Technology will never surpass the mind, but tomatsamind is in technology - - A. Simonetti

ENGINEERING BIOMECHANICS: STATICS *

Benjamin Cruz, Luis Echevarria, Basilio Miguel, andlliam Vallellaneg

DIMENSIONS AND UNITS

1. A person on a diet might loose 2.3 kg per week.

Express the mass loss rate in milligrams per secasdf
the dieter could sense the second-by-second ldsfliday
and Resnick 2003, N1]

2. If a person measures 6.0 ft and weights 16&gau
Express the height of this person in meters andmight
in kilograms. [Chang and College 2002, 31]

3. What is the weight in ounces of a kidney thegt A mass
of 3565 grams? [Modified from Halliday and Resnick
2003, 56].

4. If the mass of the briefcase is 10 pounds, lage is
the force in Newtons of the briefcase, exertingtmarm?
[Modified from Beer and Johnston 2003, 149]
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STATICS OF PARTICLES

1. Using a ruler and a protractor, perform thdofeing
vector resolutions: (a) the runner pushes downvaard
backward with a total force of 200 pounds at arl@n§40
degrees to the ground. Resolve this force to obtia@
magnitude of the vertical and horizontal components
[Barthels and Kreighbaum 1981, 74]

2. The iliopsoas muscle is applying 350 N of foatean
angle of 40 degrees. How much of the muscle fasce
directed down the vertebrae and how much of theefis
directed perpendicular to the vertebrae? [Hamilld an
Knutzen 1995, 103]

1 This review article was prepared on December 83200
Course Instructor: Dr. Megh R. Goyal, Professor in
Agricultural and Biomedical Engineering, General
Engineering Department, PO Box 5984, Mayaguez,tBuer
Rico 00681-5984. For details contact:
m_goyal@ece.uprm.edu or visit at:
http://www.ece.uprm.edu/~m_goyal/home.htm/

2The Authors are in the alphabetical order.

3. How much force is exerted by the tendon ofranpée
muscle? The tension in the fibers is 100N. Thdeaaf)
pennation is: [Hall 1999, 161]

a. 40°7?
b. 60°?
c. 80°?

4. How much compression is acting on the hip dutimo-
legged standing? Assume that the joint supporfs®f
bodyweight and the abductor muscles are produdd@yNé
of tension. [Hall 1999, 246]
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EQUIVALENT SYSTEMS OF FORCES

1. The masses of two children sitting at ends & Brof a
seesaw are 38 kg and 29 kg respectively. Whereldlzo
third child sit so that the resultant of the weglf the
three children will pass through C if she has agras(a)
27 kg, (b) 24 kg? [Beer and Johnston 2004, 137]

2. Aforce of 110 N is exerted at a distance 8fif.from
the elbow (axis of rotation). What is the resuitamoment
of force? [Hamill and Knutzen 1995, 453]

3. A plumber exerts a vertical 60-Ib force on pepivrench
inclined at 30 to the horizontal. What force and couple
moment on the pipe are equivalent to the plumtseton?
[Shames 1997, 100]

4. A weight machine has a pulley system applyirigree
of 120 N. A person lifts the weight until his legsach a
height of 50 cm from the floor. If the person maint the
weight at this height, what is the torque at thespe’s knee
muscles? [Beer and Johnston 2004, 166]
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EQUILIBRIUM OF RIGID BODIES

1. Misako whishes to measure the force of hisfdsce
having a force over a ring and the mediator machirtbe
figure. The ring has a distance of 28 cm frompghat of
rotation of the elbow and the biceps is joined gicint
situated to 5 cm of the rotation center. If thalsmf the
machine marks 18 N when she makes the maximum,force
what is the force of the biceps? [Tipler 1999, 364]

2. Consider the following free body diagram. Githe
mass of the leg and foot is 4.88 kg, the distancm fthe
knee joint to the center of mass of the leg/foaitem is
0.146 m, the weight of the barbell is 100 N, ané th
distance from the knee joint to the center of mafsthe
barbell is 0.447 m. Solve, using a static anajysis the
muscle torque that will place this system in edpuilim.
[Hamill and Knutzen 1995, 482]
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3. A man holds a 10-kg, 1-m-long board at an an§ed®
by pushing with a force against the top of the Hpas
illustrated in the figure. Calculate the force tman must
exert on the board and the reaction force at Aafis
1997, 247]

4. A person lifts a 44.5 N dumbbell. By analyzitig
figure, what is the magnitude of the force exeibgdthe
muscles if the person maintains the dumbbell ad&frees
with respect to his body? [Beer and Johnston 2054

CENTROIDS AND CENTERS OF GRAVITY

1. A horizontal table used to determine the cermter
gravity is place over a fulcrum in one end andaesin the
other end. A student is laid over the table wiik head
over the fulcrum. The scale is 2 m from the fuloruThe
student has a mass of 70 kg and when he is oveatte,
the scale marks 250 N. ¢Where is the center oftgraf
the student? [Tipler 1999, 366]
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2. Calculate the center of mass of the followingoint
system with masses of 2 kg, 3.5 kg, and 1.25 kgtémt
respectively at the coordinates (1, 2), (2.2, 3aby (4,3),
respectively. [Hamill and Knutzen 1995, 454]

3. Determine the center of gravity of the humadybo
placed horizontally in a gravitational field, asosm in the
figure at the right. The sagittal plane of the baxig plane
passing through the middle, separating the rigtet 8iom
the left side. The weight of the body can be caergd to
be symmetrically distributed about the plane. Tleégiwt of
the various body segments and their location frioen t
origin are as follows: [Soutas-Little 1999, 156]

Fegs= 0.12 body weight  r= 20i + 20j (inches)

FlhighS: 0.16 B.W. r=12i + 12]

Fiips= 0.23 B.W. r= 5i + 5]

Faee= 0.32 B.W. = 6.5i — 11]

Fme= 0.10 B.W. r= 20i — 30]

Freag= 0.07 B.W. r= 17i — 24]
F=1.00 B.W.

4. A man is 1.8 m tall and weights 1000 N. Hesl#t 500

N weight to the top of his head. If the C.G. o than plus
weight is now 1.3 m above the ground, how highhis t
C.G. of the man alone? [Modified from Halliday and
Resnick 2003, 178].
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ANALYSIS OF STRUCTURES 4. During knee extension the patella moves ingtwve
between the medial and lateral condyles of the fenAn

1. The three muscles primarily involved in prochaci imbalance between the four muscles that pull orpdtella
elbow flexion are biceps, brachii, brachialis. Boge can result in the patella’s not tracking correctljhis can
that the elbow joint is flexed to 1.57 rad and thzse occur, for example, if the knee has been immohdlizea
muscles are generating 290, 440, and 95 N of farm cast for a period of time and the vastus mediatslateralis
pulling at angles of 0.7, 0.2, and 0.3 rad. Faonpdicity, muscles have not atrophied at the same rate. Ghen
assume the three muscles share a common point of following magnitudes and direction for the four roles
attachment on the radius. What is the directionl an force vectors, determine the resultant vector: ganb988,
magnitude of the resultant muscle force? [Enoka8168] 61]

Rectus femoris 130N, 0.25 rad to the leftatical
Vastus lateralis 180N, 0.50 rad to the left@dtical
Vastus intermedius 165N, 0.15 rad to thedéftertical
Vastus medialis 210N, 0.62 rad to the rightetical

FORCES IN BEAMS AND CABLES

1. Two hikers are standing 30 ft apart and areihglthe
ends of a 35 ft length of rope. Knowing that theight per
unit length of the rope is 0.05 Ib/ft, determing tfze sag h,
(b) the magnitude of the force exerted on the hahd
hiker. [Beer and Johnston 2004, 399]

2. The medial (M) and lateral (L) heads of gastesius
both exert a force of 350 N that is directed 0.28 to the
left and right of a vertical midline, respectivelipetermine
the magnitude and direction of the resultant fofE@oka
1988, 60]

2. Two persons standing 30 m apart are holdingtdec
weighing 3 N/m. The sag of the cable is 6 m. Dreiee
the maximum and minimum values of the tension ia th
cable and the length of the cable. [Beer and lohrZ004,
399]

3. The man picks up the 52-ft chain and holdsst high
enough so it is completely off the ground. The chiaas
points of attachment A and B that are 50 ft apiirthe
chain has a weight of 3 Ib/ft, and the man weigh8 b,
3. A man having a weight of 175 Ib attempts toHifmself determine the force he exerts on the ground. Aoy
force he must exert on bar AB in each case and the &re zero. [Hibbeler 1986, 385]
normal reaction he exerts on the platform at C.l&ghe
weight of the platform. [Hibbeler 1986, 267]
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4. If the person maintains the weight at point 2raangle
of 37 degrees and the force exerted by the leg legise
115 N, determine the tension in the cable of théghte
machine. [Modified from, Hamill and Knutzen 19253]

FRICTION

1. In an exhibition of rock music, the show stantith
obscured scenery. A noise is suddenly heard ofita a
accident. The singer appears sliding over his «nieghe
frontal part of the scenery. The singer has a o35 kg.
His frictional force is 650 N. After sliding 2 rnthe singer
stops. What is the coefficient of friction betwede floor
and the singer? [Tipler 1999, 135]

2. If the static coefficient of friction of a basthkall shoe of

a player on a particular playing surface is 0.4% &me
normal force is 750N, what is the horizontal force
necessary to cause the shoe to slide? [Hamill andzen
1995, 419]

3. Total knee replacement (total knee arthrop)asipsists
of implanting a cobalt-chromium femoral condyle
component that slides on an ultra-high-molecularghite
polyethylene wear surface on the tibial plate. Thbalt-
chromium component acts like a shaft, and the
polyethylene acts like a bearing. If the coeffitieof
friction between the metal and the polyethylen@.@5, and
the radius of the condyle component is 1 in., aweitee the
flexion moment required to overcome friction whdre t
knee is loaded by a force of 200 Ib during singéase
phase while walking. [Hibbeler 1986, 433]

4. A 180-lb man pulls an 80-lb boy on a sled. Detewmi
the tension in the rope required for the sled tp $lthe
coefficient of static friction between the sled &hd snow
is 0.4. Neglect the weight of the sled. [Hibbel@83, 404]
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MOMENTS OF INERTIA

1. If a foot of a person has 2 mass units anddaisaof
gyration of 0.5 foot, what is the rotational inaftiBarthels
and Kreighbaum 1981, 332]

2. What is the moment of inertia of a gymnastiowtba
longitudinal axis through the center of mass witkerzgth

of 1.60 m, a mass of 23.50 kg, and a radius of
gyration/body length of 0.302? [Hamill and KnutzE995,
454]

3. How many mass units of resistance to changes in
horizontal motion will a body of a person havetiivieighs

95 pounds? [Modified from, Hamill and Knutzen 1995,
419]

4. A 60 kg diver is positioned so that his radifigyration
is 0.5m as he leaves the board with an angulacigglof 4
rad/s. What is the diver’s angular velocity wherassumes
a tuck position, altering his radius of gyration@®5 m?
[Hall 1999, 487]
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10.

11.

12.

13.

December 2003

REFERENCES

Barthels, K. M. and Kreighbaum, E. 1981.
Biomechanics: A Qualitative Approach for Studying
Human Movement Minnesota: Burgess Publishing
Company.

Barthels, K. M. and Kreighbaum, E. 1996.
Biomechanics: A Qualitative Approach for Studying
Human Movement 4" edition. Boston: Allyn &
Bacon.

Beer, F. P. and Johnston, E. R. 2004/ector
Mechanics for Engineers: Statics and Dynamic&'
edition. Boston: McGraw-Hill.

Chang, R. and College, W. 2002Quimica 7"
edition. Bogota: McGraw-Hill.

Enoka, R. M. 1988. Neuromechanical Basis of
Kinesiology lllinois: Human Kinetics Books.

Hall, S. J. 1999. Basic Biomechanics 3" edition.
Boston: McGraw-Hill.

Halliday, D., Resnick, R. and Walker, J. 2003.
Fundamentals of Physics: Extended Versiors"
edition. New York: John Wiley & Sons, Inc.

Hamill, J. and Knutzen, K. M. 199%Biomechanical
Basis of Human MovementBaltimore: William &
Wilkins.

Hibbeler, R. C. 1986. Engineering Mechanics:
Statics 4" edition. New York: Macmillan Publishing
Company.

Hibbeler, R. C. 1995. Engineering Mechanics:
Statics 7" edition. New Jersey: Simon S. Schuster, A
Viacom Company.

Shames, I. H. 1997Engineering Statics 4" edition.
New Jersey: Simon S. Shuster, A Viacom Company.
Soutas-Little, R. W. 1999 Engineering Mechanics:
Statics New Jersey: Simon S. Schuster, A Viacom
Company.

Tipler, P. A. 1999. Fisica para la Ciencia y la
Tecnologia: Volumen.| 4" edition. Barcelona:
Editorial Reverté, S.A.

Applications of Enginegiechanics in Medicine, GED — University of PogRico

6



