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In view of th£ shortages of materials a nd labour at 
the present time, no new type can be embarked on 
unless it is demonstrably superior to existing types 
and possessed of definite and immediate advantages 
over them. 

A subject which is intimately connected with the 
power plant is its noise. This constitutes one of the 
disadvantages of an aeroplane. For night-flying a 
method by which it would be possible to hear from 
one aeroplane the. approach of another wout:i be of 
great advantage. The engine can be silenced without 
serious disadvantages, but the noise of the propeller 
and the hum of the wires are so great that silencing 
the engine is not sufficient. 

Many proposals for the projection of bombs and 
grenades of flame and of poisonous gases have been 
received. The trailing bomb or grapnel for attacking 
enemy aircraft and submarines is a favourite 
tion from ihventors. This device was tested before 
the war and at various times since, but has been 
abandoned. in favour of more effective methods. 

Many hundreds of inventions: and suggestions for 
inclinometers and instruments for straight flying and 
accurate bomb-dropping have been investigated. 
Efficient a nd instruments for these pur
poses .have been available for some time past, but it 
is quite possible that improved forms may be pro
duced, though it is scarcely likely that this can be 
done by anyone who does not possess the necessary 
scientific and mechanical knowledge required for an 
investigation of this nature. Some inventors entirely 
disregard the action of centrifugal force upon pendulum 
and spirit-level devices. 

A large number of gyroscopic have been 
proposed which show insufficient knowledge of the 
correct application. and limitations of a gyroscope. 

Anti-aircraft devices of various kinds are constantly 
suggested, but now contain very little ne\v matter for 
consideration, as such proposals have received the care
ful attention of the authorities for a long time past, 
and ha,·e been the subject of much trial and experi
ment. 

The Committee .fully appreciates the genuinely 
patriotic motives which inspire most of the communica
tions which they have received, and it is with the 
object of encouraging the submission of useful and 
well-considered proposals that this statement is issued. 
Inventors should, however, bear in mind that the 
somewhat obvious proposals which might have been 
useful in an earlier stage of the war are now no 
longer serviceable .. 

FOOD CONSERVATION BY REDUCTION 
OF RATIONS.! 

J T i? that, with al.l the current 
d1scusswn regardmg food conservatwn, so little 

emphasis has been laid upon the possibilitv of con
serving food by reducing the diet. When one recalls 
the. agitation of enthusiasts for reduced diets during 
the past thirty years, and recognises the fact that all 
special pet theories can at this psychological moment 
?btain hearing than at any previous time, it 
ts surpnsmg that the advocates of reduced diet have 
macle so little progress, and, indeed, have apparently 
ceased their propaganda. 

The popular conception that we eat too much is 
usually quantitatively expressed by the statement that 
we eat "twice as much as we ought." The nutrition 
laboratory has for years been endeavouring to discover 

l Abridgi!d from an on . "Physiological of a Prolonged 
in on Twenty-four Men ," given to American Philosophical 

So:1e.ty on Apnl 20 by Prof. Francis G. Benedict. (From the Nutrition 
Laboratory of the Carneg:e Institution of \Vashington 1 Boston, Massa
chusetts.) • 
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if there exist any special groups of individuals who 
live r egalarly upon a diet that would be commen
surately low. For this purpcse it was assumed that 
the minimum or basal metabolism must be taken as 
the index of food' requirement. Differences in 
muscular activity are so great that no two individuals 
can be compared save on an absolutely quiescent, 
resting basis. After the metabolism of two hundred 
or more individuals had been carefully measwzed, it 
was seen th.at, although we were dealing with people 
of varying ages and dietetic habits, and of supposedly 
ve1·y low metabolism, no such individuals were easilv 
recognised in our measurements. It would thus appea-;. 
offhand that if there are no individuals other than 
pathological which present abnormally low basal meta
bolism, and if the law of conservation of energy in 
the human body obtains, as we .know it does, then 
there is no a priori reason for expecting that a reduced 
diet can be permanently adhered to. A reduction in 
diet will simply mean that body reserves will be drawn 
upon until death from starvation occurs. 

Through the kind offices of Profs. J. H. McCurdy 
and Elmer Berry, of the International Y.M.C.A. Col
lege at Springfield, Massachusetts, both unusually 
interested in metabolism problems, arrangements were 
made to select twelve men out of .a group of volun
teers from the student body. The men...entered heartilv 
into the spirit of the whole research, and readily con
sented to all the strict requirements of the test. 

The general plan was to curtail the diet sufficiently 
to reduce the weight approximately 10 per cent. This 
could have been done by a complete withdrawal of food 
for about fourteen or fifteen days. It was recognised 
that these men were, first, college students with 
obliga tions for educational advancement, and,, secondly, 
volunteers for scientific research. A complete fast for 
fourteen days would, in all probability, have caused 
most of them considerable discomfort, if not distress. 
The alternative was to curtail the dietetic intake so 
that the weight.Joss .would take place, not · in fourteen 
days, but in four to six weeks. This was done by 
serving the men approximately one-half to two-thirds 
of the caloric requirements prior to the dietetic con
trol, making absolutely no change in the kinds of 
foods eaten. The young men were cautioned not to 
lessen their mental or physical \activities. Obviously 
if the activity of a group of ·men were lessened, as, 
for example, by putting them to bed, to use an extreme 
illustration, their d1etetic requirements would be very 
much less. Suffice it to say that these men carried 
out .all the requirements of collegiate activity, both 
physical and intellectual, the entire period. 
As soon as the reduction in we1ght had reached 10 per 
cent. or thereabouts, the calories in the were 
increased to such an extent as to hold the · weight at a 
constant level. The number of calories required to 
hold this weight constant over a · considerable period 
of time could be taken as a fair representation of the 
actual caloric requirement for t.his group of men. 

To ensure a suitable base-line, therefore, a second 
group of twelve men from the large number of volun
teers originally presenting themselves was selected to 
act as a control squad. These men were in every 
particular studied with the same degree of care as 
squad No. 1, except that there was no dietetic control. 

While body-weight can be taken as an approximate 
index of the metabolic level, further checks were abso
lutely necessary to rule out the inevitable differences 
in muscular activity that would be found with groups 
of individuals, even when they were subsisting under 
the same collegiate conditions. The gaseous meta
bolism was therefore measured practically every 
morning for each one of the first squad. These 
measurements were made by collecting the expired air 

' and analysing it. From the amounts of oxygen con-
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sumed and carbon dioxide produced, the basal heat 
output could be computed by indirect-calorimetry, thus 
furnishing the second index of metabolic level. The 
pulse-rate was recorded simultaneously every morning. 
Every other Saturday night the entire group of men 
was taken to .Boston and placed inside a large respira
tion chamber, where the men could sleep comfortably. 
The carbon dioxide excretion of the twelve men was 
thus determined simultaneously during deep sleep. 
This furnished a third criterion for judging the meta
bolic level. 

The control squad showed no seasonal variation, 
and their basal. metabolism, as measured in the large 
respiration chamber in Boston, was found to be abso
lutely identical with that of the first group of twelve 
men prior to the restriction in diet. To check the 
important findings with the first squad during the 
early period of the investigation, the second squad 
was later placed upon a very restricted diet for a 
period of three weeks, the diet given being less than 
one-half of their normal requirements. 

For both squads, when on diet, the food for each 
day was carefully weighed, sampled, and analysed for 
the individual men. It is thus possible for us to 
measure the complete intake of protein and calories. 

The most important scientific findings may be 
!'ummed up as fellows :-

(I) A gtadual reduction in weight to a point I2 per 
cent. below: the initial ·weight took place during a 
period of from three to ten weeks, with low calories 
and ·a moderate amollnt of protein· in the food intake. 
The normal demand of the men prior to the dietetic 
alteration ranged from 3200 to 36oo ri.et calories. One 
squad of twelve men subsisted for three weeks on 
I400 net calories without special disturbance. 

(2) After the loss in weight of I2 per cent. had been 
reached, the net calories required to maintain this 
weight· averaged about 23oo, or approximately one. 
third less than the original amount required. 

(3) At the en1 of the reduction in weight the actual 
heat output during the hours of sleep, as computed 
by indirect calorimetry, was approximately one-fourth 
less than normal, thus giving a rough confirmation 
of the lowered number of calories found by actual 
measurement of the food intake. That there was no 
seasonal variation in metabolism was shown by 
the constancy in the metabolic level of the control 
squad. 

(4) The heat output by indirect calorimetry per kilo
gram of body-weight and per square metre of body
surface was essentially IS per cent. lower than at the 
beginning of the study. 

(S) Throughout the period of loss in weight, and 
for some time afterwards, there was a marked 
loss of nitrogen to the body. In. round numbers 
these men each lost approximately ISO grams 
of nitrogen. There is an intimate relationship 
between this " surplus nitrogen and the metabolic 
level. Removing the "surplus nitrogen," we believe, 
distinctly lowers the stimulus to cellular activity. 

(6) The nitrogen output per day at the maintenance 
diet of 2300 net calories was about 9 grams. The con
trol group of twelve men, living substantially the same 
life· and eating in the same dining-room, but with un
restricted diet, showed a nitrogen output of I6 to 
17 grams per day. 

(7) The pulse-rate was astonishingly lowered. Many 
of the men showed morning pulse-rates as low as 33, 
and daily counts of 32, 3I, and 30 were obtained; at 
least one subject gave six definite counts on one 
morning of 29. 

(8) The blood-pressure, both systolic and diastolic, 
was distinctly lowered. 

(g) The skin temperature, as measured un the sur
face of the hands and forehead, was with some sub-
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jects cortsiderably lower than normal. With most of 
the men normal temperatures prevailed. 

(to) The rectal temperature was practically normal 
My colleague, Dr. Walter R. Miles, found as a 

result of numerous tests of the neuro-muscular pro
cesses that there was no material change as a result 
of the reduced diet. There was a very slight falling-off 
in the strength tests with the hand dynamometer. 

As one of the best indices of muscular per·formance, 
my assoeiate, Dr. H. Monmouth Smith, measured the 
energy required by each man to walk one mile in 
about twenty minutes. With a reduced diet the re
quirement was found to be lower with all the men 
than with a normal diet, this being due, in part, to 
the fact that the reduced weight meant a lower weight 
to transport. In other words, these men walked a mile 
with noticeably less energy consumption than a man 
not on a reduc«d diet. 

The subjective impressions were almost uniform 
that the muscles in the thigh were distinctly weakened. 
The men complained of di!'ficulty in walking upstairs, 
but our personal observations go a long way towards 
refuting this, for all the men seemed able to go up
stairs two steps at a jump on several occasions. On 
February I,· tgi8, at Springfield, after four months 
on diet, eleven of the diet squad were pitted against 
eleven men from the college body in an arm-holding 
contest for endurance. The arms were held extended, 
palms down, at the level of the shoulder. The number 
of men falling out was practically the same in both 
squads ; as a matter of fact, seven in the diet squad 
and eight in the uncontrolled squad held their arms 
out for one fuli hour. 

The most noticeable discomfort experienced by the 
subjects was a feelin!! of cold, which it is only fair 
to say might be clue in large part to. the severity of 
the past winter. In general, notwithstanding the very 
great reduction in the metabolism, which ·we believe 
was due to the removal from the body of the stimulus 
to cellular . activity of approximately ISO grams of 
"surplus nitrogen," the whole period of lowered food 
intake had no untoward effect upon the physical or 
mental activities, and the men were able to continue 
successfully their college duties. 

When the second squad was put upon a restricted 
diet the picture exhibited by the first squad was 
strikingly duplicated in all details, although as the 
loss in weight was obviously not' so great with the 
second squad (6 per cent. as compared with 12 per 
cent.) the phenomena were quantitatively somewhat 
less emphasisPd. 

At the conclusion of the entire research the men 
presented an appearance not unlike the average col
lege student; it would have been difficult to pick them 
out from the rest of the college body on the campus. 
On close inspection the members . of the diet 
would perhaps have appeared somewhat emaCiated, 
particularly in the face, but they were performi'1g their 
duties as college students, both physically and intel
lectually, with no obvious reduction in stamina. 

The great objection to making practical deductions 
from laboratory experiments is usually that · such re
searches are carried out on the low!">; animals, or if 
men are studied, but one, or at the most two, are 
used. With a group of'twenty-four men, such as was 
studied in this research, one is justified, if ever, in 
drawing deductions or making recommendations. We 
cannot then be charged with faddism or irrational 
propaganda if we are led to make certain definite 
recommendations-recommendations that admittedlv 
we would never make in peace times, and that ad
mittedly may havE. serious faults. These recommenda
tions· are primarily a war measure. 

I find myself in a novel situation as a public advo. 
cate of far-reaching dietetic alterations. Recalling my 



© 1918 Nature Publishing Group

}ULY 4, 1918] NATURE 357 

earlier objections to Prof. Chittenden's inferences from 
his experiments, I realise that, although abstract 
science ·and propaganda are more or less incompatible, 
in time of stress old beliefs m ay well be challenged, 
earlier concepts discarded, and conservatism permitted 
to exercise a less restt aining influence.; hence a public 
avowal of change in point of view and an admission 
of the errors of earlier judgment are not only desirable, 
but a lso absolutely necessary . While still rnaihtain
ing that the published records of Prof. Chittenden's 
experiments .left · the desirability of a propaganda for 
lower protein and energy open to serious fundamental 
criticism; I am now· convinced that his data on protein 
intake justified many of .his pubhc state.ments and 
t·ecommendati;ms. His . conjectures regarding calorie 
needs seem in no small part substantiated by the 
resul.ts 'of'.this new t·esearch. 

Although some.· of our men \vere under: twenty-one 
years of age, the data . obtained in. our experirri,ents 

ho bearing on the period of growth; the diet of 
the growing child should in no ' cir:cumstances be 
reduced. Neither are results applicable to the 
ccmditions of severe musc.ulat work, as, for example, 
in ' the Army. They may, however, legitimately sug
gest practices for patriotic civilians not performing 
severe muscular work; that these standards represent 
the optimum needs for peace times requires further 
evidence for substantiation. It is quite clear that a 
civilian body of men could readi ly withstand a siege 
on half-rations without difficulty for several months, 
and, since danger seems remote, that reduced rations 
for all ·adult civilians may be justifiable as a war 
measure for a relatively long period ·of months. Prof. 
Chittenden's conclusions from his experiments that a 
low protein diet is practicable seem fully substantiated; 
this expensive source of food material may thus be 

lowered. The calories may also, without 
doubt; be lowered. Indeed, it may become a serious 

as to whether a patriot should be permitted 
i'n: ·times of stress to carry . excess body-weight, for the 
eipense of · carryinj:( it :around calls for calories that 
other people need. The excess weight is prima faCie 
evidence that he is . living at the highest metabolic 
level;. higher than · _he needs by approximately 25 per 
c.ent:, and there is ·no doubt that the excess weight 
contributes fo shorten life. 

It is quite clear that variation i.n diet is absolutely 
essential.· If a person a certain article of food 
he may eat it, but he should stick religiously to the 
" half portion." 

Of special significance is the importance of not 
eating between meals and of omitting the eating of 
extras. lt .has surprised .us to find how large a pro
portion of the total diet is m ade up of these extras. 
Capt. Gephart, in his . study of the food intake of 
St. Paul's .. School, Concord. N ew Hampshire, found 
that O\lt .of a total daily intake of sooo calories per 
boy1 647· calories were derived from extras in the .Jorm 
of. sweet . chocolate, candy, coffee-buns, etc. With out· 
control. ·squad at Springfield, when on normal diet, 
approximately 40qo calorjes were consumed daily by 
each individual. Of. this amount abou t 400 calories 
were obtained from extras not served at the table. 

l cannot feel that 'ln alteration · in the Army diet is 
justifiable at present. It is bad policy "to swap horses 
in the middle of the stream;'' The fighting unit may 
well be exempte'd from innovatiot1s, but let the" civilian 
population give this whole project a thorough, honest 
test, recognising that . while there may be, in certain 
cases, ·an: element of hazard, and· in many cases an 
element · of discomfort, the possibiliti es for danger in 
accomplishing a· weight reduction of- per cent. are 
negligible. The calories. thereby are' by no means 
negligible, but with the sum.:total of :mr population 
would feed an enormous Armv. 
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UNIVERSITY AND EDUCATIONAL 
iNTELLIGENCE. 

LORD DuRHAM has been elected Chancellor of 
Durham University in succession to the late Duke 
of Northumberland. 

THE residue of the estate of the late Mr. T. P. 
Sims, of Swansea, has been left to Swansea 
Technical School for the foundation of three two-year 
scholarships in the subjects respectively of chemistry, 
metallurgy, and modern languages for commercial 
purposes. 

THE Board of Agriculture and Fisheries has awarded 
the Frt!am .memorial prize for 1918 to Mr. Leonard C. 
Robinson, a student of the Harper Adams Agricul
tural College, Newport, "alop,_ who took the highest 
marks· '< t this year's examination for the National 
diploma in agriculture. 

WE have received a copy of the calendar of the 
Kyushu Imperial University. The University was 
estab!Jshed at Fukuoka by Imperial ordinance in 
December, 1910, the first article of whi ch lays it down 
that "Imperial universities shall have for their objects 
the teaching of such arts and sciences as are required 
for the purpose of the State and the prosecution of 
original research in said arts and sciences." Among 
other interesting developments recorded in the calendar 
may be mentioned the _establishment in 1914 ·of a 
marine biological station in connection with the insti
tute of anatomy in the University. . The regulations 
show that real efforts are being made to encourage 
research in the University; a · certain. number of 
students, who are possessed of high academic attain
ments and good character and wish to devote them
selves to scientific research, are selected and appointed 
to research scholarships, exempting them from inves
tigation fees, and providing a monthly allowance to 
enable them to pursue their study and· research. 

THERE \Vas a discussion in Committee of the- House 
of Commons on July 2 clause . 22 of the Educa
tion Bill, which provides for the abolition of fees in 
all public elementary schools. Mr . . Fisher, President 
of the Board of Education, replying to the arguments 
put forward in favour , of the continued recognition of 
fee-paying elem entary: schoGis .now existing, pointed 
out that the Bill retains fees in secondary schools and 
abolishes them in elementary schools, and provides for 
free education in continuation schools. In other 
words, it applies the principle that" education is; 
compulsory it is to be given without charge to the 
parents, but where the parent has an option whether 
ornot to send his child to a type ofschoof 
there he should be at liberty to pay fees. :It is the 
opinion of the inspectors of the Board tnat the exist
ence of fee-payi,ng schools militates against fne proper 
organisation of higher-grade education in an area. 
The case for · fee-paying schools is the provision of 

opportunities, but_ if the opportunities are 
no longer except.ional, the special case for . 
is greatly weakened, The clause was eventually 
agreed to without amendment. as were also the re
maining cla.Jses of the Bill, 

Science for May IO publishes a report of the Mellon 
Institute in the University of Pittsburgh, in- which 
Prof. Kennedy Duncan's scheme for industrial re
search fellowships is in operation. Particulars of 
this scheme were published by .the Board of Education 
some time ago in a pamphlet written ·by Mr. T, LL 
Humberstone. The made by the ·. institute 
is indicated by the increase in·. the number of fellows 
from hventy-four in r9u-12 to sixty-four in rgr7-r8, 
the ·amounts contributed by the· subsidising firms hav
ing increased in the samf' period from :l9•700 dollars to 
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