Chapter 2: Cellular Biomechanics Question 2.2

A) ‘_Enexaj usedl by cells per aﬂaj .
000 kead X 40% = (200 kel /dcy

Moles of ATP pov ol@j :
i

= 96 moles /Jp»j

Nd@"\t O'F ATp -

al mzes/a(@ X SoF a/mof&
= 4¥F2 g ot AP /day

by
~

b) Q%jole +time.
. |
> % % G3éa2 5 / c{aj

[
= 58 X 4&642_. 3/.’25!’(,%609)3

= 8% <

Solutions to problems from "Introductory Biomechanics" published by Cambridge University Press.
© C.R.Ethier and C.A.Simmons 2007
No reproduction of any part may take place without the written permission of Cambridge University Press



Chapter 2: Cellular Biomechanics Question 2.3-{
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Chapter 2: Cellular Biomechanics Question 2.3~
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Chapter 2: Cellular Biomechanics Question 2.3-3
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Chapter 2: Cellular Biomechanics Question 2.3~ ¢4
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Chapter 2: Cellular Biomechanics Question 2.3~4"
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Chapter 2: Cellular Biomechanics Question 2.4~
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Chapter 2: Cellular Biomechanics Question 2.4 -2
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Chapter 2: Cellular Biomechanics Question 2.5
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Chapter 2: Cellular Biomechanics Question 2.6-1
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Chapter 2: Cellular Biomechanics Question 2.6~2
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Chapter 2: Cellular Biomechanics Question 2.7
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Chapter 2: Cellular Biomechanics Question 2.8-1
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Chapter 2: Cellular Biomechanics Question 2.8-2

continued . . .
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Chapter 2: Cellular Biomechanics Question 2.9}
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Chapter 2: Cellular Biomechanics Question 2.9-- 2.
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Chapter 2: Cellular Biomechanics Question 2.10 -4
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Chapter 2: Cellular Biomechanics Question 2.10 =2
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Chapter 2: Cellular Biomechanics Question 2.11-}
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Chapter 2: Cellular Biomechanics Question 2.11-2.

continued.. . .
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Chapter 2: Cellular Biomechanics

Question 2.12-\

i 2
6*) F N 'T[,l ET g EI - ‘PQVL
cy L.L ~.> T 2
MT length (pm) El (Nm?)
7.5 1.5x10%
9 3x 10
10 38x10%
10.5 32x10°
18 55x 10
19 4 x 10
20 8 x 10~
22 10.1x 107
28 11 x 107
30.5 10.7 x 107%°
Avercge EZ =4 xiz>3 Nm>
Flexural rigidity vs. MT length
1.2E-22
iE-22 *
& 8E-23 -
g 6E-23 -
i 4E-23 R *
2E-23 +
0 ; :
0 10 20 40
Legnth (pm)
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Chapter 2: Cellular Biomechanics Question 2.12 — 2.
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Flaments have a dipmeer of ~ ¥ am (WL\VM the fext ) omd
Con- br modeled o8 o solid ccalar el , thon
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Chapter 2: Cellular Biomechanics Question 2.13 |
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Chapter 2: Cellular Biomechanics Question 2.13 -2

7SI tﬁ'im,l mma‘z of el sttfmss 15 fooPa ~ lokPa
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20 i JMETW ; aml ‘WQ@Y& lm\ﬁ"?r 78 FVjecteol OO
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conclude that the AFM obfers VBﬁSWlo()/ Rgh  spatto
vesoluffon, for the Wg&s b{:_ elastic?t] Mﬁfrm?[r
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Chapter 2: Cellular Biomechanics Question 2.14 ~

)
Aswyv(ma e actin Flowent Ts gjlindical wod

5.:@_: F __F
B EA  Brvy”

bseituting tha values qlven o tha fnb@/m , th stz
at pilch actin filoment Wil beok (ov 77@[0U s
0.004 .

b) Substitnting +he bieaking fovce and the yield SHEGA
o the actin Pllpmant nic ezaat?m 2.7
]

. 58300
Ea L 2

heve E, T T oﬂju../czm omdk Lo Ts Ny

See. Plﬁt belsio
c)
T question states that Bo=16 Fo o abternarid ,%ﬁ\%—-‘f’a'_
We @ fhuefor wite that the Mcemental - us
toms of e e o the wiovrbules TS

- 1526 Pb l'(-q'&

E.= V& 1o 4122
D the Wicrotubuies ave o the ode of buckling , &
& e cvitiond I'mc!:lzyg -Emrce (see c—zgmtim 238 ) s

thaeFore
(1S TEL | +4&
B> I LY Ti+nre
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Chapter 2: Celiular Biomechanics Question 2.14 -2

A) For small stait |, we cat neglect. the coutyi tion o'F €
ond using EL =.‘z,l.SPM~/wwE", the [swer bravol fov fha
nevemantal medulus TS thovetve

13
whue B, 5 @ Ajw/@w&’ omdh Lo 5 W /MWL‘ See F[b‘t belows.

e) see Fbsf, e low
) mma mogswemants fall wWithin s predicwd,
ﬂt ol ] ave closer 44 the (aoet
f@& lowey lammo\ nssumes e wmiowotbules  ave
on tb\mv of buckling | so e wmede| predictione
and exprtwartad obswv;%m fmj est. micwtubule buckli
7 b2 an T m; detorpimant, P ellular elasticlt ]
snever *d&\mwwfs ave ade -tav apot (> ordovs &F
?jmtw{z, for | a)ae,Ls ) [tis e eonclusions that
co he wade Do this, ama jstS oloe . Dscussion, owdl
Ciflg o‘P His medpk 7s qverl T Stamenavié a,M
sughlin. (2000 ) J Biemech Ezg, 22 239-43 amek
mg,wt yuuicact?ms’ loy Ztomen e |
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Chapter 2: Cellular Biomechanics

Question 2.14 -4
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Chapter 3: Hemodynamics Question 3.1

There ar actudly mye than 3 veasons They
%8 msenteck VUMGI/L(]] T ovder erf> aleomsina/

(’m?wtamce .

I Pisevilles Jaw  assumes that How s steady | wliich
s @U}o[emti wst the (ase. o the artaial side,
This has A substantlal elect o the  veledit
?vo-PEIP, anok )(Akt"l (;mlav/{) on the wall sheay stiess

W)P‘EI& |

> Poisenille’s law  asswnes Al JWQ[DM Honw ™ an
wmbintely long cvlindical tibe . Real arteries owe
"(Ztrzve&\ , cuvved ,bmm/heri cetc. Al of these
gpometiical eHects  THuence the How

3. Poseutlles laws assames ﬁaui tube walls . Tn act,
the artedes ave wot Vigld ! The FY@-SSWQ« O'P distensible
walls | tegeter Wit wnStesdiness causes vellections
at Jcmcﬂmss, It alse causes vessel walls 4o move.

4 Posewlles law assumes a Newtwilan $luid « b=
we have oliscussed ju the text, bood Ts T {uct
- Newtonlam  pcdn effects ave aewaﬂj Tw«‘;wwvxt

‘TVL _smadler wsse lS .
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Chapter 3: Hemodynamics Question 3.2

) | 3 )

\/: %‘(’[Y = ‘?S/WM,

= Y= 2 ¥ A

2 diameter of the smallest pve = S jun
b)

A =4ny” 4 2arL = 3o mlT -

V= YT+ L s8R -
s
@
L.

@2 Yar®+2mr L = (4l
@ v 2 4av> + syl = Boy

DG -130 ¢ 146 =0
Seive L) Ttevation, @

Y= 1 6S33 um = —fl0Y e, V= HECH
Soothe smalese pore dize v RBC (s
A= 2(1.6€)2 330

c)
@ NM—" hedcea) = e allsws ‘fl’(% KB Te 0&3’(’0\’“’\'
avd Lit  thwwgh smallor poves then T Tt weve

Sf/hwl ) (

* A blomcave ghape hos a loger sudace aea
then & 5yhe»dcwl shape o the "(wua vslume, , and
tan Borfwe allow Oy andk CO, o J*H'\MSQ, e Wf‘”}
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Chapter 3: Hemodynamics Question 3.3~1

We asgume  that. :

- the Plﬁt@ 6'4‘{) [ Wﬁmtev than the KBC thickmss (h>>w)
« RBCS ave Yi@’(d

» ths a&af between KRC ‘lmes” € N plFormn

We kuow Hom basic Comette flow Pl/t73163 that the

duar sess  aanss thw 84{) s pHem cmd gwm b} :
T =t ©

( Tb‘-(ﬁ s actpall ‘H'LQ gleffs/flt?c’*\ c‘{’\ /Mep{i)
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Now concider  sne ¢ [ F{m o Floid 341]9

| R <
 — a— gfj—;____i_,?mf
i~ - RN
quofwdj v H o= L
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bottom flﬁf@ ~ U, T Vel\qii?/“ g]@d’f&nﬁ acwes fin boxed
\fea’?m dbove gt Hhevetoe The:

V()
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wtT
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CEM TR ©

where /MP = Pfas.m u'isws"ifl;/

Solutions to problems from "Introductory Biomechanics" published by Cambridge University Press.
© C.R.Ethier and C.A.Simmons 2007
No reproduction of any part may take place without the written permission of Cambridge University Press.



Chapter 3: Hemodynamics

Question 3.3-2.
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Chapter 3: Hemodynamics Question 3.4

o
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Chapter 3: Hemodynamics Problem 3.5-1
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Chapter 3: Hemodynamics Problem 3.5 -2 -~
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T e end G'F gw&%mw
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Chapter 3: Hemodynamics Problem 3.5 - 3~
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Chapter 3: Hemodynamics

Problem 3.5

Total # of Pressure at start
vessels in of generation n

Length of
vessels in
generation n

Length from
aortic root to end
of generation n

h generation n {mmHgg) (cm) {cm)
G 1 100.0 32.000 32.00
3 8 g9.4 14.866 90.26
B 64 g8.7 6.722 117.11
2] 512 g7.7 3.081 129.37
12 4096 86.4 1.412 134,09
15 32768 94.7 0.647 137.56
18 262144 g92.6 0.287 138.74
21 20971562 89.8 0.138 130.28
24 16777216 86.1 0.062 130.53
27 134217728 81.4 0.029 139,65
160.0 e e 1E+09
: [J Pressure at start of
| O e - e 10000000
140.0 ,,D"’ e ) O /@ generation n (mmHg)
120.C ”(?f e 10000000
: 1000000 4 Length of vessels in
100.0 [}w@ Eﬂmﬂ ~~~~~~~ O 1Y 100000 generation n (cm)
80.0 /’ = . 10000 = G= tength from aortic root
60.0 =4 to end of genaration n
7 A\_ ~ 1000 (cm)
40.0 d e ead on right 160 ammcgirmme T (31 a1 #:f vessels in
- 00 B R e e e SN
0 5 10 15 20 25 30

“—Qfe,wa m%&fwfﬁ\d’ foht Vel lm,\(jﬁ’/ ﬁw
n/\-z. CMV’{_LC, ﬂfb(. ta n\-Q 2k 6f- ?wfaj‘ww N J)\/ra,..,

I TS SN

K=o v

ei‘D( )

= (6D, (g)'{?ﬂ

(5
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C
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Chapter 3: Hemodynamics Question 3.6

A) Let Vu = avémae Huid velocity T e N genration

o ln B . ApX
T = ‘U: = o whve  An = 4 28
g . ",
o o= LTI bt Loz 16 0n = 1E(2)"0
kY 2
Tl % SR
(2
WERS 3
b oy

St o= § Lfwia = 833 XS /S
D, = 2om =2 aolim

L{: :(69:»': Obg)“m
ok =i 19
, , Lo
KTas L 21{0.84) T sec

b) Total taastt ETW\SL
N o W
- 3 _ . 0.5
Tg»ﬁﬁ;“‘»“m?;‘;iu( )
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Chapter 3: Hemodynamics Question 3.7

&) o laminar Newtoilgn Hlow Tn o tube of wadivs B
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G- 2 vl
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O - Ry,
s x Y| = o3
' a “7 ey R _&i V ‘Q—,MV
h w > . Rl — K
b) Giew : A= 3eP= 3x0™ g'/aws:
V@SS@[ : Mewm UQJOJM] { MS) | Rﬁaffus (Cwn) - "0 ( oljl‘l(‘, /mv.)
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dbdoriinct| axtery V= (§ R= 04L& 4.0
femoal avter V=10 R=0.2 6. O
arteviole V=03 R=oong . 4
inferior Vorn avo| V=12 R=o0£ 2.k
<)

“fé:‘s gme. all He wall shear stress ave M(T
blooA” Flow

WW thi j(e[al dear stress (7€ Rc““R)
an be aﬂ>mxzmmteo\ as  Newtonlan.
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Chapter 3: Hemodynamics Question 3.8

Given = A= Fmn = XS P38 P=3.50s* % s
D R= 4 X3 m

= L(-L/mm L& - (&2 = 2L§SXIC§S.W‘~}(S

o <

l aRY R
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Chapter 3: Hemodynamics Question 3.9~1
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Chapter 3: Hemodynamics Question 3.9 — 2~

b) contimied.. . e an compute, K3 ugma gA@Jmftzc Foveulon
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Chapter 3: Hemodynamics Question 3.10
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Chapter 3: Hemodynamics Question 3.11-1
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Chapter 3: Hemodynamics Question 3.11-2.
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Chapter 3: Hemodynamics Question 3.11 -3
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Chapter 3: Hemodynamics Question 3.11-4
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Chapter 3: Hemodynamics Question 3.12
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Chapter 3: Hemodynamics Question 3.13
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Chapter 3: Hemodynamics Question 3.16
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Chapter 3: Hemodynamics Question 3.17~1
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Chapter 3: Hemodynamics Question 3.17—2-
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Chapter 3: Hemodynamics Question 3.18
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Chapter 3: Hemodynamics Question 3.19
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Chapter 3: Hemodynamics Question 3.20 -1
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Chapter 3: Hemodynamics Question 3.20~2
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Chapter 3: Hemodynamics
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Chapter 3: Hemodynamics Question 3.21-2
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Chapter 3: Hemodynamics Question 3.22~1
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Chapter 3: Hemodynamics Question 3.23-1
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Chapter 3: Hemodynamics Question 3.27-1
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Chapter 3: Hemodynamics Question 3.27-2
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Chapter 4: The Circulatory System Question 4.1 -1
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Chapter 4: The Circulatory System Question 4.1-2
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Chapter 4: The Circulatory System Question 4.2

) Gilven. C= J— ond U= ar*L whue L T an
elective '61«\3 ﬁw tha, WF!TGMC ovteries
Soce L doss vt honge. | I TpLde_,

L 22p, 24D . D& _
But £= 555 F5 wf—"s'flE’L *D% vE

. p= P L VP
/Mgo/ —~€-% , S°© C= =3

b) Given V=7Too cu®
Q= $000  cuwlfoiin
D= 00F  frwn the text
2 = § to 2000 Pa P toke Bz @xicTPa.

Zoocu®
D= = D& xo T o /P
T ($ust ) (o0

wa{o'& v [Pa.

fl

R=2- Wk op T the presuve diop aaoss the
575‘3&/""'“' cleenlation

Assune.  2p= 40~ [S mMHa

= FS vty X 01328 P2

%D mm?’fa,
= 10“ P
§ = ijo‘i’ PO\ — . —ﬁq\'— . ¥
- Q oo CM?/@VL 2 Co e

S RC = 0028 wil = L € sec,

Solutions to problems from "Introductory Biomechanics" published by Cambridge University Press.
© C.R.Ethier and C.A.Simmons 2007
No reproduction of any part may take place without the written permission of Cambridge University Press.



Chapter 4: The Circulatory System Question 4.3~1
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Chapter 4: The Circulatory System Question 4.4
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Chapter 4: The Circulatory System Question 4.5-2
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Chapter 4: The Circulatory System Question 4.10
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Chapter 4: The Circulatory System Question 4.12-1
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Chapter 4: The Circulatory System Question 4.12-2
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Chapter 4: The Circulatory System Question 4.13
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Chapter 4: The Circulatory System

Question 4.14
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Chapter 4: The Circulatory System Question 4.15-1
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Chapter 4: The Circulatory System Question 4.15-2
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Chapter 4: The Circulatory System
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¢r)
In  arteries

Nater  waves

d’?s&t/@m Aue to Fmsgm

Flow vate.

_ P
=75

2

=
1+ 2, /2,

¥ r— ’2-

- ———
“ w —

=2

tree surdace  elevation
How yate pev wilt breadth (Teeo :‘Faa&)

z= Lo Lo L

062 G‘J—é:-l:

!

=, ek Zd::]u__g_;l-;

!
:F
athu

= NI

LYY RN EYT

N 9ZMN Aoonstieom = ERES AL em) = LR crao

Solutions to problems from "Introductory Biomechanics" published by Cambridge University Press.
© C.R.Ethier and C.A.Simmons 2007
No reproduction of any part may take place without the written permission of Cambridge University Press.



Chapter 4: The Circulatory System Question 4.17 =1
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Chapter 4: The Circulatory System Question 4.17-2.
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Chapter 4: The Circulatory System Question 4.18

T C}W i C =, [V

ohowaberr 2. C=mMy/V
P> &yha

Heve we assume that simce viey tube 1 o & ]ay‘,‘e OrsS~Sectlmad ovea

-,

Hha w(}ﬁ\t ob\auaes T riser tube | are smadl .

()? = AW\—jH - AMLP (£>P ~ ST )
e . _ (Wf‘*WtL} »“. |
| - A“MLP( Bal'\l v PT)
whave we assume ideed solution  behaviour-, Heve

Ty s defined as posttive $ma Fronn. chowmbar | o 2

Note that the %ut& BMtPMm& chombey . 3035; mto Tha

iser tube | So that Q= 4, %@z—

i tfma.'m‘u
- A 'ﬂ"' A LP( \l o galfk
AM A&p[’»ﬁ / _ A wmlbp (-, )gg‘r
> v

%
oo de A, Ay w ]
v anol ps m wirtial condlition that hy=o at t=0 86\/&3 .

§Ju-¢'ﬂ Hits @
] 8 ,1 o (MM RT WW] )R { [ l Mg ) N[‘\WQ = t
- AV 23V Ao] (Anlp€g)

Heve we have Aedected the diution of the solute fn ciomber 2 cudd
the cowcenvation” st Solut TA chamber | wltch T acceptable T
the \‘:I/o'lmmse, ot solvemt otfos.s?vua the Mbmbrang, s smadl M’\N\Fﬁ\ved\
te V.

Solutions to problems from "Introductory Biomechanics" published by Cambridge University Press
© C.R.Ethier and C.A.Simmons 2007
No reproduction of any part may take place without the written permission of Cambridge University Press



Chapter 4: The Circulatory System Question 4.19~]
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Chapter 4: The Circulatory System Question 4.19-2
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Chapter 4: The Circulatory System Question 4.20~1
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Chapter 4: The Circulatory System Question 4.20-2
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Chapter 4: The Circulatory System Question 4.21~1
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Chapter 4: The Circulatory System Question 4.21~-2.
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Chapter 4: The Circulatory System Question 4.22~1
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Chapter 4: The Circulatory System Question 4.22~2
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Chapter 4: The Circulatory System Question 4.22 -3
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Chapter 4: The Circulatory System Question 4.23
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Chapter 4: The Circulatory System Question 4.24
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Chapter 5: The Interstitium Question 5.1
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Question 6.1

Chapter 6: Ocular Biomechanics
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Chapter 6: Ocular Biomechanics Question 6.2
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Chapter 6: Ocular Biomechanics Question 6.3
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Chapter 6: Ocular Biomechanics
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Chapter 6: Ocular Biomechanics ' Question 6.4 - 2.~
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Chapter 7: Respiratory Biomechanics Question 7.1~ t
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Chapter 7: Respiratory Biomechanics Question 7.1-2.
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Chapter 7: Respiratory Biomechanics Question 7.2~1
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Chapter 7: Respiratory Biomechanics

Question 7.2—2.
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Chapter 7: Respiratory Biomechanics Question 7.3
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Chapter 7: Respiratory Biomechanics Question 7.3~2
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Chapter 7: Respiratory Biomechanics

Question 7.4~
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Chapter 7: Respiratory Biomechanics

Question 7.4 -2
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Chapter 7: Respiratory Biomechanics Question 7.5
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Chapter 7: Respiratory Biomechanics Question 7.6
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Chapter 7: Respiratory Biomechanics Question 7.7-1
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Chapter 7: Respiratory Biomechanics Question 7.7-

b) Gven Cg(x‘:a)':«o . Culx=e)= ¢
Snee Cot Cg =Const 634%:(&?
t-j; C’a :‘Cg — Cb
€ et o . .OQC«-—,.,..L Y
S The vesult T part o) besomes -3—5%’ = LM(.ZC&: G, )
Solve. tha obiffpentiol QEMA"'C?G‘/L'

L d26-6) 1 o
S o (2G.~C5)

Lefar
Cb 2_ - CO x
'a: (26~ ) . L
26, -~ Ci" 2X
NNET.
i s L e

To vedue Cp to 06GS | we neel
XS
0\6”'5{“(2'{‘ e:"'/'—chaV)

= - 2X
n0 2 Lo

Solutions to problems from "Introductory Biomechanics" published by Cambridge University Press.
© C.R.Ethier and C.A.Simmons 2007
No reproduction of any part may take place without the written permission of Cambridge University Press.



Chapter 7: Respiratory Biomechanics Question 7.8~
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Chapter 7: Respiratory Biomechanics Question 7.8~
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Chapter 7: Respiratory Biomechanics Question 7.9~|
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Chapter 7: Respiratory Biomechanics Question 7.9~ 2
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Chapter 7: Respiratory Biomechanics Question 7.10~|
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Chapter 7: Respiratory Biomechanics Question 7.10-2>-
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Chapter 7: Respiratory Biomechanics Problem 7.11 «—{ —
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Chapter 7: Respiratory Biomechanics Problem 7.11 — 2.~
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Chapter 7: Respiratory Biomechanics Question 7.12

Py, Wm (%.6) (F4),(F0), GFl12) , we- kuow

- . ' "L/Lahw
Cot = Cin = Cuu-Cin) (1 © )

whwe C = €O conentration

L = fwgm of C‘allo"flf{a?'
= =
L()lwvf UQO D

Define mass tonster resstance K= -—‘g- > L =UR, K.

v T th text ,

Dy = hF2X16% cuse Ro=dxis¥om

2 essae = Qéni‘-w U= olom/s
N = 1 X107 O4 L= ¢oxictom
Dy,.= OF X% on?/s,

ot

_ OEXICTom. o
Rissue™ gomatas, = 31> Slom
ey 4
: (X0 O .
= Resau * Rea™ 313 ot oFobenss 1e£.99 S/om,

Giswatveny

S By nmed flssw

| L &O X5 o ‘
/ - = G - . e
Cont = Cin = (Cars=Cin ) [! @KF( O lemis - G s -3‘139/%) I

= (/aiu "CTA

Eov seavred, tisSUE

we™ Can® ( Cay = Can ) [ 1 - exp(~ o210 e |
Count ™ Cin alv . F OLEW3°4Xfo‘qOM*f¢£'ﬁTS/m)}

= 03&'(60@ ““‘C;,L)

o there TS G2 wduction due to scor tiEsue.
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Chapter 7: Respiratory Biomechanics Question 7.13

n) To get i WAl s, sy of Breaths, e shasld exdmmae, aS much. Yernon
@S Fossi e with each breath |, i€, &cha € thL movdimum, V@Mt?{atd\y volume
] vesidual voluwms (RV )= booml

let vl capacty (VC) =4Foo ml.
volumg ot deadl s\mce,(\fb) —(COmL

R ATV Trte ium!}S = \V ol "‘"\fb = 43mp - 180 =4650 ml
C

[St Lreweké Xe wto ! mixes with RV of aiv
WVK&M:;@WX?W&, % Xe lwgg, <

Yo = _G6Sbml
e = i, = O

4 beath * Ko Tato lungs mixes with RV of 7% Xe
-7. Xe = (’/::\@465-"05»"” +(Ox"H)(l>DDML)
° (200 mbl + 4D ml

= O\q‘ﬁ.
2¥A .
3 breath. o te = (.0 )(46sb ) +0:98H {1200 ) |
e 200 + 4650 = 0.1
4™ byeath :

of v.. = (1.0} (468D ) + 049( (J200) A
o AE (555 + 465m = 04999

b) W Ao Volume (TV ) = Loo ml-
Aveolar iy woluwmsy, (Vg ) =TV~ \, =350 ml > Al wte [wgs

1%t breaght TV of [00% aJc wiixes with, RV (J200mL) + BRV(Dodul)
_ 0498Q4oomL)
et 20 < B W bewh : Hre=0m B QT

200 A
2 Qw(_:oﬂ‘f&[--ggg%%; = e
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Chapter 7: Respiratory Biomechanics Question 7.14

Ater g fist breath , Ha W{Dwfiﬂm s as lishd Tn
Table F-2  last coltmin

Theve ave 9 Weaths left «

N, - wdwgeek , —> 33\ ml

Os : all UtSEoLuF N O wmi

2357

o =4Sl

CO, = aadded b iaremwva, —3 4] + 9%

> totad volung &P d37 A 25385 mL

Watev 75 added -
volume water _ pavilal preswe Wakey

Volumg. ,ltj Jy_sz.g - Wl fYBSSm’Q 0{7655&5

\‘ . \/H;—O - 4’7’ wnH /(’T
SRS ( o -4F )\:ﬂm‘*{g

:"'...,) \JH)O: ?}8‘ 3_ ML.

JTotal volupe. = 62773 mL

. i (€4 . _
-...,\. GO)’ (’A’W\Cebd}wm n%""‘ = ﬁ)". 2' %
621D

Solutions to problems from "Introductory Biomechanics" published by Cambridge University Press.
© C.R.Ethier and C.A.Simmons 2007
No reproduction of any part may take place without the written permission of Cambridge University Press.



Chapter 7: Respiratory Biomechanics Question 7.15 -1

&) ’T’veaﬂw?f aly OS an Tdeal ﬁas, .

fV _ Bw
T, T

W Q) A‘WL‘O(W £, =238 mmHa To= 233KV, = loooml
& RBTP V. = Fbo WP% T, = 3ok

R Ta 235wy 3lok

mem———
——

= [ L = lklmL
PL 'ﬂ %o mmHa 2?3\( oo M Sg

‘\'\ 2.

Tis 7= s fidal volume at BTP with 20.8% Oy
2 30 ML Oy

Can ov\f)r nse 3% of His Oy =D 219 wl usablk Ob

Regﬂvemmt & 28¢ mLOy/mwin
258G wk G foin

* paed
218 mLOx Moveptta

[N

~ (2 breaths /uin

b) Ticdal wlume Fato luwtas = XK\ ml at BTP
N‘lfn

fl

(6.79€ ) (351 L ) =2F6.0 ml
[0.20F)(BSh 1) = FR3owmL
(O, = (ooool) (3811) = 614 mb
(ooog ) (RSN ) = Ly ml

A
y
f

ung
©
;i
{f

Eor Volumis owt t
Nop = Nopo = 2760 L

Qhgne. = DL&—D;E&A f:F_%o 2l g)ml = ELlwmb
(s = €O, +CB | = Oleml + 3 —-—L—? il = (Fwl

I3 bmat&s/mm
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Chapter 7: Respiratory Biomechanics Question 7.15—2-

Volume of 037 o = 260+ SML+ [HE)ml = 304 F mi

H,0 Ll

= . ml = 22 4
ot (3o~ ity A 22 Fml

o Total Voo = 346Fml < 22 F ml = %9 4wl
Tor Lompsitlons [ at BTP covdTtims ) -
. 2360 - o
N, wa IS A%

v _Shl - 360
= 3T %

B YA
Con* gy 4.3

O b 2R = 6.2%
H.0 _1567# 6.2

Solutions to problems from "Introductory Biomechanics" published by Cambridge University Press.
© C.R.Ethier and C.A.Simmons 2007
No reproduction of any part may take place without the written permission of Cambridge University Press.



Chapter 7: Respiratory Biomechanics Question 7.16

Fist do alueolar o , for whidh TV (tidatl volune) = 330 mL
@FP&C&U&!}: )

Nete = (Volume ob gws = prrtial pesit 1y
W, 6o W\MHa

Gas Partial Pressure |y, 7y Vou(mL) | Compositionou

(IIlITng) n out cu
N2 594 297 297 75.3%
O 156 78 53.4 13.5%
CO, 0.3 0.15 19.8 5.0%
H,O 9.7 4.85 24 .4 6.2%

Note: Mo owe = Vdrj "

L (297 + 34 +19.F )l -

Pdv 7

Note ¢ Oy vemoved, wa beath = 2985/ = 246 wmL
DV, g T (FE-2%6)mL = €38 imL

(O added

pr Vreagh = 235712 = (9.6mL

P\, = DUSHG6)ml = 118wl

i
I et ZI

( ?be‘fi-?)wa

Note: Tstal Uz, =z TV=3Foml “Total Voue = IGEE ml

Now do the s v Awisime Jbut o €0, o Oy ofwvge‘

Gas Parzglﬁfiggs)s ure Vin (ml) Vour Gnil) Compositiongw
N, 594 117.2 117.2 74.2%

0, 156 - 30.8 30.8 19.5%
CO, 0.3 0.06 0.06 ~0%
H,O 9.7 1.91 9.76 6.2%

v Tatal Vs, =[SO ml

j Total Vm = {€F G ml
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Chapter 7: Respiratory Biomechanics

Question 7.17

Assume. -

= Tedal volume T = SOO mL

— O mSquﬂM = 258 ml - /aim. @ BTP
= (D prduceion = 22T mb [wiin. @ BTP
- Bmh‘ma yate =12 pind

Molar fraction in

Gas ambient air Volume;, (mL) Volumegy (mL
N> 75.85% 379.25 379.25
0, 20.11% 100.55 76.9
CO; 0.04% 0.2 19.1
H,O 4.00% 20.0 31.3
Total 500.0
Colculotions *

Volum&. = (Sooml ) x molav Praction

N,

ot

=N
2t

O, = (loo.&8 - 2P4/1n )ml =F6. D ml
Swt

(= (00X + 227 /12 Yml = 14 | mal

v,

.0

Yo

4—:(‘:#\“4!'{?\,

wa~—

Vdvaﬁ (3928 +F6.9+19.0)

LmL B (Fbo —&F) :mm!—!ﬁ

DV, =33 mb

Dibternce T HiO volume. out-in = (31.3-20.0)wml = s mL

RT

2V w,

_{latm) (113> X167, )

-

( &.05x167% -———-—é;‘;;‘:‘ )(3lok)

= folxts” ) / breath

NW""‘W O,P L)W"\S’ - }\ J»Qﬁ ?]

Jol Xw%g»/bm

- 22 [6). Breaths
ath
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Chapter 7: Respiratory Biomechanics Question 7.18

oy &msuml)ﬁm vate ot BT P
= (2084 ~ (S84 Y Ml fpygupn, X 25 breath fuin

= [2€0 ML/MIA

. 2 -
Convort to STP mlt?lafj b)’ “‘5‘2’ (*tem[:wmm yatio )
A ONIF/ )\ sume?cm e at STP
= 1280 Mlfmin X 12 = (O MUfuin

O, f%a(ucﬁm vate ot BTP
= (2.3~ 04 ) mLfooath X 2§ Weath foitn

= 922§ ml/fain

S (o ?malmct?m ate at <TP
3
= Q22 € Mbfuiin X ?;,"D = F12 mb/uin
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Chapter 7: Respiratory Biomechanics Question 7.19

Molar Partial Volume (uL) Molar
Gas fraction pressure fraction out
(mmHg) In Out
N, 78.62% 597 117.93 117.93 74.66%
31.26-5.28 = 0
0, 20.84% 159 31.26 75.98 16.45%
Co, 0.04% 0.3 0.06 0'06*'4'222”8: 2.71%
H,0O 0.50% 3.7 0.75 9.77 6.19%
Total 100.00% 760 150 157.96 100.00%

Notex
Tedal volwme = 160 ul

O, wwmr’am at STP

- 1 he | win - = L/
4$.C mlfry X o X773 veesth GES L foeath

2 Q. coswwption vate ot BTP

= 448 L fovesth X - 2o

ey = S2d pl/brestm

Fom the text, thx (0, production. /Oy consumption. VAo T ‘:jz

N -leucﬁm vate at RTP
22+ ‘
= Q‘).S./ML/WGMI\ X ES a4.22 /ML/Breaﬁ\

Tha @({5(@{ oly), 843 volume = [4§.(9 //LL ( talculated fiom the tble above )

o gxigwed water Volum
- ? = 93 L
= [Af(q pl x - a AR
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Chapter 7: Respiratory Biomechanics Question 7.20

) call '\fc%t voluwe. of 2y added €o | ["’* Yoot

Acsuring  congtaut. presswre. ol twrwawv@,,w I <
2 mv‘? Coy, Ts ']vwrwflml o Nuwhd¥ ot mols o @_
= €O, Volums adplegd to a lung TS Fm‘rfxﬂma{ to the bloodk

WPusZuvm to that lu,?, m&

TV= ‘{:?olﬂ,t Voluting

Mass balance 37”@3 TVxCe=Voy, * Voo J g =exprlled G
K melav Gaction[% )
NV, o, = Ve, =Bl ml}(3.8%) DV, s £3mL

Voo, = [26mL
Now, TV=ochad space + U +V  and V=6V,
oy Soml= lowl +VL+ [6U,
DV = 46wl and Vg= 2335wl

%o & 3ml ;
i - 72 y - B ot - <
o lett Mé{ [&)"IL' Vv, | awe w3 %

[

\ .
vt fang 2 [£0] = —De | 126wl
J W% d ]Q e o aRPw $37%

b)

blood. PQ«V{:WSIU‘(\L vatlo IS for 2 luugs
tidal vslumg W‘"& “6
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Chapter 8: Muscles and Movement

Question 8.2

AR

n;*';;# .é
., ;

s g Sy

P A "_t"‘l

b e
";‘

‘" 9

Py
‘oD
°A¢Jl'

oo O
h ~,‘

L3

X
¢

In 4 = 280 ant X 260 wnn , e ave

4O mMmyosSHA

Haments | ¥ call £ e foce grrensted by ony, filawront

4OF

{280 % zo“ﬁ“am)"

=20 N/

o F: (%N/cw)(zgoxio'?m)z’- ;—,;%

= 3 13x|o’° N
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Chapter 8: Muscles and Movement Question 8.3 —}

Tenston ~ length hooan be Fit b] T=c(4-4)
whewe Lo s 6€% of Liax,

Max fension occws at K=om = Lgz = 2T 30m = ET e
L. :O*Ggl.mﬁ?aﬁﬂ:m

3 C = [ '06 f'{jms/ CimE

(ism o = MSIEXIST dymslal

Pressue—stiess  Yelation for a thin—wallegh o7l?wdw :
h 7s wall thickness and Hhe masde tengion, T,
s ﬂ@mmte& i the © !/uaoP" Arvaction,

Sops .’.%- = -%— c(l-Lo)= fé—c (21)(k-%,)

;Fn =2Th

. Ko
S leﬁllﬂt’.(‘-“—&“) o
- ; ‘ 11 . - Vo
\/':-TUQ H Oy P\.:‘ "-F.{,VT‘I* . TL\M(Q:EWQ, ‘—’!—z——"u 7" }QH,QA

F: A.TL.L\C:({""J =*¥;"

V= TR H = TL[(0693) | io = 119.€ ond
Vo = WigH= TL~37(0 = 202, F ond

o = [ 21N 0F) (1S ) [ (= i%}%x

= 2333%I5° djmsf@v@"
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Chapter 8: Muscles and Movement Question 8.3-2,

contlmedl . |

23X b PR

¢
IR (-] R

p (Aps/om® )

d
§
!
s
¥
i
’
3
1

19,8 ) 187

volume (ml.)

P dsedxis” (1= %]
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Chapter 8: Muscles and Movement Question 8.4

Since the muscle fliows He 3 elemene muoole]

- Kt Kot

Givon : 7,22 S Nsfm , T/[T.=08§ , T=ooss

Kot , _
- ———— | - T -

p b PR/ -
S solwe for Lk , ko= ~m‘f\‘ - b«("“l?) = (00, €9 Nim

?mtﬁnz A 517r7 . sevies with the muscle 0&&1;}\8[25 £ha
5‘%& ovstant , k| of the syt |

k = kai +k,, =z [oo.§9 + 200 =200.£9 [‘\}M
whove k' = Srf costant. P @ muscle G above

ko = STY"W‘& censtant ot thy simmg, .

A —kt /o, ¢ 005N ) (0038
LGN - e s

Sy tession s 9% P thy maimunan,
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Chapter 8: Muscles and Movement Question 8.5~

v oS A*x
—3{—( L.Z_F 3
'%— Moo, T= T+ 1% + kxR | X = tongth of wnstretdhed sping
A"t’ mst(%%:o ) TO:O) :
Mg =T= k@.(”xo“ 5? )
g Nt - .l.\:t_%
LN )( = xo kg

When musde. contiacts
T=To + L5 4 k(X %)+ Mg

a)

o Ma ~T=~[T+ 0[,% + !c._,(x—xa)] = M%
i A}X j_Z“ 0‘b< _!S, N ‘ - _l
RN ‘;{E’L v T M (x Xo) = (¥ @

Tnitial Conditions:
X-Xo= O at. =0 ®

ﬁ%{x-){o):o at t=0 S
Suive For G0 -

XK= - [1+ae o™ |

: .
whave Y= “m‘(‘ + -y | e - o (==

Ci, C ave constants
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Chapter 8: Muscles and Movement Question 8.5 -2

&Y cenbinved . - .
A{’fl7 witia dswohttms

@ D AV XN O

— Xy Y,
¢ Ch = ' PR S
> L Yo -\ , Co v
3t vt
! " —_ ‘T; Yi € -n [
b) Gitwem >
'Iﬁfgl\‘ M= k&
i(o = ng(M OZ,, = iDD NS/M

o ;ooms/m[’| o ([ = Al ) )‘/AJ - 072 <
2(H k&) L1060 Nsfm Y=

L= -$28s"
Ak t=C=0s
X = Yo

-G 13(0 ) » -t ;}2—(0‘ {J
1&N [[ SR e —(~5.285")¢ 1

" Soolfn (~$. 287 ) = (- %R F2s™ J “

= "'“2—6&»«-

the moss mwves u,i; 126 cun ot tha end of covtvaction
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Chapter 8: Muscles and Movement Question 8.6

for box | ;- = |-t B 430

- kol = Y2 C ) 7,
For box 2t -—;r# - € Lo tz </

i

Assume 'Mo{urmo’wt action | dwing the contractim
st both musclas, we  have " W

- i 4 o Ty — - "
?-t = f:_';:T:, D - ekﬂt/&(‘b - lcb(t /2..(" )/10 'FW t‘:} C/?_—

A t=C i Top= T {2-E9F NPT

hove | hc:ﬁ[a . badera)(oks) 2

A djmss/m)

Joo T (40{7M)(l“é>_“ (';G ) = S.“l"?-'{l—-,a(]m
T=4(1- €)= 3469 dyw

T, =4(- €) = 2.629 dym
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Chapter 8: Muscles and Movement Question 8.7

Since Tt s Totonic , T 7s fied . A Hee l:wf)‘ alZajmm
dwews Hhat ﬁf\& t T wnder costant tensisn | heice

™S | @Maﬁm ol@BS ./wt d«a:ﬁt L~Lo will Huetor br_. deterined,
17 b)r the a[ﬂskfot fovce 8enerd‘tm

(atl %= L-Ls | Than

fe o tC . T“"”Zbdx‘: T
%, = (e }t + const.

T
A't t=¢ ,X=e O enst =0

T ~ T )t

LY
o

©Lslet (TRt e Lol

e t=c, % =Ll*(*T—‘7Z"'*E)C-

~\

At tzc , ,‘jbi‘. T .,‘,,x,..-—o-zw-—t+amst,

-
Slace ‘XI‘:"L{ at t=¢ ) enst = |“ "'92""{'“" -

;rs Y.*L. = %—L(t-C)
&7,

Jalild witt] X(=0  ov mtil ¢ = - -
L

te. tx ¢+ (B)c :-,:l.q’—~"Tl

| T,
S dor cet g B
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Chapter 8: Muscles and Movement Question 8.8

F/ o F/

N

F

Cwss - sectimal alea W&hcular to munsclh -7 bers

per WAl J“f’th"

Ax Leosst
Force  orateo ﬁlﬂv\a mwsele fires por uAlt Aeftk:
Fx o (Rowset)
Balan o‘-?na the dovces 7 b, Arvectlont
F= 2F giact

O F2 2Pl gk tosot
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Chapter 8: Muscles and Movement | Question 8.9

Frovw Question &, we kuow the fone gavwmteﬁ pev it witdleh

-

s , \
F= >0 gt coset Lo me {)ar't?m ot the muscle

éﬁU% M
£ = 2087002
L= Sem
ol = 28°
W = Width of muscle = | am

O The total fore ae«mtea{ ™ one muscle poctipn TS,

EwW = > sinatse - W

= 2 (20N/a ) Som) (Stn287ees28Y (i owr)

= 66 N

For two éMSdE wits Foimufg,\ ) +he totod fovee Ts the
sun ot the two -

~Totol Fovee = 2 - F66N = (E32 N
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Chapter 8: Muscles and Movement Question 8.10 =1

*)
2 .
From the -text , e know F(:f: TF'“ [eguattm yaG )

megmd‘m we ko Pz PhoL>
; cp.de o2 =
2 t:-urg,_kp:mh k{lkzL

S accelevation s g

AR
) ‘“}’o‘; sixae& will be ?Wi?b‘rﬁmc?\

I N
Mmoo kP T ke kL
4+
WL
|

MO (LA, UQ_[nc'Eé/x/ o“P #ocrt.

S
k%\%/}{mg{& _P’{”@ :_[r\é@

\ Vmu&ﬁe V-Eeur,

h
i Vewe = \J-P%t =7 VV‘“*SCI s

L\ .
¢ Voo anf%ut,/\’( ) wascle /\’(T) L = \/WKNL(%L)

<) If acelention s widsm ,

- h oy o
st= 0 - ot L) 0 m(%) L
“ L(2/h)

whve const. 7S the same fov il Sfaza(,js gmce € Zavslves

anly ki, ks, ky ok

> . .
5 Abtlw,% “ (-ﬂ/ll )awma& J - ( é) _;f_/f_l-_ ) - étfé
Slamad Laﬂrwm(d!e. (2M) novee (>

Solutions to problems from "Introductory Biomechanics" published by Cambridge University Press.
© C.R.Ethier and C.A.Simmons 2007
No reproduction of any part may take place without the written permission of Cambridge University Press.



Chapter 8: Muscles and Movement Question 8.10 2~

d)
This seewms oo big . T o takes @ amadillo | seeondh
to accelevate to tci; sfeeci , Tt Takes & hovee {1
m?nutesj ud'r((d/\ s tod fam%s

Resible pre bloms
=k, ks, ks + pot the some For bwh speces
s ol by s i o Lt ok
ditter betwoun, Species
- Y&aieetS tox. mnded o yomte {5235
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Chapter 8: Muscles and Movement Question 8.11

=

Ty

< Lore3lom N

Lu(am) - Lplem) feshla?) T(N) O

I Bieps 31 8 2.3 246 45§
2 Bm(j?al?s 1c 5 (3.0 260 . 0°
3 Badhiormadialis , 8 2.4 2.9 £y 13.9°
4 EcCrL 3 25 3.4 32 S 6°

Nete ,
- T=(pesA)-F  F20N/e

- To ‘Fmot @'3 B
\"f FEmld Lo U= 0 ALY - 210 con 120°

LH 2. t?v\v‘ (9 : .
Ly _ L > B =5iA ! w..:.'f_ sinl2o” )
TN O\ Snb  Smbe L

Mbmmt MQ“\.CQ, M‘Dﬂh‘t ‘H/% dbbb\) :
Ns;l’\éov LT&T - (Tgin@llﬁ +T"§Vt93-1"9:, t T;gwsLFs B nﬁw@@LFa ) =0

b = (4O EARD)(3)+(260 YSintD)(E)+EE NSBT ) 04) H(FZJESE)S)
- ($n65)(31)

oW SN ¥ N:NS’%

-
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Chapter 8: Muscles and Movement Question 8.12

Moment. balance About Pﬁ;"“t B:

Fﬁ&n@ - Tr

£h s

J. T= -

b) Gew: ST =gA 2t
. o gty LTS (g
o $T= AT L = A 2 e
Abtor the prson 53.4/%\13 a !rttire, fivthar | o moment balavce abont
Fomt B 6)‘(U€§g

e ST PR Sm{G+50 )
- - |
='—>-E‘-’-Q~§1@--+ ._,_i“@:: N[gm&@/@ +aos@§/} {ov smal) §8

ﬁz,ﬁi . S’@ [ Sin + 89650 — Sin6 ]

« - LDP
N _,AYlaos@
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Chapter 8: Muscles and Movement Question 8.13

Assuniing wo extensbility qpavtellav Tendon | the laﬁfln of’
P mutse algt;wwlg lvgady o © Sﬁd'&mll)l

L"" Lo= Y(@"'Qo)
whae Y= distance fom. € 4o P, Lo and &, ove constats.
O W radions

Given = Lo=30 o By =4s®= /4

From Fiaw& ?"'Q—, Neater than. o eanal to K% ot maxime
Botordic tetanic tonsion will ocdive T the musds |
[53 rwaW] . the mnae ot
OASlo £ L £ L2 Lo
Fr the lover end of fhae ra»ﬁe:
L~Ls= ~028l, = ~FScm =Y (0~0,)
Us?mzf reloom , &= TW/4 ﬁm
O-0,= -0.FS vad = -43°
2. 02aLt-43%= 07
For the uppr endl o tha mvae:
L-Lle= 0 2lo=bcm 1}’(_(9“@9 )
O, 0-0, = 0.6vad = 3k4 v
o0 0248+ 34 40 7940

1. 2% ¢ Os 7940
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Chapter 9: Skeletal Biomechanics Question 9.1-1

( , the dollasing paameters  can be Aetevmined:

From F?ﬁwﬁ a-3
, Trabecular Bone Trabecular Bone
Cortical Bone (p = 0.9 g/em’) (p =03 g/em’)
Yield Strength 165 35 5
(MPa)
Ultimate Strength 180 60 5
(MPa)
Yield Strain (m/m) 0.01 0.03 0.04
(m/m)
Elastic Modulus 16.5 1.2 0.125
(MPa)
Anelastic Modulus N/A 120 0
(GPa)
Strain Energy 3.4 10.3 1.05
Density (J/cm3)
Note *
- -3
_ SamSy o35 = 123 Mfa

- Eaﬂelastic " &, - 57 0235 0.0%
~F<5v ke clor bowe i E:—, 0.9 ?[/OM}

- Twwe ave sevova mathods could be used o ahowiimate, &
the strdin erugy density from the Jorph . Gowally U={gJde
v}

Fov esctical bone , basedh o\ aven O‘F +riongle fu tha elastic
Yeglon Fluﬁ; AVeN 04: tmrﬂ.zo"zol for ths Pfasttc vajim x

€
0 | Lre
Uc‘ojﬂ‘alé X< 7‘57""’2_(37*5&)(5%”%)

U = S {168 MY (0.01) 2 (165 MEAH 180 MEx) (0,050,011 )

=36MPa =34 J/aed
Sl s , Fo fm\ozw\lar b )'d/\l <thzlin ng COA a(SD
b ‘“W“’"?Wt@\ loj ths. aveo, U\Vlo(@ﬂr ths T—E. cuvrve
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Chapter 9: Skeletal Biomechanics Question 9.1~2.

csatimed - . .

O For trabeenler bme Wit P=04 ?I/Ovv?f
Oe fx,fl:é)éj—r i(’su+57)(&»g) )
=3 (§§MP&)(O@$) ”{’51:[,60 EMF@.*BS’M&L)(OL:LSSZOLD% )
= 0.3 Ml = (0.3 3/

{or trbeculolr bon Wit P03 8 [

1 !
Ur 5 €y s (545) (& )
- —%_(gMPa\) (0.o¢) ,{.'% (SMP&LJCS—MP“) [o\>3~olo¢)
= oS MPa = oS Tl

Thoo strin. enrgy donsity at ailwe s much greater o
durse  tubecnlor” boae o v eovrtial bons_ . This TmFlw,s
that the tiabecwlar bonke can. absvb o giguidicany! @@ate‘f
amount ot @V\WG befoe. (€ fals than ean cortical b
Fucthor e y & o qwen level O’P M g\bstt?m ; tabeculor
b will gene a lower ka foer o Thws |, tizbearlon-
b, actS” Tn o monnwr Switlav to PALEL’% Foame T Hat
t abcorbz e fro Tmpacts

Locs of trabecplod- b Arusits , 0SS occwrs in ostsaolpovos'tg )
Yeolmc*as the eNu’a\ that Cam{&. Absovhed Fv‘(w to failue .
Tha wsult s & h@kw visk. of failwe
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Chapter 9: Skeletal Biomechanics Question 9.2
Trabecular bong mechanico evties care be aﬁ:mﬂmted
(st eagmt?m G.4) and (9.5):

VL% * = Kk ) *
E § 9y . e
< olg) o = aelw)
ES (e; ys 5
* _ .

whve E*,- Ea ) G_y* ave +he aﬁm\@m{; _fmia@\ft!@ﬁ ]

Es, (s, Gs ave the poperties of the tlssue marrx Ttsdf
Co, C2 are gonstomts

2

Asuwiing, Hookes laws 7s. Yedid. fov tlabecular borg up to
'jqelol imn

L 0’}*= E%Ei; whae %; s the agparent j’ietcl stiain.

eI . Z: G
j .E'— ES ’t

Since s ond Eo owe tissue matrix ;Fmimﬂe,s, ﬁwj an
Yo treated as constants .

Thorefoe | éj* = const  omgl W

L wt@‘l:’ ﬂﬂ’a vont. dens’it/,
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Chapter 9: Skeletal Biomechanics Question 9.3

2 e
) 6*2 "S5 A i, - Vstnas o ] - ( t )'2‘
()S ms/\étmts Viwse ‘Q.& ﬂ
b) for o beau with rectowe cress-section , thae moment. &P

mertic T = i/ia bW whae b ond have the width,

ongl hezj‘nt,!@s tely v g < ONSS~SEction
( fe®) guare /
b=hzt , anc thoetxe | T oc ¢

¢ - i
) Faﬁtoa O-*ﬂ OC%% ‘

sbstinding T Lt¢ amd careging giies

*® ¢ opFa
PENTS

Es
E. and Oys ave oonstants (based on f{/Q]bfb?@VﬁﬁS ot crtionl
bord) , SO substituting sng -fov ansther to ot eguatim
d.&) smply Gb\mwaes constant ot pyo?artf(smhé\/‘
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Chapter 9: Skeletal Biomechanics Question 9.4-1

A AW
1288 N o |

DAL — TR
IR =3:!"}~5sz%,6£§“‘1‘1¢@?5: %"g‘;h‘““ﬂd ?:6!\% W=2oQN
7 l T ’I\zas’\w ' /l\ /j\ J/
el o
RF.X . ""é’r ® Fovearm . E e, oi:« ) ],.....__
o ? : i ¢
N , E
Lo /-1 N
_— i ! |
Banal?r% N ; i i i E
Moment” t . | : |
t |
b
t
' !

/‘_‘7’8?311\)@\'\
%

' N T2\ Newa
i o ,
o [ | ! ! i )
E }l foveavm ; ! homgd L PDS‘trm‘X (om}
5 12 ! iC St 6| ‘
‘ ngwe 28

.'Tl'\f,‘ ot stress due to the lawxo(":&a moment , Mix), and
Compressive Tterna] Fice S B Ts 81«%« &/
X)

Mx)Y Al PT:
a0y) = —=4 (eg'n & A7)
(‘ }) Iz N A 6

Frem FT?]M’ F25  we buww M8om)=2333 Nom
| Feldom) = Tix + Ty = jRF;(
with Tadle &1 and Fiawe §24 , Ty andk Ty an be calalotd:

Tr = T, €50, ::(‘K) [ $u®, ) =50 = 2382 N - ot(F6°) = £F4N

Tox = To s, = (1;7 [Sn0,) 630, = 223> N et (63) = RSN
From the text, we kwes ORFx = 3043 N

O FlBom) = 94N+ UBEN ~ 343N = ~ 264 N
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Chapter 9: Skeletal Biomechanics Question 9.4~2

asV\’tTmLeei. ..
Alse e the text

To=00FF omlt

A= LIS can®

D= (o D K= 0T s

Azsume the 0.0\ mn dutect TS under maximum tensile.
stress (that T, on e top surface of e bow ) .

N j = Ot enwl

_ 2323Nom o 264N
- M(E &:k) DJ??‘OML(' ‘O\}W\ | 1S o>

= ot | Njom® = 9.8 xic” Pa .
whare we hove acconnted. 1o the 4@’% vdueton T the wasde stress
dun to tha, compressive axiol fcd, Ex

. the ma LYUtLdQ’ of the W(WWL tnsily stress P oo awssy
Foswn, tha ellbow < ?eg"d

Now, whon Kpax = ke -[ﬁst bactwe will occur .
lets toke the laver boand of ke value to be the Kiax ,
. km_x:::?_h:)-. MN /M3/2..

12
$ Koy > T [T = 22 MN/iRT= whave = Crads Tengih

2
J‘P&ufst Hacture

O (QeENSE PR ) (A =2 2 %168 N /wdl>

S = od8FNC M
af

l al~

C ()™ Tﬁ',m/?’ [~ vAfa

ke czguat?m Goo Ng=

[~
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Chapter 9: Skeletal Biomechanics Question 9.4-3

condtinned -~
- ARerive
a’[m m=2.5 C = 2.5K8C m{MN /> ) , dy= 00t mm

/

jnd AT = T~ 0 = O¥KioT i = 90.8 MPa

. 2 Wy .
I (O\f??x'no 3) ~ (0.0l X’!é%) I/4¢
2.5x167%-(90.8 )M-‘ s s

S Np=

~4s
Jy The %%ject . ittt 45 tmes keloe bow factures

This Ts l?lcdy to be an (mdevestimate of thy actual
b of ’l?@tsj becavse. NG Tgueve the wigro stiuctuve
ot ths bony ond tha csteons gwl w'l"('aﬁem' fibves .
'Tﬂw,y all limit cradk pre Fﬁaat}'m*
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Chapter 9: Skeletal Biomechanics Question 9.5

T & —» ¢

E,

The Sfr?na eanstant omd a{aw\rﬁna coetticlents 7a the wmedel m
F?gwe 2-38 are Yeplced with the M@spmdx“va waterial constants |,
e Younas meduli B B, @ Pfﬁce of Hw 51%46 constant Ko |
ki, and Viseesity A T Place ot fha agam?;?ma wetticient 7, .

Let Q= <SS =i led [ Go=sStress in tha upper k?f ; Ty =Stiess tn the ;ww,j%,
£ ° st ot the entie wudel
€0 = tidim. oT e eostic element wWith Towae Medulus B,
€, = Stidin ot thL elastic element with Tougs moduies, &

€, = St of the Vistostic elemont

\."\ 6:8’1 am—é?{ 6:'(4:—@”{- E}A‘ = ézég'ké’u

NE, kusw Q;:Eba ‘—?O:?:goéo ;0‘150 ggz/,té;

R T
&‘g, 6;_#“'{- >

E. M

But I, =Jd-q; = G-E¢g = T~ E¢€

£y i > a i .
g2 —(d B¢ (T E,¢
E‘;,(q‘ Eg )+/M(0“ EE)

-

Aftor veaging

_ - — . £,y -
G"“'“ﬁ"“"”*ﬁ“%(‘*%:)&
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Chapter 9: Skeletal Biomechanics Question 9.6

The mternod Piction will be an octrame. wher thy st
devvative of S with tespect to o Ts @gml £
Zevo . The exFWsSTGV'\- + tans s

¢ _ W(-T)
Tand = 7 T

Reml(?wa the Wm wle Lo Jilfeontiotion, we get

A (tan$) = (BB T%) - X )00t T
; (t+ w2z
= [%‘t& )+ (/\_)"'(7&»’2;)(%’[&) mlw*:.[,%*?—:g )(,qu(;)
( { + wl’(;_fca )ap

- (Tcr =T ) - (WO~ e )L’Z}T&)
(i+ W )>

= (G- (- W)
(L+ w7, )™

Sctt7w8 _O_L(mﬂg) =0 , We qet that the Wtemal Fection Ts
oo 5 =2

a_ wmaimum. when W= (7,
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Chapter 9: Skeletal Biomechanics Question 9.7
The standardh ooy model exhibits wremad Friction (and
thevetor | hjstevesTS) over o Yather warrows ange ot f\reguemciag,
which & fmessistent wWith the exeiimental evblence . To mprove
the model to accomt fur mSNSIETViL) ot mternal M +o
Cequency , we woulol need to add “adolitional elements £}
model T or altewnatzud] adld eqonentlal tems to the wring
equativn (Te., Yelation or erep esporse ) whae the time
constonts for. ecch expentlal term. differ, Tn. doing so ,
the Tmfmuw\ meded waorld have an mtermal Anmpin F%k
that was éST‘(eaoQ, ont” (See %’tgwe bedows ) amol UnE-AS sersitie

to %Veﬁwamcy ;

Net Y%Fonse

Hjstem:{is
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Chapter 10: Terrestrial Locomotion Question 10.1~1

> L yue [ Fepgar
W) Fron the toct | Vpyige iaﬂc{_ﬁﬁ w\},mwa\
witht \(@Sf(tCt to the PI attorm | The total v@ioc'?'é.) (s

stt VP ?usifla“?f The, elevetion of thy centre h Ts

L T
k (Vort Vpusnate )™ _ [ Vo {29 (Regan/W -1 |
Mermative. Solution
D@J@quina the eqation as T the text , wibh V= Vp+ Vol

(1) = 8«(;[0: -w/w)-*l] +Vp -@
D 4 le‘t
T ﬂ
j}@%mte. M gu@: :
Ele)- 2,7 £GPy — 1 |+ Vpt
at ond ot ushotP 1= and B(T)-E = CHUT
Bub Tt T O

AR A I R

U~(’t) -\b
Qe =1 ] .
;C(UT[L )atzp%w/@_ll

co el *‘J’a’cﬁ%ﬂw/w SR

and e vty (PR -1y +Ve T
ER 25

but 7T =
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Chapter 10: Terrestrial Locomotion Question 10.1-2.

b) &iven Feg,,v/w T2, RS, S ks gm0t

2.

k* ['gwﬁ -+J2”[32‘1&/5")(L54Ft)(2“l ) ] _ |
= ORI T34t
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Chapter 10: Terrestrial Locomotion

Question 10.2
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Chapter 10: Terrestrial Locomotion Question 10.3

=ge™ F E s v
N A~ ~ W= p -

TE:’.HOON X-é

Wt 8 s measured B,

CE(LeT W E

F,
| vp ¢
—;mJ A0 = F—J(;M-‘ e Wyls
whave UP (s the ;Pw,kaP sreu{ and C S thi evuch o{erb’/\
. - 1 o
R fs"”@/"‘%SL_

| - 8 N . -~C
s RCli-E+=(l1-¢ (L)}

0

w _ (38x93UN L 0%m
s 2= BEI - o pq [ Lt

AR éMUi;L:: Rel [-obda+ -3?_-_(‘1-—@"’)] = OLUT2LE C
Nowf ﬁﬂo’] C’MSW\I&{LOY\ o‘P GJAD,{@7 e GGVBGYVLQ ?Ms&

b < L 2065

h= 0b¥ 2R PYIEN ..%.c, . aser

0.66

e )/L:: 038
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Chapter 10: Terrestrial Locomotion Question 10.3

b) Wt the aton fals to diseins
same. avalysis o the dlrbows . Now e stare udody
R \IP, #he  Fnal udodfy T &0 (at afw? .mta) , ond
distances ave measwed. frem L\Pafwa*“& ot ﬁw&‘wf}‘? f?haya.
Notw that £ Joes st act,

{“/,W&C’ﬂw\-aﬂ; He

M F =ma
C, -s/it o 4%3:)
oL el —ws fm e
O s w (. C
= S [se " - E)AS = —;M\y A) = —-—_i— MV - 064 TL AL
¢ %
o Al
i l-te L,_ng] = 0.4 RC
° S
i ~{CHY L ey o Wy
':“i(e - e )+Ek o.becF2 C

L, -hiL w - <
"‘;(e )(e #{).{“E.-é- .—0\15(!4?2_1_‘

We lwsw  W(E=0668q anel cf= |
-ty L ] h o -

—~nfL
= @w 4 3\,633}% =4 £9

—~——

Numericad golution Ts —%— SN NAA

=> h= 0462 .
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Chapter 10: Terrestrial Locomotion Question 10.4

Duwtvg fuskd‘PP -t-TLF = %\—é = ..‘_%.J-% =z - w 3wm

Peplace F L
P )
g (F %Mﬁ——“““)-ﬂ"’

{;v at[_fgﬂz_ﬁﬂf”:) - J2

?—F}

s &= ZZ\t (——?ﬁ’-— —8%——]

> Vf%fp :c[f\%@ﬁﬁa@]

meg the Qivbons phose :
_},MVW mJMf'\

@J( R vy
== lamm - ﬁm[ K _—%——:{
Shee[Bed -]
b)FHW\ﬂM},texc( @5(,‘\;/\1\) =2% ,C:')/D,’

ke 3036 -1 Je 3

I the ceittre of W‘at;t/ s 26" abwe jm\mﬂk , bae heght
{ C i
woald be
344367 = 240" = 2p 9"
Goove aw

elisimate
T
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Chapter 10: Terrestrial Locomotion Question 10.5

an;\ onery ) balovnce |

Efommﬁaxl = By ™ Bt
(1.e. Sove ng n jmifma S used T ao”ma +rgwn, thie
cyomdn, TS an evect F«ﬂﬂm)

mah. =Fc~-Wwe = wh=(F-w)c

»‘a-lf\:c(“{%“\) = %:%-—\

e
CUEsW(R A1) D Felso s (2 41 ) =3t

“Take moments abaat ankle s wéa[r\t of bedy and
m\fms{im {«th’, af{ua to accelewation acts thnmal\ thave |

zMawHe = T(26)-3 6 =0

S0 T= 88y ikt
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Chapter 10: Terrestrial Locomotion Question 10.6

Q) Asumes.
— totpl consvation of fowad Kinetie onoigy to elevation
~ Mﬂleat& mass of pole
T o g on pe T Al

= Mo addion of Homed \inetic enary added by sttt

Fovwao\ kinetic ooy (KE) = 3% Vi
kE assodatad with Wsw% con b calculatid by
KE\nrtz%i“g Miere = \MC[E ..,[]
J‘_'Tc»“tﬂ.lkﬁz‘\;\}[._.gj& ,{.C(WU%____[ )]
d
Ths, ar'ws a. total b\a)ﬁht H of
—?W”-H=WLM--\-;-;+C _EP_..,_!

L 2
b) Gwen : Vaz 975 | Bfws>

e R

C= 028 m,

7

Tha_ H:_;[‘%;;l-”% + (0\3—5%)()_“!) = k3§

Tt centre of muw) starts 30 ci b the Heoer, the ot
Waht of hov centie of am\ﬂc] &

43 + 0.3m =P
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Chapter 10: Terrestrial Locomotion Question 10.7

b
T T T—’K Ux = Pg)eos® = Vessd=const

o1 Yy = Lre) Siue

%___ﬁva = \5:~—at+Ct

A‘t 20 , \;/j[p):: V‘[o)sﬁn@ T—'VST’*’L@

. \&[tj: -—81 + Vs

At A }Uﬂﬂkt , \})[t) 20
2 0= ~—at s D = \//3 SmB
Totad fn T gy (S
T=23 Lsm

& Tstad Aistonce  tvavelldd  Ts .
L= (VeosD) T = .23"5@5(9 Sind = %L 20
Fov maximuun. L} set 'dé_;()

= %: ;?—3\!.;, 28 zo D OKT

2 2.
= ,Y.. S?VLQDC' = (IOWS)
wons” g (G5 )

: Z—
LY

= [O.2x m

Solutions to problems from "Introductory Biomechanics" published by Cambridge University Press.
© C.R.Ethier and C.A.Simmons 2007
No reproduction of any part may take place without the written permission of Cambridge University Press.



Chapter 10: Terrestrial Locomotion Question 10.8

In Qv+
For 3 tull vstations  o0=6W  st=adSs
FOLO ..,_.“’._@zc@/\gt ~ A= P 4
.y o A’t ‘ , smle =0 wL Ay
£7T .
T —— = (1 3¢ yad/s
0:98< L /s

For S'Bt*u?‘-
Stavting @O rad/s
&Ag{?w& = 9X%¢ rad/s

= = »é Lt
ot pals $6.64 /s

Tg= kg = (Foksg)(bs™m ) = 2268 kgm™

JoM = Lot =( 2268 Ica w) (66.64 Yool ) = RREN
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Chapter 10: Terrestrial Locomotion Question 10.9

a),::;,z;:x = M Ak = mfp%

L2
D M~ My, :y F.dt :..i(;oaw\(o.ws): ~Gon)g

€
‘ 4o NS i
“ o \1;(} = V?(‘ _ vy = 2 M/S - égka
\_‘\ \JKL: IKSK M/'S

L) We will Vlﬂalect kinetic Wg)! assoclatod, WiEh  mstion. ot
16*63 relative to the centre oF ey Then e Ts an

Tntwol’\ama,e betwean iDDm'thpd omgh kintic e«ufé)
S -é;m\l,:’ + Maki = Loy +img hs
Notwry-componant Uglcatj Ts M3leccwt for Betic 6%)

% - V; —\4‘2-
S hemhe s T g o
d
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Chapter 10: Terrestrial Locomotion Question 10.10

From Table [0-2  mass of gl leg T
Mﬁ(OJé l)(éokg) = 966 ka
From F?awe fo-~31 , B and [:) can. ke aﬂ:mx?mategl:
2.5

Bz~ x200N = -3 0 N

S
R = % x(é-oka)(?\?lm/sl) = 4ogN

'tBZFx = M Ax
~35 SN + Ry = [‘ﬂ“kg)(-otlsm/s‘)

Jo Ry 360N
+1\. Fy = Mﬁ)
4ofN + Ry -~ (éi.eéka)w.}ws”’) :(Fitéékj)(wﬁ'rf M)

1,.‘ . Rj E 320‘.‘;[\1
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Chapter 10: Terrestrial Locomotion Question 10.11

From Ft‘awe 10-2 , length of tha total arm 7S
) = (0518~ 0.3 H
= 044 X W Em = 0. TG A

Fvow Table (O-2 : o
mass of e total aym , m= 00l X fokq = 5.57%,
vadivs ot 37'Mtﬂm , & Q6L X 0. FMm = 0.L12m (about FYOXTM eud )

oo T,m mky :(3tsf<<«,)(o.m;m"= 013 kg m*
= 091§ Nemas®

N {0 Nom = 037’3!\)«%5’104
DS o=z 1039 yad/ >

New, ™=~ =2 (0~6,)
A o T
= 2(to.89@dfs?)( Xo‘@ rad )
= 50,4—1 MQL}/SQ‘

Givon whr =0 D W = S&1 had/s

Than -the S'Fee& of the hond T

V=L = (0.FU ) (8 wd/S ) =433 m/s

Note that s scution zjiua.s the sFe.aa\ et tha Fin ertips, Siice
A antk!/o{mmt\;l(a Gfﬂtc‘l\ Fo o lengtih (Cigure fo-21 elude
the length ot the entire hand . lnioor speed of the

tha FA%\ il e sliely less than that of - -Ft'a?j@kt?Fs.,
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Chapter 10: Terrestrial Locomotion Question 10.12

p ; ot
) . N\b—ma {Ml.““"b;_(fcjjﬂd) l:}/‘lka
db‘?‘\?‘) ’ - ® (RALYe of massS $ o ¥ ‘F?v‘\ M(FS
d
|
e J
N LSQ it >
& Alom 3
< Lot >

From, t?awre lo-211
Lysm™ (0.630 - 0373 ) (1P am Y = 46.3 cm

. L coemant = (0,630 - OU85) (183 am ) = 26 Sam (dbm axtsS to whhar Stjl*;fcl)

J
Erom Table (0-2 Hov Horarmn and  howol -
Az 0682 ngamt = [8 low From elbns
Mz 00022 M = (0,222) (§D kg ) =176 Ica
k = 0~32:\LLSDJ:W1~, =2 T abont elbouw

S L= k= (136kg ) (o1 )= §44 s o
DZMy, = T
2. (’l\%kg)(‘fé?lan/sz)(ISKtm)+ (m_zcg ) (991 om/s*) (3lam)
= (4 ka e ) oL
= A = 446. 6 vad /s
b) Withsut oo w@ajm:

ol = ul-‘ k‘é)(qglc"/’\kﬁi)(%\ Cim_ ) - 4_3?‘16 wd /<
8((,(-}— k'a s
TR B N i T Y
Ot ditteence T TN = -8 /z
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Chapter 10: Terrestrial Locomotion Question 10.13~1

o) Using the seale bov, the vertital disphanant of concre of
mase frem ’M\age { to Twu:ae £ & obout D9kt m

A;amwa' o eney loss  the time betwewn | to Tmage
& 75 57 wge Wﬁ

“ [ Y
‘t = (g-aﬁém‘ W) = 0\44-5 < :443 msec

bod thove ave & time ntervals |

P _ - Ah3wme
Ot Hashe wervel s 5“‘% 2~ G0 msec.

b) iEf, V?‘-a‘ 2 Ttled My}zdy\w U@lodtj =0 M/S ('f.":‘ o)
Vx._,_ = hovizondod velodlty at 1= 400 mgec.
Vy = hovizoval wJQ:Z), ad 2 dopmsec

ﬁaﬂmﬁna no ev\wa} loss , U shoadd be conszant and @gml o
sz f%hwa’hmt thy, wstion, .

F‘m\« the 7 C the havizental Olfslea&wmt D’F (evifve. op MasS
bﬁﬁ»@m ?Mﬂ%@ | & Z'nge & TS pboat 0‘68’&4'\,,

G680 =\ st = Vx 0443 S

Jo Vx =V, = L8y mk

Than , accdevation. , O, duf»wa WP s

ﬂaﬂ: VX:L""V?H - f.S:SW%g

4o rpe od < 3.83 m2

S The costant Wvizontal fee s
R=wione 2.2k 383w = 31483 N
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Chapter 10: Terrestrial Locomotion Question 10.13 -2,

C) et W, = Mitial ana.»w \ﬂzlod? at t=0 =0 wls
W = anjmh&w vatoc}y at. t=4op Msee
(o= angyh\r \IM?‘ at t’?"‘f‘oo msec

ngmwe?)ytussiwshﬂmwmmtwe TS
W ﬁim\a-hm A st

' l
coow e (3% = $.0F o /g

X
T X Taxooqs
(since theave ave |13 Ftwels aud 9o msec lzw’ﬁ«tpzwa,l )
Jo the awgwlm accelevation .ol | Aw?? qywsko«&c s

- b\)a.- UJ{ - g\D?WS - MO! 3
ol = — s i C (268 rd/fs

Now | we lusw the mvemae Mement. dwina fwsho%f s job MW\,/_
wwl M= T

NN = '"-;Z-“ = e F.89 Nmg
Mo T= m k>
't .5““”‘3@ yeding o 27 vation s

k:[% )’/p.:( FIUNms? )%’__: 0.3 m

£2.2 kg
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Chapter 10: Terrestrial Locomotion Question 10.14

Us’ma egmt“(m (0.2¢  the atf\am{ar accelevedtion at bovr &

is e = O, — 20 + 6, o (F034) -2 (~00%0) + (0,122
2T (0041 F g \>

= -850 yed/g

Note : = 8% ave T vadians
~ At = time nerewent betwern dvawes = | g = O0HTS

Mso , s mass momsnt of wevta Ts
T=wmk® |
= (1208 kg) (053]
- ‘%‘BOI [{8 . M_"’

Note: According o Table [0-2 and anwe lo-2\, {or trtal 163
wmz FEles xolél= 1208 k

k= (0530 M) (0860) = (0,630 XL Fm )(0.560 ) = D53 m

o the moment exterted on the sw'fvt% le, at th b\z‘p s
M= T A
= 3,29 k?fkm'**.(ﬁ-:;o vod /s = )
-5 Nm
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