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/ THE CENTER OF GRAVITY OF THL HUMAN BODI
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AS RELATED TO THE EQUIRIENT OF THE GERHAN INFANTRI

.

W. Braune and 0. Fisqhqrf‘”?*‘ ‘

N ’ O § ta
g ‘v\ s
o

The action of the earth's power of attraction .can be imagined as e, torco:‘

from every center of gravity of the body, acting 1n the direction of a lino :;w

R A
;“-"\

connecting each center with the center of the earth, and equal to thé yeigbt.f;
of the mass gathered at the original point, Becauae or the grea£ diat;nco '
from these points to the center of the earth, all those lines run parallel

to each other, A resultant therefore exists for theso forcea of inertia._r
This resultant corresponds to a fixed straight 11ne_for every position o;

the body. This etraight line remains unchanged if the bod} is Aiaplaéedjih‘ .
space over not too great a distance, while still remaining parallel to iﬁaglf;
but does change its position within the body as soon as the latter is nqtatéd'
about it, The straight line in the new position intersects the old one at a
definite point. -However, all the other lines that represent the pogitidﬁa of
the resultants o} the forces of inertia due to new rotation of the body alao_
pass through this point. This point of intersection can thus be considerqd
the common point of attachment for all the resultants of the forces of inertia
for every possible body position. This is the body's center of gravity. The
size of the resultant 1s the body weight, since the resultant is also the
total of all the individual forces of inertia. We can therefore consider the
weights of all the separate parts of the body as being united in the body's
center of gravity, We shall call the direction of this resultant the body!'s
gravity line. The gravity line is thus the line that connects the body's
center of gravity with the cunter of the earth, and therefore does not change

its absolute position in space if the center of gravity remains unchanged, no
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hand, every rotation of the body on the cent.er of gravity changes the pod{tion-
of the gravity line in relation to the body itaolf. "AB long as the grlwity
line intersects the body's supporting surface, the body 1s upheld, but aa
soon as this line falls outside the supporting aurface, the boiv r.n. down. '
The supporting surface is not identical with the portion ot the body
surface that actually tcuches the ground, This is on.ly tx'uo when t.he aupport.- :
ing surface is in one piece and its edges are everywhere convex, as 13 the
case with the base of a circular cone, . But if the edgea havo indentatioml,
that is to say are outwardly concave at any point, the portion that lioa in
the concavity-must also be considered a supporting surface, all t.he wy to ‘
the double tangents that are determined by these concavities, Condl.’t_t,iqn._s‘ ’
remain the same even if the concavities go all the way through, that ia,if -
the surface consists of two or more pieces, Then the _entire 1nterv9n_inq space
between the two double tangents also belongs to the entire supborbing ,qq;‘(gqe,
Thus the supporting surface for the human body, ‘when' standing exfeét.' _o;x |
both feet, consists of the two soles and the space between the double tangents
that can be made to contact the tip of the foot and the back of the heel.l o
A man can reduce his supporting surface to a minimum, When_ standing
upright, by standing on one leg and raising himself on his toes, It reaches A
a maximum when the two legs are spread as far apart as possible, a poaition'
that is instinctively assumed in fencing or in standing on a swaying cieglg, R
for the gravity line can then swing back and forth a great deal without :
falling outaide the supporting surface.
In the case of a single supporting point, the body is supported when the
center of gravity l1ies in the vertical at that point. A supported c.enter
of gravity can assume three different positions in relation to its supporting

point.
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w1l then retain its position for any rotation of | th'e' body around this point, B

.....

called indifferent equilibrmm.

AR 1 L "';Q-‘"v

2) The center of gravity can 1ie above the supporting point. In thia

case every rotation of the body moves the center of gravity away from the

vertical and lowers it at the same time. An outer. force is then. required t.o 3

bring the center of gravity back to its original posit.ion, since 1t. is .no‘

S
.

longer able to do this of its own accor? » but always hae a tendency to 1‘&11
still more., Since the force of inertia gains a moment of rotation when the
center ol‘ gravity leaves the vertical, this center will keep on fall:lng u.nt:l.l
it reaches its lowest point. This is called labile equilibrium, :
3) The center of gravity can 1ie below the supporting point, In this
. case any rotation of the body raises it, and creates a moment of rotation
that brings the center of gravity, that always has a tendency to fall back
to its oripinal position, the lowest of all, The body is therefore bound 4
to return of its own accord to its position of equilibrium., This is called
stable equilibrium, 3

Thus, in labile equilibrium, the center ’or gravity always assunes the_,"'v‘
highest position in rots ting on the supporting point, while in stable .
equilibrium it always assumes the lowest.

The abstract lever arm created by the force of inertia, with any movement
out of labile equilibrium, is the shorter, the nearer the center of éravity
lies to the supporting peint, and 1t becomes equal to zero when the two
coincide, this condition being the characteristic of indifferent equ:llibrium.
This is why the unsteadiness of position in labile equilibrium becomes greater

. as the distance increases between the center of gravity and the supporting

point., Daily experience teaches the same thin;, for the closer the entire

A o
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body's center of gravity is to the ground thi lnﬂ uquﬂlr RoY Ii:-l.l:m:ll_j 2

',- Yok de el
. because the moment of rotation of the force of inert..te ie emaller, the for

is why short people stand relatively more eecurely t.han tall onel.

AN ot

An exact knowledge of the location or the center of grn.vity of the ent-ire

/
ETALA
v

body, and above all of the separate sections of the’ lj.mbs, together with a

E

knowledge of the combined weights in the centers of gravity, 13 the absolute

W

requirenams for formulatintg the otalles aixd moel .m.'.'.es oi' the n‘unm; body, aince

this knowledge is what makes it possible to diat.inguiah what forcee nmet be

l. -

v oo

overcome by each separate muscle with each body movement. ' Q, Ba . 3’

The ‘question arises as to whether there can be amr center of gravity .‘I.n

the 'body at all, because it is not a fixed mass but consiete of sepax'ate

limbs that are always changing their poait:lon in relat.ion to each other end

. cannot even be considered masses in the mechanical aense, a.nd becauae fluide
are always flowing through the body., In the absolute sense the answer 13 .
certainly no, Mosso has actually proved, with his bala.nce., fhat the ceneen
of gravity of the body is alwa:s changing, due to reepire.t:lor; and circu;etiioh-
(Archives italiennes de biologie, volume v, 'Puriﬁ, Ldéscher, 1884, page 131,
"The use of the balance in the study of thc circulation of human blood")'
However, this change of position is so insignificant that it can be diere-l s
garded in connection with most problems of human statics and mecha.nice. .'In
the same way, changes of form due to the softness of the tissues do have an
effect on th: location of the center of gravity, but this effect too is so
small that we can still speak, within certain limits, of a real center of
gravity.

Things are very different as far as the changing positions of the limbs
' are concerned, The Joints make tham able to move so far, in relation to each

other, that the comnon center of gravity is greatly displaced by a change in

S EEEEEE——, ..
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their position. 1In the average position, the cent.er -of .
the body, but the latter can be bent. over so- rarrthat. the comon contexyl: :
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entirely outside of it, just as in a curved arch. Every determination”

It 1s also evident that such det.erminat.iona are bound to be individual’

only, up to a certain point, because of the dit‘rerence :ln the diatribution

of the mass inside the body for each human boimr, according to age, ‘eq'x, ‘et;é. ;
Mathematicians and anatomists began a long time a.go to 1nvestigate \thg

body's center of gravity, but they did so by methoda that were bound to ba\ ‘ '-‘f

incomplete because they dealt with the “0ft body, or reduced it to aimple

-stereometric forms. It therefore seems necessary to use a new met,hod in

attacking this problem, a method that does amay with theae disadva.ntageo by R
making the body so stiff and unylielding, without a.dding to its mu, that. it
retains its form unaltered in any position. ‘ B B

The mathematician Joh. Alpionsus Borellus (De motu an:l.maliwn, Lugduni ,
Batavorum, 1679) determined the center of gravity of the human bo(br by having\_
a nude man stretched out fully on a level boa;-d, tr‘ne center of which wu .‘5
supported by a three-sided, prism-shaped wedge (page 176, proposition 131.)
Equilibrium then occurred when the upward prolongation of the cutting edge of -
the wedge lay between the buttocks and the pubis, ' :

The results obtained by the brothers Wilh, and Ed;' Weber (Mechanik der
menschlichen Gehwerkzeuge, G8ttingen, 1836, p. 114 and foll.) were more exact'
than those of Borellus. They did seek to balance a body by laying it. on a
board supported by a horizontal wedge, as did Borellus s but they did not move
the hoard back and forth for this purpose. Instead, they first balanced' the
board before laying the body on it, and then they moved the body alone until
it was in equilibrium. The resulting measurement was thus entirely independent

of the board, Furthermore » they did not try to find the position of talance

17.96 M
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the other. Instead, they limited thenmelvee to noting the drop of the be%nd
. ‘1? »y -.}'“.;z

to onc side, and then reveated the measurement after turning the bo@y anound

TS “‘ Y’V‘f

on the board. Since one measurement of the location of the center of grevity

ha

was as much too high on one side as it was too low on the other, the meen ‘

between the two gave the true location. By making a eeriee of independent

RSO

measurements of the body of a man 1669,2 mn, tall, they found that'the“center v

a.s R R

of gravity lay 721.5 mm. from the crown, 947.7 mm, from the heel, and 87.7 mm.,'

LA X
5 ’“r-

from the rotational axis of the hip. They then measured the vertical dietance

-, -t, ;’ i |

' d

from the promontory to the rotational axis of the hip on a ekeleton of‘the

same height as the man, and found it to be 79 mm, Since this dietance can vary
little in people of the same height, it was poasible to deduce a fourth die- '
tance in relation to the location of the center of gravity, the verticel
distance from it to the promontory, which was 8,7 mm, S

The center of gravity was higher, about at the.level of the navely‘lﬁen
one leg was removed from the cadaver, and it lay still higher, at tﬁe ex;eneion
of the breastbone, when hoth legs were removed,

According to the Weber brothers (as above, page 119), "wher standing per-
fectly rigid and nctionless, with no help from the musclee; and with knee and
hip joints drawn up as hirh as possible above the location of balance, the
center of gravity of the torso alone lies in a vertical line directly above
the ankles, while the hip joint is in front of and the knee joint behind the
vertical drawn through the center of gravity, The pressure exerted by the
weight of the torso on its supports will then have the same effect‘ae if the
knee and the hip joints were stretched still more, but this is prevented by |

the elasticity of their tendone., The entire body is then supported, right down

to the ankles, br the bones and tendons of the legs, and needs to be balanced

|
'
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Hermdnn von Meyer is the man who studied the center of gravity, and R

human statics and mechanics generally, most profoundly.' His works aro to be {;

e £ '1»3,»::
2 ks s

found partly in Milller's Archiv, 1853 and 185&, as followa. i"The Upright £
Standing Position," 1853, page 9; "The Upright Walk"1853, page 365,\ "The ”
Mechanics of the Knee Joint," 1853, page 497; "The Individual Characteriatics

of the Upright Valk," 1853, page 548; M"The Normal Curve of the Spine," by

Fr., Horner, with a postscript by Meyer, 1854, page a78' and partly 1n|§h
treatises: "The Changing Locations of the Center of Gravity in the Human Body,
a contribution to plastic anatomy," Leipsic, Engelmann 1863, and "Statica;‘--
and Mechanics of the Human Body," Leipsic, Engelmann, 1873.. 1 ‘tfﬁxhl;gzyl1l
Borellus and the Weber brothers measured ‘the boqy 1n a recumbent poaition
and were satisfied with deternining the vertical distance of the center ér 3
gravity from ths crown and the foot, asswuing a complete bilaterial quy; |
symnetry that would make this center lie in the medign plane. Meyer alq9 1W
sought to ascertain the location of the center of gravity from back tq.fronﬁ,'
and in so doing used the upright position that he described and called ‘
"military." His method consisted of giving the bodyia forward'benq at the -
ankles, without any other chanve of position, until danéer of falling.beéa@o
svident at the axis drawn through the centers of the metatarsal heads of both
great toes. "The torso and legs were also bent backward, as a sinéle unit, by
stretching the ankle joint until danger of falling became evident at'the‘rear‘
edge of the heel, The center of gravity thus noved all the way across the
supporting surface. [Exact mcasurements at definite recognizable points on
the legs nmade it pocsible to determine the angle which they made with the
horizontal, both for the orizinal and for the two end positions. This indicated

at once the angle covered by the motion of the ankle Joint, and this angle,

together with the horizontal displacement indicated by the length of the foot,
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det.ermined the fmeltion off the gmlt;’ ihxe !or tﬁu oﬂg.'uni 'body
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Meyer found the location of the. center of gravity, tor the upriglit) o

Ty ‘:rr

position that he called "military," to be in the socond ucr&l vertobra,

directly above it in the sacral cavity, and he round the gravity liqevthat hcomeo
from it to be 5 em, behind the axis of the hips and 3 cm. :ln front’ of t.h; a.xia
of the ankles ("Statics and Mechanics of the Human Body," Leipsic, 1873, L
page 204), He later determined the center of grav:lt.y .t‘or the aeparate parta .
of the body by reducing the head, the torso and the 1ega to eimple mthomti-
cal shapes (ellipsoid and sphere), According to him, the center of gravity "
of the head lies a littls in front of the atlanto-occipital Joint. He rcmarks
in this connection (Meyer-Horner, p. 499), that labile oquilibrinm ia uaed '
as little in the support of the head by the atlas as in the support o!' t.he
body by the hip or ankle joint, Combining the centers of gravity for heu&l"
and torso then gave the location of their comon center of gravity'in’thg :
torso. It lies, according to Meyer, a 1little in front of the centelrl of M't.llle
forward edge of the tenth thoracic vertebra, He then divided the body into
further parts by the same method, dividing the torso in the narrower aenae
into two ellipsoids, one for t~e tF~rax and one for the pelvia. He also -
determined the center of gravity of the entire leg, and stated that it lay
266 mm, from the trochanter, in the leg axis, for a leg 720 mm. iong. Meyer
obtained the weights of the different parts from Krause's"Manual of 'Anato‘nw.
He then constructed a large number of figures in different poses and positiona,
with this material as a basis, and showed to what an amazing extent the location
of the center of gravity changes, according to the position of the torso and
the grouping of the extremities, '

The next sciontist to investigate the center of gravity of the human body
was llarless ("Static Moments of the Dimensions of the Human Limbs," page 71

and following, in "Treatiscs of the Mathematical-Physical Class of the Royal
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Academy of Sciences of Bavaria," volume 8, 1860 First Soction, lunich, 1857)
He repeated the Weber experiments-on-a well-built young man ot twunty-foup;
He was 1655 mm. tall, and the mean diatance rrom the center of gravity to the

soles of the feet was 970 mm, For a total height of 1000 mn. this corresponds
to 586,102 mn, from the soles and 413.898 mm, from the crown.~ Accordi;é to
Wieber, the distance of the center of grav1ty from the heel was 9&7 7 mm. for
a body 1669.2 mm. tall, or 432,24 mm., from the crown and 567.76 mm. :rom the
heel for a full height of 1000 mn, The difference between the Harleas and ‘
the Weber measurements was thus 1. 3% of the full height. Valentin (Harleaa
as above) found 429,19 as the distance from the crown, According to ueyer the_
distance from the crown was 768 mm. for a body 1897 mm, tall, Thigyamounpa
to 404,96 from the crown and 595.14 from the sole for a height of'lQOO.:jIh'
this case the difference from the Weber measurements was 2,73% of the.full
height ., | a ¥
Accordin; to Harless, the mean distance from the crown, for four diffégeny‘
individuals, was 420,07 for a height of 1000, He thus tried to obt#in com~
paratle values for the individual measurements by making the body lengths all
equal to 1000, and then calculating the distances from the center of gravity
tn the crown and the soles per thousand. In doing this, however, he did not
take into consideration that the 1imbs can have very different proportions in
different individuals, that the heisht of the shoulders varies extremely, that
two bodies of the game height can have legs and torsos of different lengths,
and that this would naturally bring about a different location for the center
of gravity, due to the different distribution of the mass. For instance, a
blacksmith with very heavy and high-set arms would have a higher center of
gravity than would a tailor of the same height with weak arms and low shoulders,

Furthermore, it could also happen, with the Harless hypothesis, that two bodies

of the same height could have the same distance for the center of gravity to
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the crom, and yet show a great difference 1n the location of thia”conter rrcﬁ
the anatondcal—mechanical point of view. One 1ndividual might haJe vé;;fshortv
legs, and thus have the center of gravity far above the promontony, whilo |
anuthor man Of e sacc LSt tul with Tong Legs would tave 1t Lelow, although
at the same distance from the crowmn, Thus determining the center of gravity
by the distance from the crown is of less value than the anatomical-mnchanicai
determination, and is not iuproved by taking the arithmeticnl mean of mnny
mzasureinents, ' ]

The main importance of Harless is that he, like ieyer and Hérnef, ﬁnder-
took to find the centers of gravity of the different body sections, ﬁut much
nore théroughly and exactly, He made his measurements by the balanco'mothod,'
and thus obtained their vertical positions, He divided the masses of the '
limbs at the ends of the lever arms, that is to say, at tho axes of the: Jointa,
because of their static moments. However, since he was using soft tiaauel,
he removed the entire joint in making the cuts at tho hips and ahouldereo‘
After repeating the Weber measurements on a living body, he uaed the body of

a man who had been beheaded (Graf) to measure the centers of gravity of. the

separate body sections, and obtained the following values:

t

Body height 172,685 ecm., § % -
Height of foot 6.0 c¢m, ~
Length of lower leg 42,9 cm,
Length of upper leg 44,9 cm,
Trochant or line to summit of

crest of ilium 4.0 cm.
Hip bone level to summit of

acromium process 39.0 ‘cm.
Length of head from chin to crown 21,2 cm,
Front neck length L7 cm,
Length of foot 25,369 cm.
Length of entire arm 86.6 c¢m,
Length of uprer arm 36.4 cm,
Length of forearn 29,889 cm,
Length of hand 20,314 cm,

The weights of the separate parts were as follows (from the body of & map

who had been exacuted and therefore drained of blood):
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Weight before execution . ' ¢

Head ) R

Torso . 29608 - g.

Both arms . T540 g

Both logs 22270 . g.

One hand (mean) : 540 g.

Each forearm ' 1160 - g. ')

Each upper arm 2070 g. a

Zach upper leg 7165 g. IR
Each lower leg 2800 g. LU

Fach foot 1170 g. oM

In determining the conter.of gravity of the torso, he ns&umod £h;§51§‘ 
consisted of two truncated covers. He calculated the wgtgpt of the tor;d‘
in this way, with the specific body weight considered as 1,066, 1nv9rdor;£6
prove that considering the torso as a system of cones did not raault 1n-tpo
great an error. He obtained 28,5153 kg. as the weight of the entire tarao,
while weighing it directly gave 29,608 kg. The specific weight he uaed waa‘-
very high, as given by Harkness and Baumglrtner, while Hermann 1ndic;t9p
0.9213 as the average specific weight for normal corpses (Vlorordt,.Tablol,'
Jena 1888), Since Ilarless used a body drained of blood, the difference
between the calculation and the direct weighing of the blood-filled torso
should have been much greater, Considering the torso as composed of mathe-
matical shapes and at the same t ims assuming an equal distribution of mass
throughout, would thus result in serious error as far as the weight is con-
cerned, But since the nasses in the torso uro‘very unevenly distributed
because of the position of the heavy spine toward the rear, determining the
center of gravity by the aid of this mathematical fiction becomes more
unreliable than ever,

Direct measuremsnts for the location of the center of gravity in the
extremities gave the following results:

;17.621 cm, from upper end

1) Upper arm 36.4 cm, long
118.779 cm, from lower end

1 0122 cm, d
2) Forearm 29,869 cm. long { 3 from upper en

16,767 cm, from lower end
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3) Hand 20,314 cm, long b als L e
3 ‘ 10,691 cm. from lower end . : .- " .'"

20,995 cm, from upper end -
L) Upper leg 44,9 cm, loi o ‘ .
23.905 cin, from lower Gndl d :‘,',";.\ L
15.455 cm. from upper end ﬂ
5) Lower leg 42,9 cm. long '
27.445 cm, from lower end '
11.664 om. from rear end’ .. . .- (_1 -
6) Foot 25,369 cm. long . RGN
13,705 em. from front end - * -
7.7 om. from crom -

7) Head 21.2 cm. long {
13.5 cm, from chin

8) The center of gravity of the upper section of the torso lay‘:.f:v i ,'
lay 23.465 cm. from the lower edge and 17.53 cm., from the ‘)

uppar edge, } .
The center of gravity of the lower section of the torso lay [ -
5.8899 cm, from the upper edge and 7.6101 from the lower - m

edge. : BN ‘
He divided the torso into an upper section, that reached downlﬁoft$§7 ? '
.crest of the hip bone, and a lower section that included the pelvis, ' It,::‘
is as incomprehensible as it is absurd that in making his calculations_ho
extended them to the hundredth and the thousandth p:art'of a millimeter.

He then calculated the location of the common center of gravity_of the
executed man from his measurements for the distances of the centers 6f
gravity from the ends of the limbs, and again found, after reduction to a
height of 1000, éhat it lay at 413.65 cm., from the crown,

Before this he had determined the center of gravity directly, on a
living, well-built young man of twenty-four, according to the directions of
the Weber brothers, and found that it lay at 413.898 from the crown, Although
these two results agree to a striking extent, this agreement cannot'be conside -
ered a proof of the exactness either of his direct method or his indirect one,

such as considering the torso formed of a system of geometrical shapes,
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because these results were obtained from two entirgl&?&i{fe:éht“}pd)y;g@éié.ﬂ;;_

We merely wish to juint out that t'm dlstares of the tamter f gravity Trom '
the crown proved to be 432,24 for a height of 1000 in the Weber experiments, ;

In a second treatise (as above, page 257 and following) HarleaaAgivéa

the measurements and weights for a second corpse, a young man of twanty#nihej'jv

ASE T I

(Kefer) who was executed, and therefore drained of blood, ‘ ‘3;~¥,"f{“;

Entire length 107.85 cm.

Head 20.2 cm.

Torso 57,5 cm, ..

Upper leg 42.3 cnm., lower leg 38.15 cm., height of foot 9.7 cm.

Length of foot 25 cm., width of foot at heel ¢,3 cm., width at ball
of toes 9,9 cm, ' B

Upper arm right 30,6 cm., left 30 cm, '

Forearm right 26,4 cm,, left 26.1 em,

Hand right 18.5 cm., left 18,9 cm. ‘

Distance between two sumits of crest of ilium 27,1 em,

Distance between rotational points of shoulders 29.9cm..

Distance between rotational points of hips 16.8 em, >

Weight of corpse 47087 g.

Head alone 3747 . '

Torso drained of blood, without head or extremities 19846.5 go -

Upper arm right 1484.5 gy loft 1411.3 g, v

Forearm right 821.1 g., left 770.1 g

Hand right 393.2 g., left 37, £

Upper leg right 5947 2., left 5827 g,

Lowsr leg right 2242.6 g., left 2252,4 ge

Foot risht 982,2 g., left 988,2 ge

Information on the location of the center of gravity is given later;-

with our own,

Since Harless determined the height alone of the centers of gravity, the
location of all the centers in the other two directions still remains to be
found, Such a determination of the centers of gravity for the entire systems
can be controlled by calculating the same center from the directly measured

' centers of the individual ssctions, and this also offers a control that works

backward for the experimental determination of the centers of gravity in the

E EE——— s,
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sepurals mesllons, thtnw ¥eyer nur Huieu did tm.s , nor diu t.hoy det.uwino 39
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the center of gravity for the entire body or for a ayatom of body parta both |

e

experimentally and by calculation for one and the oame individual, t.his bo:l.ng
the only way in which any mutual control of t.he t.mo ld.nda of inveatigation .‘I.e
possible, Harless did compare his calculations, alt.hough thoy dealt. only with

the heisht, with values that he obtained experimentally, but. the nctual measuro-

+

ments had been made on & different individual, ‘ ' v

In our omn investigation of the center of gravity,. that will Aow,be,_
described in detail, we evoided the errors due to dealing with éoft ma..toriall
by freezing the bodies to & rigid mass. Ve froze the cadavers 50 hard vrith'a.n
artificial freezing mixture that they remained absolut.ely solid both as a whole
body and later in sections, to the very end of the experiments, ‘ | o

The method used to determine the exict center of gravity in a ooiidly |
frozen cadaver or a section of it, a method that we worked out as a practical
one throuyh repeated experiments, was the following.

It would, of course, be quite sufficient to hang up the body twice by a
cord, from different spotsfozit would swing back and forth each time until the
center of gravity was directly under the point of attachment and therefore in
the pralongation of the cord, This center would then have to lie in the point
of intersection of the prolongation of the two cords, However, this method was
not used because of the practical difficulty of following the direction of the
cord through the body, so that the results were bound to be inexact.

The body was therefore not hung up at a point by a cord, but was hung on
an axis formed of a pointed iron rod, as slender as possible, but still strong
enough and hard enough to prevent it from being bent by the weight of the
body. Stronger steel rods were thus used for the whole body than for the limbs,

' and stronger ones for these “han for the lower leg or the foot alone, as these

needed relatively thin rodsanly. Hanging up the body, or part of it, by three

TR =
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different axes thus made it possible to detormineith¥ue planes in each”caap, =
practically at right angles to each other, in each of which the center of ‘}
gravity must lie, so that the latter was found to be at the point of interaection
of all the planes. The rods were very hard, and had long sharp pointa, ao that

it was easy to drive them through all the tissues of the frozen cadaver and

the bones as well, after starting them in the right direction with a blacksmith'a
hammer, Since they were perfectly round, they formed an axia around which the
body swung easily back and forth in every case, until the center of gravity.
was directly under the axis. This location was easily and exactly reached
because we always placed the axis as far as possible from the probable location
of the caﬁter of gravity. [kach plane in which the center lay was detenﬁined
by two plumb lines hung from the axis, and the line where the plane cut the
body surface was marked on the latter, This cutting line was found very exactly
even when tﬁe plumb lines could not be hung right at the point of insertion of
the axis, because the cords were made so long that théy could be lined up |
by sighting across them below the body section. |

Considered by itself, it would make no dif‘erence how this ayétem of
planes was related to the body, However, it proved useful to make one plane
practically perpendicular to the longitudihal direction of the body or section,
This was done by first laying the body or the section lengthwise across a sharp
edge untll it was balanced, upon which we drove in the first axis right above
this edge and parallel to it, as near the body surface as_possible. After
determining and marking the location of the first plane on the body surface by
sighting across the plumb lines, the body was hung up a second time. The second
axis was driven in as far as possible from the marked transverse plane, in a
sagittal direction and as nearly as possible in the median plane, and then the
second pline was projected on the body as before., Then the point of intersection

of this plane mark with the first plane mark had to be fixed by scratching it in.
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Then the body was hung up for t.he third time i.n the aame way, withlth o

AT T
)
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axis as far forward as possible, that is to say, perpendicular to t.he. aocond-‘

axis, and also as far as possible from the t.ransverse plane. The body wal %

then marked once more at the point of intersection of this 1aat. plane with t.he

mark of the transverase plane, - o R ,"“('. :
The body was then sawed through the t.raneverae plane. Aft;er't;his;' t'o ,
fine threads were stretched on the emooth and unifomly hard aurface of. the |
cross section, connecting the pos.nte of mteraect.ion on the body surface with |
each other.T;point of intersection of the transverse plane with the two othera
thus determined the location of the center of gravity, which m indioatod by
the intersection of the two threads, This ‘way in which the second and thi.rd
axes were driven in, perpendicular to each other, made these threads croes each\
ot.her every time almost at right angles, and this made it very easy to find tho |
point of intersection, ' ‘
Altogether we had four fresh, normally built male cadavers (suic,ido;a)' '
at our disposal, The first one served only to determine the common center of .
gravity, as we were not allowed to cut it, The center of gravity of the Qhole
body and of the torso alone could not be determined very exactly on the second
cadaver becanse the Lody began to break up during the measurement and 'thusv

made it change its position, Therefore, only the last two cadavers served, for

all the measurements,

CADAVER NO, I
The first cadaver was that of a young man of eighteen, very ﬁell built
and with fine muscles, 169 cm, tall, who had shot himself. The body reached
the Anatoay Department in fresh condition and in strong rigor mortis, lhe .
abdomen was not distended, but rather sunken, As the body could not be cut,
we could only carry out part of the above method in this case. We had to be

satisfied with hanging up the body three times, as described, marking the levels
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of the three planes on the surface, and then tra.nsferring tho pointa c;f plane f;’:‘{.
intersection to the skeleton of a man-of the same aize by mea.aur:lng the bone
protuberances, and stretching the threads there, ‘ ' ”
The common center of gravity which we found in this way lay at the level ,
of the lower edr'e of the second sacral vertebra, almost in the plane of t.he ‘
entry to the pelvis, 0.5 cm, to the right of the median plane, 4.5 cm, below
the promontory, in the plane determined by the promont.ory a.nd the center points '
of the two hip joints. ' ' '( |
On being frozen, the body lay on its back on a ‘hox"izontal board.:' "’Tl.no\v
head was not raised, and the limbs were symmetrically arranged with the lega
stretched out and slightly rotated outward, and the am 8lightly bent at tho

il !

cubital Jjoint, with a semi~pronation of the forearm, '

CADAVER NO, II

This body belonged to a very muscular man of forty-five, who had hanged |
himself, The abdomen was not distended, but rather shrunken, 80 that the lowor
edge of the thorax was plainly visible. The body was 170 cm., long and weighed
75100 g. It was frozen in exactly the same position as cadaver I.

The head and the limbs were sawed off, after all the marks were nmde '
on the body as deseribed, and put back into the freesing mixture to keep them
frozen solid, Then the torso alone was hung up three t.imea,‘ and all the neces-
sary marks were made on it to fix the position of the center of gravity, This
took quite a long time, as our technique was not yet well enough developed to
allow us to work fast enough and yet get all the measurements exact, Dur#ng
this time the torso began to thaw out, as already mentioned, There was nothing
more we could do, since it was no longer possible to s'aw through the transverse
rlanes, than to drive long thin steel pins into the body at the corresponding

points and thus determine the intersecting lines of the planes and the common
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center of gravity, and the center of gravity of the;;torao a.lone, inaid
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body, as well as we were able, o [ '-»j',.»'
was that it lay near the promontory, but below it.

VWie were able to determine the conter of gravity of the t.orao alone av '
little better, It lay near the median plane at. the lower edge of the firat.
lumbar ve t.ebm, at the attachment of the ligamenta. The weight of _t.he t'_,olr‘lpv
alone was 36020 g, B T

We wore able to determine all the values but these, that are only -
approximate, very exactly, according to the method described, on this cad;v?r |
and on thé two that remained, o “

The center of gravity of the head lay right in the median plane, atv‘t.h»e -
clivus, at the connection of the sphenoid and the occipital, below the slope of
the pituitary cavity, However, it should be pointed out that we removoq the |
head with part of th2 neck., The saw actually passed 5 cm. above thq lmrer,y part
of the throat and backward at an angle through the neck. The center of. gﬁiity
as we found it was thus a 1little farther forward and lower down than that of -

a head without a throat. The head with neck weighed 5350 8o - |

The arms were sawed off from the armpits upward and in a sagittal direc-
tion, so that the saw went almost through the center of the head of the humerus
in each case., The arms were weizhed as soon as they were removed, The right
arm weizhed 4950 g. and the left arm 4790 g, The center of gravity of the
entire arm was then determined, but at first the planes were merely marked on
the surface, Then the upper arm and the forearm weresawed apart, The cut
should have gonse as nearly as possible through the head of the cubital Joint,
but it later developed that the saw had nut hit the axis exactly, but cut through
below it, so that the upjper arm was in both cases a little too long in proportion

to the forearm. However, it just happened that the center of gravity of the
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entire arm lay right in the plune of this cut. Ne then found the.eenter of
gravity of the upper arm alone, and then of the entire limb altrough before ‘
doinz so we weighed the upper arm, the forearm, and the hand. After that we
determined the center of gravity of the forearm with the hand again merely
marking the planes for the time being, Then we removed the hand in the trans-
verse plane of the bending axis, throuﬂh the head of Lhe capitulum, so that it
was now possible to find the weight and the center of gravity of the foreurm |
alone and of the hand alone, as well as of the forearm with the hand. E_%?ii’f”

The length of the right upper arm, measured from thu center of the -head
of the humerus to the cut surface, that went, in this cadaver, nearly through
the articulating surface of the joint and not through the cubital axie, wae
31.7 cm., and the weight was 2580 g, The right forearm without the hand, up
to the cut surface that passed through the head of the cepitulum, wa8.29;5 cm.“
long. The ri:ht ferearm with the hand weighed 2370 g.; the right forearm‘elone
1700 g., and the risht hand elone 670 g. . |

The left upper arm, that was also cut through the articulatiné surface ot
the joint, was 31.5 cm, long and weighed 2560 g The left forearm was 29;5 cm,
long. The left forearm with the hand weighed 2230 Ee» the‘left forearm alone
1600 g., and the left hand alone 620 g,

The center of gravity of the right upper arm alone was 14,.5 cm. from the
center of the head of the hurmerus, and 17.2 cm. above the articulating surface
of the cubital joint, in the medullary cavity of the humerus,

The center of gravity for the entire right upper limb lay in the‘cut‘aur-
face that went through the articulating surface of the Joint, and therefore a
little below the cubital axis, at the lower end of the brachialis internus,
near the eubital fold, 1.5 cm. in front of the bone, right between the head
of the flexor and the head of the extensor,

The center of pgravity of the right forearm lay 12.5 em. below the
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articulating surface of the cubital Jo:lnt. md 17 cn. abov. tho hud ot tho

capitulum, right in the mass of the flexor, and 1 em, in front of t.he cen;:er
of the interosseal ligament., | .‘ ‘
The center of gravity of the right forearm with hand lay 19 cm. bolow '
the articulating surface of the cubital Joint and 10,5 ca. above the head of
the capitulum, inside the flexor, 0.5 cm. in front of the attachment of the

ooy

interosseal ligament to the radius.

The center of gravity of the right hand, with fingers half flexed, lay

5.5 cim. below the center of the head of the capitulum, in the palm, ‘l cm, ‘higher

than the center of the third metacarpus head, corresponding to the at.tachment
of the third finger, and 1 cm, in front of the bone, 7

The center of gravity of the left upper arm alone lay 13.3 cm. below the
center of the head of the humerus and 18.2 cm, above the cut through the .
articulating surface of the cubital Joint, also in the medullary cavity of the
humerus, . - . " ‘ " |

- The center of gravity of the entire upper limb lay also in the ‘cut;'sur-‘
face, through the articulating surface of the cubital Joint and a littleri
below its axis, in the center of the cubital fold , at the lower end of the

- brachialis internus and 2 cm. in front of the anterior aupenrothear cavity, |

The center of gravity of the left forearm alone lay 12,4 cm, below the
articulating surface of the cubital joint and 17.1 cm, above the head of the
capitulum, 1 cm. in front of the center of the interosseal ligament, inside
the flexor,

The center of gravity of the left forearm with hand lay 19 cm. below the
articulating surface of the cubital joint and 10.5 cm. above the capitulum
head, 1 cm. in front of the attachment of the interosseal ligament to the

) radius, in the flexor. ‘

The center of gravity of the left hand, with fingers half flexed, lay

e
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in exactly the same location as in t.hLe rh,l' '.c.:ad Vot

The lower limbs were removed by Bawing thmugh the hip Joint close to
Poupart's ligament, and later on we found t,hat, t‘ze cuts paaaed per.t‘ectly
symmetrically through the heads of the hip bones, - - .

The center of gravity of the entire leg was first determ.i.ned ancl tho

points of intersection marked temporarily on the surrace. Then the upper 1eg
wWas re.. ved by a transverse cut that passed through the axis of the knoe Joint.
It was now possible to determine the center of gravity of the upper leg alone
and also of the whole lep, since the latter lay in the upper leg region. Then ‘
the center of gravity of the lower leg with the foot was determined, and also.
temporarily marked on the surface » 8md finally the foot was removed by a Itrana- :
verse cut through the axis of the tibio-talus Join_t.. Then the center'of gi‘avity
of the lower log alone, and after that of the lower leg with foot, were deterb
mined, the latter center lying in the lower leg region, Finally, we determined |
the center of Rravity of the foot alone, by the method deacribed, Each of 1
these pieces was also wei;;hed.'
The weight of the entire right leg was 12120 8+, of the left leg 11856 8o
The length of the right upper leg, from the center of the Lead of the femur to
the axis of the knee Joint, was 44 cm., and the welght was 7650 g, The. length |
of the right lower leg without the foot, from the knee axis to the axis of the |
tibio-talus Joint, was 41,4 cm, The weight of the lower leg with the fo;)t. ;ma
* 4470 g., of the lower leg alone 3210 £+, and of the foot along 1100 8e The

right foot alone was 23,5 cnm, long and 7,8 cm. high. The left upper leg was
43.3 cm, long and weighed 7300 g, The left lower leg was 41.8 cn. long. The
left lower leg with foot weighed 4500 g., the lower leg alone 3320 €., and the
foot alene 1160 g, The lett foot was 28,3 cm, long and 7.5 cm.* high,

' The conter of gravity of the right upper leg alone lay 19 cm. below the

center of the head of the joint and 25 cm, above the bending axis of the knee,
1.5 em. bohind ths 1inua aspera, and somewhat toward the median,

MAE_——
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The center of gravity of the entire right. lower oxt.ramity hy 39 @g;
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below the center of the head of the hip bone and’ 5 cm. above the bonding a.:d.;
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of the knee, right in the center of the rear edge of the bone, - . j, S
The center of gravity of the right lower leg alone lw 17. h cm. below

-the axis of the knee and 24 cm, above the tibio-talua axis, 1 cm, bohind tho

center of the interosseal ligament, oxactly in ’(.he center between tibia a.nd

fibula,

The center of gravity of the right lower leg ‘wit.h, the foot'lay‘zk.b;:.én. .

below the bending axis of the knee and 16.8 cm, above the bending axis of the

tibio-talus joint, directly behind the attachment of the :lnterouoa.‘l. ugmnt

to the tibia.

The center of gravity of the right foot lay 11.5 cm, from the rear edge .

of the foot and 17 cm, from the tip., It was 6.5 cm, in ‘front of the center
of the tibio-talus joint, directly behind the joint between the second and

third aphenoid, at the forward surface of the navicular, \'

The center of gravity of the left upper leg alone lay 19.3 cm. below o

the center of the head of the thigh bone and 21;. cm, abové the axis of the
knee. |

The center of gravity of the entire left leg lay 38,5 cm, below the. -
center of the head of the hip bone and 4.8 cm. above the bending axis of the
knee,

The center of gravity of the left lower leg alone lay 17.4 cm, below the
bending axis of the knee and 24,4 cm, above the axis of the tibio-talus joint,

The center of gravily of the left lower leg with the foot lay 25.5 cm.
below the knee axis and 16,3 cm, above the axis of the tibio-talus joint,

The center of gravity of the left foot lay 12 cm, from the rear odge of
the foot and 16.3 cm, from the tip,

In this case the centers of gravity of the inside of the extremity lay in
the same location as in the right extremity,

e e,
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Weig‘flta for ba.dnver 11

' (The figures indicate:grams)’ %
Parts of the hody Right

Entire body : 75100
Head ' 5350
Torgo without limbs 36020 )
Whole arm 4950 4790 - T
Upper arm 2580 2560
Forearm with hand 2370 : 2230 . o
Forearm without hand 1700 / 1600 . “Cetiiw
Hand 670 . 620 - .ot
ntire leg 12120 ' C 11890 el
Upper lecg 7650 ‘ 7300 i
Lower leg with foot 70 ] L4500 - © L
Lower leg without foot 3210 : 3320 -
Foot 1100 ' A 1160 - 0

3Stnce these weights were obtained directly, the total of the separate
weights cannot equal the entire weight, because there is always somef.hins loat

with each sawing. ‘
Dimensions of Cadaver No. II

Length of entire body, 170 cm,
Length of head, from below the chin to the crown in vertical

' projection, 21 cm,
Length of uprer leg, right 44 cm., left 43.3 cm,
Length of lower le;, right 41.4 cm., left 41.8 cm,
Height of foot, right 7.8 cm., left 7,5 cm, o -k
Length of foot, right 28,5 cm., left 23.3 em, - o
Distance between centers of hip joints, 17 cm. ST
Length of upper arm, right 31.7 cm., left 31.5 cm.
Length of lower arm without hand, right 29.5 em., left 29,5 cm.
The measurements were always taken from the axis of. a Joint (cent.er of
a Joint) to another, as far as the cut through the Joint. hit the axis, Only
in the case of the cubital joint did the cut pass thmugh the articulat.ing

surface of the joint in hoth arms, and thus below the a.xia. :

CADAVER NO. I1l
This was a fresh, very muscular corpse of normal build, of a manual
worker of about fifty, vho had hanged himself, The cadaver was frozen while
fresh, lying on its back like the others, and was used for determining the
' centers of sravity after being frozen solid in the same way. The corpse was

166 cm. long and weiished 50750 g.
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passed through the lower edge of the first sacral vetobra, ;nd thua notlt‘, th.‘e“‘&’

promontory itself, but close to it and aomewhat below. It lay 0.2 cn. t,o ..he

right of the median plane and 4 cm, in front of the upper linea tranaveraa pf

the sacrum, o i
The center of gravity of the toreo alone, without head or ama, hy in

the center of the first lumbar vertebra, 2 cm, from t.he fmnt surfaco and |

1.l cm. from the ruar surface of the vertebra, and 0,3 cm, to the right or tho

median,

The center of gravity of the head lay in the fossa Tarini behind the
slope of the pituitary cavity, right in the median plane.

In this cadaver the cut surfaces divided the heads of the shouldcr Jointl
exactly in two, while the cuts through the cubital Jointa and the wriat.a
struck the bending axes, _

The entire right upper extremity weighed 3550 g, The upper arm was 30,6 cm.
long and weighed 1990 g, The risht forearm without the hand was 26.3 cm, long.
The right forearm with the hand weigzhed 1550 g,, without the hand 1050 g., and
the hand alone 500 g, |

The entire left upper extremity weighed 3480 g8 The left upper arm was
30.2 em, long and weighed 1880 8. The left forearm without the hand was
27.1 cm, long. The left forearm with the hand weighed 1600 g., without the
hand 1120 g., and the- hand along 470 g.

The center of gravity of the right upper arm alone lay 13.4 cm, rmm’
the center of the head of the humerus, and 17.2 cm. above the axis of the
cubital joint, at the rear edge of the humerus,

The center of yravity of the entire right upper ext.réremity lay 28 cm,

' below the center of the head of the huioerus and 2,6 cm, :el::( the cubital axis, |

1.8 cm. in front of the huterus, in the brachialis internus.

m
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The center of gmvity of the right forearm alone lay 10. 9 cm.‘:bel.aw tho '
axis of the cubital joint, 15.4 cm, above the center of the head of the |
capitulum, and 1 cm. in front of the center of ‘the interoaseal ligament, in
the flexor, at an equal distance from the radius and the ulna : ’:

The center of gravity of the right forearm with the hand lay 17.8 cme
below the cubital axis and 8,5 cm, above the center of the head of the capitulum,

0.7 cm, in front of the attachment of the interoese;l ligament to the »r‘a,diusv.

The center of gravity of the risht hand, with flexed fingers, lay 5.9 cm,
below the center of the head of the capitulum, about 1 cm, abov; tﬁo aeéond ’
metacarpus head, at equal distances, about 2 cm., from the second and third
metar-arpus bones, in the fold between the hand and the. thumb quite cloae to
the skin of the palm. ‘

The conter of gravity of the left upper arm alone lay 13.7 cm. bel§w 't._he
center of the head of the humerus and 16.5 cn, abofra the axis of the cubital
Joint, directly behind the humerus, |

The center of gravity of the entire left upper extremity lay 29.1 cm.
below the center of the head of the humerus, 1,1 cm, above tHe cubital axis,

1.4 cm. in front of the center of the humerus, in the brachialis internus.

The center of gravity of the left forearm alone lay 11 cm, below the cubie-
tal axis and 16.1 cm, above the center of the head of the capitulum, about l.1cm,
in front of the center of the interosseal ligament, equally distant from the
radius and the ulna, in the flexor.

The center of gravity of the left forearm with the hand lay 17.6 cm,

.belo" the cubital axis, 9.5 cm, above the center of the head of the capitulum,
and 1 em. in front of the interossoal lizament, nearer the radius.

The center of ,jravity of the loft hand, with fingers a little less flexed
than on the right hand, 1ay 5.7 em. from the center of the head of the

capitulum, 0,8 cm., from the center of the capitulum of the third metacarpus,
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in the palm, 1.2 cm. in front of the palnnr odga of‘ t.ho th}.rd mﬁ
|‘:‘ a3 _. s wvﬁ. ‘5‘1‘1’9 ]
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center of gravity did not lie at the surface of t.he haml, but in tho tondon

of the third superficial finger flexor.

The entire rigr]{g; :;tremity, from the center of the head of the uppor
thigh bone to the sole of the foot, was 92,7 cm, long, and the weight was.
10650 g. BT | rwhe ,"

The entire left lower extremity was 91.6 cn.‘ longand weighed 10250g.

The right upper le; was 42 cm. long and welghed 6690 g. The right ‘lower
leg alone was 43 cm, long, and the foot 26,5 cm, long and 7.7 cm, high. The
weight of the right lower leg with the foot was 3950 g., of the lower leg alone
2870 g., and of the foot alone 1060 g,

The left upner leg was 41 cm. long and weighed 6220 g.. The left lower |
leg alone was 42,9 cm, long, the foot 26.9 cm, long and 7.7 cm, high; ‘l'hlo
welght of the left lower leg with the foot was 3980 8+, of the lower leg alone
2880 g,, and of the foot alone 1090 8e

In order to avoid any misunderstanding it must be stressed once more
that the lengths indicated are not the absolute lengths of the bones, but the
distances between the respective axes of the Joints or centers of the ‘Jointa.
This is why the upper leg seems to be too short and the lower leg too._long.

The centcr of gravity of the right upper leg alone lay 19,7 cm. bglow
the center of the head of the femur, 22.3 cm. above the knee axis, and 2.2 cm,
behind the rear edre of the thigh bone, toward the median.

The center of gravity of the entire right lower extremity lay 37.7 cm.
below the center of the head of the femur, 43 cm. above the axis of the knee,
and directly at the rear edge of the thigh bone,

The center of gravity of the right lower leg alone lay 18,7 cm. below

the knee axis, 24,3 cm. above the tibio-talus axis, and 1 cm, behind the
interosseal ligament, somewhat nearer the tibia,

=TT, e LR
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The center of gravity of the right lower log with t.he toot lay 26,=9.,cm.
below the knee axis and 16.1 cm. abave the t.ibio-talus a.xia, right ;t ltl‘\‘e
attachment of the interosseal ligament to the tibia, - ] N8 *

The center of gravity of the right foot lay 11 l. o, from t.he rear edge
of the foot and 15.1 cm, from the tip, at the anglo of the lower a.nd outer |
edges of the third sphenoid, near its attachment to the navicular, |

The center of gravity of the left upper leg e.lono lay 19 5 cm. below the
center of the head of the femur, 21.5 cm, above ‘the knee axis, 1,5 cxn. behind
the lineca aspera of the thigh bone, toward the median,

The center of gravity of the entire left lower extremity lay 38,5 cm.‘v
below the center of the head of the femur, 2,5 cm, above the axis of t.he"‘knee
Joint, and 0.7 cm. in front of the rear edge of the fenur, somewhat to the |
side, in the bone itself, | 5

The center of gravity of the left lower ley-alone lay 17.7 cm. below the
knee axis, 25,2 em, above the tibio-talus axis, and 1 cm, behind the interosseal

ligament, nearer the tibia, in the flexor,

The center of gravity of the left lower leg with the foot lay 26 cm,
below the knee axis, 19.9 cm. above tie axis of the ankle, at the point of
attachment of the interosseal ligament to the tibia, }

The center of gravity of the left foot lay 11.8 cm, from the rear edge of
the foot and 15.1 cm. from the tip, in the angle between the third sphenoid
and the cuboid on the planiar side, close to the joint of the thiird sphenoid
and the navicular,

Welghts of Cadaver No, III
(Figures equal grams)

Parts of the body Right Left
Entire body 60750
Hoad without neck 4LCLO
Torso without extremities 28850
Entire arm 3550 : 3,80

Upper arm 1950 1880
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Weights of Cadaver No, IIT (cont.) =

Forearm with hand 1550 .- . 1600 . . T

Forearm without hand 1050 © . 120 7k
\ Hand 500 . 470 | i

Entire leg 10650 10250 -

Upper leg 6690 6220

Lower leg with foot 3950 3980

Lowsr leg without foot 2870 - . 2880

Foot 1060 , S 1090

“ w5
. . ; ’
. [ I A

Here, too, the sum of the weights of the separate parts is bound t.o"‘b‘e' .
less than the total weight, because the waeights of the whole limbs as wg..uau'
of each section were taken separately, and there was a certain amount.;of_"lou,_
due to sawing, o :’;1 <~ Lo

Dimensions of Cadaver No. III '

Length of the whole cadaver, 166 cm,

' Length of head, from below chin to the crown in vertical
projection, 20,2c¢m, o

Length of upper legz, right 42.0 cm, s left 41.0 cm,

Length of lower leg, right 43.0 cm., left 42,9 cm,

Height of foot, right 7.7 cm., left 7.7 om,

Length of foot, right 26,5 cm., left 26.9 cn.

Distance between cunters of hip Joints, 17.5 em.

Length of upper arm, right 30,6 cm,, left 30,2 cm, —

Length of forearm without hand, right 26.3 cm., left 27.1 cm,

The measurements were always taken from one joint center, or joint axis, |
to the other, |

CADAVER NO, IV

This was the fresh, muscular body, with little fat, and still in rigor
mortis, of a laborer who had hanged himself, The abdomen was not distended,
but somewhat sunken, so that the edge of the thorax, the xiphoid process and
the edges of the iliac crest were clearly raised, The cadaver was frosen. flat
on its back, with the forearms slightly bent and in average pronation.

' Wire nails were hammersd in at definite points, and lines were drawn on

the body, before freczing, in order to have exact marks in advance forsawing
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difficult to find the bone protuberances,

1) Wire nails hammered in from the front to the rear throurh t.he
centers of the humerus heads . ‘

2) The cubital axls determined and marked by a cross line .

3) A nail hammered thmugh the center region of the capitulum
head on both sides

L) The anterior superior crests of the ilium marked

5) The upper edre of the great trochanter marked on both sidea, in
order to determine the heizht of the center of the head of the femur

6) The axis of the knee joint determined and marked ontoth a:l.dea by a
cross line _

7) The axis of the tibio~talus Joint determined and marked on bot.h aidel .
by a cross line ‘

Projecting these lines amd points on the horizontal surface of t.hq table
also made it much casier to msasure the body dimensions,

The corpse was 168.8 cm. long and weiphed 56090 g, |

The center of gravity of the entire body lay in the cavity of the hlﬁe
pelvis, It lay in the median body plane, 2.1 cm. vertically below the promon=
tory and L.5 cm. above the connecting line bet.wou.n the centers of t he heads of
the thish bones, at the same level as the upper edge of therthi.rd sacral
ve:tebra, 7 cm, in front of it, and 7 cm. higher than the upper edge of the
symphysis, |

The center of gravity of the torso alone, without h_ead and arms, lay at
the upper edee of the first lumbar vertebra, at the front surface, 0,5 cm, to
the right of the median, and 25,8 cm. above the connecting ling between the |
centers of the heads of the thigh bones, | | |

'l‘he‘cent,er of gravity of the torso with head and arms lay nearly in the
median planc, only 0,2 cm. to the right of it, and at the front edge of the

lower surface of the eleventh thoracie vertebra, 29 cm, above the connecting

line between the centors of the heads of the thigh bones.
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upward and to.the rear, in order to remove t.he head trom the neck ae oonplotoly
as possible. It was found later that only the threo upper corvical vert.ebrae .0

remajned attached to the skull,

The center of gravity of the head 1qy'exac£i}linﬂthe médiah pi;h§;‘0.7 cm. .
behind the slope of the pituitary cavity, in the fciasaa’ Tarini at tho hse ot .
“the brain, right in the angle formed by the upper edgo of the bridgc with the
posterior lamina perforata (figs. 1 and 2). 1 ",_ o ':j 9{ ~ £?”' 

The entire right upper extremity weighed 3520 g., while the right “'tllpxyaer ;
arm was 32 cm, long and weighed 1730 g. The right lower am *ithoﬁt the hand
was 27 cm. long, the right lower arm with the hand weighed 1790 g., without '
the hand 1300 g., and the hand alone 490 g, ' | o

The entire left upper extremity weighed 3710 g.,, the length of the left‘,
upper arm was 32 cm., and it weighed 2020 g, Thellért forearm without the
hand was 27 cm. long. With the hand it weighed 1690 g.,‘without thevhand
1240 g., and the hand alone weighed 450 8o

Since the lengths of the two extremities and their sections dittered by
only a few millimeters, we took the mathematical mean in this case in order to
obtain entirely symmetrical ratios, The weights we left as they were, We
also had the cut surfaces and their centers of gravity for this cadaver gopied,
and the figures set up in plates I and 11, to give an exact picture of the
location of the centers of gravity in the right upper and lower extremities,

The center of gravity of the right upper arm alone lay 16,3 cm, below
“the head of the humerus and 15.7 cm, above the cubital axis, in the bone of
the humerus itself, near the rear ecdge and somewhat toward the median,

The center of gravity of the entire right upper extremity lay 0.5 cam.,
below the cubital axis and 0.3 cm. in front of the bone, in the brachialis

Internus,
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The center of yravity of the right forearm alone lay llah cm. belovg the
cubital axis and 15,5 cm, above the center of the head of the capitulum,w :
1.5 cm. in front of the center of the interosseal ligament, and somewhatl.'
nearer the radius than the ulna. | . | .

The center of gravity of the ri tht forearm with the hand lay 17."7 cri...
below the cubital axis and 9.3 c¢m. above the center of the he..d of the capit.u-'
lum, 0.5 cm. in front of the interosseal 1ligament, and nearer the radiua tha.n

-\'n-- T3 e
'

the ulna, in the region of the flexors. _ ’

The center of gravity of the right hand, with rlexed'fingera, lay'5;.5:cm.
below the center of the head of the capitulum, between the third metacarpus
and the palm, 1 cm, from the latter, _ | | 5

The center of gravity of the left upper &rm ‘alone lay 15.3 cm, l;elow ,
the center of the humerus and 16.7 cm. ahove the cubital axia, exactly as on
the other side, . ‘ 4

The center of gravity of the entire left upper extremity lay 0. 5 om, o
above the cubital axis, and 0.5 cm. in front of the bone. ‘

The center of gravity of the left forearm alone lay 11.9“cm. below the
cubital axis and 15,1 cm. above the center of the head of thecapitulum, aiso
in front of the center of the interosseal ligament, 4in the region'of the
flexors, |

The center of gravity of the left forearm with the hand lay 17.9 cm.
below the cutital axis and 9,1 cm. above the center of the head of the capitu-
lum, 0.5 em in front of the interosseal ligament, nearer the radius than the
ulna,

The center of gravity of the left hand, with flexed fingers, lay 5 cm,
below the head of the capitulum, exactly in the same location as in the right
hand,

The entire richt lower extremity, from the center of the head of the femur
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to the soles of the feet, was 88 cnm, long and weighed 10070 Be. ,?q : _
' The entire left lower extremity was also 88 cm, 1ong, and wcighod 10630 8o

The right upper leg was 40 om. lonz and weighed 6150 g, The right 1ower |
leg alone was 41.5 cm. long, the foot 26.5 cm, long and 6.5 cu, high. ’u
woight of the right lower leg with the foot was 3960 g+, of the lowcr leg alone
2970 g., and of the foot 990 g. R

The left upper leg was 40 cm, long and.weighed 6750 g. The left ;ow;r
leg was 41.5 cm. long, the foot 26.5 cm, long and 6.5 cm. high., The left
lower leg with the foot weighed 3900 §+» the lower leg alone 2900 8¢, and
the foot 1000 g,

In this case, too, we used the arithmetical means of the lengths of the
two extremities,

The center of gravity of the right upper leg alone lay 17 cm, below the .

' center of the head of the ferur and 23 cm. above the Inee axis, 1.5 cm.v‘behind
the linea aspera, somewhat toward the median,

The center of gravity of the entire right lower extremity lay 35.5.cm.
below the center of the head of the thigh bone, 4.5 cm. above the knee axis,
and 1 cm, behind the thigh bone itself.

The center of gravity of the right lower leg alone lay 17 cm, below the
knee axis, 2,5 cm. above the axis of the tiblo-talus joint, 0,7 em, behind
the interosseal igament, and a little nearer the tibia than the fibula,

The center of gravity of the right lower leg with the foot lay 25 cam.
below the knus axis, 16.5 cm. above the axis of the tibio-t;lua Joint, exactly
at the attachment of the interosseal ligament to the tibia,

The center of gravity of the right foot lay 12 cm. in front of the rear
edge of the foot, 1.5 cm. behind the tip, 3 cm. above the sole, and under the

' third sphenoid, near its forward cdge,

Since the relative positions of the centers of gravity as to width and
depth, for tha left lower extremity, were practically the same as for the right
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center of the head of the femur and 24.5 cm., above the knee axis,
The center of gravity of the entire left extremity lay 33 cm.. below the
) center of the head of the fumur and 7 cm. above the kpee axis, |  }
The center of gravity of the left lower leg alone lay 17.5 cn, below
the knee axis and 24 cm. above the axis of the tibio-talus joint. ° =
The center of gravity of the left lower leg with the foot lay 25 5 cm,
below the knee axis and 16 cm. above the axis of the tibio-talua Joint. " -

The center of gravity of the left foot lay exactly as in the right foot, -

Weights of Cadaver No, IV
(Fipures indicate grams)

one (Plate II), only the heights are given here, g\',

Parts of the body

. Entire body
Head without neck
Torso without extremities
Entire arm
Upper arm
Forearm with hand
Forearm without hand
Hand
Entire leg
Upper leg
Lower leg with foot
Lower lez without foot
Foot

In this case the differences due

between the entire weight and the sum of the weights of the parts, have

already been balanced, in order to be atle to use the weighta directly for

later célculationsg

3520
1730
1790
1300
470
10110
6150
3960
2970
990

to the losses resulting from sawing,

55700
3930
23780

3710

- 2020

1690

12,0

450
10650
6750
3900
2900

1000

Dimensions of Cadaver No, IV

' Entire length, 168,8 cn.

Length of head, from below chin tc crom in vertical projection, 21.3 cm,
Lower edge of chin to line connecting centers of humerus heads 10,1 cm,
Line cornecting centers of humerus heads to line connecting centers of

hip loints, 47 cm,

’ 3

The center of gravity of the left upper leg alone lay 15,5 cm. below the
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Length of lower leg, right L1.5 cm,, left 41.5 cm.
Height of foot, right 6.5 em., left 6.5 eme - . .- 0.0 =~
Length of foot, right 26.5 cm., left 26,5 cm,¢ - .° B ¥ Bt
Distance between centers of hip joints, 17 cm. . R
Length of upper arm, right 32 cm., left 32 em, : ‘ S
Length of forearm, right 27 cm., left 27 cm. - N
Distance between centers of humerus heads

. (with shoulders drawn forward), 36 cm,

The means of the lengths of the extremities were t aken and indicated

for both, for the sake of later calculations,

Determining the centers of gravity in the separate sections of the limbs
revealed that there was a fairly close and noteworthy relationship betwo;n
the centers of gravity and the axes of the Joints, Both in the upper-arm and 
in the upper leg the center of gravity lay almost exactly in the straight line
that passes through the center of the head of the Jo;nt\pn one hanQ, and pﬁo
center of the cubi£31 and knee joints on the othQr; In the lower leg ﬁho‘cen-
ter of gravity lay almost in the straight line comnecting the center.of ihe'
knee axis with the center of the tibio~talus joint,. 'in the forearm, when in
average pronation, the center of gravity lay in the straight line ﬁhat(paased
through the center of the capitulum head and the centei of the cubital axis.

In considering the torso, the curve of the spine was used as a basis,
Just as the curve lay in the frozen cadaver in the re:uambent position; The
curve determined by the Weber brothers was not ﬁsed, because it did mot
correspond entirely to natural Eonditions, but was obtained from the diaqm-‘.
boweled cadaver, for the organs alter the curve of the spine a great deal, as
proved by Parow (Virchows Archiv, Vol, 31).

It was also evident from the torso that the center of gravity of the
torso alone, without head or arms, and the position that it assumed in freezing,

had a definite relation to th: limba, for it lay practically in the straight
line bisecting the line that joined the two hip centers and connecting it
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with the center of the atlanto-occipital Joint;:‘

Although it was already possible to determine from the findinga that tho

center of gravity lay, for all the sections of the extremitiea, in the
straight line that connected the center of each neighboring Joint. with t.ho
other, a fact that would greatly simplify further calculations, more work f.f"
still remained to be done, namely to investigate the systematic arrangementl4
of the centers of gravity nore carefully in regard to individual deviations.

The relationships obssrved made it possible for us to conatruct an :
upright body position in which all the centers of gravity except that of the
foot lay in a single frontal plane. All that was neceseary was to bring the
centers of all the main joints into this plane. | |

After this we constructed a skeleton holding this position, and comoared
it with a normal, well-built living body, in order to find out whether it was
possible for the body to maintain such an upright position, in which ihe,
centers of all the main joints and the sectional eenters of gravity'that lay
between them would fall in a single vertical frontal plane,

To do this, we took the measurements of cadaver No. IV and laid them out
in life size on squared paper, both in profile and in a front view. Then we
drew the skeleton according to these maaeuremeota, laid out the contours of
the soft portions around it, and indicated the centers of gravity that had |
been found by direct measurement, Since we had originally marked the axes
of the joints on the cadaver, and knew the locations of the centers of gravity
inside the individual sections in relation to the Joints and bones, it was
easy to draw the bones and joints and centers of gravity without adding any-
thing arbitrary (Plate 111). We were also fortuoately able to judge the
thickness as well as the length ratios of bones and soft parts from ouo study
of the sections,

iie prepared this drawing in 1ife size on squared paper, so that the joints |}
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1ycmn'di-
nates., Both views offered two projections, on two planea perpendicular t.o L

and the centers of gravity could be plotted on a. rectanguhx; syaten" oL

each other, and thus formed all three coordinates roquired for tho rectangular
system to be based on them. A .,".t"_'f;";..j'

We made the frontal plane the 1Z-plane, with the line of intoraection
of the median body plane with this frontal plane as the Z-axis, and the line
of intersection of the frontal plane with the horizontal ground plano on which
the body stood, as the Y~axis, The vertical to this plane at point of int.er-

section O of the two axes was therefore called the X-axis. The diroctiom

forward, to the right, and upward, respectivoly, for the X,Y, and Z axoa, ‘
measuring from point of origin 0 on the graph, were called poaitivc. -With
these points detemined the profile view presented the projection on tho xz-i
plane, and the horizontal ground plane coincided vd.th the IYopla.no. ‘ |

A spinal curve was laid out in the plane paning through the centor y
point between the two hip Joints on one hand and the atlanto-occ:lpital Joint

on the other, on the assumption that the center of grav:lt.y of the torao lay
exactly in this plane. It was easy to make this agree very well with the
photographs that showed the median section of the frozen cadavers.,

The position of the arms was changed a 1ittle, The arms in the drslyinga
were moved forward until the centers of the humerus heads and the centers of
gravity of the separate sections lay in the XY-piano. The displacement, was
not large, so that it could not cause any real change in the location of the
common center of gravity. On being photographed, the two drawings were reduced
to one-tenth their oririnal size, so ihat one millimeter in the plates core
responds t.o one centimeter in the original drawing, The drawings are found
in plate 111, .

We naturally had to investigate whether the position thus constructed

occurred in real life, ani to what extent the recumbent position could be

transferred to the uprisht one,
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It was, of course, not to be expected t,hat. t.he curve of t.he apino would

’_’q,

be exactly the same in both body positions, It. vdll however, su.ffice :lf
they are fairly similar, for it is irpossible to maaaure all the smalleat.

curves of the eolne directly on the living body. = Lven Parow's coordinate I

gauge (Vix chows Archiv, Vol, 31, P. 105 and foll,), that he used to construct
the spinal curves from the location of the _spinal processeo, gave, as wo

know, only approximate results, We hoped, howevor, that t.he follovn.ng mothod
would be satisfactory, -

A well-bullt, muscular young man, a soldier, was bﬁotographed i.n—prol'ile,
after having the center points of the Joints marked on his body Just as 't.hey
were in the constiucted drawing, and having the center of gravity of thpA
head projected to the side of the head and marked on it, Two long plumb lines
determined the YZ-pline., The model had to change his p&sition until h?. fell
of his own accord into a pose in which someone standing at a distance ﬁbuld
alight all the marks for the joints as lying in the vertical plane of the“
plumb lines (the YZ-plane), He was then photographed in this poaitidn, as’
shown in plate IV, The left arm had to bse beat, in order not to hide the cen-
ter point of the hip joint, BEven if this d.d displace the center of gravity
sonewhat, the displacement was so s:mall, ag conpared with the advantage in
making the joint visible, that it was not werth consideriny, Later calcula-
tions will show that the conter of gravity was displaced only 7 mm, upward,

L mm, forward, and 1 mm. to the right,

Comparison of plates 1II and IV shows that there is a good correspondence
betwsen the real position and the constructed one, and that ox;r constructed
position can by no neans be called forced, but very natural. The thorax
bulges forward a little more in the live figure, and the lower part of the
back is drawn in a little more, bul these are difforences tlat can very well

be considered individual ant variable. The nature of the spinal curve and the
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position of the head are exactly the same as in the constructed figuro

Sy ':-

plate 11I, even if the curves of the aeparate aections or the spine mqy aoem

to be a little wore pronounced, . 3 . ..;{‘J ?a;g*

The most important points, the construction of the lower extr;mifiQs,,
the position of the pelvis, and the position of the head, are exactly liko
those we constructed, e | . ‘

The question may arise as to whether this poaition ia very comfortable. L
It was not owr purpose to determine this, but we shall come back to thie o
question later on. We had just one goal from the flrat, to atandardizo a ;--'
natural position that would serve as a suitable starting position for. our
maasurementa and calculations, We shall call this poaition the normal one.'Jﬁ

The centers of gravity for the systems of limbs and for the wholo body
were now caculated for the normal body position, from the centers of grayity'
of the separate sections, in order to have a control for our meaaureménta of
the ccnters of gravity both of the separate limbs and of the whole body.

If the centers of the joints in the normal poaition, 88 well as the
measured centers of the Aifferent limbs, are plotted on the above system ot
coordinates, the following coordin;te values will be obtained, and can Bél |
read of f directly from plate III. | ]

Coordinates for the Centers of the Joints, the Crown,

the Tip of the Foot and the Lower Kdge o; the Bent Hand

(with flexed fingers)

Coordinates for x Yy - z
1) Crown 0 0 168.8
2) Atlanto-occipital joint 0 0 154.0

r 0 + 8,5 88,0
3) Hip {t. 0 - 8,5 88,0
r 0 + 805 1&800
ll) Knee {l 0 - 8.5 Lg.o
5) Tibio-talus foint '{z 8 : g:; 6:;
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++

r 200 " ¢ 1300 |
6) Tip of foot {l 2005 <130 6
Jr 0 +18.0 137.0 ..
7) Shoulder e o -18.0 137.0
r 0. +18,0 105.0:. -
8) Cubital joint & 5 : 18,0 105.0 ",
r 0 . +18,0 78.0.;
7) Wrist ¢ 0 - -18.0 780 -
10) Lower edge of bent hand E’ g * ig’g ' 2;'2 L
(with flexed fingers) = AT DHe

NOTE: The fipures that indicate millimeters in the drawing in plate I1II
actually indicate centimeters, as the drawin;s are reproduced with a ten=
time reduction., The same is true for the following coordinates for the
centers of gravity, ' i o

Coordinates for the Centers of Gravity

-

-

Coordinates for x y. 2
(1,2) Head 0 0 157.8
(2,3) Torso 0 + 0,5 113.8
(3,4) Upper leg {? 0 I g:; %(5)
5 Y i
(5,6) Foot (& 16 303 3%
(7,8) Uppor arn ¢ o a5 &7
(8,9) Forearn {£ o 20 3
(9,10) Hand ¢ o 288 B
(1,6,7,10) Whole body 0 0 92.5
(1,3,7,10) Torso + head + arms 0 0 117.0
(3,6) Whole 1og {F 0 i3 B
(4,6) Lower leg + foot {f g i g:g gg:g
(7,10) Whole arn r o 80 1003
(8,10) Forearm + hand '{E 8 :ig:g g;:i

The numbers in parentheses in front of the words "head,” "torso," etc.,
indicate the numbering of the Joints, "tips of feet," etc., as given in the

preceding table of coordinates. They offer a convenient means of identifying
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a body section, For instance, the upper leg ia narkod (3,&) bécauao 1; lioa';P ‘
between joints 3 and 4. This makes it possiblo to recognize the coor&inatel .
of the center points of the joints, as diatinguished from thooe of the cen-.,‘
ters of gravity, without a great many words., For inatance, the coordinateg,“
for the centers of the hip joints can be indicated as X3; ¥3» and ;3;ﬁ ;ndvﬂz
those for the center of gravity of the upper leg as x3, h! Y3,4 83,L. | ﬁ
the right or left side is also to be indicated, this can be done by marking 
~ the coordinates for the center of the left hip Joint as x'3, y'3, and 9'3, .
while the coordinates fof the center of gravity of the left upper leg yould:be
marked x'3'h, Y'B,L» and Z'B,L' the prime being omitted for the right gidg.
Ne shall.uae this means of identification 1a§er on, The coordinatos‘forAthg’ :
whoie body will simply be marked X, yo, %Qe o i

Since the welghts of the separate sections are necessary to our calqula-
tions, they are set up once more in the accompanying table, in the samo.way ao
the coordinates, o

In the calculations, the only pointsof interest in regard to the weighte
are their ratios, and so they have heen reduced to figures per ten £housand,
as this is an advantage in the calculation of the common center of gravity,

These figures are tabulated in the column next to the real weight,

Parts of the Body __xgsigggaigrgngslv zeéggt ratios
(1,2) Head 3930 o 705.5
(2,3) Torso 23780 4270
(3,4) Upper leg l; Z%gg iégg
(4,5) Lower log { gggg gggo5
(5,6) Foot {¥ e s
(7,8) Upper arm {l ;ggg gtg:g
(B,9) Forearm 1( ig:g 333-5
(9,10) Hand {Z Zgg gi

(1,6,7,10) Whole body 55700 10000
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The weight p, for the right upper leg, fér 1nstanco, éan b;?deaiéﬁated
by Pp3,,s and the weight for the upper left leg by p'3 Ly to correapond
with the markings used for the center of gravity coordinatee, etc, ”‘ f-V

Calculation of the Common Center of Gravity for the Entire
Body and for Vihole Body Sections, from the Centers of '
Gravity and the Weights of Separqte Limbs :

Since forces of inertia are parallel forces, welmuat first 1ndiéate how
a resultant is obtailned from two or more parallel forces, Let us aouume that
A and B are points of attachment. of two parallel forces in Fiyure 3, with
strengths pj and pp, while AC and BD are lines that represent graphically,
by their length and direction, the size and direction of theae two forcea.

Now, if two equal but opposed forces ofany desired size are placed in the
direction of the line connecting points A and B, so that one force is,
attached at A and the other at B, this will not alter the action of.tho’
original system of forces., These two new forces are indicated in the figure
by lines AE and BF, and their strength by q. If the.tuo forces acting

at A are now combined to form a resultant AG, and those at Bthp form,a.
resultant BH, the total of these two resultants is still equivalent to.the'
two original forces p; and py. The same thing remains true if the two
resultants are moved to a common point of intersection J of their directions,
8o that J becomes the common point of attachment forlthem both, These two
forces, JQ and JR, can still be combined into a further resultant JN,

that will therefore also be the resultant of the original parallel forces.

The size .{ this resultant is equal to the sum of the two parallel forces,

or py + p3, for it is easy to note from the figure that
/L GCA =2 /\ QKJ = A\ RLM, and that therefore
Z. HDB =7 A\ RLJ =2 A\ QKM. Therefors,
JK = AC = p;, and KM = BD = p,;
therafore JU = Py * Poo
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» ~%‘ 1 sl
. to the two original forces. This resultant Jll or the panllel torceo 1nt.er-

sects, in point N, the line that connects the two pointa of at.taclunent
A and B. The distances of this point N from A and B are relat.od to each
other as the reverse of the relation of the parallel forces acting u " A |
and B, for, from the similarity of triangles ANJ  and QKJ, thera followa ,
the proportion, R
AN ¢t JN = q P1,
and from the similarity of triangles BNJ and RLJ there tollowa t.he ’
proportion,
BN : JN = q P2,
Therefore JN ¢ q= AN - Py = BN ¢ p,, and therefore
AN : BN = P2t pg

' If the two parallel forces were exerted in another dj:rection but remained ['
parallel to each other, and also remained fixed to points A and B, tho. same
reasoning would bring us to exaoctly the same conclusion, that the direction
of the new resultants of the parallsl forces intersects line 4B, .connecting
the two forces, in a point whose distances from A and B "are in reverse ratio
to forces p; and pp, Therefore, this point of intersection is again point N..'
We thus come to the conclusion that fhe direction of all resultants, obtained
by any kind of rotation of forces Py and p around their pointe of attach-
ment, all pass through one and the same point N, if the forces continue to
be parallel after rotation. If forces Py and p, are forces of inertia,
point N 1is thus, according to our previous definition, their center of
gravity, |

Now if x1, y1, and 2] are coordinates of the point of attachment A
' of force Py, and x2, y2, and 22, of point of attachment B oforce P2,

and if the coordinates of cent:r of gravity N are indicated by X0s Y0

RS
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and g, then ratios

(x0=x) 1 (x2~x0) =p2t P
(yo - ng t (y2-y0) =p2: P2 S
(20 - 21) s (22 - 20) = P2t p1 . g N

P
e

are true, as a result of the location of point N .on the connpcting‘lgng"ff AB.

From this we find that

xo = PIXL* Paxa 2 L .’
PL*P2 : 1. W

yo = PW1 * Pava
P1 * P2

2o = P18l * P2E2
P1L * P2

for coordinates xg, ¥, ard #; of the center of gravity, S 4
Now let us assume a system of three parallel forces bl! pz; ami p3,
whose points of attachment have respectively the coordinates xj, ‘xz,; ;nd
X33 Y1, ¥2, and y3; %1, 2z, and 23, Then these forces can also be.,‘c‘ombin,ed
into one resultant, which is reached by first obtainix;g the resultant .of
p1 and pp, and then comb;nhxg this resultant with the third force P3, to
obtain the final resultant., Therefore, coordinates x'(, ¥'o, and 2'g, of
the center of gravity of the two forces (p; + p») and p3‘, whose points of
attachment have the coordinates X0s Y0, and zp, and x3, y3, and 23, have

finally to be calculated according to the method described, Then

xtge (AL *12)0 ¢ p3x3 | pIxL* Pax2 ¢ P3X)
(p1 + p2) + p3 P1 * P2 * P3

y'oe (FL*P2)¥0 ¢ p3y3 . PLYL + P2¥2 * PY3
(P1 + p2) + p3 PL * P2 * P3

z'ge (FL* P2)20 + p3z3 . P121 * Pa%p * P323
(p1 + p2) + pg PL *+ P2 * P3
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These three equations reveal the law according to which n pgra;lol .,\@b
forces p1, P2, P3 eece... pn can be combined into one. reaultant, and aocord-
ing to which coordinates X0, J0, and zg indicate the common center ot grav:lty

for all n forces of inertia, When we universalizo thies

x0 = P1X) * PaXp *+ P3Xg ¢ eees Pr¥n . Shixy ) ) '

Py * Py * Pyt oo p =P
vow DUL TPV P PY3 * ove Pp¥n | SPuY3
pl§p20p30 XXX p Epi
zg = PAEL " P2%3 * P3B3 ¢ -cc- Pnzy _ SPisy
p10p2+p30 sees pn Spi

As seen from these three equations, the values of X0s Yo» and g5 do

not change if we substitute for the real weights pi- the ratios betwsen the
separate weights, as for instance the ratios that result from ropre;enting
the body weight as the figure 10000. The advantage of this is that the calcu-
lation of the coordinates of the common center of gravity in the body, for -
any position whatever, can be done with one convenient divigor in all three
equations, namely 10000, Therefore, these ratios,vaa they are given oﬁ
page 4l , must be understood in the following calculations under the -
symbol py. |

The following values are obtained for cadaver IV, for products pisi*,
for the purpose of calculating coordinate 289 for the center of gravity of
the whole body in normal position, from the coordinate values and ratios

given on page ( 40 and 41).

Head 111327.9
Torso 485926
Right upper leg 78384
Left upper leg 87870
Right lower leg 16523
Left lower leg 15875,25
Right foot 534
left foot 538.5
Right upper arm 37477.35
Left upper arm 4L4116,25

NCTE. - These products are used becsuse they recur in the following
caleulations .
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Right forearm 21308.8‘
Left forsarm 20714475
Right hand 6380
Left hand 5913 E
Total 933388.8 . = = - c '

3

By dividing by S py = 10000 we obtain, to one decimal poinf;,' ; valuo
of 93,3 cm; for ) while the directly measured valpe of the Z-coo;'_dinlato\
was 92,5 cm. ' -

Absolute exactness can naturally not be at.tained first. because crumba '
fall away in sawing the separate sections » which decreaaes the weight and
second because the position the body assumed on being measured could not .
correspond absolutely to our normal position. If we disregard thelcﬁnt‘;r 61‘ ,
gravity for the feet and consider only that of the mass balanced on the -
tiblo-talus joint, we find that ' | '

Spizd = 933388.8 - (534 + 538, 5)
= 932316,3

This must now be divided by 10000 = (178 + 179.5) = 9642.5, and so the -
Z~coordinate for t he center of gravity of the body, without teet becomea,

if we distinguish the coordinates in question as x'0, ¥'0s and g'g

1w 332316,3 .
z'o 36138 96,7 cn.

lie have the followirg values for products Piyi, to use in calculating

the yp coordinates of the common center of gravity,

lHead 0

Torso + <135

Right upper leg + 938, Left upper leg = 10302

Right lower leg + 14530.5 Laft lower leg ~ 4424,25

Right foot + 1833,4 left foot - 1848.85

Rirht upper arm + 5519 Left upper arm - 0526

Right forearm + 4194 Left forcarm - 4005

Rirht hand + 1584 Left hand - 1458
Total 29:43.9 Total - 28563.1

therefore Spyyy = 29247.7 - 23563,1 = 686,8 and

Y = b{’bop = ¢ ().Ul] cm.
/0 1000
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n ? a!‘\ i ‘1‘
the median plane, while our direct measurements placed the center ot gravity ’

right in it,

V-

For the Y-coordinate of the center of gravity of the body uithout feet,

Y

‘i'
ok

- 696.8 - (182555 5§ 85) 102.22 -+ 0.07 can

thus the samo value exactly,

we find that

In calculating the Xy coordinate for the common center of gravity, .only
products pjix{, that belong to the center of gravity for the Lwo Ieet, have

a value other than zero in our normal position, 8o that

_ 178« 6.5 + 179.5 ¢ 6.5 aaﬂi_oz
10000 10000 - Ce< °m

that is to say, the common center of gravity lies, for our positiﬁn of the-
feet, 2mm, in front of the frontal plane in which lie all the centers of ‘
gravity except those of the feet, | | | |

The X~-coordinates for the common center of gravity'withqut the feet 1is
on the contrary gzero, because all the x4 values equal iero. _ L

We also calculated the coordinates for the center§ of gravit} of ﬁh; 
limbs and their combinations, that we had previously obtained by dirgctv'
measurement, in addition to the coordinates for the common center of gravity.,
We found them to be,

For the Entire Leg

Right Left
pieyq Pi%4
Upper leg 78384 Upper leg 87870
Lower leg 16523 Lower leg 15875,25
Foot 534 Foot 538,5
Total 951&14] Total 10m3 075
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Weights

Upper leg 1104
Lower leg 533
Foot 178

Total 1815, therefore

{
£3,6 = 2%3%% = 52,6 cm,
73,6 = + 8.7 cm,
x3,6 = *+ 0.6 cm,

U Me:!.dnte

Upper leg 1212

Lower.leg 520, 5 R

Foot 179.5 - 5. N
_Total 1912, ‘therefors,’" -

(ORI N
.~

The coordinate values obtained by calculation and those given oﬁ“pqgé'Lo.'

as having been measured directly should be compared with these as well aa :

with all the following calculations,

'
Ll
f

Lower Leg + Poot

Right
Pizi

Lower les 16523
Foot 534

Total 17057

Weights

lower leg 533
Foot 178

Total 711, therefore

057 .
zk,é -#E%Z 24,0 cm.

Yi,6 = * 9.0 em,
X,,6 " * 1.6 cm,

Right
Piz4

Upper arm  37477.35
Forearm 21808 .8
Hand 6380

Mad a9 [ 5~“:

R

Entire Am

Left
Pizi

Lower leg 15875 52

Foot 538.5

Total 16413.75

Weights
Lower leg 520,5
Foot 179.5
Total - 700, therefore

z'h’é -.%H - 2305 cm,

¥Y'4,6 = = 9.0 cm.
X'y, 6™ = 1.7 cm.

Left
P12y
Uprer arm  44116.25
Forearm 14475
Hand 1
Tﬁt R’ 1 ‘




' SERIAL No.

Translation No, 379

Weights . ‘ ‘
Upper arm  310.5 Upper arm  362,5 < v
Forearm 233 Forearm 222, 5 .
Hand 88 Hand 81

Total 631, » therefore, Total 686 therefore R

-6666151 . l. - - .
27,10 R 104.0 cm z'7,10 * %ﬁ 106, 2 em
yv?’lo - 4 18 cm, ’ y 7 10 - 18 cm. .' "?“ .
x7,10 * 0 cn, , 307’10.- o cm, S

Forearm + Hand e o : 'jf,v:""‘ ) i
Right R
Pi%4 Pisi AL '_’e.;'_'%'. [ -
Forearm 21808.8 - Foraarm 20711+o75
Hand 6380 " Hand . :: .
Total 28188,.8 Tot.al 26627 .75 5
Weights Woights A E
Forearm 233 ' .Foream - 222.5 | ' I
Hand 88 Hand . * 81
Total 321, therefors, ~ Total '303.5, thq_ro,fore .
' . 28188,8 _ | 27, 7 em.
#'s,10 = X5 - 678 on 8,10 - ‘3‘031512 @77 @
Y'8’10 - + 18 cm, y 8’10 - -' 18 Clh, .
x'8,10 . 0 cm, x'8,10 - 0 cm. '
Torso + Head
Pi%4
" Torso 485925
Head 111327.9
Total 597253.9
Weights
' Torso 4270
Head 705.5 '
Total 4975.5, therefore
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- 5912539 « 120.0 |
21’3 297525 120.0 cm

- 2135 .
1,3 " G55 T Ok om

xl'J - 0 cm.

Torso + Head + Arms

Py®y
Torso 485926 - ‘ ‘WP -
Head 111327.9 " e
r. 65666.15
Entire arm
b 7070

Total 733664,05

Weights

Torso 4270
Head 705.5
I'e 63105

e 666
Total 6273, therefore

Entire arm

13066305 | 119.0 cn.

51,3,7,10 - 6273

PiY4
Torso 2135 Head : 0
Upper arm r. 5589 Upper arm ¢, = 6525
Forearm r. 4194 Forearm (/. = 4005
Hand r. 1584 Hand /, - 1,58
Total + 13502 Total <=11988, therefore

- 02 = 11988 o 151} w 2 em.
1,3,7,10 5273 57&3 + 0.2 e

x1,3,7,10 = 0
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' If we assume a uniform and symmetrical distribution of the body ~'ma‘ncvah, :
it will be possible to take the arithmetical mean of the center of gravity

coordinates on page 40 and of the weight ratios on page 41 » 'I'hen, ir m alao

place the center of gravity of the torso right. in the median p].ano, the moa.n

coordinate values of the centers of gravity will be:

Parts of the body x y s ;
Head 0 0 ' 15798 .',
Torso 0 0 113,.8
Both upper legs 0 8,5 - TM.75 -
Both lower legs 0 £ 85 . 30.75
Both feet + 6.5 10,3 '3 a
Both upper arms 0 18 ©  121.2
" Both forearms 0 +18 C93.35 -
Both hands 0 18 72.75;' .

,y.,*-“
- .V

The positive values of y refer to the right aide of. the boch, and tho B

PRI I

ho
N e B ¥
. A

' negative ones to the left, o
If we assume a total weight of 10000, it follows. that the 'meax_w'._for,_ the

weights and the weight ratios are:

Mean weights Mean weight ratios ~ .
(1n whole numbera)

Whole body 55700 g 10000 10000

Head 3930 g 705.5 . 706 .

Torso 23780 g 4270 4270

Upper leg 6450 g 1158 © 1158

Lower leg 2935 g 526,75 527

Foot. 795 g 178,75 179

Upper arm 1875 g 336,5 336

Forearm 1270 g 227,75 228

Hand 470 g | 845 8l

Calculating the center of gravity coordinates, assuming a uniform and

symaetrical distribution of the masses, gives the following results:

Entire Body
' Pi®y
Head 111327.9
Torso 4859206
Both upper
legs 166173
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1= s
ayg 2 g Ty
pe L '

Both lower legs  32395,125 = °
Both feet 1072, ° -
Both upper arms 81567.6
Both forearms L2520,925
Both hands 12294.75

Total 933277.8

yo-Ocm.

xo =D 6.5 * 178075 - 0.2 cm,
10000

If the feet are not counted, it follows, for < Piz4 that

Whole body 933277.8
Both feet ~1072.5

Total 932205,3

Weights
Whele body 10000
Both feet -357.5
Total 9642,5 and therefore,

z'o bl %()—%;2 - 96.7 (o411 18

y'o = 0 em,
X'O = 0 cm,

Whole Leg
(right or left)

Pi%y

Upper leg 83086,5
Lower leg 16197,5025
Foot 5360;,5

Total 99820,3125

Weights
Upper leg 1158
Lower leg 526,75
Foot 178, 75

Total 1263,% therefore
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. * - 29820.3125’
' 23,6 " “1863.5

PLy1 S
Upper leg 9843 R IR S
Lower leg Wy77.375 - - - ol
Foot 1841,125 = : B A
Total 16161.5 ‘therefore,

. 16161
¥3,6 © 1863.5

- 8.7 cm. N )

(y'3,6 = 8,7 cm, for the left leg)

X3,6 = + 0.6 cm.

Lower lLeg + Foot
(right or left)

Pi24
Lower leg 16197.5625
] Foot 536,25

Weights
Lower leg 526,75
Foot 178.75

Total 705,5 therefore

16733,8125
Zhy6 705.5

yh’é - * 9.0 cm.,

= 23,7 cm.

X,6 = ¢ 1.6 cm.

Fntire Arm
(right or left)

Pi2y

' Upper arm Lo0783,8
Forearm 21260 ,4625

Total  66191.(375

HOTE  w Sea nnma f] Fam nvrlonnsfon 38 A riycs holow x,7 and z.

=
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weights ''m . . ' ‘~ v ' .~~
Upper arm 336.5
Forearm 227,75 )
Hand 8“05

Total 648.75 ~ therefore,

- 68191,6 -
27’10 -—z;zs—:-agzi 105.1 cm,

y?,lO = ¢ 18 cm,

X/]’lo = 0 cm,

Forearm + Hand
(right or left)

Forearm 21260,14,625 |
Hand 6“7 . 37 5

Total 27407.8375 °

Weights
Forearm 227,75 .
Hand 84.5
Total 312,25 . therefore, '
07,8 o |
29,10 = ZLOLAIE - 87,8 cn,
¥8,10 * t 18 cm,
Xg,10 = O cm,
Head + Torso + Both arms ' e
pi ’1 Vo Y ! ) ‘,','»-»/’
5 s 27
Head 111327.9 T
Torso 485926
Both upper arms 81567.6
Both forearms 42520,925
Both hands 12294.75

Total  733637.175
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Weights
Head ) 705.5 |
Torso 4270
Both upper arms 673
Both forearms 455.5
Both hands 169
Total 6273, therefore,

637,175
21,3,7,10 * 133-6%%11 117.0 ca,

y1’3’7’10 = O cm,
x1,3,7,10 = O o

Head + Toreso
pizi for
Head 111327.9
Torso 485926

Total 597253 09 )

Weights

Head 705.5
Torso 4270

Total  4975.5, therefore

2 .
0,3 - ZEH2 1200 ca.
y1,3 * 0 cm,

x1,3 = 0 cm,

One result, among others, of the great agreement between the calculated
centers of gravity and those obtained by direct msasurement, as indicated on
page 40, of the same cadaver, is that our oconstruction of the upright body
position does not differ to any important degrea from the relationship of the
body sections to each other in the horizontal recumbent position,

The findings obtained have been set up in the following table to glve

a general view of the locations of the centers of gravity, and at the same
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‘."P‘AGIV‘ 56.

o

. time offer a comparison of the data obtained from the different cadavers, -

The first table gives the results in detail, while the second one gives
the ratios for the distances between the centers of gravity of the separate
limbe and the center points of the joints, the length of each liab being,ﬂ' .

assumed as 1, and the arithmetical means of these ratios,

(First table on page 57, other tables on pages 62 and 63,)
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Arithmetical Means, for the Thres Cadavers, of the Distance Betwaen
the Centers of Gravity and the Joint Axes or Joint -
Centers for each Limb

-

Parts of the Body Arithmetical legn of Ratios

Op One side
fx. 0. 0. '
Upper arm {; O.II:ZZS 0.470 0.2345 i 0,530
0.5 ' o

)
Forearm {2 8:2335 } 0.421 0.5325 } 0.579
Upper leg f v 8:23‘5,} 0.439 8:22?5} 0,561 |
Lower leg , ;' &ﬁ; f 0,4195 g:gg } 0, 5805
Foot T o oo o 501 § 0.566
Forearm + hand {:7 82335} 0.472 g:g;gs} 0.528
Lover leg + foot {2' g:g;z 0.519 g:,’:-% } ‘0.1.81

We obtain a distance ratio of 0,609 from above and 0.391 from below, in
our position of the body, for the center of gravity of the torso alone, when
the distance between the atlanto-occipital joint and the line connecting the

centers of the hip joints is made equal to 1. By limiting the distance ratios

for the sections of the oxtremities to two decimal points, we obtain the follow-

ing table: Parts of the Body From above From below
Upper arm ‘ 0.47 0.53
Forearm 0.42 0.58
Upper leg 0.44 0.56
Lower leg 0.42 0.58
Foot 0.43 0,57

These figures do not differ very much from the fractions 4/9 and 5/9, 55
that we can say, with a certain amount of approximation, that the center of |
gravity of the separate extremities lies above the center of the latter, and
divides the distance between the two Joint axes or center points by a ratio
of 4 to 5,

The thing to do, 1if the approximate location of the’center of gravity

of an extremity met be determined in a hurry, 18 to measure the distance

between its axes, divide this by 9, place the center of gravity at 4/9 of the

M ——,, . —
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distance below the proximal joint, and in a straight line with th;fcenﬁer of
the next joint, The center of gravity lies almost at the edge of the Sone_in
the upper leg and the upper arm, and about 1 em. from the center or‘tholintor-
osseal ligament, toward the curved side, in the lowerlleg,and forqgrm,f' |
The direct measurements, made by Harless, of the distancea b;g;oen tho;i¥:
centers of gravity of the separate sections of the limbavand the ends of th;ﬁhf
Joints, agree very well with our own, if we take the means of the 1nd1vidua1
findings, Complete agreement can of course not bﬁ expected, rifatjbeéauao '
there are individual differences, and second becaﬁae the soft material was
bound to introduce errors foar Harless, Ve too have observed individual
differences in the three cadavers, but they were generally smaller ﬁﬁai:thogo
Harless showed in his two series of measuremonts; so‘that, as could bq rore-_:'
seen, the latter cannot be assumed to be due to 1nd1vidual dirrerenées alone,
We reduced the Harless findings, as they are giyon on pages 93 ﬁnd 571
to a basis of 1, in order to make possible a direct comparison with our own,
and calculated the mean for the two sides of the body, when this had not
already been done,

Ratios for Distance of Centers of
Gravity for the Two Harless Cadavers (Graf and Kefer)

Graf Kefer Arithmetical Mean
f botih
from from from from from from
above below above below above below
Upper arm 0.485 0.515 0.429 0.571 0.457 0.543
Forearm 0.439 0,561 0.410 0.590 0.4245 0.5755

Upper leg 0.468 0.532 0.424 0.576 0.446 0,554
Lower leg 0.360 0.640 0.469 0.531 0.4145 0,5855
Foot 0.460 0,540 0,436 0,564 0.448 0,552
These figures should be compared with our findings on page 63 .
The Harlees ratios are also very close, on the average, to the fractions
4/9 and 5/9,
If we now compare our findings with those obtained by Meyer through
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direct measurement, the main difference proves to'b;wfha location or th;ﬁ:lkh;
common center of gravity in the body. According to Meyer. it lioe,ror tho
upright position, quite far behind the hip joint, in the second aaqrgl_ygrtq-
bra or above it in the sacral cavity, something that w;'nevor rﬁund iﬁ‘our
own measurements, lowever, we met clearly point out that we dotorninod the -
center of gravity with the cadaver in the recumbent position, and only con-
structed later on an upright position that proved to be a possible one by
comparison with a living body, while Meyer and Hormer together qbsqfveg tho;
living body directly, It is perfectly true that the body oan be beld in sucﬁ ;
a position that the center of gravity falls behind the hip Joint, in the
spinal cavity and even farther back., All that is necessary is to Send the
body backward, with the shoulders pulled back hard, so that tho body forms d
convex curve toward the front, The center of gravity w;ll thenvlie bepind
the hip joint, and the greater the curve the farther back 1tfw111\110;~‘8ut |
this Meysr position is in any case no starting position for naaauroﬁnnta,_as
it cannot be standardized, It is also no "military" poaition,las Meyo: calls
it, and it still remains to be proved whether it is specially stable or not.'
Ve shall return to this positioﬁ later on, | ' |
Furthermore, vhen Meyer says (Millers Archi;, 1853, page 25) that the

flection planes in the tibio-talus joint form an obtuse angle toward the

front that is increased still more by turning the toes outward, and that this
causes a locking of the ankle Joint that prevents th§ leg from bending forward
against the root’when there is a simultaneous locking of the knee and hip
Joints, this is true in the case of the first ankle joint only, but not of
the foot as such, If the leg is firmly twisted, it is quite possible to bend
the spine fairly far back, as seen in Meyer's well-known figure, for in that
case the torso is suoported by the Bertini ligament, However, the leg is not

locked at the ankle joint, in the upright position, even with a very wide
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' spread of the feet, for movement is still poaeible in tho aecond tarsal Jolnt.'

v‘,' R

This makes a good deal of bending possible even if the kneo and hip Jointe

0

are locked while the feot are turned far out, This 13 easy t.o provo on one 8-

ovn body, If this were not the case, it would be qnito mposqiblo to walk

on a very steep inclined plane, ' ‘ - , :‘f‘
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LIVING BODY, IN DIFFERENT POSITIONS AND WITH .
DIFFERENT LOADS '

The measuring and weighing that we have done have made it possiblé ﬂo
determine the center of gravity on the living body at any one time., Thu
requires that the body be plotted on a graph or"v space qoordinatea.' 'I'wo pro-
Jections are enough, on one plane each, the most convenient being _a-sagittal
and a frontal plane, The best way to obtain them is to photograph,.tc;ho. front N
view and the profile. The horizontal ground surface should alwaya be uied u ,
the XY-plane, and the vertical that bisects the lino conneot:lng t.ho centora
of the hip joints as the Z-axis, If the x-axis is psrmitted to ran in a
sagittal direction, the Y-axis will have to have a rrontal dirootion. 'l'his |
in itself determines a system of right-angle coordinates, when it 13 aho
decided that the positive direction of the X-axis shall be rorward,v of Fho
Y-axis to the right, and of the Z-axis upward, - ) o

Two plumb lines were used to help in placing th(e bo¢y enctly,“vin photo-‘
graphing it, to indicate the proper direction of the axis in all t.heﬂph;:to-
graphs, Actually, two plumb lines were used, so that the YZeplane could also
be obtained for the normal position, Then we marked t_;ho centers of the joints
on the photographs right on the spots where they belonged, as indicated by
measurements made on the living body in the same position, by projecting
them on the body surface, Trying to mark them on the skin before taking the
photographs is impractical, because the displacement or'the skin when the
body moves changes their position, This method could therefore only be used
when standing, this time, in the normal position, because the locations of
the center points would have to be marked over again on the body surface by
projection for every other position of the body. The centers of the Jjoints,

such as the elbow and knee, were also found, because we discovered that the
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center of gravity of a limb always lies very nearly in the line t'hat' oonneotod
. the centers of neighboring joints, After determining the ratio or the dist.ance
between a limb's center of gravity and the center of the neighboring Joint
(see page 62), we were able to calculate, from the coordinates of the 'centera
of the joints, the coordinates of the center of gravity lying botween'them. |
If x4, y4, end 24, and also x), Yy, &8nd zx, are the coordinates of the
centers of the joints of a 1imb, and £4 and éx are the ratios, as given on
page 62 , of the distances of a center of graviity from the neighbﬁring Joint
centers, we then have the following proportions for the center of gravity 1n'

calculating the coordinates xi'k, yi,k- and zi,k'

(xi-xtkh(x:k-xk)-fa“k.
(74 - yo.k) ¢ (74.k - ¥k) = €4 ¢ € ,
(24 - z4,k) : (21K - zk) = €q ¢ € ,

from which it follows that

' ((€q + &)

X1,k ™ KXy *+ €9Xk,
((eq +€k) Yi,k™ kY4 * €47k
(€3 + &) 24, k- K21 * £42k,

Now since ratios £y and £) are calculated for a total length of 1 for

a limdb,
Ei + &y = 1,
and therefore
xX{,k ™ kXi + {Xk ,
Yi,k = k¥1 *+ 1Yk »
Z1,k ® kzi + 12k ,
The quantities to be used as the values of ratios €4 and €y are the
arithmetical means of their values taken rrom.the three center of gravity

determinations, caloulated to two decimal points, as sown on page 63 .

We thus lLave the table,

. ‘ Body part &y Ex
Torso 0,61 0.39
Upper leg 0.44 0.56
Lower leg 0.42 0.58
oot 8.g Oo é
pper arm . 0.
orears ) 0. 0.




SERIAL No,

Translation No, 379

L

in which £y always belongs to the proximal joint. The ratios rorv"t.he.'torao

are not included in the above table, because the torso does not form ’qs
unchangeable a mass as do the limbs. However, {;he extent to whioh it does
change its form in the body position we are now investigating is nof. very
important, so that in this case we can use thg iatios as already obtained for
our normal position without any error worth mentioning, as later calculations
will show, iie found that when the distance of the atlanto-occipital joiixt
from the line connecting the centers of the hip joints was ‘66 cm.', .the '
distance of the center of gravity from the atlanto-oocipital joint was '1.0.2 cm,,
and from the center of the common axis of the hip joints, 25,8 em, It‘is |
from this that we caloulated the above values of €4 and €, 1In oédor to
simplify the caloulation we have further assumed that the center of gravity of
the torso falls, for our body position, exactly in the median plane,

We have not indicated any &y and &) ratios for the hand, as the |
position of the hands and fingers varies too much, However, it is usually
easy to recognize the coordinates of the hand'as center of gravity from tl;e
pictures fairly well, and measure it directly,

We do not recommend teking the averages between our own and the Harless
values in order to obtain the weights of the different parts of the living
body, because Harless weighed a body that had been drained of blood, Even
the averages from our own three weighings would not be much more exact, for
the individuals weighed were far too few, It is better to use the weights
of cadavers whose lengtll retios and whose weights appear to be as neAarly as
possible those of the living figure., The model we use had about the same
length ratios and weighed about as much as cadaver IV, The difference in
weight was only 3 kg., so that we had to adjust the different weights of

cadaver 1V, weighing 55700, to the weight of our living model, which was 58700,

This meant multiplying the weights of cadaver IV by the ratio

-g—g-;%g- - 1.05386
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— The weights we obtained in this way for our living model, that were
. used as a basis for all further calculations, were, when corrected to witiiin
10 g., |
Total weight 58700 g.
Head 4140 g,
Torso 25060 g,
One upper leg 6800 g,
One lower leg 3090 g,
One foot 1050 g,
One upper arm 1980 g,
One forearm 1340 g.
One hand 490 g.

Our model was photographed in the following positions, the same man in
both, in one-tenth 11ife size, so that millimeters in the photograph corres-
pond to centimeters in real life, | |

1l - Plate IV - normal position, as described on page 38 ,

2 - Plate V - easy position, as he placed himsoit without any.direction,

) 3 - Plate VI - military position. | ..

A number of photographs were then taken or-p0|1€10ns in which the model
carried military équipment, all of them of the nnde.rigureVWIthout the pack,
They were, |

4 - Plates VII and VIII - present ing arms,

5 - Plates IX and X - firing,

6 - Plates XI and XII « aiming rifle with one arn outstretched,
and positions of the nude soldier in complete military equipment with loaded
cartridges,

7 - Plates XIII and XIV - standing and shouldering arms,

8 -~ Plates XV and XVI - firing,

Profile views were sufficient for the first three positions, because of
the symmetrical arrangement of the body, but in the others we had to take

. both a front and a profile view, The left forearm also had to be bent some-

what at the elbow in the first two positions, to make the mark on the hip
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Joint visible, while a slight forward slope or the am was autriclpnt 1n t.ho
military position, It is very easy to make a slight correotion in the calcula-v
tions that will bring the fimures back to the symmetrical values, - '

The coordinates of the centers of the joints were determined from ,t}xo
photographs as follows: A

Iiret, we determined the centers of the joints on the same live m_o@ol,i
standing in the same position, and projected them to the _body surfacgl, es may
be seen in the plates. Then we laid transparent paper ruled in millimet'er“‘
squares over the photograph, so that the Z-axis ran in the direction or the
plumb line and through the center of the line connecting the two hip centers,
and so that the point of origin of the coordinates lay at the horizontal
ground level, This made it possible to obtain all threé coordinates ~.fo£ posi-
tions 4 to 8 from both views, allowing far the foreshortening and lengthening
due to perspective, It is true that we only obtained two coordinates, X
and Z, for positions 1 to 3, from just one photograph, but since the -
distances for the symmetrically placed limbs had been measured on the liviné

figure, we also had the Y-coordinates, on assuming complete bilateral symmetry,

POSITION OF THRE BOLY WITHOUT A LOAD
I. NORMAL POSITION =- PLA'I'E Iv
Coordinates for the Centeras of the Joints

Joints x y z
Atlanto-occipital 4} 0 152
Hip r 0 + 8,5 87

4 0 - 8,5 87
Knee r 0 + 8,5 47
Z 0 - 8.5 107
r 0 + 8,5 6
Rear edge of foot f - 11: : g 2
. r +20 +1 1.5
Tip of foot 7 = 216 1.5
, b o 0 +«18 13,
Humeroscapnlar , 0 .18 13,
T 0 +18 103
Cubital / 0 .18 IOZ
Wrist r 0 +18 7
¢ +19 =11 108
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these we calculated the following center of gravity coordinates,

with the exception of those for the head and hands, that were obtained direct

from the fi

of formulas

Using

following o

gure, wWeued the &4 and € values on page 68 , with the aid.

X,k " ExX+ EfXg
Yi,k = EkY¥i+ E4)x

Zy,k = €kt éizk

Center of Gravity Coordinates for tho'Normal Position . = .~ .:' 

(Plate IV)
x y zZ-

Head 0 0 156 N
Torso 0 0 112,4 1ade

r 0 + 8.5 ' 6904 o
Upper leg / 0 - 8.5 69.,

r 0 + 8.5 29,8
Lower leg 14 0 - 8.5 29.8

r + 6.3 +10.3 3 ‘
Foot ¢ + 6.3 -10.3 3 .

r 0 +18 119.4
Upper arm ¢ 0 -18 119.4

r o 4’18 91.7
Forearm 14 + 8 -15.1 105.1

r 0 +18 71
Hand l +23 -8 108.5

these coordinstes and the weights on page 70, we have the

alculation,

Calculation of the Center of Gravity for the ib, Yo, and 2zg
Coordinates of the Common Center of CGravity :

Parts of the Body Pyx4 P1Yy Py24
Head 0 0 645840
Torso 1] 0 2816744
r 1] . 0
s 1og & oo igiss
Lower leg P b
Foot Z : g&i : )
U L *3
Pper &rm e a
Forearm 5 &10725 :L
Hnnd r A -
£ #11270 - 3920

Total +35220 +« A7HSL
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. therefore LI & T .
- 20, yo .. D78 21
"m0t AFE.

or,
Xg =+ 06 , yg=+ 0.1 ,’ 29 = 92.4
Ir the bent forearm i1s dropped and placed symmetrically with t;ho riéht |
arm, the three coordinates for its center of gravity are 0, -18, 91.7, and
for the left hand, 0, -18, and 71,
This makes the three coordinates for the common center of gruvitf for
normal position, |
10-4-;208-00.2. .
yo= 0 |

. 5385048 _
z20 —513’76(-)— 91.7

Therefore, as already indiceted, raising the left forearm only displaces the

. gommon center of gravity 0,7 cm, higher, 0.4 cm. farther forward, and 0,1 eom,
farther to the right,

The common center of gravity thus lies, for the _absolutely_ aym\xe.trical
and normal position of the body, 4.7 cm., above the line that comnects the
centers of the hip joints, while our direct measurements showed that it lay
4.5 cm, above this line,

The supporting surface of an upright human body consists, as we have
shown, of the area limited by the outer contours of the feet a_nd the outer
double tangents that pases through the rear edges and the tips of the feet.
Also, the stability of the position will generally be greatest when the gravity
line passes through the center of the supporting surface. The point of
intersection of the gravity line with the supporting surface is shown in

' figure 4, which consists of the projection of the feet on the XY-plane, This
point of intersection lies much nearer the rear than the front of the supporting

surface, and so the stability of the body in this position is greater in



SERIAL No.

Translation No, 379

resisting a push {rom the rear than from the froht, becﬁuse the quj.i;iﬁ; a v,“
little more backward than forward, and can thus fall backward more eaaily.
Thie shows that our normal position is not the most stable one po;aiblo.

~On the other hand, this position offers great advantageq fof making
measuremonts and calculations, because it presents a definite point“or
origin, due to the fact that it makes the centers of gravity of the separato
sections of the body all 1ie one above the other in one vortical plnno, and
makes them easy to determine on the living body, as shown in plato IV, -

Schmidt has shown, in a very remarkable work on the horizontal lovol of
the human skull (Archiv fir Anthropologie, Vol. IX, 1876, pp. 25 and foll,), . |
based on the careful measurements of skulls of live adult Germans, that the
plane that passes through the outer openings of the ears agd the lower orbital
rim i1s not the physiological horizon, This plene rises above the latter, as
determined by a large series of observations, at an average angle of 5 1/2°
to 5 3/4°. Schmidt considers the physiological horizon (as above, pagoﬂBS )
@s "the horizontal plane when holding the head straight; the head is straight
when it is held upright and rests on the spine with the least possiblejuscular
effort, and with the gaze horizontal,” He also found that soldiers and
ex~soldiers were especially likely to hold the head in this way.

He summed up hia results by saying that "the plane that connects the
attachment of the zygomatic arch above the openings of the ears with the
lower rim of the orbital cavity, the plane of the G8ttingen Anthropological
Congress, is the best horizontal to be found. It approaches best the true
phyaiological horiron and is the most stable of all the suggested normal
planes,"

However, it is impossible to determine exactly the level position of
the head and the horizontal plane of the skull that is based on it, without

knowing the heads center of gravity, liuman beings have no ligament in the
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nape of the neck, and the neck muscles cannot be considered Qs‘h;;d aupports, |
since nowhere in the body do the muscles act as permanent carriera. If we
assume, in correspondence with this, that the head is held in 1abile equilib-
rium duriax life, even if not continuously, then the figure we constrqcted

a8 shown in plate III holds the head in the straight normal poaitiog,'tlr a'j:
line is drawn on this figure, connecting the center of the ear opening WIth
the lower orbital rim, it 19 found to diverge by about 8* from the- horizontal'“
and therefore the present angle approaches uchmidt's angle very lesely.
However, a series of measurements made on macerated skulle show rairly large
individuel deviations on this point, and it is better to accept wide 11m1tu
for thie measurement, rather than go into degrees and fractiona. '

#e shall have to leave further study of this ratio to the anthropologlsts
and be satinfied with presenting this mere indication, since only a great
number of very exact measurements ean lead to any useful results, |

Furthermore, the normal pusition offers a great gdvantago_whqn it 1s
necessary to find the center of gravity direetly on the living form, without
any pictures. | |

All we need to know, in that case, is the direction of the individual
limbs ani the degree to which they diverge from the normal in their two qunt
centers, that is to say, away from the vertical, As we have seen, we hﬁve firet
to calculate the coordinates of the centers of the joints, and then calculate
the coordinates of the centers of gravity from them as described, Therefore,
what must be shown here is morely how to calculate the coordinates for the
centers of the joints after bending the limb, from its coordinates before
bending (or in the normal position).

| Let us assume, in fipure 5, that ¥4 and My are the center points of

the joints of a limb, with My as the proximal joint, If this limb L

is in the normel position 1t must be parallel to the Z-axis, Now, if we rotate
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the limb on the joint center My about an angleya( , out of 'thé gox.'n.gl:'_p?.i.‘ -
tion, in & plane that forms angle @ with the XZ-plane, joint conf._& My | -'
must assume the position M'y. Angle & is therefore the angle, which ‘tho
new position of line MNyM'y forms with the positive direction _of the Z—qxia.
The coordinates of point M'y can therefore be calculated from the ot;ozfdimtop
of the point My , that remains fixed, as follows, |

If the length of the limb, that is to 8ay, the distance betwsen the two
neighboring joint cemteras, is called a, then MjAM'qy forms a right-arkle
triangle with the right angle at A, the acute angle ot » and the 1e.ngth of
the hypothenuse a, Then MkA = a sine @ However, this distance MyA 1is
"also tho hypothenuse of a right-angle triz;nglo ABMy, having its right angle
at B and the acute angle @ . In this right-angle triangle the two parpen-
diculars MB and AB are exactly the distances by which coordinate x'y {s
greater than x,, and coordinate ¥'y is greater than y,. Coordinate 3z' 1
s greater than 2zy by distance AM'g, If we also cansider that AM'y; s a

perpendicular in the first right-angle triangle, then

X'y = x) ¢+ a stne % cos @
Y'1 = yx ¢+ a sineck sine @

2'y = 2y + a cos o

II. THE EAJ3Y NATURAL POSITION, PLATE V
Coordinates far the Centers of the Joints

Joints x Yy z
Atlanto-occipital 1.5 0 150.5

r 0 + 805 87

Ankle N 0 - 8.5 87

T -1 + 7 N

Knee & -1 -7 47

Tibio-talns : § : 22 2

- 2
Rear edge of foot 2 - g : 2 2
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Tip of foot
Humeroscapular
Cudbital

firist

From this we calculate

H,x ‘v 4;-&
}"
)

/s

M O O Oy

++ 10

i
-
o
-
-
W
-

“il"":];".""l’"l‘"r "'"-'nr"'rrr"
s X P.,__d‘il__ﬂﬁ'l

1A
18
18
18
13

it

T35
102.5

Coordinates for the Centers of Gravity of the
Easy Posit.ion, Plate V

Centers for x Yy 4
Head -1 o - 154.5
Torso - 0,6 0 111.8

r - 00’0 + 708 6904 :

Uppor 198 Z - OOA - 708 6904

r - 2.7 + 6 29.8
Lower leg [ -27 =6 29.8

r + 1.3 4 603 ' 3
Foot l +1.3 -6.3" 3

r - 109 "18 . 118.‘
Upper arm V4 - 1,9 «18 118.4 .

r - 1.3 *18 90.9
Forearn V4 + 5.4 -15.9 102,2

r 0 +18 70.5
Hand 4 +20,5 =10 102

These coordinates make it posasible for us to calculate
Coordinates x5, Yo, 20
for the Common Center of Gravity

P1xy PLY4 P124

Head - 4140 0 639630
Torso «15036 0 2801708
r - 2720 +53040 471920

Upper leg e - 2720 =53040 471920
r - 83,3 +18540 92082

Lower leg l - 8343 -18540 92082
r + 1365 + 6615 3150

Foot ¢l + 1365 - 6615 3150
r - 3762 +35640 234432

Upper arm ¢ - 3762 -35640 234432
r -~ 1742 424120 121806

Forearm ¢ + 7236 -21306 136948
r 0 + 8820 34545

Hand I +10045 = 4900 49980
Total -30557 "+ 6734 5387785
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: . *
thorofore, K Ay
0557
m - - 5 0
or ‘ . : "-“*j Lo : PIRS
. . h !B x".l ‘ '\' - n',‘ :
xo LA 005 \ yo " * o. e J' B :.: n’o - 9".8 i AR
" v',v. B v, '.A-»fx , ~’ ol |

» "1

If the bon% gmarn is atrotched out ngatn, lo that 1t 1. a;-otrloal ' ,,;f‘
with the right one, the throo coordinatn ror its center or grav:lt.y wul bg, )

. For the left forearm: -1.3 . . -18 '.  90.9 .
For the lert handx 0 . ..13 ?0- e T

.p'
& ,‘,.

Aa a result, the contqr or gravity. ooordmtos roa.- tho entqu bod;r in .

. the easy, natnral posltion, are f 2 ;- .,l , :br’-'.'-!ﬁ}'. ‘
. ' ‘ ’ 208 \ “"F ; '-‘l “.' -" ;, ' .l'!.‘ .‘ ] ’ “‘. ' U b '."'ur" & "‘-‘|

. 20 = 700 ®OL3 e T

In this case, raising the left :tomm drc' tho opntor of gmﬂ'y 0.3 qn.
e s *':-‘t"L

farther rmard 0.1 em, to, tho rigltt, and 0,5 om. highor up. S ‘ L
g ™ TR "y ‘.,",

' The oomnon oontor of grnity for tho oaay, naturnl pocitiou thoroforq
lies, when both sides are perrootly ametrical 7.3 cn. abovo tho }gontu- or

the hip joint and 0.8 cm, tovard the rear, thorororo alm- abon tho hip

@
N . ‘ o o i S N

. R s N n . ' .
socket, . . . e v ¢ ‘;‘
S \' . 3R

The projection of the feet on the XY-plane and tho point of 1ntornction |

of the gravity line with the aupporting cnrraco are eho'n in riguro 6. .
this case the gravity llno ralls l. cm, farther ronard than in the noml

position, and thua makes the present pos:ltion moxre atablo. _ . .
III, THE MILITARY POSITION, PLATE VI i
Ctxordinatos of the Joint Centers, obtained
from the Photogrqpha
for x Yy z
Atlanto-occipital + 5 ) 152
‘ ' b 0 + 8.5 87
Hip Z 0 - 8.5 87 ; g
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- ‘ r - .i.i. . b &7
. Knee ya - &e§ -6 -f.g
) o - * L
Tibio-talus - 3 .. i; 6
r -1 + 2 &
Rear edge of foot , =11 - A
r 1'13 12 1-5‘
Tip of foot ! +11 =12 1.5
b o + L5 +18 133
Humeroscapular  » + 4.5 =18 133
’ r « 0.5 +18 102.5
Cubital £ +05 -8 102.5
r o #18 6
Wrist L « 7.5 =18 6.5

These make it possible to calculate the following:

Center of Gravity Coordinates for the Military Position, Plate V1

-

x y Z
Fead + 6 0 - 156 :
) Torso + 2 0 112.4
) ' r. -2 + T 69.4
Upper leg e - 2,6 -~ T 694
| r - 5.6 1+ 5,4 29.8
) Lower leg /=56 5.4  20.8
’ r - 0.7 + 603 w3
Foot ) - 0.7 - 6.3 3
) r + 2,6 +12 - 18,7
- Upper arn g -+ 2,6 18 118,7 ©
* . r + 0,3 +18 914 -
Forearn 4+ 3 =18 91,6
L - 0 .«18 90
e £ +T5 - 0.5

e

With the help of"\thesa oo"ordinat.oa we are able to obtain DA

Caj.oulatlonn of the X0» yo, and 39 coordinatea for the. -

'i

- Common Center of Orulty

. Head C o+ 248400 0 645840
Torso ' + 50120 0 2816744
: e = 13600 +.50320 471920
Upper leg 4 - 13600 - 50320 471920
T - T17304 + 16686 92082 - -
Lower leg . 7 -~ 17304 V- 16686 92082
‘ ., P o= T35 7+ 6615 3150
Foot £ - 7135 - 6615 3150
' r + 51,8 + 35640 235026
Upper arm £ + 5148 - 35640 235026

,xi S M,,,*piy‘ ?181 .- .
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: _ ' Forearm . r + 402 "+ 24120 122,76 Lot gl
' . - ) B TN e ) T & 6556. - ,uuo 4 'lw“ % A"‘,:"" ﬁk”“f" 1:““ B \.l R
Hand - B L "0 ¢ 8820 "34300 . - . --f.“.‘?.'. B

€ 43675 - 8820 CMUSLS 0

Total - +30611 05382005 . - ..l

' i M . ‘ ~ ‘,. . ' . . y : . A ] ,. .J_-“‘ -...:i' -..y'.. ': .
therefore, ‘ . e B N LA

- . 30611 e _0 100 ,' FR
%" * 350 Yo ‘5%‘7’66" '°" 700,

or . . . oLl

" .
. . . . A"» Coer T AN
) 4 :o = 4 O.s ... ’o - 0 . . ” . 91.7 - ,.'.} :‘,A‘ oy .“' ‘."?'3“
. . ) ! o T ‘_ L . "‘g‘ > IR .4» “ v" ',v".“. v

\" ' 3

In this omse the left rornrn was not raisod but dmn a iitth tu'thor "
rorward together with the uppor arm t.han the mllitnry pooit.ion roquirod, m ,l ’

order to wmake the points visible, . Houur, t.he twb im mt. bo kopt abuo-v

L .
’ . ORI 3

lutely symmatrical, and in that eaae the coord.inatoo anl. = ," IPRREIRS R

~ For the left roroarn + 0.3 5" 91.1. , ‘N ,T
| _. l‘or tho ho.xﬂ o 0. ‘- BUA 70,0 C g
' g - ' A8 a rosult tho cooxdinatos for the comon eentor of gravityui‘n the h
: military position aro, ' o ."1" o o ~' - Ll ,
‘ ona 50"*§§%%1;*b%5i':;??} *#;4f‘ 3€¢

’°"' "92-91.7%

u: . . I ¢ 2 e - . [ '\ . . “ .-‘( R-
'rhis inoorrect posltion or the left arm therororo.hardly al.torod tho
. cosmnon oenter of gravity at all. ror tho latter only novod 1 ln. toﬂard,
" remaining at the sams height us borore. s ‘T»,_.,‘ o t‘ B TN |

The comon cont.er or gravity for tho military pou.tion 1- thu- at tho o
" same 1evo]. u ror the nornl pociuon. It 110:, 1n this case too, 47 o, ..
3 " above the center of the hip Jointl, and it u drulm fornard ouJ.y 0.4 om. ’ . ,
- “within the body, so that it still lies "rucally abovo the hip Jome. on
’ " the other hand, the model's sloping posture dmu the gravity line moh '
' farther forward through tho supporting anrfnee ﬁhan 1s the case, in tho noml
position., ‘ . )

(3
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Figuro 7 indicates the pouitlon or tho gravity lim 1n ro].auon tq tho
, - Teal A _,. "y ey
support ing asurface, - ' ~ e e -,. — d:

The gravity 1line int.orsocts the aupporting aurraco at a point tlut

lies 7,2 om, in rront of the tlbio-talue Joint so. that. it lios nearer the

.balls of the feet than tho heols, In the norml poaltion tta hody m nor'-'.‘

sensitive to a push rrom the rront but in thiu case it 15 noro unaitin

to a push from the rear, hecause t.ho body is more 1nollned to fall. rornrd

than backward, The. easy position, plato v, lies botnen those two, u rar :
SRR
as atabnity is concerned, being almost squally atablo ogainst a puoh rron .

This umatufnctory placement or the gravit.y line 1n tho militarx ' N )

position causes severe maoular atrain, that leadeto groat ratiguo on being

" held for any length of tino. It 1s, thorofore, 8 vory nndouuble poaiuon, :

ir anyone must hold 1t ror a long thu and c-.n only ho oouidorod usetnl 1t
it 1s intended to. ﬂ&ko it qaaior to atop cut at tho hoginning or a. maroh. ."U'
When Meyer states, as hao p.roviously beon quoton. that the oentor or
gravity ror the upright and stable position, which ho eella "lulitary," 110. E
in the aecond sacral vortebra or immediately below lt tn the sacral cavity,
in such a way that the gravity line that omargu tron 1t passes down s\cm.
behind the axis of the hipe, the fact 13 that thu doas not correapond either
to.the military position or to tho confort.ablo and st.ahlo poui.tion, as ha.a |
juat been proved, The ueyor poaition ahonld thereroro bo caued extyemely -
foroced, with far too greut a rear band or tho thorax. Th:l.s makes 1t hish.ly

uncomfortable and makes it roquiro rar too mch oxoruon to hold, ‘- B

POSITIONS OF THE BODY WITH A LOAD -
The good will of the military guthorities nade 1€ possible tor us to

have a complete military outfit of infantry equipment placed at our dupolal,
We wish to thank Major General \valde and Ilajor lleusmr, of the Prinz .~

i

»
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Johann Goorg‘f.’ﬁth infantry Regiment No. 107, for.their kind eupport of our .

experiment, by both word and deed,.for we would otherwise have been unable L

to carry it out, o L

The soldier's olothing had, of eourse, to. bo oomplotoly duoardod, :
that we could show the body forms and tho mrkl of the joint, ooptorl olouly;r*"j
That is why we have omitted any oalculut:lon of tha conter of mv.lty of tho |
helmet. O0f course, this means an oxnuion or part of the aoldior'l load, =
but since the clotkLing fits all around the body, its oniuion should not
cause any darinite displacement of the centor of gnvityr in one direetion or
another. The heavy boots are partly balanced by the helmet,

The belt and its lock are also disregarded, u.boing pa1;t of the
clothing, | - | ' |

- . Infantry Equipment No.. ll/87'

"It would be qulto sufrloient for our purpoaq to 11-1: tho weight or tho |
rirlo, bayonet with apade, rilled eartridgo cuea, rulod knapaack, broad
sack with content and water bottle, - Hwour, the ontiro contoma of the
knapsack are listed belou, 80 that anyone can figure ont tn dwwil. what
objects increaae tho veight of tho knapsack and what objootn can be on.tttod

to decrease it, and thus change the centor of gravlty. -.-*"

Weight of the New Inttmtry Equipment ¥/87
Articles ' k. & v

1 knapsack SR , o "
1 dag for knapeack S B T o
1 knapsack harness _ . o -,
"1 rear cartridge case . : '

40 loaded oartridgea '
1 shirt B .
1l pr. drawvers : L
1 pr. white trousors '

2 7r, clouts

2 pr. socks

3 hanfikerchiefs

1 pr. laced boots . ‘
1 pay book - l&
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1 song book
1 clothes brush
1 shoe brush
1 shoe polish brush
1 spreading brush
1 sewing kit L ' .
3 cans meat : U ‘ ; f:) L
4 cans gun grease, leather poliah‘ . S B o |
and blacking N . u N ]
3 cans vegetables : R
3 portions hard tack ' T
3 bags (salt, coffes, rice) i N -
1 field cap . S o R T
1 coat with two straps L. - ' B . EEE- 9
1 cooking kit with two straps - o R ]
1 body belt with look and pooket . .‘
2 front cartridge cases . S S ST
60 loaded cartridges ' R w40
1 bayonet r ‘ . ?f'\;J )
1 spade and sheath L coL R e
1 bread sack and content ‘ A
1 water bottle ) SR e
1 rifle ‘ ) A : .
1l rifle strap : Y
1 rear sight cover - - : T

Total nisht o oqu.lpnont 241:;. 20 .. Sl

. L[] . St 2O

The actual weight of the cquip-ont at our diapolal was 24 kg. 100 g. ;

The differsnce of 150 g. was due. to tho fact that we ngurad too lov as

weight for the contents of the rilled bro;d sack, Thil was bocauaa thil g

e .

woight is very variablo, and we wnnted to make ‘it oqual to that of the bnyonet

and the smpace, which made calculation easier. " .= . : f‘ .-r;.3 v

'. . [N

Weights and Centers of Grnvity of the SOparate Articloa
of Equipment We Used

1 - Knapsack with rear cartridge case | g';:,}.~*-‘,--:{ "

P ~IB

and 40 loaded oartridges K v 12250 g: d
2,- Two front oartridge eases, with =~ =~ sy
30 loaded cartridges mh - 3180 g. "
3 -~ Bayonet and spade 1570 g. . .
4 - Filled bread sack and water bottle - 1570 ge -
5 - Rifle , - 4700 g, .-
Total 23270 g, ,
6 - Helmst 525 g, : ’
7 - Belt and lock 05 g, ‘ T ‘
Total 8 , Lt 830g. .
Total 2,100 g,.. ... ™
. oo . y
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CQntora of Gravity

Thess were found by ha:ging up the articles throo diff'orent tilloa.

1. The center of gravity of the packed knapuaok (ﬁ@s.' 8 qml 9), with .
the rear cartridge caao nnoa 1ay 155 mm, abovo the lower edgo of tho knap-
sack (not the cartridge case), and 185 mm, bolw tho uppor edgo pf t.ho knap-
sack (not the coat), right in the median plano that dividoa tho knapunck into
right und left halves, 70 mu, behind tho plano at the odgo or the tront m--'
face as such, and 100 mm, behind the conter of the bnlge, ,where 1t bulgea
forward because of the packing. B | - g R

4%\_

2. The center of gravity of ome front cart.r:ldge case (ugs. 10 and 11)

(- - W
[N 5 . -
4

1ay 50 mm. from above and 34 mm. from bolow, 22 mm, from tho center. or the ‘
fromt surtace. : o RELY SRR 4 _ |

3. The eenter of gravity of the bayonot .with epado ud sheath (ﬁ.g. 12)5' ‘
lay 265 nm. below the upper edge of the aheat.h, aomawhat rorward.

4. The aoxmon eontor of gruvltynor the .ﬁllod broad n.ok and watm:
bottle, that changed ascording to the anounf.u conta:nod, m ulu.med to bo
syemetrical with the common centor of gravity of the cpado and bqyonot.

5, The center of gravity of the u/’ll.&l. ru’le, without mzzlo or -

sighting covers,lay in a tranaverse phno or the riflo that pauod through ;

the octagonal plece, 20 . fron the roar edge of the bau ot tho aight 15 m.

- .
[ A

o

below the upper aurfaco and 26 mm, above the 1ower aurrnco or tho utock

(sov fig. 13).
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3 W, il From th.u we waro nblo ',to caloulatu R b A
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: Coordimtea tor the CQntora of cnvity rm- tho umm-y Ponltlox;, -\,-.,;,,', el
e by Prosont.ing Arm Plates VII and VIII SR e R
e .'.?‘T ’ ' v C - R . . n I #x' N
'A:f";;" IR ) Head - : f'_,'. L e & : *'. 1.5,
: o L%, ' TOI'!O_'.') N": .. gaa R 3 102 ,*. Oa
N S A WoET i | ‘."" 2l i w7

"7 Upper leg X T2k o 7-10"-,
S R ., Lower leg . . .- ( w{ 7-4 T S.L X
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] ?;’31»7 : '
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Z
r
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.
v

In this case as in all lator ones we dcterninod tho center or gravit.y s

' 3 ooordinatea for the riflo, tha head and the hamt'v di;souy rrom tho photogra,ph.,

e

. . : <
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3 l:nlM-No.T' _7_*:,."
. Transhtion Hn.__;l:i"?”_h:-"“ o,
" SR e
.‘,,,v. -\.-'.. i = ..Jﬂ
t‘..,; SRR P:xr - DAY \"*E',vizx‘é‘fﬁ‘?""iﬁ’
e ‘ ", - J = .
_ Head "~ . -jft; ) +16560 '+ 6210, " 6458405 1 i
' TOI‘lO oy W"*Hﬂ’ﬁ' m-ﬁ = :‘.-i-i.-
~'.,-Z"“ T = 16320 - 450320 1 471920 o
:U”‘” 1“ e b 16& .ﬁzgg‘"mmﬁ '
L Iﬂ'.l‘ lag o ‘4'» ‘ l,z ..~ 22366 ,]6686
. ‘ - o '-:"""‘ 3835 “""“;5
3 L Eoot Lo ‘:' " 3885 - 6615’
e 6. SLATAO 1256927“"
 Foreamm L ot »+ 17420 19832 " 135876,
T e ey " +.13230 42205, | 37730
Haod - ,—-‘;'0 M55, ;= 1715 iﬂ#'?ﬂi-
'™ Rifle SO "’ *1?5‘200 ¢ ='2350%, ”1.91150"'
therefore
or .
nguro 14 ahm tho aunporung sutraco nnd the pon;t of u;tmootion 8_ ;k
. o f w.
for tho gravit.y lino, «:pr thb 'fprngnq u'n" pouuon i p.l.atu VII and VIII.“‘

: ?w\ - _'\., . . x-~‘g

In thia _case tho ;ravity u.nc %19- moh nearer y.ha tip than thl, baok ot .y,

-".‘ \A'._'

the root 80 that thu polttiq& 14 nry imuble ‘and mkn 1% mr to :all R

4&_:" “‘,.'\,‘

:ornrb ‘l'hc oontor of gnﬂty lin 12.9 cll. in rmnt nf tho t!.bio-tp.lul
L . ‘* . g ol .’,‘ ",

Joint, 2,9 om, ‘ln rront ot and Ky cn. ahon the hip joint. g Booauso«ot‘ m
< -,‘-1‘ '..,“"‘ :

ritlo and the rumlting 'pouuon of. the 1qtt toream, t.ha eontcr or ;ruity 4'
1. ratsed 1.3 cm. hgner tw. m tho mlit.ary pouuon tn pme vx, ey

“-.
w s “"'V

~order to decide to what ctont tho rino Alm kao drm tha*oout.er ot; sravit]

PRI t;, ’i~ . ﬁ-»' 1\
‘ torward and upurd in ;hhu ouo,,n hhvo t.p ,oalcnlatq t,H cont.ar or grnuty “55‘

Srove Ry

.
) g’ . LS
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. SR ——
Thus the rirle alone displgces the cantor of . gzavity nmrd by 0.9 cl., and by

1.9 cm,, which can be explaimd by the raot that tho oontor ot grav}ty 1a R

already displaced upward and rornrd by the bant arm. in contmt to. tho RN

parely nilitnry position in plato VI, Furthernoro, it mat bo not.od thaf. tho ('
cah “Y =" 3

. '(

body itself is drawn farther roxvard in the _' ment arna" poaition, boeanso

of the weight of the utended rirle. than 13 tho cau .ln tho nilitary youuon

- Ty

without riflo, and that thie alone would cause a torward dilplceonent or the

P

. (s ‘ ’h’

center of gravity, A
v e

-

V, POSITION OF SOLDIER FIRING, wrmou'r PACK, PI.ATES Ix AND x e

Coordinates ror Centers or Jolntc in
Firing Position, without Pack .-

—— X ) z -
Atlanto-occipital + 3,5 + 3.5 VY S
, . s J * 75 . 8 IR vl =
‘ Hip Tt 5 e 86, 7
A : r =95 '+« BTN N N
. * " . Kn” A T+ 8 ) -13 . L6.5y . j:' . ot
T o=l L .16 B T
' - . Rear edge gt‘ Toot- ; 32 : :18.2 2
I | e T 45 +29.5 LS5 e
. . S Tipnof food w2 e28 ' 18,5 1.5 .0 T e
S IR, : r. 16 415 137 S
: - Humeroscapular  , , g5 -1 132,5 =
. : . T =25 +37 133 )
| Cubital . S f 4385 - 3.5 120 :
. o P +16.5 +15.5 1.5
o - Wrist BVARE SR M




: -lRIAI. No. v’

"
3

Coordizmtoa for the CQntern of Cravity for the Firins Position, |

Tramlatlon No. 379

. " From this we obtain

rer I:" i LT S e e — a
. ¥ i i, W :F a
ot “-rt,‘ U ,‘_.:I 4 ]
- [ Ml Pt
RS = o)
" Hogtlail st n gt it W
o Fpuns '
o " i ¥
5 i m) . i
. i
LN
S . i i
k
# &

without Pack, PlaLa IX and X.

"" l‘
A

" Head .
. Torso

Uxiper leg .

These coordinates then give us -

Lower leg

Foot

Upper arm '

Forearm
Hand

Rifle

S+ 4.5"7:." +5 ~ 151 -
el 1.1. 109. Y.
r -7" 0_,9 6806
£ 6.3-,"3__" 9-9 . 68,6
v =101 - «13,1 . ~_ 29.5 ". :'.‘.", ‘
£ +.T76 - 15,5 - 29,5
r =61 419,873 0 o
L 413,2 | ~18,5.00 3 ". '
roo =97 25,3 1351,  «
l "’2301 . e 9.1 \12606: ":_"‘.; -r
T+ 5.5  +28  1136.6 T
£ +45 o+ 1,3 -128.8.
TR +20 - *12,5 - MR2,5. -
€ +57.5 T+ 8.5 2.5 £l
. A8 “'905“- ub RN

Pyxy Pm | 91'1 ",‘;
dead .+ 18630, +20700 -, 62511.0 e T
Torso .+ 35084 +35084- 2751588 ' " [
: ' r - 476007461200 " 466480 . & .
Jpper leg £+ 42840 -67320 466480 "
‘r = 31209 'e40479. 91155 .. .
Lower leg £+ 23484 -47895 . 91155
r = 6405 +20790 3150 -
Foot £+ 13860 =1942% 3150 ‘.
r - 19206 +50094 * 267498
Upper arm ¢+ 45738 -18018 . 250668
r ¢+ 7370 +37520 - 183044 1
Forearm ¢ + 60300 « 1742 172592
r + 9800 + 6125 69825 > JF
Hand £+ 28175 + 4065 69825
T 4225600 +44650 686200 '
Total +406461 +169891 6197950
therefore, . | S
6 o J1698091 - 6197950
) o AL, 7o« G
or . .

g =+ 6.4 ’

Jo = ¢ 297

‘Coordinates xo, yo, "0 "for the Cmmon conter of Granty, .2

o"“ 97.8
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' ing the mp joint centers, and 7.1 om, highor than in our norml 5&-‘&16;. ,';"}
It lies over the promontory, about at the lonl of the carmhgo botwoon th‘ v
fourth and fifth lumbar nrtebrae, about 5.5 cm.’ forward, about 1em.’ to tho e
left of the median, and 7 om, “in fromt of the center or the nno oonnaoung ;"‘\',i'*'
the hip centers. o s R
riéure 15 ahows the rolgtion of the gravity 1ine to the @p?q;t;pg .
| surface, - | ey L . A | _
. The figure has much greater supporting auir;ég_ with thie poni.t'\,‘l‘oul:.pt, ﬁhe_,':::.‘
. feet, as the figure shows, because tho gravity 'uno liaa ‘noarer tho‘ fréﬁt -‘  i

odso than the rear odgo of the tupporting surfacs and t.hns nakee tho poution
" .- more securs against the moil of tho rifle. Tho poa,ition or tho gisht root

farther back and farther outwnrd is a further udvnntago R vuiblo 1n ‘tho

" | , " drawing, tor it inormo- the distance betwsen tho gravity 11no and tho rou'

N . edge of tho aupporting surtaco atnl more, 1n thc nogauvo diroouon or tho "‘_-j'f:
o ‘ I-axis, whiah 1- tho direction of the rirlo'a rocou. wo --‘flf{;.}.l" : l.-','\;"? y ;}_4'-';,"5
< - . . . . L ] ‘ - ‘- s c ,’"",‘ ",. ":‘f;‘ﬂ";'l cetie
VI, POSITION OF THE NUDE FIGURE WITH ROLE mmmxn mn' B O e
o OUTSTRETCHED  ARM, PLATES XI AND XII - ,* g
Y.~ Coordinates of the Centers of the Joints A
. Atlanto-ocoipital (1] + 3 © 150 S SIS
. * r .0 . 80‘5 S 87 o oo
P £ 0 -85 e o
L . R T B
. -, : Knee L f =2 - Q.5 AT '
Y e S 6 .
. Tibio=talus £ b . =M25 3
' - 8. +9 ‘
Rear edge of foot ? - 8.§ ' =10.5 2 ,
S r  +16.5 +16 " 1.5 )
Tip of foot ;416,85 -17.5 | 1.4
i . r + 2,5 +17.5 “X37
’ _ Humesroscapulay £ -5 <1645 131
' r +29.5 +15.5 131
Wrist 2 :53;?' . 0.5 .

-21 T
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nunnmnm.m9

. - From thesa w' obtain '

with Rifle Extondod

mauxxumxn

Head . el
Toreo _ 0

: 1

1

Upper leg

1
N
-
-3

E | Lower leg
Foot

Upper arm

+ 1 ¢ ¢+ 4+
- .o
\n
.

»

Forearm

+
+

NHNH NN N N
L
o
]

Hand

’ . ' .

Rifle 86,5 - #:

R

Calculations for the xo, Yor ‘and 'o Ooordinatpo
far the comon centar of Grnity

._ mweamya é

o R 9171 e N
16560, 637560 i .17

,5

Head : - S

. Trumk . . ¢ 0.+ 30072 QW“%W '.4V&
+ 59160« 471920 LT

- 60520'” L7192°"':”{"

Upperdleg N
8652 + 30282 - 92082

| | Lower leg 8652 “w 33372 % . 92082 «.h, 5 .
. B ' 2415 + 12600 “53150‘3' R
Foot 2,15 .« 14175 ;- - 3150° ‘

4 32868 . 265716 S
34056 - 230472
+ 19028 ' “180900,. " . . °
ﬂ"1875"°,25862 . 119394 . o J»%-?_n
27930 + 5390.: 68845 . S
2940 - 10780 ”ﬂolwh*uf

32900, 674450 .
60095 6152147 . -

s B " ‘Upper arm

Forearn

+ )+ 04 L
+ 1 .+ f

&m

NHNENHANHN BNy

*
o~
&
W
Y
C
+

Rifle

+

Total + 485510

:
LY ‘e
. i |
o
L. . £
] o 2 7] o
e T o
B C ) “
) . : Yo lw A Goaet 3
-~ ' » . . .
o ' > . tkfa":;"-
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‘;
~ the fifth lumbar vortebra. I riau entiroly out or t.ho pelvil for .lt lin
. tarthor forward then the front odgo or tho polvu. 5 It 10‘ aho dinphm !
. 0.9 em. to tho right of tho median plano. A ,‘_";-_“ . A oy

g am, as nught havq been ocxpocted. 'l'h.l- 1- bocmo tho nodo]. hu druvm hu

forward, On the other hand, the oontor of grauty m thu case 10 dralm ' 

...........

L ."-'
- SERIAL NO. . - s

therefore : 2 ]

or .-

In this caso ‘the center or gravity lies 10 cm, abovo and 7.7 cn. kin _' p

P

front of the oenter of the hip Jolnt, about at the lovol or tho contu'wor

,\ ‘\

.~ ':~

"‘ ]
‘r' L ‘."'o

surfnoe. < ) S e i ‘..:-' ': e g '
14 N ."," . +
8

With the body 1n this pouuon. the gravity 11ne nu tairly ru- rnrm-a

4"'

ia rolation to the supporting curraoo, but. not ao ru- rprnu'd n 1n pr;entihé‘*

-e. e

body back for some distance, mle in proaonting n.'n ho was. rorcod to J.ean w

about 5 cm, rarther tornrd midc tho body than 1n pmgnting am. n thnt
. 1t lies almost outaido tho body, duo to the roar bond. It :la 1nponlblo to j

’.." .
" r" X

‘'hold the military posttion when loaded with the rifle in this vny,und 1t is
Just as 1mposaihlo to assume a mitary positton when henvur loaded rm l:hu1

1 I . . . ot - -
. J . o

front, as with th- hoavy drum, . ‘ -
In order. to deteruno the oftact that the advanopd r1t1e hu o;x tho !

center of gravity in this poaition, 1t 13 necessary to rind the xo, yo, and so

>

: ooordinatee ror the center or gravity of this ponitlon of the body vj.f.hout
" tho rifle, Thus we £ind that . ' ' DU

-+ Tog 2er3,

yO = + %’BL%% -+ 0.4,

%9 = %gggZ- 93.3 e ‘
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Treelavion o, 379 G IR el
. ~ T -"El,-l-'.'\-.'i"l’ : .:._ . o .‘i : II- By
. c ‘.‘ . IJE'I :t‘r :rq "'!J:f J:trj'll_ : i ',F::j'ﬂi' II. i
" S =l l-'a|--r "."\"- ey : .
This means that the advanced rifle diaplaeos thp eentor of. g;avity'é.k cmu

Lt "Av ;

farther forward, 0,5 om, rarthor to tho right, and 3.4 ‘Ol highor np, ror tho
same body position, , . E ‘R Aff"j"-f, )‘“" o

VII, MILITARY POSITION WITH ruu. PACK, snouwmmo AR)B e
PLATES XIIT AND XLV *.0c0 . © ,;'.,.,;

Coordinates for the Joiat Centars N

’ ' . ‘ .L :.;:'r K Al e T' .‘""‘ - ’::.. L

’ y R ' N . .t "-‘l' N

Atlanto-ocoipital + 1 THAS) e

<
4

+ +
&)
L
N

Hip

Knee
| Tibio.ﬁglun
Rear edge of foot
Tip of rpqg
'mumuwuu
Cubital |

Wrist

As a result, we have

Coordinates for the CQntors or Grlvity in tho.lulitagy -ﬁz;f '

TNHOMNHN N AN N

RN R A N

515;
11
11
15
15 .
9N
‘9"
3 .
6.5
.-
¥ A

N
-~

_ -

woo w |y

o
)

5.

L.

"

-~ -

.ow.

< .

LI N R IRt N N R O I l

-

I

. 2
+ ™
st

- BRIERS

R

,.'."ﬁ&...f '

' E

_ Positlon with Full Pack, Shouldering Arms, Plat,- X1t ang nv

Soedy

x

Head
Torso

Upper leg -
Lower leg
Foo{

- Upper arm
Forearm

Hand

M OHNEN N

+

'4,. ‘

t++ e |-g“'1“

b

1,2

2.4

24

.« - .

L I B R P




R

Rifle *
' ' Knapsack with rear St 25,
: cartridge case R s VOB IR P
. LW el "
Front cartridge ; :
cases .

Bayopet and spade ‘ = -,

Bread sack and wator bottle -

“»

Using these coordinates .and the weighta of the aruolea or oqnipmont, il

e .

Obtain -, . . . . - ey ".l‘;.‘( “-.“‘}“‘\"l' \_ .:' ;",‘ R ~,.‘ T

Caloulation of the X9 Yoo and zo %ordinates for tho
Common center of Gravity ; C

Ve pixi ‘ .3 pi:’i B pizi‘ .\"' ,. :'.‘
Head . ¢ 16560 . 41400 © 641700
Torso + 30072 .+ 10024 2806720 -
' r - 16320 .+ 50320 471920
| Upper leg / - 16320 - 50320 " - .1.71920
) r - 24002+ 16686 - 92082 '
Lower leg V4 - 2,102 - 16686 - 92082
ro - 4935+ 6615 3150
' Foot S Vs = 4935 . wr 6615 . - 3150
. . T + 2178 ~.’" + 39403 - .. - 232452\ o0
Upper arm ¢ + 20494 = 44550 . - 232452 -
r .- 5% +29882 .. . 120198 . .
Forearn £ '+ 17688 . < 31490 130516 ¢
Hend ‘ r * U5 . 1515 - 33810 - .
L6 MRS s oo
Rifle - LT M "o 54050 ... 672100\:'-_‘ ‘
Knapsack with rear. " =189875 . ".'* 4900 d’.’i ~"3-’00{'\-’,625 ,‘ L
cartridge case Lo+ 25L40 .+ 19875 151845 - €
(Fromt cartridge £+ 25449 -.129075 Lo 151845 ¢
Bayonet and spade S = 11775° - 28260 % 117750
Bread sack and water T - 11775 ¢ 28260 © © 117750
bottle’ - ' _
Total ~133903 . '-"37822 - 7990167
Therefore, “ ‘ . _
133903 57822 o - 16
’o'f"‘g{'ﬁa- Yo" - 81570 » - 2o 1970
or ’ .
’ xo -~ 1,6 ’ yo =« 0,5 ’ zo = 97.5
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Tranalat.ion No. 3’79 IRV 4 X

In this case the centor of gr-vity uu 1.0.5 on. qbovo tho conter or tho

hip joint and 1,6 cm. farbhccr back ~and t.nua somhat abovo t.ho eont.er ot tha

firth lumbar vertebra, 1n the vert.ebra ;taelf.

median plane, but 0.5 cm. to the left,

rifle, resting as it does on tho left shouldor. '

It dooa not. lie ught :I.n tho

Th:la 1: due to t.he position or tho

0"
.
4

e

~ '

Fig. 17 shows the relationship of the graCrity line to the supporting = |

surface, ' B R

In order to deternine the effect of the ritlo alona and or tho kmpuck

* :
s . T
A
W
e!

>

.’-

,.

on the center of gravity 1n this oaae, we have only to caloulat.o tho coordi- v

nates for the center of gravity, first omitting

thoae ror t.ho ritle alono, w

w';
"“»'.

and then omitting those ror the other u-ticloa of oqutpmnt. : w3

The coordinates {or ihe cormon center or gravit.y without tho rith are

: 162103 s
S "_’"*’ﬁz%""fz-l.

» ; ‘ ']'é_z'g - “ 002 5 .
1806
. 'o - 77270 - 9‘07

In this position the model ogain has tho lert arm beixt at the olbov,‘-

and the hand held forward and somswhat toward tho contor, as this 10 noouury

for holding the rifle,

\

(Y
"-u‘.ﬂ_"

assumed, in order to deternine to what extent this displaou tho contor of

gravity forward, to the right and upward. The

center of gravity, with full equipment, but without the .rifle,and vith t_'.ho,

arms in a symmetrical position, are then,

ooordinates ror tho ccnmn

- . 202853 _ _
X e " 2.6 ‘
-+ 19064 .4 0,2
yo = + o + 0 N
2o = 1277459 = 94.4

77270

‘v

The aylmotrical pouuon or the, othor md mt bo




. - BERIAL No. ST
. 'n-mlutionqo 379 aw‘

Lo 4

. . This shows that the poaition or the lert{ arm hu drm the eontar o!
gravity 0.5 cm. farther forward and 0.3 cm." highor np, while tho duphcount

from the modian remains tne ‘same, .or 0.2 ca. The oentor ot gravity d1d not
y R '.

fall in the median plane this time, aa would bo expocted, becauso tho model

J

leaned the upper part of the body eomewhat to the right as may be uen rrom A

plate XIII, ' g SN
. Olutting the centers of gravity tqr all the oquipment, 1no1u.d1ng tho

. “‘1,

rifle, gins the ooordlmtes for tho comon oemor of gruuty, 1n t.ho poution

which the body assumed because of the load as 0 .
o=+ o5 = 0 o

eles LT

If the left arm is plucad sym.trlcany to'the right one, 'Lth tho body i

| 1n this position, without pack or ritlo, the coordlmtu ror tho co-on ’
comter of gravity becoss .. . ;o vl o _'.iif‘;f"?‘ff.,'if;;';-?.a

o x- ‘éﬁ%" °" f L ‘

4 T K 'f'. ’ o S v Tf#ﬁ:l?@ffﬂfi* R ”:_.;‘ “

'rhe conter of gravity coordinates tor the pack (vithout the riflo) mt
now be onutt.d in order to prove the efroot ,of the ru'lo alono 1n thu m1~
tion of the body with rifle sloping° We then fi.nd that ’." ' ',j" .Aa"-.' Y
- 4'0,$;¢ N .- |
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> o The results nht.l.inud ;I."nr the un-n:dlutu u.r t.l-  Sommon n-.utm: af| p-lrit:r.

PO ,'

he ] L) 'ﬂ' * . * :
. in theee individual, cases u-e tabulqted belovi to hake 1c easy to cnnp U

the results for the military position, | - . R 5

A | Position in Plate '+ Symuetrical Pbﬂiﬂ‘mf

. , . . .._Q— Q_ ’ - l yO - ‘Q : ”'.‘

‘ © . Body with full pack = ° SN T e
and ritl, ) .= 1.6 - v 0.5 . 97°5 ; | X \ .‘”3' ~.g":.;'sv.“-'_l S

- .  bBody with rull pack : o KEROOR
without rifle . <21 +0,2 9l.=7 e - 2-6 Y

- A BOdy without mck B -’ CTE 1 - ".' . 8 .,*V - S bl R
a _ with rifle W+ 0,5 - 0,7 - 95 ’» RN ‘,'."“""'.‘.'f‘? e
| Bodyalome ' .. g 0.2 91 6 =07 & 0.2 92

. . . . . 4 e N | . 'A"'_',.:-ﬂ"-"‘:":: -3

. Thus, a8 this table shows, the contor of graﬂ.ty ia diaplaood vm 1m,1.

2 ‘,\.

by the pack alono, for 1t lios only 3.2 cm. higher and l,9 ew, rmm- bnck

W AT s,

as seen by comparing the rigux-ea ror the symletrxcal position of tho body‘ “
' "’- J.l
.- .+ Sinpce the radiua ot the hip Joint is senernlly 2.5 cn.. adding tho new pack
does not even push the gravity line outcldo the Joint. ’I‘his 13 nhat mhea ,"

!
. v . N \.
. . B :

the new style pack so exoellent; . .5 1" . -
| . These calmlationa can be contmuod by ualug diroct maauromenta, as
was done with cadaver no, III. Nhen t.ho body m rrozon oolid in tho x-ocum-
bent posmon, the pack (without rifle) was hung on 1t as well as poaaible, o
and the center of gravity.was found 1n the regular vmy. If. provod to bo
diaplacod by 2.5 em, to the rear and 3.5 on. umrd The upn.rd displanmnt
agrees to within 2 mm, with our calculation, whilu tho roar diaplacmnt du‘-a
fers by 6 mm, The dirterenno was causod by the tact that the rrozen cadavor "-;'
conld not take on tpo same position as the live model vhoao back bont e

k3

slightly under the weieht of the knapsack. . e n )

The, table on page 96 also shows thnt the rirlo over the 1ert ahouldor
. causes a diaplaconent for this body position, of 0. 5 cm, forward, 0.9 cm. to .

J.M

the left, and 3.8 cn. up-ard.

e ————a
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VIII. SOLDIER WITH FULL PACK, IN FIRING POSITION,x PLM IV AND m

Coordinates for the CQntorl of the Joints

x y z
" Atlanto-oscipital + 1 + 7 147
-5 IR S A . 86 -
Hip é . . 5 . ’ | - | 7 . _\. 86 "..
r - 12 + 9 ‘ 4‘605
Knee 4 + 5 - 1 5 “‘655
r - 16 +15 L6
Tibio-talus ¢ + 2,5 - 21 6 N '
, r - 19.5 .’ 11 '\‘ . " 'a"
Rear edge of foot , - | _ 2,8 ' 2205 . 4 .
. I ' 0 .,"'.~ '_‘l_* % " " :' V‘Jl'5~.".'. . L
Tip of foot ¢ +235 =205 701,50
r c =19 - e LS .135° - '
Humeroacapular ’ + T5 v =125 . 133
' r- .- 5 + 365 18 8
Cubital £ 436,50 e 11,5 L0 120. |
r + 16.5 ‘ + 18,5 - VAR
Wrist . e - + 49,5 f'11,5 S VA R 5|
From this we obtain y a m o= w . '_"Y"‘*' .. ’

! ’ '

Coordinates for the Centers of Gravity with the Somiei-
" with Pull Pack, in nung Position, Plates XV end il

v

“ .

- . ‘B ] Ve P I
x B Y

Head + 1.5 + 85 . 151 - -
Torso o+ 0.4 + 2.7 L, 109.8 . .
r - 8.1 + 7.9 68,6, ..
- Upper log ¢ + 5 - 10,1 68,6 . .
- r - 13.7 + 1,5 295000 LT
Lower leg V4 + 14 L -« 16.9 265
r - 10 ' * 18.3 ) 3
FOOt‘ { + 8,7 - 20,5 . 3 o e
) r - 12‘4 + aoa 131.7 ) ; N 0,-..'
Upper arm / + 21,1 - 7.3 126,99 .
r 4 +28.9 " -133.5 .
Forem / "o 42 + 4 - -.128.8 -
r + 19,5 + 16 ’1"02!5 T m
Hand V4 + 53 + 12 ‘LR5

. PR
1‘6 o .

Rifle + 47,5 + 13 @ c }
Knapsack with rear - 18 8 1l e
cartridge case r - 2.5 + 15 98 .- . -
Front cartridge cases p + 16 - 3.5 98 u|.
Bayonet and spade ‘ + 2 - 21 T .
Bread sack and water - 12 + 12 4
bottle ‘
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' g . 7 i = "
By using theae oodrdinatc vnlues,‘-o.obtain’ xf: . [
Calculation of the xo, Y0, and 7)) Coordinatos for the, Gommon
Center of Gravity i W g 1ﬁ{¥gf‘
. . - o n, " "Q ;‘-‘_'- _—
Pixy - PiYL .. Pi’i SR

Head
Torso

Upper leg

Lower leg

Foot

™

+ 620 .

+ 10024

. = 55080
-+ 34000 T
- 4233\3,;'

4+ 12860

|~ 11655
eL19135

+ 35190
. 67662

+ 53720
- 68660 .-

'“.- 52221 :

o+ 19215 .

[ +.35535

625140 S
466480

] "-n 21525 '.'“

o= 28552 - '+ 49104

Upper arm

+ 41778 - Ve L4454 251262

LY L ‘+" 5360 + 38726 O ,,175390
Forearm N *, 56280 el ,5360 * 172592 - ". i
: ALY "+ 9555 - e, TBLO T .. 69825

<,

Hand .

TN N RN N DY IONT

. 25970

Rifle L e223250° ‘
 Knapsack with rear ' ¥ -220500 ¢
" ecartridge case '
Front cartridge. * .»r ' o 3975 .
' cases + £« 25440 -
Bayonet and apado 3140 .
- Bread sack and water - 18840

L+ 5880 X ? 69825
¢ 61100

-+ 23850
e

e

686200”’
1396500 Ty
"'\ 155820
e 155331
116180 o T

.- % bottle (full) . B = ;
o bostle {mall) - T 85567 Jﬂxzézgq}aa )
. B , - H W . T g T
- - oo aE CH ) ‘.-’ : y;‘:w et "F,*"" . o
therefore, - ‘ ) . Ll T e
‘ . 85567 1286 B 8128158 - .. .. .
p N AP . L ' » L R ¢
°r . - , , N ! . ;' 4 \"‘f,' ’ .".
X0 = 4.1.0 jo- + 106 22 zO - 99-3,;' ' . '
f ' i o N Vs . ‘.‘ S ! L
;.4,. . . .’ '§‘.

In thia caso the center of gravity liea 13,2 cn. abovo tha uenter or the
hipljolnt about at the level of the lower third of the ronrth 1umbar vort.o-
bra, at the forward edge of the vertebra itself.: It also liel a little nOro Yo
than 1 om, to the right of the median plane, 'hich ia not eaay bq detornin'
beoauso of the rotation of the spine, o e »

Figure 18 shows the relationnhtp ot the gravity line to the aupporting 3
surface, 1% ' T - Y

In order to determine the effect of the pack on the oenter of gravity in -

oy
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the firing position, coordinate- ’0 ¢ yo, m ’0 havo baen ouwlatod, ) T

»y

omitting all the articles belonging to the paek excopt the rn‘lo. Wo thoa

find that T e " o
00 - mE e g Mald

- %:%. vur

" [ I n R

6187658 . 3 T L

oo, 4 . .
< .. AR

This shows that the center of gruvity ror tho soldier 1n the Qring
position, without a pack, but with the torso 1n the samo pout.ton u tho ono :
he assumed in firing with the pack, lies at the lo'vel ot thc nen to tho
last cartiledge, 3 om. in fromt of it, and sbout 1 om. to the nghf. or the ”
median. It thue lies about 5 om. rarthqr rornrd t.hm the lu\e oonnecting

»
,'.

the hip joint centers, The center of gravity is thmtoro dravm beckurd

about 3.5 om., and up\va.rd 1.6 cm, by the prounod or tho pack., .

YA

In the firing position that the model wlthout pack asaumd tho centor
of gravity lay almost at tho same level, but about 7 on. 1n froxit of‘ t.ho ,
line oonnecting the hip joint centers, and thua 2 cm, rarthor .fomo.rd than
in the posltion he assumed in the experinment with tho paok aft‘er di'uardixs
the latter, This shows that the pack made the back curve a 11ttle, »and thu
displaced the center of gravity of the torso slightly baokward. ‘ ',

Since the center of gravity wag diaplacod eonaiderably to the rear by
the pack when in the firing poaition, the gravitx 11ne 'mxld be displaoed
Just as far for the same position, and this would cause an undqg__irable- place~
ment of the latter in relation ,to the supporting surface, as far aa stabi_lity “
against a push from the rear was concerned, We have seen, from the firing |

position without pack, that placing the gravity line nearer the front than

the rear edge of the supporting surface increases the atgbility of the firing




' fnd ol e Lol A 4= T PR
+frenslation jo, 379 T
BARE A v

position. The modol 1111 therororo h_avo to 1ean romra a 11ttle mro 1n - j'\

|1‘~ S I w'
. firing with a puck to reaoh tho same stabinty aa he dld without :lt. Howovor,
comparing figures 18 and 15 ehown that tho gravity 11ne intoraocts tho |
au,:purt ng a'-:r'w &% e same arput fu Loth mea ahd thta vam tha’t tho

! model has automatioally leanead fonuu-d a .uttlo noro, - i " o 9{

<« o
i i
.

The Imnortan“'Of the Rolation or the Locationvor tho K "
Gravity Line to the. Supporting surraoe N3 .':

The 1ocation of the gravity lmo .ul rolation to the aupporting aurraco,
as shown by the foot projootiona, indioates only to \vhat extent tho atnbllity
of the particular position of the 1oadod or unloadod body that we havo innsdi-
gated is afrectedo It leada to no conclnniona as to tho doairablo or unduu\-\
able location of the center of gravity within tho body m tho eentors of . ‘
gravity for the 1nd1v1dual posltiona are therofora\ mcludod 1n plato XVII " |
'- in order to give a eloar picturo ot the dirrorent looation! Of thu center in

h

the body itself, However, the Z—coordiutos must bo Lnormed by 1 or 2 cn. ,
respectively to make then uublo with our drawing bocanlo the oentem or the
hip Jjoinis in the living model were, ror most poutiona, .I. em, lowor, und in
the firing position 2 cm. lower, than 1n our aymtrioel riguro. Fnrthor-oro,
we have to consider that the line connootins tho omau or the h}.p joi.nts i |
in the firing position, 1ay outoido the frontal plano. and that tho X andwn

Y coordinatea had to be corrooted aooordinsly. 'rho projootion or tho reet
indicates the dogroe of rotation of the line connoctipg the hip Joint oentorl,
Taking all this into conaidoration, we obtain tha tollowing values ror the | \

x'gy ¥'gs and z'y centers of gravity coordinates u plottod on7nom1 riguro

in plate ITI. | .

> , oy | . T ‘:' K

SRR

' 1 - Normal position, plate IV 0,2 -0 o927
2 - Easy position, plate V =08 0,923
3 - Kilitary position without pack, plate Vi +0.4 o 92,7 '

~ Voo -
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4 - Kilitary position without pack

presenting arms, plates VII-and VIII ‘N +2,9 +0,1 . 9
5 - Firing position, without pack, plates IX end X . +7 . 1 . - 99,8
6 - Rifle advanced with right am extended, platoa X1 . '

and XII "+7.7 . +0.9 98
7 - Military position with mll pack aboulder;ng arns, TR S

plates, XIII and XIV i eleb -o,s 98.5

8 - Firing poaition with full pack, plates XV ani IVI . 0105 ~+1 S ,10], 2

bl

These loocations for tho centers or gravity innicata at. onoe 1n vhat poai-

v

tion the model must stand to p,uco tho gmvity lina aa noarly as" pouiblo

S

the center of the supporting uurraco, what locations Jof" t" g oent;er or gravity
strain the muscles the most bccauso of the bend that xmst ba mdi. and alao

what location is elosest to our normal one- L

The most undosirable location ror tha center ot gmvity saem to bo tho
.one with the rreely extended rifle, and the one in firing poaition wltho\lt
the pack seems to be almost as bad, whue tho last; ono, the riring p;aition )
with the pack, seems to be the .beat of au. The rmcn ia t.hat :ln riring
without the pack the center of gravity mows out of ths pelvj,s, whue in
firing with the pack it lies vertically .above the heada of the h-'d? Jointa.

However, two points mst be noted in this conneotion. One 18 that 1n ﬁring

without a pack the gravity line falls automtically alnost 1n the centu- ot ‘
the supporting surface, and the other is that in ﬁr-ng with a pack the torao
has to lean forward to make the same thing poalible., '

As far ae the height of the center of gravity is concerned, both firing
positions are equally undesirable from every point of view, |

Further practical consequences of this can be seen at once from the '
piotures in plate _IVII. - |

Effect of the Pliability of the Torso on the Location
of the Common Center of Gravity
Sinos the torso is movable becanpo of the pliability of th? spine, and

therefore cannot be treated as a stiff mass, the location of its oentér of’

I

-
M
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gravity cannot be. expected to bo ln the aan'-lpot,,ror- wéry position or the
torso, as it was in the rrozen cadaver, thatk is to aay, 1n the plane determinod
by the center of the atlanto-occipital Joint and tha oont.orn or tho two hip
Joints. On bending the torso back strongly, tho conter of gravity w111 remain
at about the sume level, but drawn a little tarthor' back, while on bending
still more it moves rorward, not backwa.rd.' A1l of this ﬁnst be- t.aken into oon--,
sideration., DPlates IV and VI of the livo nodal in tha normal and military

| positions show, from a study of the tigurel aloue, tho.t the oenter of gravity
of the torso lies in front of the abovo plano. I\.xfthérmﬁro, comparing those
plates with the shape of the torso in plate III fAhO'B that tho oent.er of gra- _
vity due to the strong rear bend of the torlo. 1n ple.toa IV and VI, cannot

lie as far forward as in plate III. If we gsaune the cent.or or gravity of tho
torso, in these two. positions, to be in the abovn plano, as we did 1in our
caloulations, it 1s placed a little to the rear or the tme location. . Ir on
the other hand we assume . that tho eenter or grav{ty 1n theso poutiom 10 tho‘

%

one we found 1n our direct maaureneuta, we ard placing it 4 littla 1u front or‘

lw')

the true location. The center of gravity aa ahown in platas v and VI 110.
fert.her back from the plane through tho athnto-oooipttal joint and the hipl
than 1t does in any othar plato. 'I'he spot m \lhioh ve locatod tho center of
_gravity in the cadaver was 1n t.hia cau 2, 5 om, hohind thio plana, Thelo indi-A
cations show that there is a p‘lay of 2.5 cm. for the centor or gravity or tho

U

torso., Displacing it by 1 cmo forward or baohard would, howevor, nho noan

a simltaneous displacement of %%’%’ = 0,427 cm, forwerd: or chkrard for the ”
common center of gravity, for the whole body without,a load R bug oply a dis- |
placement of 0,395 cm, or 0,306 om, for the body loaded lit‘h the r\itle~alone,
or with the rifle and the pack, The largest amount of piay. or 2,5 cm., fdr :
the torso in plates IV and VI, thus amounta“ to only a play of 1.07 cm, for the

common center of gravity {tself, For instance, if we assume that it lies in
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the center of this margin of error, this roinoves'our Xnooordinatea ror:.th'e cen-
ter of gravity only 0.5 cm., from their. real value, that is to say, the centor

of gravity actually ralla only 0.5 cm. farther forvard than wo had" calculated‘,
Our assumption that the center of gravity or the torao alwayu lies 1n the plane

"‘,1.

between the atlanto-oocipital Joint and the hip centers f,harorore laads to no

error worth mentioning, in our body position. = . -" T
The head or the hip joint in the mle adult hu an average dianoter of

$ cm.,, and 8o the center of gravity of the torso qan nove much farther back or

forth, up to about 2 cm., without making the frontal plane, that lies between

the atlanto-occipital joint and the center of gravity of the torso,i move out

5 b
Lo

of the heads of the hip joints,
Effect of tho Ground Slope on the Position ot tho Body

We took a wood board about firty oent.inotm wide and one nabor long and
raised and lowered it slowiy with a windhae 1nto. d1fferent sloping positions, 2
whose angles could be read off easily om a protqaotor by the use of a plumb .
line, in order to determine to what extent the gr:ound slopo trfoot.s tha body
position, and how the soldier's pack arroota 11: alao., o

With the board at an angle of 32‘, and thua a steep ground eurtace, the
soldier loaded with the regulgtlon pack could still stand up, but }xe coul(j not .
step forward any more on the riaiﬁg p.lane‘, ‘and képt ‘his body bent_‘ta;t- t,f‘orwardv‘.
On the other hand,he ocould atui walk up this slobing plane withou»tv;‘the :pa‘ck,' :
and even 1f he placed his knapaack on his head and the bolt with tha rront L
oartridge belt around his neck, - | .

In spite of chalking both boards and socks igu ‘he liad taken off his. n.
shoes), his feet finally began to slip,_ which oqnﬁlicétqd ‘t".ho experiment, So
we made a new s‘.eries of experhlants, in which sliding was complet.oly elininatod
and only the slope counted, by nailing a small board across the largo one, with

;n
the héels of the boots resting against 1t. 'I‘hree young aoldiora took part in

this exporment., ' . , Co ’;«.‘V
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Soldier A could mn ptand with hia body bent 'm} rornard. and with

‘a.

the pack, on a plane at an angle of 41 1/2°, without pack up to 47 ,' and when

P \\”

he carried the knapsack on his chest up to 50’ . o .L".« SN
."“,i' (23 .;"' LI

Soldier B could utand with pack up to 1.1‘, without pack up to 1.7-1.9'

and with the pack on his chest up to 52°, . ' * ..~‘y? -

Soldier C could stand with pack up to 1.2', without pack up to 1.8' and

with the pack on his chest up to 48°, . 7 - _""~:'.‘<.,.{;

We do not intend to carry this 1nvestigation a.ny tarther. ‘ It will i'dthér [
\r i

be the task of the military authorities to study, on, the buxs. ot broad empiric~

investigations, to what extent the new pack hindcrn tho soldior 1n his movqmenta

on uneven ground, o _' R

The load prosa}.ng on the body when etanding on unoven ground u bound to
alter the position of the lower part of the back, and nrake tho body bend torngrd
in order not to fall backvard Just as the displacmnt of the center. orvgravlty
toward the rear by the pack causes a forward bend of the body t.hat drm the
center of gravity above the supporting surface and thus makes tho upright posi-’
tion more securs, The steeper the aslope and the farther back the co_ntez: of
gravity, the greater the bend of the body will be. However, thig bend can only
take place at the ankles, the bips, and the spine. People with stiff. joints,
that is to say, older people as a whole, will therefore fiﬁd it hardor- to -
¢limb mountains than young people with supple joints, | It 48 eri.dont tl\:‘_at qhit_t.-L
ing the pack to the upper portion of the back will make it much easier to bend
forward and correct this displacement of the center of gravity, because the
number of vertebrae at this spot increase the pli.enbility° . |

It is thus not mere chance, or a local fashion, that makes the north

Germans carry their packs in the cemter of the back, while the south Germans and
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those down in the Alps and into Italy carry eve;y load on the head as high

up on the body as is possible, Even at the Main river wo‘soe how market women
carry their baskets on their heads, while in the Borner Oborland cheesea weigh-
ing a hundred pounds are raised as high as poesible on tho back, and 1n Capri
the young women carry heavy trunks and building atonqahon their heads up the
steep road to Anacapri, 4 —— NE '_»

Walking on steep ground with a heavy load is 1n any case ditficult and
requires much more careful balancing than when marching on level ground._ It 1:
eapecially easy to fall backward 1if the sacrum is 1oade¢ or in atriking a i
steep slope when jumping over a ditech, or when moving over 7ery uneven ground°

Our purpose in these last remarks has been to point out & further practi-:
cal consequence of our investigation on the location of the center of gravity, '

t

without wishing to venture into a field in whick we ere not cqmputont. ﬂ*‘

Translated by -

Vera Sjostrom

Translation Unit, Reference Branch
Technical Data Laboratory
Engineering Division

Wright Field, Dayton, Ohio
October 16, 194L :
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ffﬁ' - ' Fg: & = Supporting surface and point of intetsection §
. : of the pravity line with it, for the éasy
position; Plute V;
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[
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- Supporting sutrface and point of intersastion B‘
of the gravity 1ine with 1t; for thé military -
position, Plate Vi, N

o o
.
i
J
»
N
n
v
c
-
|
° g f wle
-
.
S 20
N

T TV O I T Y o)



~LPEASLRECION RO 77500

Fig. 12 - Side view of bayonet and spade. -
S - Projestion of the common center of

gravity

N e ek L]

Fig, 13 - Side view of rifle M/71.5L. S - prdjectioti
of the center of gravity on the upper suflfacd
of the stock . .
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Mg, 15 - For soldier without pack, [iring position,
Plates IX and X

Flg: 16 - For soldietr with extended rifle - Plates xt and kit

YA SUPPORTING SURFACE AND POINT OF INTERSECtioN
OF THE GRAVITY LINE WITH 1t
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Fig. 17 - For the military position with full pack,
shouldering arms, Plates XIII and XIV

Flg. 17 - For the soldier with full pack, in fitring
position, Plates XV and XVI

SUPPORTING SURFACE AND POINT OF INTERSECT1ON
OF THE GRAVITY LINE WITH IT
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PLATE

Cuttinr surfaces and centers of pravity drawn in, for the
rirht upper extremity of cadaver 1V

Cutting surfaces for 1) upper arm only; 2) entire atm}
%) forearm only; L) foresarm with hand; %) hand
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PLATE II 5

Cutting surfaces and centers of pravity druwn in, for the
rizht lower extremity of cadaver IV

dutting surfaces for 6) upper leg alone; 7) entire leg}
&) lower leg only; 9) lower lep with foot; 10) foot only
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Thax Nehoma fiir die Normalstellung des menachlichen Aorpers
mil den direct bestimmion Soknevpunkion.

-l-.-ﬂ-I>I'--I.I---‘.I

o

®a P BVE DO W™S B
Ta et miturlihen ey

Nehnergmnkt cines Glindes

Schuvipmnkt  cines Gliedersystoms
Nehmerpunkt  des  gpunzen Kooporn

PLATE I1I

Diagram of the normal position, with centers of rruvity
measured directly

» - Center of gravity cof a limbd
e = Center of prravity of a proup of limbs
@S- Center of rravity of entire body
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Abhondl d. K. 8. Ges. d. Wiss. 1889. Bd. XX V1.

" v naturlichen Grisse
Die Normal- Stellung.  Profilanaicht )
Projectionen der Gelenk muitelpunbte
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PLATE 1V
liormal position - profile
Projection ot centers of the

ojections of centers of gravity of head und hands
Pro jection of centetr of gravity of ti
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Abhondl d. K. 8 Ges.d Wise 1889 Bd XX VI

® o dev naturbichen Grosse
Die begueme Haltung. \Irofilanvicht )
[y gertsomcn dev (b b ot apemiie
FYgeticmem dow b e A e ea
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PLATE V
BEasy position - profile
Projection of the centers of the joints

Pro jection of centers of gravity of head and hunds
Pro jection of center of gravity ol entire body
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Abhandl. 4. K. 8. Ges. d. Wise. 1889. Bd. XX V1.

>

' Sev naturichen Gritase

Die militdrische Stellung okme Gepack.  (Profilamsicht,)
Ivopectionen der olombm itelpunite

Prgectionem deov Schuerpunite ron Kopf wnd Howdon
Prasction ds Sehwerpunitor dos gomaen Ksrpers

PLATE VI

kilitary position withcut
Projection of the centers
Projection of centers of gravi

~n

the ni.s
ty of head and hunds
Pro jecticn of centet of gravity of entire
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FLATE Vil
Military position without pack, presenting srms (profile)
Projection of the centers of the joints

Frojection of centetrs of pravity of head and hunds
Projection of center of rravity of ertlre Lody
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PLATE VI1I
Military position withou® pack, presentingy arms  ‘ront view)
rro jectlon of centers of joints

Projection of centers of gravity of head und iunds
Projection of center of gravity of entire toly
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PLATE 1X
Fitinp position without pack {profile)
Projectioh of centers of joints

Projection of centers of gruvity of head and hands
Projection of centbl of gravity of entire tody
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PLATE X
Firiny position without puck (front view)
Projection of centers of joints

Projection of centets of gravily of heud und hinds
Projectioh of cehtet of gravity of entire body
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PLATE X1
Position with extended rifle and outsttretched ripht arm (profile)
Projection of centérs of the joints

Projection of centers of gravity of heud and hands
Projectiott of ceniter of pruvity of entire body
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PLATE XI1

Position with extended rifle und ocutstretched riyht arm {front view)

i'rojectlicns of centers of the jolnts
Proiccticn of centers of pravity of head any hnnas
Projection of center of rravity of entire ltody
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PLATE X111
Military position with ful) pack and shouldering &rms (profile)
Projection of the centers of the joints

Projection of centers of gravity of head and hands
Projection of center of gravity of entire body
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PLATE X1V
Mildtaty position with full pack and shoulderiun; arms (front view)
Projection of centors of the joints

Projection of centers of gravity of heud and hands
Projection of centér of gruvity of entire Lody
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PLATE XV1
Firing position with full pack (front view)
Projection of centers of the joints

Proiection of centers of gravity of heud-and hands
Projection of center ol gravity of entire body
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PLATE XV ¥
§
Firin& position with full pack (profile)

Prochtion of centors of the joints
Projection of centetrs of gravity of head and hands
Projection of center of gravity of entire body
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