Some see the world as it is and complain why? tleegvorld as it can be and ask why not? ---JohKé&nnedy

ENGINEERING BIOMECHANICS: STATICS 1

Jeyraliz Babilonia Navarro, Angel Rivera and MaiM. Rodriguez-Reyes?

1 These problems are prepared for Dr. Megh R. Goyal
professor in Biomedical Engineering, UniversityRaferto Rico,
PO Box 5984 Mayaguez, PR-00681.

Contact atm_goyal@ece.uprm.edar visit at:
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2 Contributors are in the alphabetical order.
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DIMENIONS AND UNITS:

PROBLEM 1

A nurse has to administrate 4.4 x 1@b of penicillin to a patient inrder to fight a bacterial infectio
The nurse realizes that she only has the container reporting dydeind.325 g/mL and a dri.
concentration of 3% w/w. What will be the dosage volume of penicillin to cover the requirggdosa

SOLUTION:
1lb=454¢
a) 4.4 x 10 Ib [454 g / 1 Ib] = 0.2043grams of drug

b) 100 g solution0.2043 g drug = 0.667 grams of solution
3 g of drug

c) Density mass / volume
Volume mass / density

V=0.667/1.325=0.5mL

Answer: V =0.5mL
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DIMENSIONS OF UNITS:

PROBLEM 2

A person weights 95 Ib. He is vomiting frequently. In the hospitalntiise is going to inje:
him Pepcid @ 10 mg/mL and the dosage is 1mg per 1kg of body wemhtntany mL doe
the nurse have to give the child?

SOLUTION:

W=951b

Rate of Pepcid [10 mg / mL]

Dosage = 1 mg per | kg body weight

Volume = (95 Ib) (1 kg/2.205 Ib) (1 mg/kg) (1 mL/10 mg) = 4.308 mL

Answer: 4.308 mL
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DIMENSIONS AND UNITS:

PROBLEM 3

A child, that weights 85 Ib, has a skin infection. The nurse decalé@dt him with Cephalexin @
mg/kg. How many mg of Cephalexin is needed for the treatment to be effective?

SOLUTION:

1lb=454g

a) (851b) (454 g/ 1 Ib) (1 kg / 1000 g) = 38.6 kg

b) (38.6 kg) (22 mg/1kg) =848.2 mg

Answer: 848.2 mg
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STATICS OF PARTICLES:

PROBLEM 1

A football player is hospitalized with a bone fracture in his left leg. The doctatedeto put a
cast and to elevate the leg in order to improve blood circulation. Determine tlalVferce
exerted by his leg at A. The tension in cable AB is 45 Ib. [Modified from Beer and Johnst
2003, 103].

SOLUTION:
The forces applied at A aread, Tac, Tapand P
a) Find coordinates of the points:

A (0, 4.5, 0)
B (-4, 0, 0)
C (0, 0, 2.5)
D (2,0, 3)

b) Position Vectors
AB =-4i +-4.5 + 0K, ft
AC =0i - 4.5+2.5, ft
AD =2i-4.5 + 3., ft

c) Magnitudes of position vectors:

AB = (J(-4%) + (-4.5) + 0] = 6.02 ft
AC =02 + (-4.5) + (2.5)] =5.15 ft
AD = (2% + (-4.8) + (3.0)] = 5.77 ft
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STATICS OF PARTICLES:

PROBLEM 1 CONTINUED:

d) Tensors

Tag = Tag a = Tas AB = (-4i-4.5) = Tag (-0.66i-0.75 + Ok) Tag
AB 6.02

Tac= (-08—11 + 048) Tac

Tap= (035 - 0.78 + 0.52() Tap

e) Equilibrium Condition:
F=0:Tag+Tac +Tap+P=0
Substituting the expressions obtainedlfgy Tac, Tap and factoring, j, k:
. (-0.66 g - 0.87 Tac + 0.35Tap) i + (-0.75 Tag - 0.78 Tap + P)j + (0.48 Tac + 0.52 Tap) k
f) Equating to zero the coefficientg, k:
-0.664z - 0.87Tpc+ 0.35Tap =0  /1/
-0.75c-0.78Tap+ P =0 12/
0.484c + 0.53Tap = 0 13/
Setting ks = 45 Ib in /1/ and /2/, and solving the resulting set of equations will yield:
ad =- 24.9 Ib (- refers to orientation)

Aﬂ_: 28 1b
P=5171b

December 2003 Applications of Engineelifgchanics in Medicine, GED-University of Puerto KidMayagiiez -6 -




STATICS OF PARTICLES:

PROBLEM 2

Two ropes are holding a Christmas tree 2.5 m tall. The rope ABldsby a man making
tension of80 N and the rope AD is held by a man making a tension of 70 N. Deéethe
magnitude and direction of the resultant of the forces exertédebyen at point A using tl
parallelogram law and the triangular rule. [Modified from Beer and Johnston, 2003, 25].

SOLUTION:

anm 0 R 258m

tan (2.5/1.5) = a ; a = tdn(2.5/1.5) = 59.0
tan (2.5/2) = b ; b = tah(2.5/2) = 51.3
Law of Parallelogram:

AC = AD + AB

R=80N+70N =150 N~ 67

Answer: R =150 M< 67
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STATICS OF PARTICLES:

PROBLEM 3

In the Orthopedic Ward of the Royal North Shore Hospital tli®requipment to provid
execise for patients. A 5 kg and 10 kg masses are available to use with the machiheight
of the pulley and rope can be adjusted as shown. A patient with 70 kgtpseds kne
flexion strengthened without much knee flexion. The Doctor plans tchissenachine to giv
exercise. The kneankle distance is 40 cm and the doctor needs to position the patient
the knee is 60 cm from pulley “A”. The doctor thinks that the patsenild be exercising tr
knee flexors with free weights attached at Aekle while lying prone. He stipulated that
more than 15 kg should be attached at this stage of the rehabilitatigmoduce a maximu
tension equivalent to 15 kg in the rope, what mass should be put on the e@ergt of this
machine? [Modified from http://mww/
personal.usyd.edu.au/~mslee/ESSwww/lee/zygal/hdp/AppliedBiomechanics@2.aak]

i Y ¥ Y

Knee joint

thigh ﬁ/ B0cm

40cm

() [eeee oo

]\ 15cm

Note:
Between each @ there are 10cm.
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STATICS OF PARTICLES:

SOLUTION PROBLEM 3:

The weight carrier, pulley and ropes are shown below in a free body diagram.

T T

The tension in the rope is T. The weight on the weight carrier is W. From equilibrium of
forces in the vertical direction:

+T+T-W=0
or2T-W=0
orW=2T

So if we want T= 15 x 9.8 then
W=2x15x9.8=30x9.8N

Hence the mass on the carrier should be 30 kg, yielding a weight force of
W = (30) (9.8) and the tension in the rope is T = (15) (9.8) =147 N
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EQUIVALENT SYSTEM OF FORCES:

PROBLEM 1
The patient is recommended to undergo physical therapy. One ofxéneises involve

application of weights to the shoeld A 60 Ib force is applied to the shoulder. Calculate
equivalent force applied at point C. [Modified from Beer and Johnston, 1996, 116]

0.875ft

SOLUTION:
a) Free Body Diagram for an equilibrium of the arm:
TN

Ay

—
T By T o

Ax =60 cos 40 =45.96 Ib
Ay =60 sin 40 =56.38 Ib
From the equilibrium quation:
Fx= 0= Ax + Bx
Ax =-Bx= -45.96 b
Fy=0=-Ay+By+Cy=0
Ma = Ax(0) + By(0) +Bx (1) + Cy (1)

B

Cy=-Bx=45.96Ib
By = Ay - Cy
=56.38-45.96=12.46 b
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EQUIVALENT SYSTEM OF FORCES:

PROBLEM 2

A girl is walking to school and it is raining a lot. She finds a sgoeére there is a piece
wood hanging. Now she is supporting the piece of wood with her aBntf@at exerts a forc
of 80 N directed along BAThe distance between her and the wall is 0.5 m. Determir
moment about C. [Modified from Beer and Johnston, 2003, 92]

SOLUTION:

X -

0

Coordintes of points are:

A(1,05,1.2)

B(1,0.5)

C(0,0,1.2)

Force n the vector notation:

Fsa = 80 N; (Force vector) =dx (Unit vector) = 80 N (k) = 80k [N]
Position vectorrcg = (1-0)i + (.5-0)] + (0-1.2)k = 1i + 0.5] — 1.2k, [m]
Moment vectorMc =rcg X Fga = 401 — 80j, [N - m]
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EQUIVALENT SYSTEM OF FORCES:

PROBLEM 3

A man is exercising by pulling on the handle of a machine. The machine allows the teandl
slide vertically downwards and provides a resistance, which is set by adjustangha. \\f
the man applies a force of 265 N at 15 degrees to vertical, moving the handle through &
distance of 750 mm, how much work he is doing? [Modified fibip:// www-
personal.usyd.edu.au/~mslee/ESSwww/lee/pt2/sample-
problems/index.html#forcesampleproblem4]

SOLUTION:

Angle between displacement vector [which will be vertically dearts] and the forc
vector [as shown] is 15°. Therefore, work done by the man is:

W = (F cosa) s =[265 cos 15] [0.75] =192 N—-m

December 2003 Applications of Engineelifgchanics in Medicine, GED-University of Puerto KidMayagiiez -12 -



EQUILIBRIUM OF RIGID BODIES:

PROBLEM 1

A child is hangilg by two ropes from a piece of wood. The piece is hinged at A and sup
by rope BC. The tensions of the ropes DE and FH are 50 Ib both antf.ddetermine th
tension in BC and reaction in A. [Modified from Beer and Johnston, 2003, p. 176]

SOLUTION:

BC= [(5%)+ (1)]=5.11t
Analysing equilibrium eqations:

Ma =0 =[(5/5.1) Bc] (2 ft) — 50 Ib(3 ft) — 50 Ib(2 ft) = 0
Tsc = 102.0 Ib, Tension in cable BC

Fx = 0 = Ax — (5/5.1)(102.0 Ib)

Ax =100 Ib
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EQUILIBRIUM OF RIGID BODIES:

PROBLEM 1 CONTINUED:
Fx = 0 = Ax — (5/5.1)(102.0 Ib)

Ax =100 Ib
Fy =0 = Ay + (1/5.1)(102 Ib) —= 50 Ib — 50 Ib
Ay =80 Ib

A= [(AX)?+ (Ay)]=128.11b

= tari* [A, / AJ] = tan’ [80 / 100] = tait (0.8) = 38.7
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EQUILIBRIUM OF RIGID BODIES:

PROBLEM 2

An anthropologist found a fossil that was 400 million years old. thsdike it was a wini
that belonged to a bird. The fossil was cosgmbof three bones and an articulation hol
them together. The anthropologist weighed each bone and measurednis.| Find th
moment in the insertion of the three bones and the articuldiodified from Beer ant

Johnston, 1996, 172]

70lb

0.70cm 60lb

SOLUTION:

a) Free Body Diagram:
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EQUILIBRIUM OF RIGID BODIES:

PROBLEM 2 CONTINUED:

b) For A:

60 Ib

0.8cm

y = 0.8 sin (50) = 0.6 ft
X =0.8 cos (50) = 0.5 ft

F=Fxi + Fyj
=60 cos 50 + 60 sin 57
=38.57i + 45.96j, Ib
Position vector:
roa=0.5 +0.9
Ma =rqa X Fa

=-0.1&

c) The same procedure is followed for the other bones. We obtain:

For B:

Mg =0.001868
For C:

Mc = 0.164k

d) Resultant moment:

M =Mgz+ Mg+ M= 0.00586& M $.005868k
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EQUILIBRIUM OF RIGID BODIES:

PROBLEM 3

A man is playing the piano. He is exerting a force F at thdalp&he tension of ABD is 35 |
Determine F and the reactions at C. [Modified from Beer and Johnston, 2003, 177]

SOLUTION:
Mc =0 =35 (25 in)- 35 (10 in) — F (10 in)
F=525Ib
Fx=0=Cx—-35IlborCx=351b
Fy=0=Cy+35Ib-525IborCy=1751b
C = [(35)°+ (17.5¥] =39.13 b

=tan' (17.5/35) = 26.6 agiiez 17-




CENTROIDS:

PROBLEM 1

There is leg prosthesmsnd the heaviest part is the thigh. The thigh can be modele
parabola. Determine the centroid of the upper left side. [Modifieth Beer and Johnstc
2003, 244]

SOLUTION:
b=18";a=6"

y=a:;x=b:b=0.82r05=b/a

y= (x/0.5) =x"?0.5

dA = x%0.5 dx

Y = (%) y =% (R%0.5) ; X = x

A= dA= °(x¥%0.5) dx = [(2/1.5)%] L =1.357%=99.2"
Y dA = ¢° (%2) (xM%10.5) (x40.5) dx = o° (x/0.5) dx = (¥) o’ = 324"
X dA = ¢° (X) (x%0.5) dx = ¢ (x¥%0.5) dx = (2¥'%2.5) o°=1099.7"

YA = Y dA: Y (99.2") = 324" or Y = 324"/ 99.2" = 3.27"

XA == X dA: X (99.2") = 1099.7" or X = -1099.7" / 99.2" = -11.08"

Centroid (X,Y) =(-11.08, 3.27), inches.
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CENTROIDS:

PROBLEM 2

A biologist supports a hypothesis that the cell’'s nucleus of nesgacies of bacteria is alwe
found in the center of gravity (centroid). After electromroscope scanning the form of -
cell was measured and the centroid was located. Confirm if the biologist wast.cor

SOLUTION:

a) Assume parabolic spandrels and semicircular areas using figure 5.8A (page@R2il5)
Vector Mechanics for Engineef¢$-erdinand P. Beer & E. Russell Johnston).

Section X y A X A YA
1 0.015 0.01625 8.33xT0 1.25 x 1.35 x
10° 10°
2 0.00825 0.00875 458 x 10 3.78x | 4.00x
107 107
3 0.01725 0.00875 1.042 x10 2.06x 10 9.127 X
10
4 0.030 0.01875 25x 10 7.5g< 10 4.696x
10
5 0.030 0.03349 6.28 x T0 1.88x | 2.1x10
10—5 5
6 0.0442 0.0205 7.85 x Po 347x | 1.61x
10° 10°
- - 1.19x 10° 3.34x | 3.00x
10° 10°

b) X= XA/ A=0.028

y= YA A=0.025
The hypothesis of the biologist was incorrect.
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CENTROIDS:

PROBLEM 3

For a metabolism experiment, a biologist wants to estimatedusa’s @ consumption. H
knows that the consumption is proportional to the surface area in tovithcsea watel
Consider the following shape of the medusa. Determine the area of the estiefaas which i
obtained by rotating a quarter circular arc about a vertigal Btnt: Use theorem | of Pappu
Guldinus. [Modified from Beer and Johnston, 1996, 232]

SOLUTION:
X =centroid ; a = surface area

a)X=2r-2r =2r(1-1/)
A=2 XL=2p[2r (1- (/)] [2 r/4]

A=2r?3 -1)
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ANALYSIS OF STUCTURE:

PROBLEM 1

During the physical therapy, tipatient is bending the knee by putting a roller under his

The therapist puts a ball on his knee. By the method of joints, datethe force in each ps
of the leg. Then state if the part of the leg is in tensioroompeession. [Modified from Bee
and Johnston, 2003, 297]

SOLUTION:

Mg=0=2"(Cy)-1.5 (41b)orCy=31Ib
Fy=0=By—-4Ib+CyorBy=1lb
Fx =0 =Bx

Fas/1.58 = lsc/1.5 = (1[Ib]) / 2’

Fag = 0.79 Ib; Bc = 0.75 Ib; lac = 1.54 Ib
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ANALYSIS OF STRUCTURE:

PROBLEM 3

A zoologist is studying a strange animal'sawl To find out the kind of species, he ne
information about the structure of a bone. Help the zoologist in Feanas by determining tt
force of the animal’s claw. Claw is modeled as shown. Statehehbbnes AB and AK are
tension or compression under the stimulated loads apjphtatiified from Beer and Johnstc

2003, 290]

SOLUTION:

a) FBD

b) Fx=Ax=0
Ma=-2.4(1.6)-2.4(3.2)-1.2(4.8) + Gy(9.6) =0
Gy =1.5831b
Fy=Ay+ Gy-7.2=0
Ay =7.2-1.583
Ay = 5.62 Ib
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ANALYSIS OF STRUCTURE:

PROBLEM 3 CONTINUED:

C) Joint A

= tari* (2.4/4.8)
= 26. 56
FX = Fak- Fagcos
= Fak- FagC0s(26.56) = 0
Fy = 5.62-1.2- kgsen(26.56) = 0
s = (5.62-1.2)/sen(26.56) = 9.8851 Compression (Member AB)

Fak = 9.8851c0s(26.56) = 8.842 Tension (Member AK)
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FORCES IN BEAMS AND CABLES:

PROBLEM 1

A man is having his therapy by stretching an elastic band. #d$@s a blue weight of 5
and a force of 2Ib on the ankle. Determine the internal force at panitthe leg[Modified
from Beer and Johnston, 2003, 358]

SOLUTION:

Fx=0=-F
Fy=0= V-5Ilb-1lb orV=61Ib

Mp=0= M—(0.5ft)(5 Ib) — (2 ft)(L Ib) or M = 4.5 lo-ft
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FORCES IN BEAMS AND CABLES:

PROBLEM 2

A new quirujic therapy used in severe accident consists of nmeglac broken rip instead
rebuilding it. Because they are still experimenting withedéht materials the researchers nee
know the shear forcand bending moment diagram for the replacement rip inserted in tlaeitt
box. The distributed force is the result of the lung pressure beetli. [Modified from Beer ant
Johnston, 1996, 365]

v

SOLUTION:

a) Shear force Diagram: At the free end of the beam, we fiysd0/ Between A and B, the
area under the load curve is ¥awwe find \g by writing

V— Vi = -Yowa \§ = -Yawea
Between B and C, the beam is not loaded; thg\WW. At A, we have w=\, the slope of th
shear curve is dV/dx= - gy while at B the slope is dV/dx=0. Between A and B , the loe
decreases linearly, and the shear diagram is parabolic. BeBvaed C, w=0, ad the shec
diagram is a horizontal line.

b) Bending-Moment Diagram: We note that MA =0 at the free end of the beam. We
compute the area under the shear curve and write

1
I\&'MA: 'é Woa2

Ne-Mg= % woa(L-a)
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FORCES IN BEAMS AND CABLES:

PROBLEM 2 CONTINUED:
M= -%woa(SL-a) e -%woa2

The sketch of the bendimgoment diagram is completed by recalling that dM/dx=V. \Wd
that between A and B the diagram is represented by a cubic withveero slope at A , ar
between B and C the diagram is represented by a straight line.
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FORCES IN BEAMS AND CABLES:

PROBLEM 3

Tarantula spiders tie their webs to three branches of altne&.normal nuts can support up to :
State whether the following web which caught three big inseatsbe supported by the nuts a
and E. Hint: Solve the prédm by determining the reactions at A and E. [Modified fronerBanc

Johnston, 1996, 379]

SOLUTION

a) FBD

b) +Ma=0

-0.3(8)-0.2(16)-0.3(24) + Ey(32) + Ex(6) =0
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FORCES IN BEAMS AND CABLES:

PROBLEM 3 CONTINUED:
Member CDE
+Mc =-0.3(8) + Ey(16) - Ex(8)=0

Ey(16) - Ex(8) = 2.4
Ey(32) — Ex(6) = 12.8

Ey = 0.55 Ib

Ex=0.81b

b) Fx=Ax+Ex=0 Fy= Ay-0.3-0.3-0.3+0.55=0
Ax=-0.81b Ay =0.25|b

Nut A: T =.,/(0.8)2+ (0.25)2 = 0.838 Ib

Nut B : T =/(0.8)? + (0.55)2 = 0.971 Ib
Yes . Both nuts can support the web.
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FRICTION:

PROBLEM 1

A woman is pulling a 60 Ib box. The coefficientfattion is s= 0.50, determine the value
“A” for the motion of pulling the box up the incknpending and the corresponding value
when b = 30 . [Modified from Beer and Johnston, 20023]

SOLUTION:

s = tan’ (ko) = tan’ (0.50) = 26.56

For a minimum of force P, P has to be perpendidol& so a =
Then P =W sin (30 + ¢) = (60 Ib) sin 56.56 =50.07 Ib
Because a =¢ , a = 26.56
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FRICTION:

PROBLEM 2
A man is moving his new refrigerator. The weighttlo¢ refrigerator is W = 120 Ib. He

exerting a force P at height of h = 3 ft. Determiine magnitude faforce P required to mo\
the refrigerator wheng = 0.30.

SOLUTION:
Fy=0=-W+N
N =W =120Ib
Fx=0=P-F
P=F

Fs= sN=0.30(1201b) =36 Ib

P has to be more than 36 Ib to move the refrigerato
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FRICTION:

PROBLEM 3

A girl is standing on top of a board that is eledain a ramp. The board has to be in horizc
position in order to be in equilibrium. The boamshwo 3 kg blocks at eadlorner. Her little
brother is pushing one corner because he wantetber fall. Determine the range of value
P for which equilibrium is maintained {= 0.40).[Modified from Beer and Johnston, 20!
429]

SOLUTION:

Note:F =tan' ¢=tan'(0.4)=21.8
FBDs:

(a) Block A: impending slip N
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FRICTION:

PROBLEM 3 CONTINUED:
Far= Watan ( 45°-F s)
= (3kg)(9.81 mA tan (23.199°)
=12.61N

b) Block A: impending slip\

Fab = W, cot (45°-F s)
= (3kg)(9.81 mf3 cot (23.199°)
=68.67 N

(c) Block B :

Wb = (3 kg) (9.81 mR
=29.43 N
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FRICTION:

PROBLEM 3 CONTINUED:
From Block B:
Fy'=0: N - W, cos 30°- k, sen30° =0

Case (a)
N = (29.43N) cos30°12.61N) sen30° =31.79 N

Impending motion : F=N=0.4(31.79N) = 12.72 N

Fx'= 0: F;pc0s30° - Wsen30°- 12.72-P=0
P =(12.61) cos30°-(29.43) sen3@%72

P=-16.51N
Case (b)
N= (29.43) cos30°+ (68.67) sen30° = 59.82 N
Impending motion:
F =0.4(59.82 N) = 23.93 N

Fx'= 0: (68.67 N) cos30°- (29.43 N) sen30° + 233 P =0
P =68.685N

For equilibrium
-16.51 NP 68.685 N
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MOMENTS OF INERTIA:

PROBLEM 1

Using the figure below find the moment of inertiitbe thigh with respect to the y ax
Assume the thigh is a parabola. [Modified from Baed Johnston, 2003, 480]

SOLUTION:
y=a;x=b;b=0.5%0r0.5=b/a
x=0.5yory=x"?/(0.5)"2

dly = 1/3 ¥ dy = 1/3 (0.5 §)° dy = (0.125/3) §dy

ly = (0.125/3) ¢° yody = [0.0417 (¥/7)] o’ = 0.006 B = 3644166.8 inchés
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MOMENT OF INERTIA:

PROBLEM 2

Using data of Winter (1999), for the 70 kg man whagper limb is shown below, what is
moment of inertia of:

a. the forearm, for an axis located at the elbow?

b. the forearm+hand, for an axis located at théreef mass?

SOLUTION:
) We can usé&Vinter's tabldor anthropometric data. The moment of inertiarfola is:
| = m x K where k is the radius of gyration, and m is thgnsent mass.

Here is an extract froriVinter's tablewith the relevant parts highlighted:

Here we are considering therearm segment[2nd row of data].
The segment "length" therefore is the distance éetvthese two end points,

which are nominated under the heading "Definition"”
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MOMENT OF INERTIA:

PROBLEM 2 CONTINUED:

The points are "elbow" and "ulnar styloid", andtlse distance between them,

the segment "length", is 340 mm. We want to knogvrttoment of inertia about an axis loce
at the elbow, which is at the proximal end of tlegreent. Therefore we use the "Proxin
coefficient for radius of gyration, 0.526.

The moment of inertia formula is:

| = m x Kwhere: k is the radius of gyration, which will bé&s®6 x length = 0.526 x 0.340
0.179 m

m is the segment mass, which the Table tells QiE6 x [body mass] = 0.016 x 70 = 1.12 kg

Hence, 1=1.12 x 0.17% 0.036 kg.r

b) UsingWinter's tableagain for data [see above fextract for forearm and handewse th
4th row of data],

the end points for this segment are also identdi®the elbow and the ulna styloid.
The segment "length" therefore is 340 mm.

The moment of inertia formula is: | = m x kwheraskthe radius of gyration, and m is -
segment mass.

We want to know the moment of inertia about an docated at the centre of mass of
segment.

Therefore we use the "C of G" coefficient for albf gyration, so k= 0.468 x 0.340 = 0.:
metres.
The mass is given as 0.022 x 70 = 1.54 kg.

Hence, | =1.54 x 0.15% 0.039 kg.rf
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MOMENT OF INERTIA:

PROBLEM 3

Microscopic analysis of certain bacteria is precelg a separation based on centrifugation
calculate the centrifugation velocity requiredisitimportant to know the moment of inertia
the cell. fnd the moment of inertia of the bacillus shownobelwith respect to the x ax
[Modified from Beer and Johnston, 1996, 465]

SOLUTION:
a) y=kx® y =Xm
k = b/a3 ni/&
y = (b/a’)x3 y = (b/a)x
1
b) dix = §y3dx y = mx-kx3

dix :% (mx-kx3)3dx

Ix = 1( mx-kx3)3dx
03

= 1by D sopdx =abu60
3 a a"3
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