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INTRODUCTION. 

THE object of this investigation is to give a scientific backing to tables 
that have. been drawn up more or less empirically, and to ascertain whether 
the energy expenditure value of exercises, both individually and in groups, 
corresponds with that assessed by their relative position in the tables. 
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2 In'vesiigation of Energy Expended on Extrcises 

It is fully realized that the number of experiments carried out on each 
exercise is not sufficient to give a reliable average, but time was short and 
a repetition beyond what was effected, however desirable it might be, was 
found impossible. 

Thus values which might suggest an alteration in the position of 
certain exercises in the tables should not be too freely accepted; they 
rather point to the need of their being particularly chosen for further 
research. 

A study of the results discloses the fact that in many instances COll

siderable variation in the cost of the same exercise occurs. This certainly 
is to be expected in a subject such as Physical Training, in which one of 
the main watchwords is "Self Effort," for self effort, even in the most 
enthusiastic of performers, must vary between wide margins' dependent on 
the amount of mental and physical well-being existing at the moment. 

A trained Staff Instructor was specially selected as the subject of the 
experiments in order·that the exercises might be performed as they should 
be according to the Manual, and thus give a truer picture of the metabolism 
than that likely to be obtained from an untrained or partially-trained man. 
Moreover, as relative rather than absolute values were wanted there was 
no necessity to have more than one subject. 

The plan of campaign followed was to carry out one investigation of 
each exercise in the eight tables and then repeat as much of it as time 
would permit. 

Horse and ground work were omitted altogether because of the difficulty 
of collecting samples of expired air; and even had this been possible the 
effect of wearing the apparatus would have so interfered with the proper 
performance of the exercise that the results would have been very 
fallacious. 

A preliminary series of single experiments was carried out on all the 
exercises in the first eight tables, but as time precluded everyone of these 
exercises being repeated it was decided to concentrate on the first six tables 
only and make as complete,an investi'gation,of these as was possible in the 
time. A second examination was carried out on all exercises in Tables 
I to VI with the exception of the Agility group. A third examination ( 
was then conducted of those exercises where the expenditure in the first 
two investigations showed a variation of more than ten per cent. In a few 
instances, where the results seemed to vary unduly, a fourth examination 
was made. It is thus claimed that for the first six tables the mean figure 
arri ved at is somewhere near the correct mean energy expendi ture value of 
the various exercises and groups, but it should be understood that this 
investigation by no means pretends to be of the nature of an academic 
research. It expresses rather the energy expended in physical training as 
carried out under the ordinary conditions of a military gymnasium and it 
is hoped that for this reason it has a greater practical value. 

It will be noted in many instances that the results obtained do not 
accord with the progression of the exercises. This does not necessarily mean 
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'1'. F. Kennedy 3 

that progression is absent, for other factors may bave a decided influence, 
e.g., localization of effort to a pa.rticular muscle group or the introduction 
of more complicated co-ordinated action, in which case the strain is nervous 
rather than muscular. 

The interpretation of tbe resuHs has been grouped in tbe following 
way:-

(A) Classification of exercises into homogeneous groups showing the 
gradation in energy expenditure as progression occurs. 

(B) Classification of exercises into" sequeuce" groups according to tbe 
tables in wbicb the progressiou of each group in tbe different tables can 
be observed. 

FIG. 1. 

(C) Tabulation of the exercises of Tables I to VI, in tbeir group, by 
order of their energy expenditure values. 

(D) Comparison of the first six tables showing tbe mean value of the 
exercises in each group, also the mean of tbe total exercises in each table. 

(E) Comparison of all eight tables, including Jumping and Vaulting 
groups, but omitting Horse and Grouud 'Nork. 
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4 Investigation of Energy Expended on Exercises 

The results obtained are only an indication of the general metabolic 
cbange occurring at the time of the experiment and do not throw any light 
on the particular strain of any individual muscle group. 

An analysis of the muscle groups involved in the exercise wiII help to 
decide the degree of strain present, for a metabolic rate which is low for 
some general effort of the body might be very high for some particnlar 
muscle group and indicate an excessive strain on it. oathcart and 

FIG. 2. 

Benedict fonnd that tbe maximum effort capable of being sustained by 
tbe larger muscle groups of tbe body working together was approximately 
600 calories per square metre of body surface per bour. The experiment 
was performed with an ergometer by a trained cyclist doing 100 miles a day. 
N "tu rally, where the exercise singles out less powerful muscle groups the 
maximum effort capable of being sustained by them must reach a much 
lower figure than that quoted, and for the same reason therefore one 
should not expect to find progressIOn between different homogeneous 
groups. 
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T. F. Kennedy 5 

The suggestion of carrying out · this investigation originated from 
Major D. T. Richardson, M,C., R.A.M.C., and tbe work has been execnted 
throughout under his guidance. He has scrutinized the results obtained 
and approves of the general framing of the report. The general idea of 
tbe work was approved by Professor E. P. Cathcart, F.R.S., and sanction for 
obtaining the apparatus and for carrying out the experiments was very 
kindly afforded by the Director of Hygiene. 

FIO. 3. 

ApPARATUS. 

The metbod employed in this investigation was tbe Douglas-Haldane, 
i.e., tbe expired air was collected in tbe Douglas bag and analysis was 
carried out by the portable Haldane apparatus. Details of the apparatus 
and tbe metbod are described by Professor E. P. Catbcart in bis paper in 
tbe JOURNAL OF' ~'HE ROYAL ARMY MEDICAL CORPS, November, 1918, 
entitled" Method of Estimating Energy Expenditure by Indirect CaIOl'i
metry (Douglas-Haldane method)," In certain cases it was found necessary 
to add an extension of corrugated rubber tubing between tbe mouthpiece 
and bag. The different methods of collecting the samples of expired air are 
illustrated in figs. 1 to 3. 
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6 Investigation of Energy Expended on Exercise.~ 

The Haldane gas-analysis apparatus was received new from the makers 
with a certificate as to its accuracy. This was borne out by repeated 
analyses of air carried out at intervals during the investigation; con
sequently no correction of results was deemed necessary. 

The gas meter used had also been recently overhauled and checked by 
the makers, so one can infer that it was correct in its readings. 

All experiments were carried out at the Army School of Physical 
Training, Aldershot, between January and July, 1932. 

'rHE SUBJECT OF THE EXPERIMENTS. 

It was considered that one subject W!l.S sufficient as the object of the 
investigation was to discover relative rather than absolute values of the 
exercises, and also, by limiting the tests to one subject, [I, great economy of 
time was effected: this was of vital importance as the investigation had to 
be completed within a definite period, owing to the imminence of the 
author's departure for service overseas. 

For the subject a Staff Instructor of the Army Physical Training Staff 
was chosen as it was considered his training and knowledge of the wOl'k 
would ensure the exercises being properly performed, and less variations in 
self effort would be apparent. He was of well-built athletic frame, aged 
27 years, height 165'5 centimetres, weight 68'2 kilogrammes, and a good 
boxer, being Welter-Weight Champion of the Army from 1926-1932. He 
was in excellent training during the 00urse of these experiments as the 
championship boxing meeting took place about half way through the 
investigation. He led a healthy and very regular life, was a moderate 
smoker and to all intents and purposes a total abstainer. 

A weekly record of his surface area was kept and, as can be seen from 
Table I, there was very slight variation in his general condition throughout. 

TABLE I.-SURFACE AREA OF SUBJECT. 

Age Height in Naked weight Surface area Date centimetres in kilogrammes ill sq. metres 
27 165'5 68·2 1·77 8.2.32 

68·2 1·77 18.2.32 
68·0 1·77 22.lU:l2 
67·6 l·i6 2!i.2.32 
67·1 1·75 7.3.32 
66·5 1·74 15.3.32 
66·6 1·74 1l1.3.32 
66·6 1·74 29.3.32 
66·75 1·74 4.4.32 
66·75 1·74 18.4.32 
67·8 1·75 25.4.32 
67·5 1·75 3.5.32 
66·5 1·74 11.5.32 
66·4 1·74 18.5.32 
67·6 1·76 23.5.32 
67·3 1·75 1.6:112 
67·6 1·76 7.6.32 
68·2 1·77 13.6.32 
68·0 1·77 20.6.32 
67·75 1·76 27.6.32 
67·4 1·75 4.7.32 
67·1 1·75 11.7.32 
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T. F. Kennedy 7 

He was of rather a temperamental disposition and this led to some 
variations in the degree of effort depending on the zest for working existing 
at the moment. It was very noticeable that at the beginning of the 
investigation, whilst the whole idea was still novel, he was far more 
spontaneous in the amount of "pep" he put into individual exercises than 
later on when the novelty had worn off and a certain amount of supervision 
became necessary to obtain proper performance. 

BASAL METABOLIC RATE. 

In order to check his basal metabolic rate throughout the course of the 
investigation a series of samples was taken at intervals, about 7 It.m. in bed, 
a few moments after he had awakened (see Table II)~ 'l'he mean value of 
these observations comes out at 41'15 calories per square metre of body 
surface per hour, a figure within reasonable distance of that laid down by 
American workers (39'7 calories) and also of that found by Richardson in his 
" Investigation of the Energy Expenditure of the British Soldier in India" 
namely 43'59 calories - the figure for Infantry after a night's rest, the 
sample being taken after awakening without waiting thirty minutes. 

TABLE II.-BASALS--AFTER NIGHT'S REST. 

Per mill. 

Experiment -.-----.. -
Oxygen Carbon 

e,c. dioxide c.c. 

1 0'251 0'185 
2 0'250 U'190 

3 0-337 0'237 

4 0'253 0-192 
5 0-\180 0-211 
6 0'264 0'201 
7 0'265 0-220 
8 0'238 0'214 
9 0'270 0-219 

10 0'250 0'206 
11 0'240 0'183 
12 0-220 0-184 
13 0'230 0'183 
14 0-224 0'178 

Mean for all experiments 

A.R.Q_ 

0-78 
0'80 

0-78 

0-80 
0-84 
0'80 
0'84 
0-92 
0-85 
0'86 
0'80 
0-87 
0'84 
0-83 

Per hour 
~ Remarks Cals. per Cals_ sq. metre 

71-28 40-26 
71'34 40-30 

95'52 
j 

Was considembly 
perturbed by the 
tact that the Staff 
Instructor taking 
the sample had 

52'98 _ disturbed his wire-

71'70 
80'64 
75-42 
76-98 
70'40 
77-88 
7<1'04 
68'16 
64'08 
65-70 
64-50 

40-51 
45'56 
44-62 
401'23 
40-37 
44-76 
42-07 
40-55 
36'41 
38-88 
36-63 

41'15 

less set_ This 
reading is omi tted 
in calculating the 
mean 

It is thought that these figures can be taken as being reliable sleeping 
values as the usual routine, before these experiments, was a light meal at 
8.30 p.m., consisting of eggs or chocolate with bread, butter and tea, and 
bed about 10.30 p.m. He slept very soundly and often had to be awakened 
for the samples to be taken. 
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8 Investigation of Energy Expe1ided on Exercises 

METHOD OF CAL~ULATION. 

In calculating the energy expenditure oxygen figures and the Zuntz 
values were em'ployed. Full details of the method are given in Professor 
Cathcart's "Method of Estimating Energy Expenditure by Indirect 
Calorimetry (Douglas-Haldane method)." 

ORDER OF CARRYING OUT TESTS. 

(a) One examination of each exercise in Tables I to VIII (Horse and 
. Ground Work omitted): 

(b) A second examination of each exercise in Tables I to VI (Jumping 
and Vaulting, Horse and Ground Work omitted). 

(c) A third examination where the results of the first and sec<;md differed 
by more than ten per cent in the number of calories expended per square 
metre of body surface per hour. 

(d) A fourth examination where the results of the first three differed 
'considerably. 

The experiments were nearly all made in the morning about one hour 
after a breakfast which usually consisted of porridge, bacon and eggs, 
bread and butter, tea, etc .. 

RHCORD AND IN'rERPRETATION OF RESULTS. 

The interpretation of results must necessarily be a difficult matter in 
Physical Training exercises in which the energy expended is largely· 
proportional to the amount of "self effort" exerted. 

It was found that during the first fortnight or so of the investigation 
the CO2 figures were high. This was. probably caused by unnatural 
breathing due to the subject being unaccustomed to the apparatus. 

Considerable variations in respiratory quotient were observed. These 
are discussed in detail in Appendix n. 

A. CLASSIFICATION OF EXERCISES INTO HOMOGENEOUS GROUPS SHOWING 

THE GRADATION IN ENERGY EXPENDITURE AS PROGRESSION OCCURS. 

In this classification the exercises have been grouped under the headings 
Marching and Running, Introductory, Heaving, Lateral, Balance, 
Abdominal, Dorsal and Final, as shown in the Physical Training Tables, 
and then an effort has been made to subdivide these large groups into 
smaller divisions where the exercises are more closely related to each other 
and where progression may be more suitably illustrated; these have been 
called homogeneous groups. 

Plates are mentioned in a number of the exercises in order better to 
illustrate the correct method of performance. The table number of each 
exercise iR given, also the cadence where such is considered relevant. In 
certain instances where the progression in energy expended does not tally 
with the progression in the tables, any factor which might have a bearing 
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T. F. Kennedy 

on the interpretation, such as localization of effort to a particular ~uscle 
group, is discussed. 

[The Plate and F-iglu·e Nos. quoted -in the various Exercise Tables 1'efer 
to the illustrations in the "Manual of Physical Training," 1931.J 

(I) Marching and Running Exercises. 
This group includes, besides marching and running, all the exercises of 

the legs which are performed on, the move and which are not included 
in other groups. The marching exercises are usually performed by a 
class in line, the object being to improve each man's ,stride. The 
correct step should be maintained, but men should be allowed to tal{e 
their most easy and natural length of pace. They are mainly physical 
exercises which do not require much mental effort and are beneficial in 
preventing stiffness in m!trching. . , 

The exercises are arranged in homogeneous groups as follows :-

TABLE Ill. Cals, per 
Exercise Table Cadence sq. metre 

per It our 
Slow March 5 70 132 

Remarks.-The arms and hands to be kept steady at the sides, toes 
pointed downward and placed on the ground before the heel, each leg to be 
straightened as it comes to the front before the foot is placed on the ground. 

TABLE IV. Cals. per 
Exercise Table Cadence sq. metre 

per hour 
1. H.f.-With Knee raising mark time. (PlatE' 1, fig. 3) 2 40 172 
2. H,f.-With Knee raising march. (Plate 2, fig. 4) 4 40 182 
3. H.f.-With Knee raising double mark time 4 140 383 
4. H.£.-With Knee raising double march.. 7 140 466 

Remarks.-The figure for No. 3 appears to be too low when compared 
with that of No. 4 which requires very little more muscular effort. 

.. 

TABLE VI. 
Exercise 

1. H.f.-In quick time sideways march 
2. H.f.-In double time sideways march •• 

Rema1·ks.-In the above exerCIses a pace of 
they are done on the toes. 

Table Cadence 

1 130 
1 130 .. 
3 140 
4 180 

Cals. per 
Table Cadence sq. metra 

p ~rhour 

3 112 219 
5 140 684 

thirty inches is taken and 
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10 Investigation of Energy Expended on Exercises 

TABLE VII. 
Exercise 

1. Mark time with opposite Knee and Arm ra.ising. (Plate 3, 
fig. 7) 

2. Marching with opposite Knee and Arm raising •• 
3. Hopping with opposite Knee and Arm raising. (Plate 4, 

fig. 9) 

Table Cadence 

1 88 
2 88 

Cal •. per 
sq. metre 
per hOllr 

256 
252 

497 

Remarks.-One would expect a slightly higher· expenditure for the 
marching with opposite knee and arm raising than for the marking time. 

TABLE VIII. 
Exercise 

1. H.f.-On alternate Feet hop. (Plate 2, fig. 5) 
2. On alternate Feet hop, with Arms raising sideways. 

(Plate 3, fig. 6) 
3. On alternate Feet hop with Arms swinging upward 

Table 

3 

5 
6 

Cal •. per 
Cadence sq. metre 

per· hOllr 
104 457 

104 517 
104 558 

Rema1·ks.-These exercises show a very high energy expenditure but 
this is considered to be correct as they require great muscular effort for 
their proper performance. 

The figures approach the maximum for sustained effort as quoted by 
Cathcart and Benedict. 

(II) Introductory Exercises. , 

These exercises are of varied types. They are not confined to any 
individual muscle group but rather embrace practically all the muscles of 
the body. They ensure good carriage and true balance, they improve 
muscular control, they arouse the attention of the class and, last but not 
least, they procure the "warming up" of the body to approximately 
100'5° F., the physiological optimum temperature at which the muscles 
produce their best efforts. 

The undermentioned groups are the homogeneous subdivisions of the 
Introductory Groups. 

TABLE IX. 
Exercise 

1. Small and large Arm swings 
2. Small Arm swing with Feet placing sideways. (Plate 13, 

fig. 40) 
3. Small and large Arm swings with Heels raising and Knees 

bending. (Plate 14, fig. 42) •. 

Table 

2 

4 

5 

Cals. per 
Cadence sq. metre 

per hOllr 
147 

135 

329 

Remarks.-The first two are easy rhythmical exercises which bring in 
co-ordina.tion rather than effort. They certainly lower the mean energy 
expenditure value of the Introductory group in Tables 2 and 4. It is 
debatable whether their proper place might be in the Final rather than in 
the Introductory Group of Exer,?ises. If they remain in their present 
group it is thought that "small arm swings with feet placing sideways " 
with an expenditure as low as 135 cals. might be placed in Table 3 
instead of Table 4. 
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T. F. Kennedy 

TABLE X. 
Exercise Table Cadence 

,\ ; D Er: " 

Cal •• per 
sq. metre 
per hour 

1. F.astr.A.l.c.-Arms fling from low cross to sideways 
stretch. (Plate 11, fig. 36) .. 4 179 

2. A.I.c.-Heels raising with Arms flinging to flight. 
(Plate 12, fig. '38) 2 252 

3. Heels raising and Knees bending with Arms forward raising, 
forward bending, flinging and lowering. (Plate 11, fig. 37) 3 324 

4. A.l.c.-Heels raising and Knees bending with Arms flinging 
to flight. (Plate 12, fig. 39) .• 4 312 

Remarks.-In this group No. 4 is more strenuous than No. 3 and it 
should have shown a greater energy expenditure if the proper amount of 
effort had been used in its performance. 

TABLE XI. 
Exercise 

1. F.astr.H.f.-Trunk bending downwards (quickly). 
(Plate 42, fig. 100) 

2. F.astr. Tr forw.b. - Floor beat with Knees straight. 
(Plate 43, fig. 103) ... 

Table Cadence 

2 

4 

5 

Cal •. per 
sq. metre 
per hour 

285 

, 260 

289 

3. F.astr.Tr.forw.b.-Floor beat with Arms swinging back
ward. forward and upward (knees straight). (Plate 47, 
fig. 116).. .. ..'..'.. .. 

4. F.astr.-B'loor beat and Trunk stretching forward with, 
neck rest (varied). (Plate 42, fig. 101) 6 318 

Remarks.-In No. 2 the expenditure is too low. If the exercise is 
correctly performed a large amount of effort is required by big muscle 
groups. 

TABLE XII. 
Exercise 

1. Hopping with Leg raising sideways. (Plate 7, fig. 18) 
2. Hopping with Leg raising si'deways, and opposite Arm 

raising to flight. (Plate 18, fig. 17) 

Table 

4 

6 

Cadence 

130 

130 

Cals. per 
sq. n:etre 
per hour 

292 

355 

Remarks.-In No. 1 an expenditure of 292 calories is too 'little. If 
properly performed it should show a much higher reading. 

TABLE XIII. Cals. per 
Exercise Table Cadence sq. met,re 

1. H.f.-Hop with Toe placing sideways. (Plate 7, fig. 17) 1 96 
per hour 

366 
2 96 346 
3 96 357 

2. H.f.-Hop with Toe placing forward. (Plate 7, fig. 17) •. 
3. H.f.--Hop with Toe placing sideways and forward 

Remarks.-The difference in these exerClseSlS rather III co-ordination 
than in effort. 

TABLE XIV. Cal •. per 
Exercise Table C:tdence !'lq. metre 

per hour 
1. H.f.-Astride jumping. (Plate 6, fig. 16) 1, 130 400 
2. Astride jumping with Arms raising sideways. (Plate 16. 

fig. 14) 2 130 397 
3. Astride jumping with Hands clap above Head. (Plates 16 

and 17, fig. 45) 5 130 418 

Remarks.-The main expenditure in these eXE;lrcises is in the JumpIng 
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12 Investigation of Energy Exp(3naed on Exercises 

and variation in the figures are much more likely to be caused by the 
amount of effort put into the jump than by the co-ordinated arm 
movements. 

TABLE XV. 
Exercise 

1. Small jumps with single Arm stretching (various direc
tions). (Plate 13, fig. 41) 

2. Jumping with alternate Arm stretching (various direc· 
tions). (Plate 13, fig. 41) 

3. Small jumps with Arms stretching (various directions). 
(Plate 15, fig. 42) 

Table 

2 

3 

6 

Cad~nce 

140 

140 

140 

Cals. per 
sq. metre 
per hour 

417 

497 

456 

Remarks.-These are good warming-up exercises 
nerve control in co-ordinating the arm movement. 

and also stimulate 

The following five exercises cannot be grouped with any others and so 
are taken separately. 

TABLE XVI. 
Exercise Table 

H.f.K. full b.-Jumping forward, sideways and backward •• 6 

Cadence 
Cals. per 
sq. metre 
per hour 

432 

Remarks.-There is no set cadence for this exercise as it cannot be 
included in any bf the other groups. It is an exercise which needs a great 
amount of both effort and control. 

TABLE XVII. 
Exercise Table 

F.astr. one Hand H.f.-Arm circling. (Plate 10, fig. 34) 1 

Cadence 
Cals. per 
8Q. metre 
per hour 

283 

Remarks.-This exercise promotes looseness of the shoulder joint and 
generally tones up all the shoulder-girdle muscles. 

TABLE XVIII. 
Exerci~c Table 

F.astr.Tr.forw.b.-Arms swinging backward, forward and 
upward. (Plate 10, fig. 35) .. 2 

Remarks.-A good exercise for loosening the shoulders. 

TABLE XIX.' 
Exercise 

F.astr.-Trunk twisting with alternate Arms flinging. 
(Plate 29, fig. 71) 

Table 

3 

Cadence 

Cadence 

Cals. per 
sq. metre 
per hour 

281 

·CaI8. per 
sq. metre 
per hour 

281 

TABLE XX. Cals. per 
Exercise Table Cadence sq. metre 

per hour 
High kicking at Hand (taken free) . 5 307 

Remarks.-Promotes looseness of hip-joint and stretches ham strings. 

GENERAL EXERCISES. 

These form the real working part of the table, du'ring wh'ich frequent 
short rests are given. They are put early in the tables, after the Intro-
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T. F. Kennedy 13 

ductory Exercises, as the muscles are still fresh and at their physiological 
optimum temperature for work. Tbey are divided into Heaving, Lateral, 
Balance, Abdominal, and Dorsal exercises. 

(Ill) Heaving Exercises.· 

These require powerful action of the arm and back muscles and are put 
first in the list with the temperature and con clition of the muscles at their 
best. As a great many. of these exercises need apparatus for their 
performance only a part of the class would perform them at a time so the 
average temperature of the class would have come down a little at the end. 
They are sub-divided into the folJowing homogeneous groups:-

TABLE XXI. 
Exercise 

1. Arch hanging. (Plate 20, fig. 50) 
2. Arch hanging.-Arms bend. (Do.) 

T~ble Cadence 

1 
2 

Cal •. per 
"q. metre 
per hour 

119 
199 

Remarks.-The position in "arch hanging" is an exercise in itself. 
The shoulder girdle should be well braced so as to throw the weight of 
the body on to the extensor muscles of the scapula. 

TABLE XXII. Cals. per 
Exercise Table Cadence sq. metre 

per hour· 
1. Fall hang. (Plate 19, fig. 49) •• 2 131 
2. Fall hang.-Arms bend. (Do.) 3 210 

Remarks.-Here as in the foregoing group the position also constitutes 
an exercise, progression being obtained in the It arms bend." 

TABLE XXIII. 
Exercise 

Arms stretching forward, sideways, upward and downward. 

Table Cadence 
Cals. per 
sq. metre 
pet' hour 

(Plate 9, figs. 31, 29 and 30) .. 1 160 

Remal'ks.-A free standing exercise which develops the muscles of the 
shoulder-girdle. 

TABLE XXIV. Cals. per 
Exercise Table Cadence sq. metre 

per hour 
1. Overgrip. (Plate 20, fig. 51) .. 3 141 
2. Overgrip.-Arms bend. (Do.).. 3 282 
3. Crossgrip. (Plate 22, fig. 53) ... 3 172 
4. Crossgrip.-Arms bend. (Do.) 3 24~ 
5. Oblique grip. (Plate 22, fig. 53) 4 161 
6. Oblique grip.-Arms bend. (Do.) 4 297 
7. Undergrip. (Plate 21, fig. 52, a, b, c and d) 4 195 
8. Undergrip.-Arms bend. (Do.) 4 285 

Remal'ks.-All these exercises need only show progression in their 
" arms bend." The mean expenditure of this group is more than that of 
the preceding ones. When hanging from the beam the body . should be 
well braced, the· head slightly back and the chin drawn in. 
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14 Investigation of Energy Expended on Exercises 

TABLE XXV. 
Exercise Table Cadence 

1. Climbing (with hands and feet). (Plate 24, fig. 58) 3 
2. Climbing. Down Hand under Hand (without use of Feet). 

(Do.) .. .. .. .. .. .. 4,5 and 6 
3. Climbing Hand over Hand (without use of Feet). (Plate 25, 

Cals. per 
sq. metre 
per honr 

326 

305 

fig. 59) 7 424 

Rema1'ks.-In No. 2 the reading is too low. Three experiments were 
carried out on this exercise, the readings being 269, 327' and ~55 calories 
respectively. In the first experiment he came down too quickly and did 
not check properly between each hand. The reading was therefore less 
than it should have been. If the first experiment is ignored the mean of 
the other two would have been 341 calories per square metre of body 
surface per hour, which figure is much nearer the mark. 

It will be noted that in the progression of this group the strain IS 

thrown on to the heaving muscles alone when the .. feet assisting" IS 

omitted. 
Note.-The samples in these exercises were taken over a period covering 

both ascent and descent of rope. 

TABLE XXVI. Cal •. per 
Exercise Table CadenCe sq. metre 

per hour 
1. Overgrip.-Side travelling changing grip. (Plate 22, fig. 55) I) 245 
2. Overgrip.-Side travelling with swing. (Plate 23, fig. 56) 6 232 

Remarks.-These two exercises are much more streIluous on the muscl~ 
group concerned than the energy expenditure would suggest, as the whole 
weight of the body and the bracing of it into proper position is borne by 
the heaving group of one side while grips are being changed. 

T ABLE XXVII. 
Exercise 

1. Undergrip.-Upward circling (beam head beight). 
(Plate 23, fig. 57) . 

2. Undergrip.-Upward circling (beam stretch height). (Do.) 

Table Cadence 

5 

Cals. per 
sq. metre 
per hour 

262 

Remarks.-In these exercises the first part is abdominal and the 
second heaving. With the beam head height a certain amount of help can 
be obtained by the push off the floor. 

TABLE XXVIII. 
Exercise Table Cadence 

Cals. per 
,sq. metre 
per hour 

Mounting shelf (with assistance). (Plate 26, figs. 60 to 64) .• 6 329 

Remarks.-The sample was collected throughout the whole exerCise. 

(IV) Lateral Exercises. 

These exercises chiefly turn the trunk and bend it sideways, increasing 
the flexibility of the spine and the mobility of the chest. They counter-' 
balance any tendency to one-sided development due to games or manual 
labour. The muscles chiefly affected are the side muscles of the trunk, the 
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T. F. Kennedy 15 

adductors, abductors and rotators of the thigh. The muscles of the spine 
and front of the trunk are also employed, and the exercises have con
sequently a close relationship.to the" Dorsal" and" Abdominal" groups, 
especially the latter. 

This group particularly well illustrates how progression is obtained by 
fixing the pelvis and then throwing practically all the effort on to one group 
of muscles. This is not always shown in the calorie expenditure which is 
an indicator of generul rather than local metabolic change. Progression is 
also obtained by raising the centre of gravity (by changing the position of 
the arms) thereby increasing the leverage, and by increasing the speed 
with which an exercise is performed. 

The group is sub-divided into the following homogeneous groups:-

TABLE XXIX. 
Exercise 

1. F.astr. H.f.-Trunk bending from side to side. (Plate 28, 
fig. 68) 

2. Trunk bending from side to side (quickly). (Do.) 

Table 

1 
4 

Cadence 
Cals. per 
sq. metre 
per hour 

183 
219 

Remarks.-These exercises are done with a sweeping movement with 
an extra effort at the end of each bend. 

The output for the second exercise does not appear to be high enough 
taking into consideration that it is done quickly. 

TABLE XXX. 
Exercise 

1. F.astr. one Hand H.f.-Trunk twist and single Arm fling. 
(Plate 29, fig. 71) 

2. Sit. pos.-Trunk twisting with single Arm flinging. 
(Plate 31, fig. 73) 

3. On Hands and Knees.--Trunk twisting with single Arm 

Table 

1 

5 

Cadence 
Ca!s. per 
sq. metre 
per hour 

215 

207 

flinging. (Plates 30, 31, .fig. 711) 6 240 

RemaTks.-The progression in these three exercises is better illustrated 
by the fixation of the pelvii; with the consequ!3nt localization of effort and 
strain than in the calorie expenditure. 

TABLE XXXI. 
Exercise· 

1. F.cl. one A.b. one Hand H.f.-Trunk bending sideways 
with Arm stretching upward .• 

2. S. position. -Trunk bending sideways (quickly). (Plate 28, 
fig. 69) 

3. On K., L.(R) L.sidew. str. Hands on Head.-Trunk bend
ing sideways. (Plate 28, fig. 69) 

4. HJ., F.support.-Trunk bending sideways 
5. One A. upw.str. One Hand H.f. Foot support.-Trunk 

bending sideways 
6. H. support, one A.upw.str. One Hand H.f.-Trunk 

bending sideways (Beam) 

Table Cadence 

2 

2 
3 and. 
4 
4 

5 

6. 

Ca!s. per 
sq. metre 
per hour 

134 

209 

170 
215 

204 

. 125 

Remarks.-InNo. 1 the expenditure of 134 calories is much too low. 
It should have shown progression on trunk bending from side to side (see 
Table XXIX) as the centre of gravity has been raised, whereas it shows a 
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16 Investigation of Energy Expended on ExeTcises 

drop of 49 calories. Here also, as in Table XXIX, the benefit derived from 
and the energy expended in the exercise are directly proportional to the 
amount of effort exerted to get the extra little bit at the end of the swing. 

In No. 2 the leverage is increased by the position of the raised arm, 
thus increasing the effort· necessary for its performance. The energy 
expenditure value of 209 calories appears far too low. 

No. 3 shows the low expenditure of 170 calories.· This exercise does 
s how progression on the foregoing two in that the starting position fixes 
the pelvis and also places the centre of gravity higher. The fixing of the 
pelvis tends to localize the effect to the particular muscle group and one 
does not get that compensatory muscular action which is required to fix 
the pelvis when this exercise is performed standing. Even allowing for 
this it is still thought that the calorie expenditure is Jow. 

No. 6 shows very low energy output but progression has been obtained 
by fixing the pelvis. 

. TABLE XXXII; 
Exercise 

1. On the Hands on ground.- On the Left (Right) Hand turn, 
Leg raising. (Plate 32, fig. 74) 

2. Ditto. At wall bars, the Free Hand grasping the highest 
bar that can be reached in line with the other Hand. (Do.) 

(V) Balance Exercises. 

Table Cadence 

3 

3 

Cals. per 
sq. metre 
per hour 

184 

206 

These exercises employ a large number of muscles, but require little 
actual strength. They require very accurate co-ordination of movement 
and consequently have an excellent effect on the brain and nerves. They 
cultivate power of control over the body and limbs, overcome stiffness and 
awkwardness, give an easy carriage to the body, and make the movement 
free and well ordered. They also instil nerve into the soldier and accustom 
him to moderate height. 

Progression in the free standing balance exercises is effected by reducing 
the base on which the body is supported and by rais,ing the centre of gravity 
of the body by altering the position of the arms from H.f. to A.upw. str. ; 
in the exercises on apparatus it is effected by increasing the height above· 
the ground at which they are performed. 

TABLE XXXIII. 
Exercise 

1. H.f.-Knee raise; (Plate 34, fig. 78) .. 
2. H.f., Kr.-Leg stretching forward and backward. 

(Plate 34, fig. 78 and Plate 34, fig. 79) .• 
3. H.f., K.r.-Leg stretching forward, sideways and backward. 

(Do., do.) .. 
.4. A.h., K.r.-Leg and Arm stretching (vari?us directions) 

Table 

1 

3 

4 
5 

Cals, per 
Cadence sq. metre 

per hour 
90 

120 

127 
158 

Remarks.-The progression here is, accompanied by increased energy 
output throughout. 
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T. F. Kennedy 

TABLE XXXIV. 
Exercise 

1. H.f.-Leg raising sideways. (Plate 34, fig. 79) .• 
2. H.f.-Leg raising sideways and backward. (Do.) 
3. H.f.-Legraising forward, sideways and backward. (Plate34, 

figs. 78 and 79) 
4. Leg raising forward with Arm raising upward 
5. Leg raising forward, Rideways and backward with Arm 

raising forward, sideways and· upward .• 

Table 

-1 
2 

3 
5 

6 

17 

Cals. per 
Cadence sq. metre 

per hour 
100 
102 

115 
126 

123 

Remarks.-These exercises illustrate progression in both co-ordination 
and effort. 

TABLE XXXV. 
Exereise 

1. Walking backward and forward on benches (laid side by 
side) 

2. Mounting beam (Knee height) •• 
3. Mounting beam (Knee height). Turning about •• 
4. Mount with Foot assisting. walking forward and downward 

jumping (Beam waist height). (Plate 36, fig. 82) 
5. Mount with Foot assisting, walking forward and backward 

(Beam wa.ist height) .. 
6. Mount with Foot assisting, walking forward (Beam 

shoulder height) • • • • . • • • . . 

Cal •• per 
Table Cadenee sq. metre 

. per hour 

2 106 
3 186 
3 182 

4 208 

5 174 

6 236 

Rem(trks.-In these exercises the energy output is no criterion of the 
stage of progression. 

(To be continued.) 

2 
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