UNIVERSITY OF HOUSTON

Cullen College of Engineering

Fundamentals of Engineering
Spring 2005 Review

Dynamics

Theodore G. Cleveland, Ph.D.




problem distribution

slides
reordeced
"wst before

» morning: 8% (9 out of 120 prob entahion
» afternoon: 7% (4 out of 60 problems)l.m Ao ‘

e

— N —

23%
23%
15%
15%
15%
8%

. " avlum"' examples
subject areas e moved A
vibrations (3) Ceser 1 “heje

_ loacah
constant acceleration (3) an,umm’r

velocity/acceleration &29
g By |52
" |
simple mechal®sms () “cocce cred

- 'Sla"\ ety
work/energy (spring)

_/




Enqmeering applicalun of Newtonls laws of
vhon

% a=o wr free body diagram

“unlegs ext

F2
5"—"1&&3-4 & reachds

are. eqvedia T
M tgn a.}
0 dy :
Posite r[.j%'s"i?lon r

Save line
Wi

e

center of

N\ mass C :
\\ pafﬁlme

V=r
velocity

(tangent to

b"ﬁ foyee the pathline)

6b3 contact force

——
—

merhal referuac a-p ¢ observer




ZF‘ = aAy
Z I:a =™y equations of motion
2Fe

e Mag

total force mass

acceleration of the body’s center of mass

+ equation only valid in an mertial frame.—

» force obtained using a free body diagram
— body tforces (weight)e~
— surface or contact forces .~




<~ N

I.'I

IS PaSlﬂun vecfor ¢ AX
X = €2
A_(r)—r‘ ""“‘*35"‘tk KES
~ acceleration .
i:.(\!) =L 0. dVy - dx
a=v=r AL '—3,:.

SN
velocity  position

r=Xxi+yj+zk
v=Xi+yj+zk
a=xi+yj+zk




92. An object with initial velocity —10 m/s accelerates at

2 m/s2. What is the total distance traveled in 15 s? %5
Co— ——

/;@ —F—=x
A =0 %
5 s S 35— i
Vi —=
2 parts. . _ dishan e
e From %o vail V=0 , —=

e t‘e!""-‘\-ﬁ\'n:) oaxtl LSsec —2 dstene

— donstor— acce/erason




@ ¢= % aftﬂ-b{,{"f'xo
Yy =0
v, = —40m/5 9””"‘)
a = Zm/gl [;iﬂfeu)
X=at +Vy A X=0 (wém)
0 =atty,
0 —Vo =& = __0"("/0”’/5) = S sec

Distmee (2 S Sec,
Ls)= 4 (2m)(S5ecft (fongs)(53es) +6

f-

xX(r5) = ;,_La.)(za—)"—/aﬁs—) t 0 = F5meters

Totel distonce
ASm Xm0 K=" §oee
A5 m X225 X=0 V) psac
FSm K=o, XEFT,
[AS5m




constant acceleration

initial velocity

a=a, |
V=;Ut+vo;t=v_vo I
A
/
2 2 2
S =S =%+vot= : ;VO =(V+2""o)t
I ho i

initial position 2 :
L a,* mean velocity
seL)=Se + 3 <\t

S(L) =5, = lika N, T
rejadex v caken o Sp l.h M“"‘Pﬂ"‘l-

reblem (4= N mndle neqanve
F 2
&Sphwi-:s)

locatbns —sslve et
lisplace mens — farom difference tn locates




“—b W&n object is launched upward at an initial velocity of 40
N m/s. How high will 1t go‘?
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93. A cannon is fired at 30° above the horizon. What is
the minimum exit velocity needed to clear a 10 m wall?
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A boy walks at 4 m/s toward the center of a merry-go-
round rotating clockwise at 5 rpm. Find his acceleration.
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A slider moves at 20 {t/s along a rod rotating about a
pivot at 5 rad/s. Find acceleration 4 ft from the pivot?
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97. The maximum acceleration of a simple pendulum
occurs at the top of a swing. Find this acceleration for a
2 m pendulum with a ppaximum angle of 30°.
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99. A ball strikes a flat, horizontal surface at 30°. Find
the reflection angle if the coefficient of restitution 1s 0.8.
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98. A 50 kg object moving at 40 m/s strikes a spring (k
= 20kN/m). Determine the maximum deflection.
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A bullet of mass 1 strikes a stationary pendulum of
mass M. Find the bullet velocity v in terms of the
pendulum length L and the maximum angle O.
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8. Find the damping ratio and natural frequency of a
system described by the following equation.
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What is the natural frequency of a slender rod of length
L. and mass m that is pinned at one end?
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planar rigid body motion
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96. A string 1s wrapped around a 50
radius 0.4 m and attached to a 20

g cylinder of
mass. Find the

tension in the string if the cylinder mdtates freely?
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velocity of a rigid body
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94. Find the angular velocity of link AB if the angles
are both 30°. Both links are 30 ¢m long, and the slider

moves at velocity 20 m/s to the right. L
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28. Find the slider velocity and the angular velocity of
the 50 cm link BC. The 30 ¢cm drive link 1s vertical

with an angular velocity of 10 rad/s. B
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