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~~~for physical strength differences. Other factors , such as
age , stature , weight , cultural influences , biomechanics ,
and training contribute tc t~ e significant differences inphysical strength capabilities which are demonstrated both
as to scope and degree.

With an understanding of the strength capabilities of
men and women and a comprehensive understnading of job
requirements , the effective and efficient utilization of
both sexes may be achieved .~~~
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ABSTRACT

The expansion of opportunities for women in today ’s

military has increased the importance of understanding how

and why men and women differ in strength , stamina , and work

capacity .

The present effort discusses how the different physio—

log ical/anatomical characteristics of the sexes form a basis

for physIcal  s t r e n gth  d i f f e r e n c e s .  Other factors , such as

age , stature , weight , cultural influences , biomech anics ,

~nd training :on :r ibute  to the si gn i f i :a n t  differer .ces in

:hysi:a s:rength capabilities wh ich are demonstrated both

as to sco:e and degree .

With an un~ erstmnd ing of the strength tatabi lities o f

men and women and a ccmorehe :~si’;e :nderstanding of ~ob

— requirements , t he  ef fe ct i ;e  an :  effi:i~ nt :o1..I:a:ion

b ct h  sexes  ma~: be a c h i e v e d .
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I. INTROD UCTION

The objective of this paper is to provide a general under-

standing, in clear non-technical terms , of the physical strength

differences which exist between men and women and how these

differences affect their capacity for performing work .

Because these physical strength differences have a basis

in the phys icLog ical.-’~ natomica make ..o -of each sex , a si gni-

f ic . an t  ~or:io n of this ~a~ er has been devote- : to develo :ing

an. u n d e r s t an d i n~ of  t he  n h y s i - o L o g ica d f f er e n c e s  b e t w e e n

the sexes  w h I c h  :on:ric-::e to n’r~;si:a s t re ng t h  d i f f e r e n c e s .

No ceoai e-d~~zn.  :w .edge of hu m a n  :h ysi : - l igy  is r e qu i r e d

orior to reading this :a er.

- 
-
~~~ ~~~~

‘. . I

- 

*~~~~~~~~~~~~~~~~~~
‘_

~~



I:. THE DEMAND FOP ~~~~

The role of wome n in society has been undergoing change

since well before the time of Christ ,1 but the past decade

has seen , ~erhaps , the greatest changes per unit time ever.

The women ’s liberation movement , in all of its varied forms ,

has rrovided a force in society which has brought about (in

both men and women) a re—eValuation and re—definit ion of sex

ro .es in almost  every wal.~ of l if e .

~;omen are n,ow entering into man. occ-::ational fie ds

forrnerl-i closed to them by aw , traditict , ano ’ or sexist

bi g o t ry . ~ an.v o f  t h e s e  t r a n si t i o n s  ar e  r e ad i : v i S i o le  in-.

e v e r~,-’da’; L i f e  in cn .at  w o m e n  c a r ,  b e  se e n .  emr ’_ oy e d  in  aw e n —

f or c em e n .t , t h e  t r uck i n .g in . d o s t r y , e e -c t r i o  an d  t a l e rh o n e  line

r e ’a ir  c rews , a n d  on road  c or . ot r u o t i :n  g a n g s .

The .-~.m e r i : an  m i li ta r ’ i-as n.ot o c e m  e x e mp t  f r o m  t h i s

socia . c:reava on: bL:rrin; of t r a d i t i o n a l  sex r o l e s .  ven

tncug h there ha ve d e e m  r e : or t s  -of w o m e n  f i g h t i n g  a l o n g s i d e

men, in. the American militarw dating back to the ~ev-o litionar”

War ( e . g .  “ N ol i y  P i t c her ” )  , t h eir  u su a l  mili tar - r o l e s  u n t i l

r e cent i ’; have been  in. the  more  t r a d i t i o n al  f i e l d s  of h e al t h

care , a d m i n i st r a t i o n  a n d  c-o r n mu n i : a t io n s .~ everal different

f a c t o r s  :cn ’ierg ed in t h e  s e;e nt i es  cc r ad ica l i ’.’ c han g e  t he

s:tuao:on cc women wothin tne m:. :tarv .

:orst , the elomonatoon oc the dract on ~~ 3 remove: many

incent ives for males t o  i c l i nt ee r  f o r  d u t y  in  t :me a rmed  f o r c e s .

$ C o m p o u n d i n g  t he  problem of a c q u i r in g  e n o u g h  men were  the

- 
‘
~~~:~

-
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services ’ attempts to upgrade the cualit of ~ersonn el allowed

to e n l i s t  by limiting the number of non hi gh school  graduates

and ca t egory  I! h i g h  school graduates (those scoring in the

lOth— 3Oth percentile on the service administered mental aptitude

tests).

- - - 3 _
~ec onc , pro:ectocns rrom the bureau oc ensos cor _ 3 year

old ?.merican men and women show a oecline -of I3.L ’
~ between

:ly 13 ’ 5 a n d  ‘ulw 133 - 5 . A t t r i : u~~e-d in n a r t  t o  t h e  n a s s i ng

- - of t he  :ost .~crld 
‘-~
‘ar ‘

~5ao’.’ boom
’ an d  to  c u r r e n t  b i r t h  c o n —

trol nracti:es , this :rc-blem of a shrinking rco. of militar’;

aged (.7—2 l ) :oru..ation further aggravates the personnel surrl.’

troblems for the m i l i ta r ” .

T h i ro , tn e m ili tir.’ p resents s : ec i a l  :- o - o cr t u n . it i e s  f o r

w omen .  w h i c h  the  o i z i l i a n  S e c t o r  of  society does not. 0-, the

ave rage , men, an d women wno ‘oin . the m ilitar ” are tr :-oct-a -d at

the same ra te , al th -o - ..zn a d ’ ; a n o - a n e n t  of  ~:men in t~ e ni gh e st

officer rank: is still res:ri:~.ec , ::th I’’ L a w  a n d

Pa;; s c a l e s  c c m o a r i m z  m e a n  a n nu a l  e a r n i n g s  o f  ci vili ans

and  m i l i t a r ,’ , :a ’ - ..en f r cm  S i n - ~in.  a n d  S a ch ’  a ‘.~- :men .  in th e  H il i t a : ’ ’.

are s h own  in F i g ur e  1.

This  c o mp a r i s o n  :ho4s in ever ;;  i n s t  an c e  t h a t  f em a l e  civ-

o ~;e ~~ t~~o ) e.a r~” _es .~ :“~~~~ — -- _r Ta_ c ~-d 
m __ _ a~’

o c u n t a r ’ r a r m s  . Where a m a l e  c i v il i a n , w i t h  lesS  than ‘ears

college , in the 2E — ~~ age gr’oo:s c am e-: a::roxf.matel~ ll ,~~~

in l~~~5 , :ommarab e wome n In tne  oi ’ ;i l i an ~ s e c t o r  e a r n e d  a p p r o x -

i m a t e ly  3 , 2 3  or r cu -gh l ’ ;  5~~’ of t h e i r  m a c  :c- .n t e r o ar t s .  :n

13

- - -
.- ,

L. - — : ~~~~, .~~~li J~
”
~~i,,_ ~~~~~~~~~~~~~~~~ o... ~~~~- ~~~~~~~~~~

‘ :~~~~~mi- - ~~~ —~~~~~
- - -



the mili tary enlisted sector (where men an-h women have e:ual

pay scales) a women with the same -characterics of t h e  man

mention ed above oo-uld have earned approximately 33 ,022 a. year

which e-cuates to roughly 2~~ mom than her civilian counterpart.

A c o m b i n a t i o n  of the f a c t o r s  o f :  (1) increased difficulty

in enlistio r a’;ailah e young males , ( 2 )  a d e c r e a s i n g  13— 21

;.‘ear old t op u l a t i o n , and  ~ 3)  g r e a t e r  op o o r o ’u n i o ie s  f o r  women

with the ex:an.:ion of .~om en ’ s mol es in scoietv , results in a

greater demand for women in the militar;’. The des:maoili ty

of using more .~omen in c r e a c e s  w n e n  the vari ous :o-sts of recruit—

ing are examine-h . The aver age cost of r e c ru i t i n g  a

school zraooat-e who s co r e s  a t  least a’;er ag-a or. en ranoe tests

~.s 3: , -. as ccm :are: to the cost of 3 1 5 2  for a woma n c- f

~..ent mental o.a:a:ilitv Zr for a ‘cong maLe n:n— ’Zig n school

The f a c t  t hat  w o m e n  am ~ a :ali,able resource to the mi litar :

cannot be :enie-d . -3cw~~- :nen are u ’ili:-s- o win n in t h e  m i l i ta r y

is im:crtan.t n : t  or.’_ ;; the m i l i t a r y  c : ’-m a n d e r :  c on : er n e :  w it h

unit effectiv eness , h - u t  t o  the  wcmen . as well a: the men. who

serve in t h e s e  u n i t s .  T h e r e  are r a n . ’ t a s k s  t :at ~-;-cren , can

:erform a: welL , if n o t  better , than their mal e countermarts .

There are al:-: man;’ tasks w it o in t:n.~ mi litar .’ whi c:-. m  en f e e l

women canno t perform because of the “o b v i o u s  r h y s i o a l  s t r e n g t h

d i f f e re n c e s ” w h i c h  e x i s t  b e t w e e n  the s e x e s .  2 : r . c e mn i n c  t h e s e

“o bv io u s mnys i c al  s t r e n g t h  d i f f e r e n — es , ” t h e r e  are sev e r a l

different schools of thought. One school of thoug ht (that

2,1
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Compar ison o( ~~eun A ,snunt E~niin~s of C isi~ian,s wi lh  Cofl ege
Educ ati on , by Se~ und A ce. and Coi nmi.~sion ed OFFicers , by Age , 1975*

EarninA’s (d ollars)

~.ooo — — — — 
-

4.oo:
b

1 8—24 25— 29 3 0 — 3 4  3 5 — 3 9  4 Q 4  4 5 9  50-54
, ‘l~~e ~‘roup

c ur ce ,-  Mi ltt a r ~ ~ j r f l i rd r s~~~1-’asIc ~av , ~uarie rs and su bs is t ence ,t lo se ance . and ‘ti e lax adva n—
a~ t ’ - ra t  ~~~:ue —ecai ~sc , . “~ ances fir e i~,c a,abi e- .—oased an -~r. ~ti~~ ired Ja rs prov ided ‘y t he
~

;‘-,~ e - f ’,fle \s si ~ cr Se~ rv ~j r~ ~i 3etense - ‘r t i t anpowe r d u d  :~~~er~ e -\tfai rs , Octo be r 975;
~iv I I , an r a r r - n ~~ ~ascd -~n ‘u r I , S I I C U  t . d t j  prov ide d ‘v :~ie U.S. Depart ment of Comm erce.
9uceau ~t - tie . rri~ u~~ \ s rmuer -

I i~ I i f l S e,nr,I- - ’e Il t I  tir e ~~i r b  ‘ - ‘lur ir rnr re v esr, it :,, l leoe. It sh o u ld ~‘e note d th at too
rouc ri ~mo ri.rsts snout0 riot ‘e aula ctr ed a ~e ‘. v~ rt en . c  ‘ cs - n d  Ir~c .tO—i,4 .ige grou p ii annu al
,,tr n .n ~~ ,c t w eeo r!I: iiry ‘r t , ,~ii ~~~~ ‘ia ,t JI~ i J . J r S  iCi f  ire ‘ ct ~~t ’ Q e t v  Cit nit tor  .~iuicen—es, ~r,d ‘list t s ~e ~roup m d  ‘tr ey axe ~enera ,t fl i tgh canit . r.g 7tisi . ’~ ns analogous t,u C” eCuuves 0
ti e privit. secor.

Com~,ari son of Mean .‘mu nu al Earn in gs of Civilia n s by Sex and Ag e,
and Mili Urv Enlis ted Perso nnel , hy Age. 1975’

Ear nz nç ’s ‘dollars I 

— — — Fs’ntale CIV I!,aIIS

.1 (300 —. —~

8—24 25— 9 30— 34 3 5 — 3 9  40—4 4 45— 49 50—5 4
‘lge ;roup

C iwan s em ployed full time keith at east four years of iug~ sc hoo l but less has four yea rs
of ~millege .

( F r o m :  Sinkint , N. an d Oach , 2’., ~:men ~nd the

Nilit3r~
’, : r c o k in g s , W a s h : n g t o ”  . . ,

Fi gure  1

12



of the superior man - inferior wo man ) is that women are ph’;-

sically inferior to men , and no amount of t r a i n in g  w i l l  eve r

elevate women to equal men mny sical ;. Another school of

‘
~ 

‘ thought (one held 5y the more r a d i c a l  f e m i n i s t  g r o u p s)  is

that women are inherently superior to men in all things.
3

They  reason that y o u n g  women are  not  as p h y s ic a l 1~y s t r o ng

a: y o u n g  men oeca-u se  a sexo.S t so o o e o ’ . ’ n o os :io.~ you n g g or o s

fm-c m tne  p h y s i c a l  o p p o r t u n i t i e s  g i ’ ’e n  ‘ :-u n c  :cys , and of :cth

had e cu a l  oprcr tu n i ti es , .~omen ’: a:~~l it i es  ~oo l :  f ar

t:cse of men. . A th is’ :, a n d  m or e  m o d e r a t e  s c n o o l  of  t n - o u g h t ,

is held b ”  the e-cua l ltar i ans . ‘ The y h o l :  t h a t  men  a n d  ,
~omen

ar-a , more  or Les s , acoa.l in a lL  t;’.l ng: and If e-~u a ,  :h 5 ’si :al

- o p p c r ’ t u n i t i e s  ~ere ‘i~a:e a v a i l a b l e  t o  ‘ c o n g  ;ir s , sex : i f f e r —

en c e s  in s t m a n g t r  i n :  ::s~’o:n a w -:o ld di s : : ne i a ’ .

13
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11. AN 2VE~ V::W 3F X R C: iE ?HYs: oLo ~ ’f

To answer the important questions concerning whether any

sex differences in strength and stamina actually exist an

u n d e r s t a n d i n g  -of how the human body performs physical activi ties

is necessary .

‘ p to  a. ce r t a i n  m o i n t , an a n a l o g y  -tan be drawn be tween

the huma n body and an. in . te r na l  - o o m b u s t : o n  e ng i n e . ;ust as

t h e  mo tor in an a u t om o b i l e  u s e s  f u e l  and  o xy g e n  in. a p r o c e s s

w h i c h  p r o d u c e s  en r-g ;.’ , n ea t , an- h  w a s t e  p r o - d u c t s  ( e x h a u s t )  the

h u m a n  cc - dy  u s e s  f u e l  ~f :o-h ) an.: oxv :-a n an :  L i ke wi s e  p r o d u c e s

er .e rg v , n e a t  an:  w a s t e  pro -d~~-cts  . 2 ust as the a u t c r n c b i l e  en g i ne

me :‘uires some sort  of  c o o l i n g  so cc-es the h~ man. b o d y . A n d

m u c h  like  lar g er  en g ines :r o-:’uc in.g m c r e  m ow er  a n d  o o r . su m i n z

more  f u e l , l a r g e r  h uman b-: -d i : g e n e r  a ,l~’ 3na ’,’e a ,a r ’z em energ ;;

in t a k e  an.: p ower  : tp u t  t h a n  do :na:.ler b o - c i a s .

N.~~s cl es  ‘take -ur a : mr - :x im at e l - ;  - 5  of t h e  w e I g ht  of  t he

h uman .  co-h ’.-’ . The re  are  b a s i :a l l :  t w o  t ’:cs of  mu sc l e :  ( 1)

‘ : L .n t a r ’ .’ an-h ( 2 )  in v - o l u n . t a r ’,’ .~~~ 7 o l u n t a r y  ‘t:s~~les are  t h o s e

whi ch can oonsciousl; be oon . t r - c le d  at w1.L :.ch as those use- h

t o  b e n d  an ar-n or stretch a la g. :n’Jol’untar\’ m u s c l e s  are not

generally onoor conscious :ont r -o  a n -h are found in the wal ls

of bloc : ‘;e:;e s , intestin es , the bad -her and so on.

Noscla is -oomrc:ed of ap :r-oximatel; “E~ w a t e r , p r o t e i n .

a.n-d 5’~ m i n e r a l s  and  o r g a n i c  -oom :-c - :nds .  The ma in min eral: are

mocas o-um , m a g n e s i u m , s-o - d i u m , p h o s p h o r u s  a n d  o a l c i ’ u m . The

orga nic -:omoou nbs are gl’~’ccg en , g. uoose an-h certain hormones
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of the  adrenal  c o r t e x .  The functional unit within each muscle

is the  muscle  f i b e r .  Muscle  f i b e r  is an e longa ted  cell  v a r y i n g

in l e n g t h  but  gene ra l l y  be twee n .5  and l~ ce n t i m e t e r s  (cm)

b r I g . 11 ach f i b e r  is located close to a capillary t he reby

f a c i l i t a t i n g  the  exchange be tween  the f ib e r  and the b lood .  A

m u s c l e  ca n c o n t a i n  anywhere  f rom 1-3 0 , 0 0 0  to 1 , 3 0 0 , 0- 00  f ibe r s ,

- i  which are sometimes connected in series.

..he o m m o r t a n c e  0O m~u3.o_e t:ssue _oe s on. :ts aco ot y  to

c o r r a c ”o a:c a o”a ha...f of .ts :~~
_ _ 

~ or” a .d. _ er c, n :— ~~

tn:s o o n tr a c o : o r .  wr . :cn  -a n .a :_ - a -s tn- a  :m:s 0: tn .e c-c -h ’ .’ to mo ve

an d perfor m actual worK . The p o t e n t i a l  fo r the amo unt of

a m u s c l e  can  r er i om n ’  is therefore prop ortiona l to its full”

exten ded length.

:a :n in:i’.’i du,al muscl e ficer co n tracts with a. c e r t a i n

forc e. The :ontract ion 1 ci the muscle fibers is ah:iti’;a an:

:ro :ortional to one ‘t u :cle ’ s crc ss—s e-:tional -ar ea. The maximum

m.~::ular force in humans is aporoxima telv - :- : i l o sr a m s  ( .< g ) m ar

:- uare cm :f ::“os:—se:ticna.l area of the m’usc a. The greatest

f o r c e  exar’ -ad :.‘ t :e muscle is at the :.azin— .ing of the contrac-

t i o n  an-h  h e - : r ea s e s  a.: one  musc le s o o m t e n : .

M u s c l e  f i b e r  c o n t r a c t i o n  is stin’u ,a.ted by in coming elec-

trical nerve immu ses.~~ These  im:’: ses cau :° a series of

ch em i c a l  r e a c t i o n s  w i t h i n  t h e  f i b e r , a l t e n i n .g th e  :r o o er t ie s

of th e orotein molecules -ca u sin g their tosi tion s to c h a n g e

ne~~eby sn or e’i~~’ig ~~~~o -- sc~~a ce ~-e :~~e~~~: a ~ea.o~~_ons

use t h e  g ly c og en  s t o r e d  on the ~ :5ers as a sou rce  o~ e n e r g y .

The glucose (of which the g lycogen is composed ) breaks down

15
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into lactic acid in an anaerobic process (anaerobic processes

are those in which oxygen. is n-c t consumed as opmosed to aerobic

processes which ho involve the consumption of oxygen) and re-

l e a ses  ene rgy  f-o r the f i b e r  c o n t r a c t i o n .  Ei ghty percent of

t h i s  b a-o ti s  acid  is r e c on v e r t e d  back i n t o  g l u c o s e  in. an aerobic

process  w h i c h  a .s o  g e n e r a t e s  hea:.~~~

:n. tne:e two :nemioal proces se s , th e omportance of gl ucose

as a s o u r - c e ci  ‘ane rg’ .’ f o r  m u s c u l a r  work  is m a n i f e s t .

x ’ ’gen .  is r e : ’u ir e d  f o r  One  r e c c n ’ 5’ e r’ s ion  of  m o s t  of the

lac ti c  a c i d  back  i n t o  gl .c o se .  a n d  o e s a u s e  of  tn i s , oxyg en is

the :ecor.h most onmoroan t : a co u r on m u s c u l a r  ac tu vot y . The

remaining waste prod ucts of the :t:’a r chenisal reactions and

the remaining lactic acid are carried awa .’ from the muscle

tis sue b y v eno cs b lood , w nera  i t  u s fu r t n e r  b r o ’ e n  d own in .  the

l i i er  ~un.-d r e — r e l e a s e - h  i n t o  the sloe : s tream as g ’_ uoo:—:.

enough oxyzen . i s  n :t a .’a ila.cl-a f o r its re ::nvarsicn bac K to

g b _ sos-a , tne lact ic acid a c c u m u l a t e s  an: musc le actio n

and stc::. This se:ue nce ci eve n t s is :~,:wn in Fi gure :.

2 : r i n g  the bare o’inima.l l e v e l  ~:-a:a m et a bc l i :  r a t - a ) a n d

r e s t o n g  b e v e l s  of ne tabc li: a c t iv i t y  e n o u g h  oxygen avail ab le

t o  su s t a in  m u s c l e  c e l u , a r  a c t i v i t y .  As t he  m e t a b o l i c  a c ts / i t ’,’

in-crease : however , -ox”gen is c o n su m e d a t  a r a t i d  r a t e , l ow e r i n2

th e oxygen concentration within the cells. x;,’gan in t h e  blood

t h en  d i s : oc ia .t e s  f r o m  t h e  :nem o g l o c in  a n d , t h r o gh o s m o s i s ,

p a s s e s  :h r :  gh t he  c e l l u l a r  wa l l  i n t o  t h e  mus cle tiss -5 .  There

is , n-swe’;er , a t i m e  ag b e t w e e n  t he  o n s e t  of mu: :‘ular a.:ti~~n

15
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and the increase of oxygen  demanded .  Since an ac t ive  muscle

requires  more than a twenty f o ld  increase in the supply of oxy-

gen , the f low of 5l-ood must  be increased correspondingly . This

is where  the anaerobic process breaking down g lucose into lac t ic

acid and releasing energy allows the muscles  to func t ion  un t i l

the blood ha s t ime to increase f low to meet  the hi gher oxygen

dema nd .

-
~~ 3l’uco se , l ike  -o xy gen , is s tored  in l im i t ed  s u : m l v  w i t h i n .

the  musc le  c el l ;  as t he  bevel -of muscular activity increases ,

t he se  e n e r g y  s to res are soon d e m l e t e - b . A d d i t i o n a l  g l u c o s e  is

t h e n  r e l ea se -h  i n t o  the  b l o o d  s t ream f r o m  the  l iv e r , where it

had bear~ s t o r e d  as a :roc’u c~ of di ge s t i o n  a.r.d l a c t i c  a c i d  con-

ver s i o n .  The blood , t h e n , ca r r i e s  g u-c -ose as well as oxyzen

to  m u s c l e  tissue.

Nuscl-a s act-ual ’; help th~ h ear t  in i n c r e a s i ng  the  fl ow of

b l o o d .  To ‘_n: - ar s :a nd  t n i s  it m u s t  be :‘ealj :e-o tha.t t h er e  are

ow-: t v n e s  of m u s c u l a r a . :t i ” i ty :  ( I )  d y n a m i c  ( i s o t o n i c )  -an d

( )  static (Isometric). :n h-;n.amio work , the muscles increase

in t e n s u c n , s:-or:en and than relax in a :erio-di: manner. :n

static wcr ~~. m u s c l e s t e n s e  ~o w i t h  l i t t l e  a c tu a l  s h o r t e n i ng

t h e r e b , ’ ex e r t i n g  a f o r c e .  The fo rce  c o n t i n u e s  to b e exer ted

as l o n g  as the  m u s c l e  r emains  on a t e n s e d  St a t e .

E x a m p l e s  of each t y m e  ci  wcr~, ~‘culd be r u n n i n g  ( d y n a m ~ :)

and  h o l d i n g  a f a i r ly  heavy obj e c t  a t  arm s length or p u s h i n g

o n a w a l l  ( s t a t i c ) .  u r i n .g static activ i ty, the bitch sumply

to the musc le  is reduced  in. p r om o r t i o n  to the  f o r c e  tf

con tr ac t o n .  ‘
~‘hen the applied force becomes equal to

13
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approximately 33% of the maximum force of the muscle , the

supply of blood is -completely stopped . :~ this case the

blood vesse ls  are compressed  by an increase in the mressure

w i t h i n  the  musc l e  u n t i l  they  can f low no more . In .  d ynamic

worK , however , the pe r iod i c  ir .crease and decrease  in t en s i o n

ac tua l ly  works  l ike .a pump . The c o n t r a c t i o n  e xp e l s  b lood

an-h the following re la x a t i o n  of the muscle t e n d s  to draw in

blood . :n. th is m a n n e r  t he  b lood c i r cu l a t i o n .  is i nc rea sed  and

the muscles rec e_ ’;e up to :: :i.mes as much blood during dynamic

work than d u r i n g  s t a t i c  work .

B e c a u s e  the  f . cw ci :looh is decrease-h durin g s t a t i c  mu:—

ou ar a c t i vi ty , i t  is o f t e n  r e f e r r e d  to as a n a r t  l ab  or  fu l l

a n a e r o b i c  p r o c e s s .  t a t i c  w o r k  is m u c h  less e f f i c i e n t  t h a n

dynamic work tending to consume ‘tome energ ’ :er g i ven effort

t h a n  dyna m ic a:t i~’it ie s .~~ :n. ad : i t i c n , f a t i gu e s e t s  in m u c h

socne r , p~ rha:s  sue to  one  re’h uc ed s u p p I  of  o x y g e n  a n d  in 1—

- ‘ c rea sed  b u i l d  ‘up of  l a c t i c  a c i d  an - h  b e c o m e s p a i n f u l  -u n t i l  t he

m u s c l e  is a l l o w e d  t o r e t u r n  cc i t s  r e l a x e d  state. A hi gh corre-

l a t ion  (r ~~. 3 )  has be en f o u n d  b e t w e e n  yna mic  an -h s tat i c  : o m e n g t h . ~~
A f a s t  w h i c h  g r e a t ly  f a c i li t a t e s  s t r e n g t h  t -~s t i n g .

:t has bee n exp la in - a -h  hcw m u s c l e s  c o n t r a c t  and why ohe;~’

need  f u e l  and o x y g e n .  B u t  the mere  f a c t  of mu s c l e  :on t r e ct i : n

by u t s e l f us not  e n o u g h  to a c o - o m m l o s h  r ea l  phvs :c a . l  work . ‘- ‘~‘cr~
is p e r f o r m e d  by means of  l e v e r s  u s i n g  the ske ,e t a l  a s te rn of

the  bod y w i th  m u s c l e s  su ~ :l v i n g  the  r e ; o i r e h  m o w e r .  :n. dis-

c u s s i n g  m u s c l e  power - o n l y  ‘id u n t a r y  m u s c l e s  w il l  be consi  d a r e -h .

13
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A lever is real l y a. mechanical device which produces a

- l  r o t a ry  mot ion  about  an axis  or f u l c r u m .

Figure 3 is an ex a m p le of such  a sy s tem of l evers .

~~~~ ~~~~~~~~~~ ~~~~~~

-
~~~~~ -u .co_ e s a~’~ a ”~~~- — o  at  eac’  -a-’ : -‘ ~- -‘s

of t n-a s keleton. w i on  one or more sk e l e t a l  ~c i nt s  in b e t w e e n ,

t ne points of attachme n t. when the b i c em s  m u s c l e  -of t h e  arm

• c o n t r a c t s , as shown, in Figure 3 , t h e  two e n d p o i n t s  ( p o i n t :

of  a t t a c h m e n t)  t i  the  musc le  a re  b r - cu g h t  c l o s e r  together ,

t h e r e by  r a i s i n;  o n e  arm . The t r i c e p s  are re ’ a x e d  in t h u s

a :ti’;ity and even ex te n d somewhat p a rfor m un s no work. To

s t r a i g h t e n  the  arm , the  t r i c e p s  c o n t r a c t  wh i l e  t h e  c l o ep s

r e l a x .  This  dua l a c t i o n , a l o n g  ~ i t h  th e  e e s t i c i t y  of t he

~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -‘~~~~~~~~-~~~~~~~~~~~~~ - 
- 
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- 

-_ ___



-‘ - --- - - -  ---—-“---‘-‘--——‘——-~~~~~~~~~~~~~~~~~~~~~~~~~~~ ——.—~~~ - - - - -

t endons , all ows for  a g rea te r  degree of control and preve~it s

j e r k y  m o t i o n .  For the  most mar t , a l l  movement  invol ’~es two

or more voluntary muscles acting together in this manner.

Several  forces  are at work in a l l  levers . The e f f o r t

fo rce  (which  is ap~~lied cc overcome ine r t i a  and cause motion )

is appl ied  to cause ro ta t ion  in a d i r ec t ion  oppos i te  to that

of the r e s i s t an t  f o r c e .  The amount of f o r c e  re- cui red  to over-

come the r e s i s t a n t  f o r c e  a n d  cause desire -h movement is d er e n d e n t

o n the  l e n g t h  -of t he  force arm a s c om m a r e d  to the length of

0 — c  r e s i s t a n c e  arm . :n. Fi gure  3 Om e f o r c e  arm is the d i s tan c e

f r o m  the  f u l c rum (elbow) to  the p o i n t  where the effort f o r c e

is ap p l i e d .  The r e s i s t a n c e  arm is on .e d i s t an c e  f rom tn.e p o in t

-

‘ of a p p l i ca t i o n  of the  r e s i s t a n t  f o r c e  t o  the and of the  l ever

in a d i r e c t i o n  away f rom wh ere  th f o r c e  is - a p p l i e d  ( f r o m  one

e lbow to the h an-h )

O ince it is g - an e r a l l~ a g r e e d  t h at  it is the n a t ure  of the

a.:c :e -’g —~~~:o~”ed a~ o~-g ~~~~~~~~~~ 
‘ -‘a - -~c — e e  ot _ “ _ ‘~~~~~, ~~~ e—

r i e n ce , a nd m o t i v a t i o n  a ~erso n has wh i c n  r e a l L , ’ d et e r ine s

h ow well it is merforme d , the  mo re st r en ’u cus  a-oti’;ities well :

se em to be a log ical p l a o e to  lock f o r  sax  d i f f e r e n c e s  on

‘ohy so-cal strength.

21
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IV. PHYSIOLOGICAL SEX ~:FFER EN c :s

Since muscular  activity depends strong ly on fuel (sugars

and oxygen) , and how e f f i c i e n t ly it is consumed , it would  see m

that  the consumption of energy dur ing s t renuous a c t i v i t i e s  is

a major factor which could tend to l imi t  p e r f o r m a n c e . 17

R e v i e w i n g  how energy is used in the  body , any d i f f e r e n c e

be tween  men and women in the u t i l iz a t i o n  or d e l i v e r y  ci o x y g e n

or g lucose to the m u s c l e s  w o u l d  have an e f f e c t  on their mhysi-oal

performance .
‘

~~~~~ . 
7i t a l  a . : ac io v .  The v ital c ap a c i t y  of the lungs is the

ma ximum amount  of air  w h i c h  can .  :e xmelle-d aft-ar the greatest

m o s s~~bl’e i n n al at i o n o r aur , an: bears  an i m p o r t a n t  r e l a t i o n s h ip

to a merson ’s m h vsi o al fitness. “-‘ it a b  o-apaoit.’ is r e l a t e d

to body wei g n o  and  s u r f a c e  a r e a .  ha:  b e e n  sh o w n  t h a t  t he

ratio -of vital ca:a-cioy to skin surfao -e area is greatest in .

athletes and least in sehen .tar’,’ w-:men, . ’
~

‘i’ioab capacity, in relation to hei ght , av rag e: cubic

c e n t i m e t e r s  rer c e n ti m e t e r  of hei ght  f o r  men a n d  o ’ :b io cent i -

m e t e r s  per  c e n t i m e t e r  ci he i ght for women. The average ‘;ita .

oapaci t’jrelati ye to body  surface area is 5-~~ cubic centimeters

oem s;’:a.re meter of bc-dr surface area for ‘ten and laO cubic

c e n t i m e t e rs ocr scuare  meter  f o r  w crn en .~~
:t sho u ld be note- h , h ow e v e r , t h a t  the e n t i r e  vo lume  -of

ai r c o n t a i n e d  in the v i t a l  c a p a c i t y  is no t  a v ai l a b l e  to the

l u n g s  f o r the  g a s e o u s  e x c h a n g e  of o x y g e n . ~~ E v e n .  whe n the

re sp ir a t o r y  musc les  of the  body are r e l a x e d , a ir is l e f t  in

2 2
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the lungs (the functional residual capacity) . A forced maximal

exha la t ion  of air at th is  m o in t  e x p e lls  t he  e x p i r at ory  r e se rve

volume , but still leaves some air in the lungs (the residual

volume ). with the resp iratory muscles in a. relaxed state , the

amount  of a ir  p u l l e d  in by ~ maximal  i n h a l a t i o n  is c a l l e d  t h e

insp iratory reserve volume . The volume of air contained in the

l ungs  at  t h i s  p o i n t  is the total lung :-aoacit’.’ and , as stat- a -h

ar l l r , t he  m a x i m u m  amc u n c  ci a i r  w h i c h  can n ew be axp e l l h

from the lun g s is what is —~,own as the  v i t a l  :am a c it v . The

volume of  a i r  w h i c h  is moved during each resmira.oorv cycl e is

th  ti dal vo lume . Th e ‘,‘it aI c am a - c i t v , t h e n . -consi sts of to e

i n s mi r a t oo r res e rve  v o l u m e , t h e  tidal volume , and the xmirator’,’

re :er’.’e volume . The fcllcwing data are na~ en from fairl;’

f i t  oollege p:n;;sioal e d u c a t i o n  stu dents averag in g  2 5

ye ars  c i

y e me n

• ~~~~~~ of  ~~~ e - t ~ - = 51

~- unctional residual oa :acuo ; 3 . -. ,it ers .2.5 liters

S

mess -du a l  vo l ume I .  “ 1 . _ u  - ,

;i o a .l  ca tacit ’;  u . ’ “ -~- . 2 ~

:n a n o t h e r  study, v i t a l  ca ’oao it i -a s c :m:ared w i t h  t t e

maximal oxyg en uptake: (the maximum amount of ox v : en  w h i c h

i 5 o a p a b l  e of b e in g  c o n s u m e - -h  by th e  b c - dr  durin g strenuo us

exercise at sea bevel ) f-o r a g r o ut  of ‘ten and wome n revealed

a hi gh -correlation between vital ca.maoity and maxima l -oxygen
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un take with the highest for both being possessed by men ..”

This is reflec ted in1 Fi gure  ~ and is taken from that study .

Anoth er study mentioned in M . Ayoub , C . �asley an--h- ~~~.

Be chea ’ s , Classification, 3ummary, ~elevance and App lication

of ~,ale /iemale ifferences in ?erforrnances, concerning vit-a l

capaci ties in I women cadets at the Air Force A-cademy ,
3

shove-h the women ’ s vital c a m a c i o i e s  to  be or.l’,’ 35 less tha n

L t n e ir  male counterparts as oppose-h to 15 - 20 5  vh f  on. na s

ov~~ic a l l v  b e e n  f o u n d  b e t we n t h e  mean  ,‘alles o f  men  and  w o m e n .
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:-~ernog:obin . The ability of the blood to  c a r r y  O x ” g e n

to the muscles also has a defin ,io e aff ct on work cama -o fty .

A:mroximately 31 of the oxygen carrie-h in the 51-ted is in

chemical  combina tion w i th the hemog lobin of the me -h blood

- 

— 

co rpusc l e s .  Th a m o u n t s  of  hemo g 2.obin per cubic oentimenter

( c c )  are d i f f e r e n t , on a v e r a g e , b e t w e e n  m en  and  w u m e n . ‘.en ’ s

c o  o o :o~ a ’o o~~o x — ~~t-2 _ 
~~ o~~a 0 s ,

and wo m en ’s is arm r oxumate l 131 cram: ncr 12 :-: , or r o u g h l ’

335 that of men. -inc r~ m of h—mo :lob in is sa n - _ r ate- : :v 1. 3-

- - cc ci  oxygen , on-a re f ore men ’ s bl oc- i oat orans:omt , on average ,

so o: o : <y sen  c a m  12 cc or  b e-: a: c o m n a r e - :  t o  I .~~~ c c .

on a’~’erage , for w o m e n .  A : tr a n i~~ - .ses t h i :  c i f f e r e n oc , d on:

with women ’ s h i gh er -content -of a i:ose (fat:- - ) t i s s u e  to -e x-

p l a i n  t:te bi iferenoes u n  m a x i m -al  o:c’;.a: u p t a k e  : e:ve -e n ‘ten

- ,~1 s— e ”  -0: — -~ s- ” -~ ~ _ :e ~~~~~~ _ “ c

is relat e--h to on e maximal o x :g e n  _ : o a - - e , tn- a reg ression lines

in Fig ure 5 ce-c u re so close to ca :h o~~h er as  t : be i n s i o n i f i —

A erobic Power. The max :ma , c’<’ oen u:tasre ‘or ‘n-axi-nal

a e r o b i c  p-o w -ar )  b e - - i n :  oh - a  hi gm - - es t  u: ta ~ an i n : u i i d u a l  can

attain durin g physical exercise (corre-c ted to s-s e level ’) , is

imn ortant in physical activities wh e r e  Icr-n e mu scle c r- nun: are

used f or p e r i o d s  greater than one m i n u t e .  The re la t i coehi:

oe t~~een :hysi:al oeriorman-:e and the maxi-tI o x y g e n  u :o a . k e

are s h o w n  in Fi g u r e

2 5
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(Fn om’ . —.stra n .d and ~s :anl, p .  31.)

y e a r : . : r:e r  to :- an t n - s  ox ’ . ’ : -a n r i :h b l : c d to  tn - a

mu ::les , tne n-sa p : :~~e’e must b e- :n.or-~e :ed. I ete: to

in.orea:ed ne~~:
’t ra -s i s  o n -s som-: .<-e vol ume , or one amc .nt of

:1:-sd .m: : s~~r~ n; ea cn . bee : of tn-a :~eamt . vn i o h  in :r a:es

as -‘~e ll . -.-om~~n : :n— 1 thle t ~~s :-an e rcll :~’ n av e  a l :w e r  s t r c - - e

ut - b me t u e n  m-~ :tn.letes ~e.h sma ller hearts , even ~nen

are -na :-~ f :r be d. sucel -~ome- n , then , ‘cul d

a f e:o-~r :-learo r ~:-a tnan m e -n if perfor ming a task re;uir—

in : one a roe .ene -r z-- evnen: it- 4m e . This is s n o vn 1  in Figure -

1~~r l _ a r , in the an alog’ com:arun ; the ~u m an

:0:: v it o ~n i - o e m n u l  :o- t:u3tit n en gun e . it v-c s mention - a : Onat

:e :-e:,- . I_ - c th e :er en c in e . rem_ Ire : a onolin : syste m.

~eao _ s :rud. oe: ~urin : the met osolic proce ss and uncreases
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The f i g u r e  is b a s e d  :n average va lues from measur ements or. lb
c-omen cn.i I ‘men .  a l l  c i  t o e - m n  m - s l a t u ; e l y  w e l l  t r a u ,n e -d  a n d  -‘~or ’~—
in:  on  a S i r - -o le  e r : :m e - t er  in  th e si t : in :  :c si t ion  ~P . —O
A:oma.n: e t1.. 11-~.)
(Inc-a :ne a:sus:a gi~’es the o:.r-:en :~~ts--e in a:s:lu te - ;al es ,
the ma l t -sla t- e d m e a n c - r”es c a n  :~

-
~ m u s l e a d i : : .  The l e s s  f i t

S 12- -5 :ts - 

~
- --c both a low m-cxinr~l ox” g-en i n c a - c  co d Icy sor :1- -a

‘ ; o l u m e .  Thc s-s  w i t h  a high caPacity for o :-:vg-a n ~:°a- al:o
have a larger :tr-o l~e ‘no lure - . A ‘tan v-i on a ma: .r_mal
p-o v r  -of S T_ it ers m in . - ‘-entua ll ; attains m-a’<iral s t r o k e
-; rol - :me f i r s t  a t  a w o r - - - I :a-o g i v i n g  an o x - - ceo : ca’ ci 2 liter-a

‘tin— I , Th e - o n e  w i t h  a maxima l o x y g e n  - s : o a - e  c i  3 . 5  li c:s
m i n - r e a c h e s  h is  p l a t e a u  f o r  3:r-o- .:-a v o l  um e w n e n  t h e  cv’::-e n

u n ta~ e x- oee , d s 1 .3  l i t e r s  . ‘t u n — )

( From : A s t r a n - d  a n d  u odah l , :. 1 3 2 )

:u g U r e -

ra:iil , a-s m uscular aoti-i:tr increases. ii - - : e- :.e m’-’c .- a n u : a l

- e f f i c i e n cy  c i  the Sc ~v is on l.’ 30-0 -u t  2 5~ 
‘ :~~~, -~~~~~ t ’ - e tc:al

energy cons ume d us converted to heat 1’ Thus h e - it i s  m a i n t a i n e d

j w i t h i n  : h y s i o b og ica1 lim uts by the nr- oce ss of sve-a:_ n g wnu:h

2 3
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denends on t o t a l  s u r f a c e  a rea  of the body and the den si y

(the number per s~~uare inch) ci the sweat g lands. A lthough

women ha ve more sw ea t  g l a n d:  per  u n i t  a rea  of body surface

t h a n  men , women ten- -h  to s w e a t  l es s  t h a n  m er .  and  be -g in to

sweat at hi ghe r  s k i n,  t e m p e r a t u r e :  t h a n  m e n .  2 3  The n r o b l e m

c :n i s  p r e s e n t s  in 0 -a r m s  O f  a l i m i t a ti o n  or1 work  o ap a o i t ’ ,’ is

-
~~ that  as t e m :o rar v  hea t  i m b a l a n c e s  o c c u r  in.  he - b o d y , b l o c O

is ro u t e d  f r o m  tn e  m i s s i o n  cf c a r r - : :n ,: :o -u --: an :  ox ’g e n  t o

“u.scl-~~ a’- h d ”ec -e c :o -.~-~~a e  ~- ere ‘ e ma~~~e~

olcod c an :e cooled muon oh-a same a s t:ma r-a :ia:or in a c a r

- H e-ng:n~ cob s  the w a t e r  s y s t e m .  :~ :c 1n g  :n ,is . less : uel

-
~ is mac-s ava il . a : l e  to t h e  m u s c l e  O u s s u e  a n d  f a t i g u e  2-1105 t o

s cc in.  e a r l ie r  a-s a r e s u l t  Of tn - a :nor-a ~5C un . t -em:e -r l tu r e - .

~~~~~~~~~ .. -.~~~~~~~ ~ 2— _ - -  -~-~~Ii ~~~~~ um-’um TT. --
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The discussion to this point has shown that basic physio-

log ical differences do exist be tween men and women whio~1 have

the poter .tial t -f  affecting physical :erformance and work

c an a c i t y .  There are also i mp o r t a n t  f a c t o r s  w h i c h  r e s u l t  in

a si gnificant v a r iab i l i t y  ci work capacity not -only between ,

but w i t h i n  th  sexes , as w e l l .

~~ e. At around ten ears of ag-a coys and g irls are gen—

-small ’1’ -so _ al in strength , 
2 ._ 

an d :rior to ~ub em t’,’ show no

nifi oa n t :Lf fe renc es in ma:.:i,’tal a-erc:ic n-over . - - A f t e r

si gn ific ano differences Se-g in t o  t- -c :ur  in o t a t -u r e , s t r e n g t n

an t  aerc : ls oowe r as de:ioteo in Cat-Ic , with ‘t~an :einc lam -s r

t o an  v -omen. , or .  a v er a :e , at any g iven :e- :centile , icr ‘tcst b-cd ’;

‘m easu remen t s .  O ren g th me -as h- a: its maximu m in m en in tn .e

m i s  t o  lan- a t w e n t i e s , remain : on e re ic r fi .-’e to c-s n ‘air-s an-h

gradually be -guns to :ecreas-a ct en incre asing rate.~~ -c a g -a

for’m,’ an av-a r a:e man ’ s :tren.::n w ill n-a coo ro x ima c -a l.’ of

his earli er m-a:<im-um , and at  a g - a  iii: ’ to S ix t y  ~t will c -acre-a-se

ar-o ur,: 31. “axi-naI str-sngtn is r-sa.:hed bv w-omo en in their

earl,’ twe -n .ti -es an d remains there c :r abou t ten :,‘ears also. The

d e c l i n e -  in strength for w omen  is ‘tore rap id h an  in men , a n d  
-

a: age i i i :, ’ to s i x t y  wc’ten will onl: be able to exert a:nroxi—

mat -e ly 52 ’ ci th eir earlier m a x i m a l  s t r e n g t h .  Isa g reement

exi s tS as -o the exact reason for this ce-d ine In strem:cn

w ith increasing agL . Ci’tonson1, in h i s  boo k E~ : ob:gy ci kcr~

Ca:acit-j an- -h Fatigue, attributes the :robabIe cause of o:nis t t -

30
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l s s  of active tissue in muscle and ’ t h e  c e n c r a l  n e r v o u s  s y s t e m . 35

.A stranh a n d  R odah l , ho wever , see ohis strength se-cr-ament as a

r e s u l t  f the ecr~ ase in t h e  circba:ory ca u_ ti cS ~f older

The declin e in strength does not pr -ooeeh at the same

m a c e  ( t h i s  h o lds  t r u e  f o r  b o t h  m en .  and w o m e n )  f o r  a l l  p a r t s  of

the  b o d y ,  w : t n  toe  h a n d s  and arms c e i n g  a f f e c t - a - h  I - a s s  by age

t h a n  t he  r ’un .k a n d  le ;s .

t a cu r ’ s .  o dv d im e n s i o n s  a n d  sc ac ’ure  c o r re l a t e  p o s i t i v e ly

( f o r  n c n — e : e s e  s-u b~~e - c c s )  w i t h  w o r k  : c : ao i c y  f o r  :ctr ,  m e n  a n d

. i t h 1n  s t a t u r e  m a n - .’ o ch e r  v cr u a : l e s  ~snt s r the

t . i o o -u r - a  t o  in c r e a s e  oh-s v e r : ab i l i t v  of s t a tu r e  c - z en  m o r e .

s ,, F - - r a e

fl ‘s%I’I I~ht .h I .- !g ’rl Ill. l.)..~~~l!( h -

\T , - -~~ ~~l li ’ 5 I) \ l ear s 
-
~~

2. 1 7 1 2 4  - l
2 4~~~ 1 1~ 4 1  1 2  17 .1
3 - ,  - — 1 ’ )  3 4  4

I- • - 1 4 ’  1 I ~lI )
i - I  2 4 2  ~ L I 7 4 1  -~

- : 40 4: - — 1 ..

7 1 2 1 -4 - 4 ’ I 1 r 7
p 4  2 1,1 .4) 1 1 _ ‘. 1 1

.,,~~~‘. 1 4  1 2 1  2 3  ‘ 4  I ’
- .  - 2 7 1  i U

• l t l  3 - 0 :  
- ‘

- . .; 2 “7 1 1 2 7 .. -

7 1 I - $ 1
. 4  ‘~- 3 U 2 I~ 3.i ~1 -‘ —

, -
- 2

.1 ‘ ,‘, 1 LI .1~s UI - I , ;  4 2 -4 - 
—

h ‘17 7 2 ~ ~:7 : 1  -~ I 1 1  21
IT ’  . -. 3 1 - , 

~~ ~i - 4  1 1 22 ~I
- - .~ ‘ 2 ‘ 149 lu ‘~4 I

4 .~ ri -, 1 ,3  2! ‘ .4 : -; 24 10
14 I~~ 0 -, 1 ‘~ 23 ‘4  - I  1 4 2-~ l i
“1 - .~ 7 1 I ‘1. .  21  7 2 17 11

~- -4 - - “  2 -3 :4..; 25 ~.3 U 1 $ 4  24
~~~ 4 1 -, ‘>4> 171 - ‘ .1 4 2 4 .~~l 17’

4> 1 - 4 4  ‘~~~ 1 1 ’  ‘h 25 > 1 2  2 4  .12
‘44— ~~ hO 1 1 h >  2’~ - 2  -‘ .7 1 4 ’  .7’>

2 4 ‘>1 14 ‘>1 1 4 41. 1’.
7 1--n ’  - > 1  2 2 1 7 2 4  - :  2 2 44 17

UIl 1 1.2 -~ I 14

Tht. u > I t  e~ al. l9~~)) .

~eight and -~
‘e i g h t ci ‘> -sn -and ~;m-a -’ ~t Ifferent A ges.

(Fr- cm : ep -a rtmen t of efen se , *:man :n.zine rin; Os i d e to
o u i ~ roent :esi gn. , ~c2ra w— hlll , hew ‘fork , 137 2 , p .  -~72)

Tab-a
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Obvious ly  age has an important effect on stature as al-

read y shown in- Table I, with actual decreases in stature occur-

ing as age increases. The difficulty encountered in deter—

mining the actual amount of stature decrement -due to age lies

in the problem of -cond ucting long itudinal studies over the same

sub jects for the extended periods re-Auired. Compounding this

even more :s the ~henomer~cm or _ncre ase-d stature on the ~opuia—

cio n (secular :hang-a ) from one generation to another. ro-ss

section-a l studies of military :e-rscr.nel fcc- over the p a s t  n - snore - -h

‘e ars ha-ic d -emo ns tra t -s -o this gradual increase in sic -a from one

o-so-s ra:io n to a n o t h e r , as have studies on the civ i lian o-ocbat ion .

A cross sectional soudo ’ of 1022 college ‘ten aged sixteen to

tw~cntv—ei ght from ‘~ev nglan-o , ::id d:-: a n d  Far - - e s t ern col leg es

in toe  y n i t e d  St a t -e s demonstrated an average dufferer,ce in

s:ao’ure aor-oss this age grou: of  one and a — e lf inches , an is
S ’  — . . —

snown ce-low u.n Fug-ure 3. - n a so— o l e:- a tu S .- cc

:-srsonnel comparing st a t ’u r e  of  : e r s o nn e l  _ n - :c l;ed on ,~c r ld

:: and tine- :—:crean conflict , similar resul t: were  :bte ine-d

ant are shown in. Fi gure 2 . The overall -re-n: from 1 —

is s n ow n in Fi g-ore 10 a n . d  is  t a - e n  i r o m  s t u d i e s  of . nited tat as

‘m i l i t a ry  p e r s o n n e l  in a l l  b r a n c h e s  of t h e  ser , ,, i c e .~~
0 The

s a s r e  ,n ‘ z~ re be-~~ve e~~~~~e _ ~~~, ~ar a n d

: ~as exp _
~‘e-~ as d~~e ma ocr_ c : o — s ~~o- ~h er e

one - ‘nite-d States coo ct -te d large :-u an ti ti -s s of imm u~ ran ts fro m

other oc-un trie : which tended to lower the overall mean stature .

This brings in another i-act-o r of variabilit y in s ta ture ,

that  of nationality. 2ecause of differences in climate , diet ,

‘4 , 
- 32
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and culture , e. g . sex roles , stat-ure varies from one nation-

ality to another .~~
1 xamrles of this variability in both

hei ght and weight are ~hcwn in Figure 11 for stat-ore , and

Fi gure 12 for  wei gh t .

j 
‘zJithin each na tionality , ethnic differences also exist

4-,
adding even more variability to differences in stature.

This is e sr e ci al l y  impor tant for the ?O;ulatlsn of the ‘Jnited

S t a t e :  because of its large cthnic variation . The range oi

variatio n. between bIa o .’z , whic e - , a n d  o r _ e n c a l  ‘ta le  s : ::ect s
fr’

us s n o w n  :r . : o g ’ u r - e  10 , an-s ccc - w o m e n  on. : o gu r e

The im~ ortan.ce -ci stressin g the :iffereno-e s in. stature

lies in Oh-a positive - -correlation. of s t a t u r e  to ,- c r’: oaracity

mentione d earlier. Se-cause of the extreme v:ri:cilici-a: of

stature b cweeo  nation a li ties , e c h o i c  gr o up : , ag-a crc-up s and

gene-ration :, ‘ari abilicie: in. wor~: can -a-cit-i will -occur as well.

3e-c a~~se of tIne secular ohang-e s in gen. era t ou—s , :hv.si:aI p- ar—

fo - oroance as we - Il can be -axt-a -oce : c:  increase - ircm one c-ste-ra-

t i o n  to an.c t .ne r. -

0 .7 tura~ :n.fl -ue -n ces. The - f o r ce s  scsi-c t ’ - exerts on o ne

p -a cn le within it , while - beyond the s-cope - o f thus :a:~::- . na-;e

an enormous impac t -on physical performance. Sv definin g sex

role: ant setting s t a n d a r d s  f-o r m a s c u l i n e  an.  f e m i n i n e -  5e:na’-- -

i c r , ‘many o::-u rtuniti e s for wom en and ; :- l n g  g i r l s  to  d e v e l o p  - 

-

t,neir ph10iual oapa:iiltie-s and work ca:acity ~o 
-unr-eali:-e -d .

-4here many 11’ ou n . c  boys ar-a encour aged to d e v e l o p -  t h e i r  n h y s  i-cal

car-a b ilities through partici p ation in sports and strenuous

acti vities , many y ou n g  girls are either :rchibited or isccura~ ed

I ’  

- 4
_________
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~
‘ . U. S .  HE~ ci v ~~Iia n s -, ‘iASA jstronat,its
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f r o m  d o i n g  so on the basis of m a in t a i n i n g  ‘ ap n r o p r i a t e ’

f eminine behavior. Althou gh this situation. ha: oInan.~ e-d drama—

cic all .’ in the - risc twenty years , ‘m~_ ch adtition al change - is

re-s-sired before -n e- ri a n d women ;-;ill have esual o p p o r t u n i t i e s

in this are-a .

Trai ning . Cm ainin. g h a s  an i mp o r t a n t  e f f e c t  on an Ln.-divl—

‘ 3 -w-:r-~ oa :acuoy, ::th ~n c-sr’mS of sI-:ill -en :ancemer,t an.t

-~~~ in.sre:sing :hvcicai fitne:s. Tr10nino i-n :n.;sicai fitnes s

cr i n . g s  a:: t man y b e n - a f i o u c ,  s :w.aoCes in .n . c r a m n . - s d :e-o : le .  The

of the - ch est is inor-s -a:-e d , the b :ea t in :  r a t - s  us

~ : :I~~~~~~~~~~~~~~~~~~~~~~~~~ 
Ii~~ : :~~ T:°j::

e f f i c i e n t ly , b l o c :  c a p i l a : - i c a c o o n  to t n . e -  mu g-cl-e s

o c c u rs , an: tn-s m u s c l e - s  t h s n c e l ; - s : : a n  i - o o c - - 5 s e  t r -s i r  contra:—

t il- ~ f c c - c e . :n t h e i r  st~~o ; ‘ .o’- : Term P h y s i c a l  Tr a inm n.: ff ct

in ie -oe nt ao~ Fe-:n10-s s ‘ I” c o n 0 . -anson. an: I-.illia’m

— - -~~~~~~ - ‘  _ -
~~~~ — _ - : - _. - — - -  —~~~ ~~~~~~~~~~~~~~~~~ ~~~— -  — ~~~~~~~~~~ ~~—

tn-sir  ::- :y - -s n. t r an . s : : rc  s - m a - s m :  :0cc n o t  :iffer no t : - a t  of

~~~~~~~~~~~~~ 
- _ - -

‘~ 
— —  — — - 4 ,~~~~: — i - —  z— — - -  -

c-a g e un -i c u > r e g u _ a r as t u ’ - u t l - u-c :stn. s-s x -e: . ‘ Thus us no t cc

car t::at d O ,  v-omen can be t i-a _ n. e -c to  b e - - : o m e  as strong a: all

cut the :erc— snt of  im :r-o -:-emcnt sh c- :ld 0-s r: . Inl e : : u v a —

- 
~~~~~~~~ 

—
~~~ ~~~~~~~~ 

~~~~~~~~~ : : :~~ -

of fit ness s - ub ~~e ct -s c t o  no - :  ~sme tna in. in : l oads.

The e xa ct t i - a m ino 1:10 imp osed on p e o p l e - t o  b r i n g  a b o ~~t

optim al results >a r ie s fr-on one :er-°oo to an c tne r ±e:en.din g

boo n. on ne-ir 55e- and beginn ing le- ,’eI ci ii t n s ~~. As

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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t r a i n i n g  or - gr e-s :e :  t he  t r a i n i n g  ~~ad must be inc reased , as

the- more physicall y fit a nec--son be comes the more it  will taI~e-

cc impro ve- upon tha t fitness.

:n. 13 7 5  the  ‘On c e -h  States Army oonduct -d a stud y of a

o~ a_ ca_ o ndma_o~~
_
~~g :ro;~’am o: oor i~~_o~~

_
~~; t ee’ oema__

soldiers , in ord er to he ce-c-mine if they -could successfully

a n d  f i r e  105 co-n and 150 corn h- :wma zer :. Th-s :ub~~e-ct:

we-re - m a m n . . ;  f -s- c oo atrnmn.i strac i- ;e- s-s o clerical fiel :: an-: ~ srti~

in. a n . r e e — w - -s -~ C :~~ s u : a O ,  c-o n : 1 0 iu n . io :  p r o  :r- soo c l o s e l y

c:-~e- r-~ :- ~u c -~ rs- - n O s  o f  f i r m : t n - a s - s  ~-sa:cn :  . The- tra in—

inc :-egan. w i t h  a:: :-e::m-sn ’ of c a-o h ~oI dier ’ s oezir.n in: s t a t e

of fitnes s , an.: initial lo10: wer e icrose: aoc c:-:un :1y. The-

mrimar ’ :  c a r 1 0 n; : s o :’_ :c- - e v e - r o i g - e  -was : -:;un,g .

Lo g on a :niJe-o’:ul w-s_ g lnn n:como -e c:ns10t- : : of sua ta , f o r e —

— - —— — —~~~~ - . - —— — — -  — - - , ~~~~~ — 

:-en:h :r-s:s , lag :re-:s , :iou:s on oh-s ino lin-s cc-arc ens

-e :-:t e o - a _ : n S .  ~ e - r f o n o - o n - oe ~ao r c ni c :re - c en : I : : : :  i n c r e a s e :  on.

an  i n d : ; i o u a l b a s i s  ev e r ’ -  O w :  d a y s .  °t n - -s ens :: t I n e -  thr e e— -

- - ~~~~~~~ 
~s ’ - . ‘~ -~~‘-‘-r- ~ 

- ‘-  -

-
- ~n’-~ s_ ma ~ ._ d :e e:_ -~

m a inta in One stren g th and ‘end-uron -o c n-e :e-s:csrv for the firing

of t h e  106 n.m and 105 -on -vito-er: . The- :c-o:rinal

rat-c of fire us four ro ~n:: p-er r un -u t- s f cc - toe- first t:-r-s e

and  o n e n  -one r o u n d  c-e r m 2 n . : t e  t : ne -r a f t e - c -  f o r  a oe r io :

n-ct t o e- xc e - :  5 mi : ; ma-~ s f - o r

’ 

t oe 105 howitzer , en d t - sn. r:un-o ;

:.er ‘t iO u t - -  for the first tl n r-c s m i n u t e s , ol n e n three s nods -er

4 1

~~~—-- -- 
_ --I

~ ~~~~~

- 
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min ute thereafter f-or a period not to exceed 5 minutes for

the 105 corn h cwi,o:ec-. The crew size f-or the 1-2 5 corn howitzer

is four and six for the 155 mm howitzer.

The- amm unition for the 120 mm howitzer wei ghe d forty—five

rounds and for the- 155 mm howitzer nine -tv— five pounds . ach

r o u n d  had to be carried arrroximately ei ght to ten feet. The

won- -sn not onl .~ met th e- rat of fire- on b-cdt howitzers , but in

s-e’;’er:l instance - s actuall y exo-e -e c-e d uc . 5’; the con:lusi n of

toe z :n . d i t ic n i n ;  ns -o gram the women had e:-::erien-ce-d an av-e r~~:e-

m n . : r e a s - s  o f  1 0 5  in t h e  for -~aroo  l i f t  ~~f r o o i

a :10 increase in c S u a t S  (fr-c m 102 n o 110 round :). 1.- I in.oreaue

in. c u r l s  ( f r - o r .  22 to 110 rO u n o s )  a n d  a 010 i n .c r - s ase  in the  d e a d

lift (fr om SO t o  10 no u n . : :) .  The :omn. t mao- s cv tois study is

cln at a v-elI  s :ouo t ’ur-s -c c o n d i t i o n i n g  rr ::c-am , cl os el y c10l :r-a-d

to i n. :i -- i d .al :araoil icie : w ut o r e r i o o u c  increase: in, tn- a

t o - a_ non: 10a : bas e - : on :n:u -;uo-ua: , -erfo :’-’ an :e , c an aohi-s ’ ;e

s..g nif i:a nc res-aits -e :-e n in a relatis - ’10’.’ short 0 wee-~S) p e r i o d

l-~-~nstrua1 2 - o l e .  -~n- :ther in :cro ant 1.01 u-sn:-e on w:r~ car a—

con’ .’ u.s the m e n s t r- ua _ c c10 . A c n o - .:- o’.vc note-: p:; - coo _ og u s t s

c l a i m. cc h-ar-s c i sc  ov e r - s d .  a ov c l - e  in ‘n’s n h a r m : :s - - : h o l o z i o a l

effect: , t h ey  n a v e  not as ret :u:Iishe : an : s 10- :tantiv-e e v i d e n c e

a _ r n - o r - i n :  t h e i r  c l a i m s .

~ lm ost all w o m e n  cd ch ildbe arin g age are su10-e- cn 00  0 - 5 -5

re ou l s r  p n ’ i - s i ; l o z i :a ’_ o l n an g . s s on ’n-c I~’ -c : i-i h re :r-c -d - 0:ti’;e cy c 1 0.

Thus cy :1-s begins with ov - 0 l a t i o n  a n d ,  if ;r’e:nao-c v du e- : not

_ _ _ _  - ~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _
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ocour , en ds with .-nensor-:ad ion. The os-ole is of en br -o: -e-n down ,

f o r  o - o n v e -n i e n - e , i n t o  f o u r  :ha se s:  o r e - —  o - : u l a n ~~ry , o’.’-a l at -or ’,- ,

ore—menstru al ar.-d mero strual.~~

I d e a sur e m e n t s  of  51cc-c :r e s ss i re- , m e t i b o l i c  r a t e - , m u l s - e

rate , ternoerat ure , an.d weight have all be- e n fou n: to icr ; with

t h e  m e n s t ru a l  c o l e - , a n d  . a l t n u u g h t h e r e  is m u s h  d i s a g r e e m e n t

ov e r  t he -  d i r es t i c o  an :  : egr ee  o f  v a r i a n c e , i t  is a c r e - c -h  h a t ,

- - i-c g-ener10 , o n e - s e  :-oail - -nec: ma-s -n -e ons i n c r e a s e  d u n n: the - nc - c—
2’4

me-n : tru-± l rba:e and d.c so-ecu-c ce-lu :-; he n :-’nal 1ev-e l when m e n s c r u —

atoon c e - guns.

~ 1 . T h e  e f f e c t  v::O.on the m ’ e - : n o - .al o s ’ole -e :o -sr t : on oh -c a : i l it r

tO c eo - c - -- out ca:.: den-s nd .s uron the : - e - ; e n i t v  of  cn ~ t a s - - a n d

the e x t e n t  cc which extra - c f f : - o  can. b-c e :-:-- o - t e c cc offset

d e t r i m e n t a l  e f f e c t s . ” T h a t  is t o  s c : , a n-arson n-o n

at fu l . ca:a :it ’~~~ill be c o l e -  t o  -c -u t f o r — n  a l i t : le  mo re - e f f o r t

t o  o o m : e n s c t - s  f o r  an co er c e  - e f f e - c o s  of  tn-s m e n s t r u a l

;v h -s n w o r K i n g  a t  or  n - c u r  f u l l  ~a :co io ; :  . hi s cx c-a -e ffo no

000 cc a ;aula :l-s or in s~~ffio:-e nt cc

:n :u -;id ;cl differ -s n-r e :etw-s-an w : n s —c also rIe.’ a nart on

on~e - a f f e c t s  c - - f the m -sn :tr-ua l cycle ::th as to d e c r e e  of tn - s

. ‘~~~~ ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ . .~~~~~~ 
- - 

~~~~~~~~~~~~~ 
-;

in hi s bc-:-: . Th’;si:loc’’ of :- -
~~ so lar A c t iv i t y ,

m e n t i o n s  a s u d y  of Ill a t h l e t i c  v-cr c --s n :eo’ti :ioating in t rao ~<

en- : f i e ld e ;-snoo . This stud y f o u n d  -c-c d ’e cr - c -a : ’s  in  p e r f o r m a n c e -

of t i-ce w omen and a d-c:reas-: for tb-s remai n in g 100 ao

* some - time 10:-in: t h e i r  m - s n : c : -u 1 0  :v :1-c . ~~I-:-sr 3 -uoie: o n d i o c t e

t h a t  a r r r c x i m a o - 1 0y woma n. o ut  of  4 us ah - ,~ers el - : a f f e c t e d  to

~~
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a h i g h degr ~ee 5’.’ the oo~sn 3 O r I u d l c y c l e , i~~d 2 out of 3 women

e x p e r i e n c e  some d i s t ’u r b . a n o - s s of a less - sr :-sgree dma in; th eir

55
menstr’uau cyc es.

3 i om e c han i c a l  o n s i h e n a t i o n s .  :n. t h e  e a r l i e r  d i s c u s s i o n

concerning the use of the human s— celeccn as a syste-mo of levers

cow e r e d  cy m u s c l e s , I t  was m e n t i o n e - - :  t h a t  t h e  a m ou n t  of m u s c u l a r

force .e g- uire: Os overcom e- One c - e s i s n m a t  force and casuse des ired.

was de:-c n dent ma ohe len - - h  of the fo:-c e ar-c a: coos —- -5, - --

are-h n o  cn .e- 1e-n : th  of o n-s  r e s i s t a n c e  ar-’ . P-~f-erri n ; :co— to

t n - s  f : r o e  ac-n w a g  :-ro -vn as t he  : i st c n - c c  f r o m  oh - s

:
1 

e - 1 0 o w  ( f u l c r u m  of  o;:e I c - - c r )  t o  oh- c n o i n t  v n sre - ‘he f c c - c e  -was

-
~~ a p : l i e s  (v- -er-s th e c - e n  d o n s  f r o m  t n - a  muscle ac t  a s h - s . d .  t.: the-

c c— re ) - Th-s r - e s i s : a n c - c  man -va :  sb - o w n  t o  be oh’s d i s t a n c e -  f r - c - co

ne :o in t  o f  : : : 1 i : a t ic n  ~f — h e  r ’s : isn a~c O  f o r - s c t o  tb -c  e l b o w .

— — - — — -  — - — . - — — —  . 1 -  — - - , ~-4 — — > -  5- — - . - S — - . — - - -  __
~~~~

_
~~~~~ — - - -  — - - -  - — - 

s o-s e- a r e s i . s o a n -  f o r c e  L P ~~
) s oo n  a -i: -e - for-ce - co-n- 10A) a n d

a si ; - s n r - s s L : n c r s : -~ ama. ( y , .~) .- ; : -u l d u - ~ e x : r es : ’e s  ~ 0’ 
-

-

a n d  On e m - e o n a n i c c l  a :u  e n c a g e  w : u .  : be e- x r e u  : - s d  as ‘A

tn’s f o r c e  ar-n va: made - l o n g - s c , w i t h  toe

sam- c r e s i s t a n t  f o r c e  a n :  r — c s i u o a n . c e  cr-n , o n e - n  t o — s  m u s c u l a r

f o r c e  r e :u i : - -~ d t o  ov’ar: :co-s the r e - s i s t a n . t  f o r : e  w o u l d .  be 10ss .

o n - c sam-s n: ’sn . , if nh-s  c--c s i s - a n - c e arm v a :  n e d - c  l o n g e r .  w i th

no c - - c o g - s  in  t he  r e s i s t a n t  f o r c e  ~n. -d f o r c e  arcs , t b e  -n u . scu lan

f o r c e  n e s . i r - : d overcome the r e s i s t a n t  O c r u e  -.vculd  b e gr e a t e r .

W i t ~—, t h e  m e c h a n i c a l  a d v a n t a g e  d e f i n e - : e: t n - s  d i s t a n c e

fr -c m he - e 2 b o w (~~: i n - g  t i__ c cr-ri is  en e x e o s 1 0 e)  to t n -  :01.0 of

s n u s c l - s  e c t a c n m e n n  d i v i d e d  cy the d i s t a n c e -  fr-c -os the elSo ’..: t o

- __
- __7 _
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th hand (Doint of appl ication of th- ~ resostant force) , a

person with a short-sr forearm (with 1n -e dist ance from the

elbow to the coint of muscle attachment remainin g the same)

would hay-c a gr eat- e n -n ech an ical ad-.arsoag -e than a person w ith

a long r forearm . This becomes iosn - c rc c n c when. it is realized

chat ~P’ ~~~ , m e a n i n g  that less muscul ar force - is reguire-d to

o/cr-:ome a g i v e n  o’esostant force for h-s n-croon with the-

gr- scc-c r sn~e o n c n i c c l e : ; a n n a g - a .

~d c w e - v e - r ,  t n - c c - - a  is .‘ i rc -u a l ly  ::-o m O o r - n a t i o n  a a i l ab 1 0  in.

-
~~ one c u r r e n t  li~’ -cn a ur-e ao c c -  n-sw t he  m c - : h c n i s a l  a - d ; a n . t a g - e  : a ri - c s

P-a -o p 1—a o f  d i f f e r - a n t  stat or-c a n d  oe we-c n on-c s-s x -e s -

o a u s e  of  i t:  p o t e n t i a l  f o r  a s s -a_ s i n :  s t r e n ; t h  :a:~~o I l ic i es

an: one 10-: : r t a n - c c sf un. d- o-st an.- :ung how :hvsi :c :e~: differ —

-~n . s e - s  in .  :o c -e n :t n m I :h t  b-a a f f e c t - s d . 010: i s  c l e a n - I ; ’  a-c cc - - cc

r-e : ~urong :.rtncn soy :-- .

- 
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;:. OO~-~?.-~R.AT VE g TR E ~-r gTH D R N C S

:n discussing the degree to which men an-h wome n. differ

in strength an-h endurance , it mus t be remembered that t he re

are essentially two types of strength: dynamic and static.

ynami: strength is -usually measure -h as some form of endurance

such as running , lon g distance skiing, an-h swimming. In this

H ty:e-  0 0  c o t i v o O v  a c r g e -  S u r g e -  c c  str - ngtn as not  a.nv -ays c - c —

~‘uir e- :, b u t  a w e l l  d - a v e l o n d c a r d i o v a s c u l a r  sy s t em  is necessary

00 h e - l i - i c r  s u f f i c i e n t  a o s s u n c s  -of z l .c o s e  and -o :<yz -e n t o  th e

c o u s o l - c  c e l l s  and  to  re -rno - :’e c o n t a m i n a n t s .

i t c t Io c t c - e n . g o n  Is tb- s  a c i l it v  t o  - a x - a r t  t he  f o r c e s  r e —

r u i n e d  t o  o v - s c - o : c s -s a r e s i s tan t  f o r - c e - .  :t us  t h i s  s t a t i c

s t r e n g t h  -vn l :n . is r e - n -ea t -a -: over time whi oh comprise: d ’namio

l t r - a n : t n  is s i t ua t i o n a l  a n . :  c a n .  ‘i e :-y : v it h ln  an in.:.i-~i:-uaI

- - s  —~~~ - _ , — _ : .._ . _
—a - --- ,- ~~~~~~~~~~~~~~~~~~~~~~~~ ‘~ - -  a - -~~’ — - e  —- ~ -~-- — - -- — - - a

or a ; e in s o  cn a :  n — e n s - o n , a n d .  v h ’ s t n e r  t h e  n e c - s - o n is a b L e  to  -u - se

- - ~~~.-~~~ ‘ - — — -
_ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - — b - ’ • . .

of c h i~ ‘ w o u l d  c- s o f  two i : - h i v i d u a l s  w h o  v -are a b l e  cc e xer t  t h e

s a m e- ems _ n c  of  f o r c e -  on a S i m i l a r  o c 1 0 o t  ( b o t h  h a v e  e - :u a l  m u s —

c~~lcr  s t r - c n g t h ) , b u t  one  w e i g h s  10 p o u n d s  more  t h a n  t h e -  o t h e r .

The li gn t - s r o c r - s - o n wo ul d h a v e  an.  a d v a n t a g e  in  t e r f : c - m m n .~ c u l l  

w h e r e  not a: muc h .  w e i g n t  v-a s o be c o - c - e d .  The

h e av i e r  n e c - s o n  w o u l d .  have an a d ’ i a n c a g e  in w r e s t l i ng ,  a t z  of

-war or an t a s ~< s o-o h is :ushin.g w h e r e  h i s  - e x t r a  ve i g~n t c o u l d

be b r o u gn . t  to b ear  -on the  O a s i < . iome of the  more  t r a d i t i o n a l

— - .—~~ ~~~~~~ .- -------- --— ——.-— - -— —.-‘--~~~---_--. --—- — ---- - ---— — - —-- —-~ --— - — - -—  — ‘--—-S-- ------ —
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methods of strength measurement ~n d o-ssting for gr-:ucs of ceoole

such a: cush ma :, nu ll u n s  and ~~t ma: ma ; :.er :e m o r e  as an

indicator of a p e r s on ’ s 1 5_ L i y t o  coo -s n I : h-~r c-~ n weight than

as a bas is  f o r  c o m n a n i n g  m u s o ~~l~~o- s r ’en; n :-e ° ov-e .c n two d i f f e r - a n t

individual :.

In  r e v i e w i n g  t h e  I l t e r s o - o r e  on o h; :  cc1 et n e ng : :-  d i f f e r —

en-ce: betwe en men an: woroen , on-c u a r t i o la: articl e s t a n - h :

:— ~~~~ _a . e  c c —  m a e o  ~- -e~~_ - ..~ 

t’ure on the comp arati ve muscu l ar s t r e — z -  of me -n. en: -: o rne n ,

and wro te an. ac-ti ole which aPP-e -Cc -° O in t o - - c ~- a; i s s u e  o f .  
__________

icace,  an.d Th’; 10-- o n . n - s e n t a l  ‘ - s h i o i n e .  en d  -;as s u o : - e : - u - e n t . ’ c x —

:an.sded an.: ino u :ed. a: a ::c-.pleo-s s n . a : n -: --  10on - c - e n n i n :  nh -c same

:ub ~~~-ct ) in. th~c 
‘ coi o nc l A e :-on e c o :al ~n - d i :ao-c A:m u :i s tration ’ s

~~~~A 3 A) .  An chr o:ome tr ic s-u rce ~-o-o h, ‘ o - ume .~n.thr ::omenrv

coo - ecmaner-:.

- uth his stat-s-s oc~~e-oO i-~--e a : “ to  re - ;i-csv t~c.s s e l e c t e d  :t ~~d ies

-u : o :mpar ac_ -e stat :c an. 01-’n conuc mu sc_ -c stren:cn : a p a u :_ o t u e :

-
~~~~~~~ a— -h ..~cn e--’ ~~~

—
. 

- _ c~~~”- -~-’ — -—~~e- ~~ er -- s - -~s

n r e s e -n t s  d e -t au -a d s t a t u t~~cal  o n . o o r - o - a o u c n  o n  :oc-:crat: ;e m 3s—

c ular strength pcram-s t -s r-s of men and v o n e n  from a :nroxi-nat-el- :

-2 st a t ic  and dvn a mi :  strength n.easur coents . The results are

:resent-c d in octh t a b u l a r  a n d  ~r a : ni c  f u r m . - e le o t i o n s  fr-c rc

~a u b a c h ’ s st -oh ;: are mn. clud-s o he-re in Annen six A and i l l u s t r a t e

i~. granni -cal form the m e a n  ~ one standard :e-via tion -of men ’ s

an-h women ’: musc u lar s t r e n g t h  en s - e -  a v e r a g e  n - ’ s c - c ’ sn o a g e  of

-women.’: mus cular str eo g n. c as c-c oin-ar-c d to men ’s ave rage rnuscu .ar

stren g th. The a-u cnors and -jean of each s:~~:;.- are presented t o  the

side of t ine d.a~~e .
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As a surconar ;. of  t he  0-eta ~resent-e -b i-s A o e n d i x  A , P u g _ r e

15 also incl ude -s a calculation for tot a . ba-h ; strength. This

was determine-Id 5,’ sun -mm n. ; tine rise-an. er—centa ge of wo’soen ’ s

strength co mpare d t o  men ’s str ength f-c r -ca-o h stre-ngcn oanaoity

and di vid ing by oh-c n-~-nb cr of measureme-r .ts obser’ie-d . The

h o r iz o n t a l  b a r s  i n d i s a t - c  t h e -  r a n g - a s of  the  m e an .  n er - : e nr a g -a s

of women ’ s strength a.o oocs :are : to cs-s n ’ s stre ngth and the

~~~~~~
I
: i5 ’T

~~~~~~~1! ;~::o-I: :~~~~~I : 0 ~~~ ::T e-:~~~
To o- exemnl ’s . _ n c~~tal c - c-c -: strengtn , - -:0-sen ’ s -c-san t o t a l  bcd .

St r - s n . ; t n - .  m a L e S  fr om -of men ’: mean. t o t a l  coo;’ 3nc~sn .gth to

of men ’ s mean coccI h o dv s t r e n z t h , - v o t n  the  avera ge- mean

:ercen ta : -a of -women ’: tot al hod;.- strenoth e : a l  to  ap :r -o x io c : t - s I :

of one me an o c t a l  s-o h :: stren:th of ris e -n. Toe o t h e r  s ans  of

15 c an b- s inc-cc -nc -ct-s d in a so-tiler - s c o n e - c - .

The f a c t  that th  ar - s c - a g e  mean -total :~o d v  : t r e n : t h  of

-v :r c e n .  is  d ud1 to  o f  tb-c m a n  t o t a l  bod y sto - -cn s t ;n of  m e n

san be- misleading b’e -.:ause c-f the o r - c a : r a — :  of  r i s e - a n  : e r c- sn o c g - s

diffe rence: svni :h exist a - s r -c s :  on - - c sp e ot o - -ma of the -su:oulcr

s t r e n g t h  o c m n a r i s o r . s .  The measurensents of upPer extrecsit.

s t r e ng t h  in P i g u r e  15 :hs ’w a r a n g e  fr-s m 510 to ci men ’ s

u ::er  ~cx t r e r n i t ;  s t re n g th  with an ave-rage of 55. 10. :n. t h e

low e -n ax cr emiti e s the - ran.g-c was 5 ” S  to 510 -with a mean. of 71. 10

of m e n ’ s I ;-w r -sxt : -cr i s i o y  s t r e ng t h .  F’ or t r -u n~ s t r e ng t h  t h e

ran :es ar e  3~~ to 10 with a mean of 53 . S’c an-h for the d ,’namio

s t r e n g t h  m a : ~~r e r c e n o s  t h e  r a n g e  varied fr-crc 510 to ~~~ of  the

men ’ s with an a-ierag mean of -53 .510 The emphasis on Tigare 15

_ _ _ _  - —~~~~~~~~~~ 
~~~~~~~~ • ~~~~~~~~~~~~~~~~

- 
-
- -
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s h o u l d  be placed -on the range-s of the di i f-ere nue -s (55% — 1 0 % )

and not on t h e  a v e r a g e-  v a l u e s  if any m anlng ful i n t e rP r e t a t i o n

is to be- made.

:n. his se-arch of the literature , a-oba:h also found that

in at least half of the data on strength which vas reported the

f i f t h  p e r c e n t il e  value of strength measurements for men exceeded

t he -  n i n e t y — f  if on percentile - v a l u e  f or w o m e n .  Th i s  serves  as an

adde d recoin- -h-ar of the icoor crtan.ce of the ;arlabllioy in the
H
-
‘ - r a n g - c : -of t he  m e a su r e m e n t s  in . : t - sa -d of main.: the e ec-age values

Th -n acou c s t r e n g t h  d~maa in ~ a u u a :n ’ : : o u d ~: n e r t au n ’s - d  t o

c - a s i c  m a n u a l  h a n d l i n g  t c:-c sh  as l i f t i n g ,  l o s -oc r in g , p

mac :-u l l i ng  an d  svere n o t  n e c e ss a ni l , - o r i e c c m a  t o w a r d  the -  rn-sc-c

e ;- : trern e- a s p e c t  of - cn . : -u r an . c a  in  : - n a m i c  s t r e n g t h .

A o s  ~r :e of t h e  m o r e  extreme a s p - s - c t c - i  e n d u r a n c e  in. d v n am :o

stc’ e n g t n  c a n  be f o _ n s  in  sn orts 1 1 0 c c - a t o n e .  s : e -c ia l ’. ch a t  co- n-

c-sr-sing m ana tn on (10.1 -‘oole ) r-on - .nin s .

n. their arci~u1e ‘10:rce- oh anioa l - : m : a n i :o - o  of Yale- and

Tem,alc :istan :e- P~~nn. erc . ‘ b-; p .:. ‘: e- -_ :cn , :nistmn.e -
~~~. Ic-c- :-:.

a nd hancy . ?ike,~~ ~cIl from t h e  l i s m - s o n a n i c s  l a b - o r a t o r y

a t  Fenn ;sv -’ania t a t e  : n i- - e n : i t - ’ )  a c o m p a r i s o n  of coal -c a n . :

f e r n - a l e  w o r l d  r e c o r d s  ( a s  of l3 ’ )  v i e - I d :  t h e -  n o er e st i n g  i n f - o r —

:h s w ~ in- F i~~ur~

:n. P i g - o r e  1-3 , w h e r e  1 0c c -n .  he w orn-e n ’ s r e c o r d s  ar e  ex ~~c-ess-s o

To: ::Thcrs ct:r10uoe t:~: ~~s:::

5 :
- $  

— - — -

~~~.:: ~~~~~~~~~~~ . — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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nercentages in the 5-103 meter race and the marathon c-c- the

fact chat both of these events are r e l a t i v e ly  new t o  -w om e n ’ s

com~ etioi-o n and e xp r e s s  their expectations chat thi : ga~ will

soon be red -co e d .

- - M A L E  W O R L D  R E C O R D S
‘00 -
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RU~~~ING EVENT ( M E T E R S )

C mpar iso n ~n m ,~e ,ind em.i c -~~r ’d - CLOFd S - ) ‘~~

F’o’om : 1-sIson- .. ~ .2 . -a t a ’. , .  ‘?ima—: nani: sm :arison of
— ‘ 5  — - - - — — : — ~~~~~ —~~ -~~~- ,_ -_ - — - ‘  :., — — - - —..~~

_ —c C , ; ~~m~
_ 

~~~~~_ e 
~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ . , .

- :._ o~~.,,5— — 
‘ -  - -a::: :~~~~o n C _ s g o o 3 .. L 7 :u - s S ,  c -v  mar~ -— s e : - s m ;  ot

: esv _ : r - : , ‘ ,

- ~~0 -

:n. another oom :aniscn , tn - c a t n - o r :  : :u : u e :  10 of  the zest

A s n e r o c a n .  f e m a l e  r u n n e r : , I —  :s r c :o o -c b l e  a le  r u n n e r s , and 10

m a l e  r n n e r s  f r o m  ? en n :~ - lv  an .  a 10 a t e  lo v e r:  i t ” . The an ’r ’nronc—

m e t r i c  -- c c - i e b L c s  o f  h e i zn . , w e i g h c .  l e o  10n -g tb, l e g  l - cn g :b . /

ne i : h t  a n d .  :o n : e ra l  i n d e x  ( a  m e a s u r e  o f  c o d - ;  b u i l c  e s u a l  to

hei gh t  d i ’ i id - e  d b -v t h e  o o z e  r o o t  of w ’ a i : h t )  w e re d e t e r m i n e - - h .

T h - e l r  r e s u l t s  ar e  sb -own.  i n  Ti :  or -a 10. T ic -o r e  10 c o m p a r e s  the

s-arc -a m e - n ’ : an-u  —v -cm - sn ’ s b i s m - s : c a n i c e ,  p a r a m e t e r s  of s c ni :- c

51
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length , re10ti-.-’e stride l en g t h , s t r i d e  r a t e , tim e- of sic-snort ,

t i s e  - c - f  n o n - s up p o r t , tim c-i sunn ort/ scnide t ime , and naxiris-um

v e l o c i ty .  born eo ’ s sco res  are  a g a i n  r r e s e n t e - - d  a: a ~ e ro e n ta g e

of the me -n ’ s scores,

The pr -s-- c e - du n e s  u s e d  in g a t h e r i n g  this information w e r e  to

H ha-i c the su5~~e-cts c-un an maximum v elsoit , and cc tnnee or-a —

c e - t e r n - s i n e - c  n ace-h  ve lo c ic 1 0 :  ( o o ; e - r - i n z  -c c -a n g -of s:ee-d s iro n

osarach-o n. :-a-o e to srrint spec-c ) :-;en a ::-s -oifi e: :ust a n c e  c-n

- ---1 ,—‘ -~~~-- - - . 1 ; — —
- I 

—

:n- c:ne b-is --s e-sha nis al ooco:ani:-c-n. : shown in. P1c c-re 15 , ic

s an .  oe se-s n-. t n - a c  t he women -nose c-c f cc - their s - c - c c - t s r I-ma len :th

hr  f a s t e r  ~ t c - i d e  r a t e :  and lon:-o r r e l a t i v e  s t r i d e  1-e n . cch s- — —

The a-utncrs m a- -c n c t - ~ of  th  w o m e n ’ s - o i w n e r  t i — s  of non—

su::ort (fli:hc) an tb -s ~h-:c-tcr scri:-e race for th e

as an i n d i c a t i o n  of  a ~ on -sin. g c c t srn : i : n i f m a a nt l :  d i f f e r e n t

o n a n  t he  co - sn ’ s :a t n e rn - The v-omen ’ : m- sa n ,  —.a :< im~ -r :els-:its-

-—- - - 5 ’-’- 
o _ ~~ ~~~_ —

~~ - -  ~ 
__ -e _ ~ 

.- - e l o o i t v .  T he s e  f i n c c - : - g s  c a - n - c t be :-c n- -sr :li :e-d to c - cl: for

t : -  a g e n e r a l  : c : -u l a c i o - o  of men. mac  vc— ’en , b - u t do r e :r -a  c - a n t  on-c

:a:a cities of ni g nl c -— tra in- a : —se -- an: - -:sns n r u n n er - c  - 

— - - — ‘ - 5  — C - -  -
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an.: ever. sc -m assin g :c~a:t men
’ s record :. loo’~ing at the p est

s n - - o r - c s  c- -c o -or : :  on  t c - a o~ en. : fie 10 for .- -- -r- e- r-i:an — on  and  svs— ~en

on P r - a n . .-- 
~~~ . Yen-:e ’ s T’- e n - sv c lc - e dc - a or SDcrts,~~ one sees

th a t  in-. 1531 hc men ’s rco- o- r- : f o r  the  1 1 2  - ‘ a n d  b a g h ,  w o o  10.2

s e c o n d s  Th is  -was -a i u a10eb  by t:ne w c m en ’ s r ecord  f-o r t h e  c- a -nc -

-i
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eve-nt in 1103. The- current men ’ s re cor d for ~he 130 oar-b

d a s h  ( a s  of  105 . s-ihioh 1: the mccc  r e c e n t  s c o r e  w h i c h  a n -n - e a r s

in Y e -n b c ’ s b o o k )  10 3 . 2  s ec- c -nd : . loo i n;  a t  r e - s o c - - do f o r  th. e-

3 ~cund shot n-ut , the men ’s l? 3~ record of 5 5 f e et  a n - h  5 i n c h e s

vas  ne-ac-I; esua lled by the sv o n - se - n in II’S —~h-: n -u t  the shot

f e e t  and  u i n c h e s .  The men ’ s I I ’S  r e - o c r -b  f o r  t ni :  -e” -enc -was

5 3 feet -~~10 incnes. Ole eve -nt -;oon c -ne le-j :t :eer s b - st - we - en

men ’ s a-sos rc:l iohing a re - sc - r d. e .v c -’- --n -e , ucllin : it 10 :0-a

clsc .-s t n : - o - ~~. -~em-c tb-a 1347 re-coo- : for -s-fl- - — a: 10-’ f -a -c t I.E

:n sne- : , ~ osocn a - ; o -- -’ - n e a r _ v  toes on. _ o w O t n .  a c n n - - c - -v o o  - -

- o n — h .

Son -na of  t n e  r e a s o n s  g10-e-rc- 10 ; : r i o u o  a _ t n o r :  f o r  tha f a r t

that women. ac -- a n ;-.v -e~~~cIIin: an: 3_ r ; aas in. g :au t m’e n- ’ : n c r - f o r —

(_ ; ,
~~ ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ ,~~~~~~~~ _

— -  - - 5 ’ - — — -  - - -~~~~ - - = - -  ‘ - ‘ . 5’  5 ’ - ’  

:en e r a tio —  t cno th -a r~ end the inoreace: o ::ort :— ic :e s :or

vom -e n to p a r t i c i P a t e -  un der b e t t — r  c o a c h I n g  an.: im :ro’,- sd t r m a n i n g
- -

A — ~~~~~~~~~~~~~~~~~~ ~~~~~ ~~~~~~~~~~~~~
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:n -oon n-10sic-n, the ba si :hysiolog isa b ifferero-a c :vnich

occur bet-wean coma and women (such as carhioves -c -ular system ,

1-1 hemo g l o b i n  c o n t e n t  -of t h e  bI~~od , pc - Is - c c -a c e , h e a r t  s i z e , strob e

-‘o10rne , s-west race , -;ical canasity , ce-c--sb-i: cower , st ature ,

and weight) ond - o u b- t -sd.I. - pIe- : a major n-art in the differences

0-maw-sen one  s-axe -s in —voc -~r oanasitv , or hv:io e , performance and

en : - cr an : e  - los er i a : t : r s  s-o h as on -n oc - ’ :- u n i t i - e s t : : a r c i :ip - a ce

in  : o r - e n - u o u c  ao t i - ; 1 0i - e :,  s o c i a l  c u s t o m s  ( a n d  s a c-r i - a r -:) , e f f ec t :

of an -ma c - a -- : t h e  m e n s t r u a l  :v-o le  a l s o  i n f l u e n c e  t n m a e  diff -eren -ces.

:n ~o :eas d o : : :r t un it i - a : t o : a o’ n i ci : a c e  in.  s n o r t :  a n :  c - o h - s r

s o c - e n _ c - .: e o c r _ ; o c o e : , a n.: On -c re- : ma -s : c~~_ o u r a l  c u s t o m :  or  an

‘ e n l i o : c - t e n e - d ’  sc 10-e t- ’  t e n o  t o  l e s s e n  toe s ex  d i f f - e r a n s e s  w h i o n

lan - ;  : I f f - c r en . c - s : v o u c h  d o  -e - < i s c  - c e  an o r - ; a n . i z . a t i o n a l l ’

s i o n i f i o a — t  eu -cc: c - n I . - cc cs’.s u p p e r  I i n _ t  o i - . : m e - n ’ v-o r~.

c a : a c i o c - - . 1 0 _ c - i - sc sc - on as t:ne on-c ole- ~r’n - .- o - : n d  m a t e :  c o n c e r n i n g

tb-c o p e r a t i o n  of  t h e  110 tom a n :  L E E  mc- n o s v i t : - s r -c s h o w  coa t  t h e

c - n - n - e r  I c - m i t  c-f w o m e n ’ s son --mac t I is often either u s-r - :wn or

: o- o r l :  m a c e n - s o : : :, a n d  0:- a t c — o s :: I i m c - t s  f r e : - c - - a n t l v  n e e d  n o t

-c -;-e n c-a a : o r - c a : he - : . 10: a l o n e  e x o e ’ s d e d , g iv e n  a o r a t e - c - m a d - m a —

:5’e n::nz o: : o c - r e ’ . c - _r e n - e ns o n :  a s : o n d n n ” s o : a  o o n : o t : o n o n . :

T h i s  is n-c t m e a n t  to  im :1~’ , h o w e v e r ,  t h a t  a l l  c - o s  s h o u l d

cc on -en so w :m ~:n -w i t h  no : c n s i d c r a t i : n s  ;i ’ -ma to  s o n - s n o t -

r e : u i r - e m e n t ~~. 2 - c - m e  j o b s  -a x- c e - e d .  c:-s e- s o c - c n n - t I  c a p ab i l i t i e s  of

~

T

~

i ii~~~~~ —~~~~~~~~~~~~~~~~~ ,
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c-f man;- -n-er’.. The job c-f n iantc - ’,-msn in the Arm; and ~ac-ire

2cc-c: Is n-en-laps one- of the rn-c-sc n-hysica I y he-man-din g in oh-s

-

- 

world. :n. combat , th e iniantr’:coan must n-c- c onI; be ma le- t o

carry lea-:’; Ic-ads for xt nh-e d n-eri c-b: of time - in. a10 extremes

-c-i weather over inho:~~itc5Ie terrain , 5- c-c he must be can-cole-

of engagi n g in. combat (han..c—to-nand If ::ece:sarv ) with an

n.en -s’, - .vnc c - c often more re:te- : than. he. 10c onI: do e s h i :
-S t  - -

o w n  l I d -c  d — e : e n :  c - - s b u s  t o - c o n i n g ,  s t ren - : t n  , s n - c - nina , an: ci:—

c i :I in - s , c - _ c cn - .e ,ive: of  h i s  oom: ’a :e:  a5 - v - a l l .

( i r e - n .  t h e  sr - s a t  ; - a r _ m a i l i ’ n  o f  w-o -- -. -~n ’ u s t r e n m a -- p r e s e n t - c - :

0; la u b a o h , ssrn l l n . e - - o  w i t n  oh -s  f e - c t he f c c - n :  ( i n  ma l e a s t  E 2 ’ 5

of the -  d a t a  ne s t m a i - s d )  t n a t  tn-s 5 t h  p - a c - s e n - t i l e -  c l u e  o f  men ’ s

mare-n:’.- s-c o o- -es e :- :o ee - :e - -o  t n - s  3 S c h  : - e r c em t i l e  of - v s -n e - n ’ s s t re n m a h

- - - — - - — - - 

10cc  v :  o l d  b .c c l - c  cr 1-  i n a n : : ’ : : n - i o c - e .

- ~~~~~~~~~~~~ - -  — — — -~~~~~~~~~~ ,~~~~~ 
- 

be - o h o r - - : u m a . l y  n - a s - :  an 1 0 c- ’ oe :  s.c c -- ac sp e c i f i c  sor-cnmah

me -n t : c a n  be : - et e r o s in e - : a n :  n - m a n I c  a s : i on - a : a - o o o n - d i n ; I : .

The s t , : .  c - f  the 13 ~rrnv ~:n-se-n f i r m ; tb—a ar - i l l - sr - i  i € c e s

p c -tos s ma c - - c a go-c - - b case in. n - -c - i nc. b ith o c - c en;; tas ’e- cna:.;;sis

c- f t o e -  d c - o l e - s  c -—s: c - ir -e d in On er -ti ll -ar-.- fi el d , on-a m i g h t  c r c - o n —

- e t c - c - I :  : on : l c - o - a  o n - a t ,  s i n - c e t h e  s t u: ;  : - cm c n - s t r a t e - d  t h e  w o m a n ’

a b i l i t - .- t o  :-ma o -e - ssf lly Ic-: : ma d fire mae - - v—ca p - c - n c , wore - n :1:_Id

be- oll o ’ .-oed. o : enter this OCr e -ec - field in th mi li an-v - —bo’v -sver . 
- 

-

a :e-ta i l-a d task a n - a l - s i c -  of a c- tillsr -’nens ’ b - c - tie - s rni;n.t unc over

oo: n e r re-s c - in - -a te-nt : n-c t :irectl.- rel ated ma ac tua ll ; firin g the-

L A . ~~~~~~_ -
~~~~~~~~~~~

_ 
~~~~~~~~~~~~

-

~~~~
_

~~~~~~~~
- ~~~~~~~~~~~~~~~ -
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wean-on. Thr exaconle , t ask analysis mi ght fir.d that cr~ iI1erc---

men have to unload , carr’.’ so-h store- h a s - 5”: b o x e s  c - f  a m m u n i t i o n

a n d  m a c p lies , n-rovi d e Perimeter sec:urito-’ f or Jefen s-s -of the

-weapon: , b i g tr en c h e s , bc -L Id 5-c-n.e --er :, -and fill- sand bags c- :ad

in th e  f o r t i f i c a t i o n  of n - h e i r  g u n .  - em n l a s m a e n c :  - The -  ran--c: c-f

fire m ight greatly ex :-e--s-h the 3 co in -c -ce ce-rich -c-ver w h i c h  t he

:vccse-n. we r e  t e s t e d .  :n. ad d it ion , the re :uir-s --s-ent s for accurc :v

-‘ o f fir e coigot v-cr; we-Il exceed ona’ : - c o c a i n e - h  0 t:n e- von-se-n-

h_ ri ng toe test (of -ch ich the- st-u:; m a d-a no -:-s n .tIc-.~ -

sn - o r - c. c ne  c - m : c c c - t c n o - c  o f  c a s . \  anal sis cannot c-a c - -c r er-m acicc-f -

:n. :n.i: regard . o c h  a : : i t .sn s i  .-; s r e -  -e ’a :-s no b- a s-o n -c : ‘  nh -a

m i l o t a r - -  and  o l - : 1 0i :n  s - e o m a r , n oc so m rc -oh c c - p r e c l u d e

by smame n., ma c c c  ~c n s u c - - -s i—c - Icc - ion wh-r -s :c-ullii:a~~io n c

meet j o b  n —mac - i a --ma-a n t s ,

S t re- ; n  - d i f f e r - m a c -c: b-ma - -, - s-c -- t: s-axe - : ar-s si g nificant

both as to d e g r e e -  an d s o c - r e - . -- i n - h  .~~-n -c n ’ s n -- can t o n - e l  :ody

so re --ma -tn - .‘arc-’in : over mae b r: a d r e -ma e o f  f r - c - t o  ( 10 t o  o f

— = — -‘ — - - -~ 
- - — —

~ 
— —, - — ,-, — — — - - — — — - 

-
.

to v:.oon :0 : 3  cc - n: - m e n - a n :  v - o m e n  ::-.o c-s e_ma ’we o man-

ex:e :- a:) to p e r - do rm in order - to pr -c-close on e loss o f  v a luable

e ;_ i ;m-ant an: eve-n co-ore - .a10eole 10:-a:. 10rrie d an: incom nle t e

so10zi:n.~ or t n-I: pr-c-c10rn, rmahe d cc-’ nremamare: to :e-:- rn- f c c - r

an d irn -nirtmaI , vill c-nI ; r e - c o l t  in mae c r - c a t i o n  c- f n - cr - -c -ro b l-sm o .

won- and r -c :e .ar ch a l s o  ne-s dc -  to  b e  c - c -ne -  i n  t h e

are - a of s t r e n g t h  :e:tio;. ? - I t n c - o o -- . the r e - - c u l t s  of c l i n i ca l

:t u d i e s  - and  c oh l et i . :  events do pc -ov_ d.c scm-a m n - s i g -  0: co work

I-

—5

- 1

-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -~~~~~~~~~~— - -
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-c-s cscioy, th e- ’,’ c a n  i - . n~c- :vsv -:-u 5 o t L  n -u t -a f-c r -~~c - c v i n g  t h e  re~~- u i n e —

c o en t s  of t:se -work e n v i r o n - m e - n o .  To be m e a n i n g f u l , en - .- s t r e n g t h

c e - s t i n g  and  m e a s u r e -n - s e n t  m u s t  adle r - c a: c l c - s e l v  as p o s s i b l e  t o

~o5 r e g u i r e me t - i o s .  ThI ,’ t h e n  n - a n  j o b  r e g u i r em e n t s  m e s h  w i t h

n -h ;.’si:al an - h  m e n t a l  :u a l i fi c c t i on s  to  p r o d u c e  an .  effectiv e

worker , sol d ier , sailor , or ll ar i n e .
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