair 
was more "hypnotic" in quality. Three 
of the seven judges (designated C, F, 
and G) had served as experimenters 
in the study, although none of the 
tapes recorded from judge C were in- 
cluded because of unintelligibility. All 
the judges were personally acquainted 
with all the experimenters. 

The results for each judge are pre- 
sented in Table 1. Probabilities were 
assessed on the null hypothesis that 
either half of a pair was equally likely 
to be judged as the "hypnotic" half. 
The binomial probabilities that the 
number of correct judgments would be 
as high as or higher than that obtained 
by chance alone were calculated di- 
rectly from binomial tables (6) for 
each judge's results. As shown in Table 
1, three of the judges (B, D, E) scored 
significantly higher than chance (p = 

.05), three others (A, C, F) came 
close to significance (p = .13), and 
one judge (G) scored at chance 
expectancy. 

A judge judging his own perform- 
ance had no advantage. Judge F did 
no better than five other judges, and 

judge G was the poorest judge of all. 
It is of interest that judge G was the 
only judge who felt that the study 
would show negative results. 

The combined results for all seven 
judges are highly significant, according 
to the method of Jones and Fiske (7) 
(x2, 31.602; degrees of freedom, 14; 
p <.005). 

The impressions of the judges as to 
what their judgments were based on are 
of some interest. They described the 
voices of the experimenters under the 
hypnosis condition as being relaxed, 
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song, deeper, slower, soothing, sibilant, 
softer, droning, descriptive rather than 
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