Dynamics Review Problems and Notes
Fundamentals of Engineering Exam

1. A sprinter competing in a 100 m race accelerates uniformly for the first 35 m in 5.4 sec. He then
runs at a constant speed for the remainder of the race. He crosses the finish line in a time of: (circle

ong)
(a) 9.86 sec (d) 10.41 sec
(b} 10.05 sec {e) 10.72 sec

{c} 10.23 sec

Applicable Theory and Hints Solution
Three Basic Kinematic Defining Equations: | This is a straight line motion problem where
acceleration 1s constant.
ds
(1) ve (2) 35 = 0+0+ ~a(5f4)
(2) uzﬂ !d:Z'#O mé_z]
dt
(3) ads =vdv l§5- = O 2.4(54)
= V)
Integrate the defining eqns for a = constant : /296 é
(1) v=v,+at Time Fo forush /‘8/716?4'/7/{?7
(2) s =35, + vt +7al’ R
| /2.9 "Us
_ (3) 1,--’:\.'5'+2a(5—30) t: 5.0] sec
s Remember: These equations are for cases . .
where acceleration is constant only! If the 7otal Time: &4+ 5.0/
acceleration is not constant, you must use the = 04/ sec
defining equations and integrate.
2. A particle moves along a straight line with an acceleration of a = 2s, where s 1s in meters and a is in
m/s”. 1f the particle has a velocity of +2 m/s as it passes through the origin (s = 0), its velocity at s =4
m will be: (circle one} . L ..
Solution: This is a problem where acceleration is not constant, You must
(a) 18 m/s use one of the defining equations above and integrate.
(b) 4.0/ M one of fhe Ahning Eguodined A = Vely
(c) 3.5ms f25 Al /'Vd?f aF Sc4m:
(d) 4.5 m/s

J[_--.--_———_—
\/ 2 ’V': ',’J,'-f.‘»’z
{e) 6m/s s¥ = ,iyz’/ > i(y _4)
z 2 2 v= X6 %
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3. A projectile fired at 30° from the horizontal with an initial velocity of 40 m/s will reach a maximum
height h above the horizontal of: (circle one)

0 ™M
(2) 81.5m (d) 248 m 40 7%
(b) 20.4 m (@) 141m vy, =20k
. : ) 20°
(c) 62m Z 404in 30 C
> Vox = 40cos 30
Idealized Projectile Theory and Equations Solution
A max height, vy =0

Y ,

e 7}3 ol '[/0; - Zﬁ [ﬂy>

L - _ 4 00 _
V%K Vo ﬁ 2(9.81) 20 ”’7:]

8
x
v.f
Coordinate Direction: x y
_ 0 ay—-&
Acceleration: = where, g = 9.81 m/s” in S.L. units
or, g=322 fps2 in U.S. units
Velocity: Ve = Vox = constant (2) vw=voy-gt
Position: (1) x=xp+wt (3) y=yotvot- "2 gt
Additional equation: (4) v},z = voyz ~2g(y-yo)
Calculating voy, and vgy, given Voy vy (5) vx=vycos B
vo and Bo. 0 (6) voy = vo sin 8
Voxr=Vx
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4. Two automobiles shown below travel along a roadway. The relative acceleration ( ap;a } of auto B
with respect to A is: (circle one)

VA:60 mph
decreasing at 3 mphvsec
(a) [-6.5i— 14 fps’ —
(b) [5.7i+ 111/ ] fps’ D 4 =30 mph
. mcreasing at 1.5 mph/sce
(©) (2543 N\
('d)[?21—123}]fps )
ey [-[3.3i+ 158 S
(e} [- J1fos’ l o
X
45°
Applicable Theory and Hints Solution

This is a relative velocity and relative acceleration problem, where the velocity and accelerations are
given for each particle (the automobiles). Write these as vectors, and subtract to get the relative term.

Step 1: Establish a coordinate system and write the velocities and accelerations as vectors. An HP
48G or comparable calculator makes it easy to write and add these vectors in polar form.

Unit conversions: (Magnitudes)

va = 60 mph-(88 fps/60 mph) =88 fps %

vs = 30 mph-(88 fps/60 mph) =44 fps I V= 44 fps X

as = -3 mph/s+(88 fps/60 mph) = -4.4 fps? _ /\ gy = 2.2 fps?

Aiangentiat = +1.5 mph/s-(88 fps/60 mph) = 2.2 fps® ;.’}jizzzj’_ T = 17.6 fps?
Calculate the normal acceleration of B: A /«

2 »E—
a =£=17-6ﬁ952 [1;?’4-12?.901 fps2

Y gnormal = T 110

Sr A = -..-__- = v + it
Write the vectors: VAT V- VAT vp (- Va)

= [887] fps {88 fs £ 0°]
5, <[44 fps £~ 45°]=[31.17 =311} | fos
= [ a.4] pps? a4 ps? 2180°
Gy =[2.2 fps? £—45° 4 [17.6 os? £-135°]
= [17.74 fps? £-127.9° |= [-1097 -14.0 ] fps”

Step 2: Subtract the A terms from the B terms to
get the B/A relative terms:

§ o =%, F,={ad fps £ —45°] - [887 fps |

Ta . = -5691 —31.1] | fps = [64.8 s £—-151.3°]
Gy, =g, = [17.74 fps? £ -127.9° | -|4.4 fps? 21807
75, :{1343@5 Z-114.9° | =[-6.57 =14.0} | fos?
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5. The gear shown below starts from rest. The angular position of line OP is given by 6 = 27 - 7,
where @ is in radians and t in seconds. The magnitude of the total acceleration of point P when t =2

seconds is: (circle one)

(a) 2.54 m/s>
(b) 3.18 m/s’
(c) 3.77 s’
(d) 4.26 m/s’
{¢) 4.39 m/s’

Basic Theory: Fixed Axis Rotation

s _ - _do . »
Angular Acceleration: o = 0 = F { radians/sec )

Eliminate dt: o db = dw

For Constant o , Integrated Forms of the Equations:
Ww=W0)+a t
8:80+m0t+ '/fzatz

(:)2'_‘0)02"2(1(8—80)

Applicable Theory and Hints Solution Ot 472 sec
General Angular Motion: Definition of Terms 6) =24 3_ 7{2« &= 12 rad
Angular Displacement: 9 { radians } E bt Z_ 4 ¢ wE =Y Maf/j
Angular Volocity: o = 8 = fj‘—? ( radians/sec ) = It - 14 = 4105

do

Ay = Ar = .2(i0)= 2 7%2
O, = W = (4)2)= 3272

-

y=wr oz Ev)z): 875

[a]= (424> = / 2%+ 327

jAl = 3.77 sz

A= 2 sec, m=-4ris,
0=-12rad =-1.91 rev,
a = +10 rad/s?

Att=2.33 sec, P stops
- and changes direction
B =-.12.7 rad = -2.02 rev

S Att= 0, P starts ):
0=0,0=0
o =-14 rad/s?

At t =0, the disk begins rotating clockwise (™)
because o = -14 rad/s*. Att =2 sec, the disk
continues rotating clockwise with © = -4 rad/s, but it
is slowing because « 1s positive. The disk stops
momentarily and reverses its direction of rotation at
t=2.33 sec. The angular acceleration ¢« remains
positive (")) so the disk will continue its ("))
rotation, gaining angular speed.

Point P: An analysis, at
t = 2 sec, ofthe accele-

) ? ) —_
ration components of point
P and its velocity is given

apy = ar = (10)(2) = 2 m/s? "y 122.5°
gy = 0k = (42)(2) =32 mis? LT 147.5°

v=or=4.2)= .8 ms ?; -57.5°

at right.
Lo B =4dx-12 rad
=566 rad 130
6=325
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6. Below is shown a slider-crank mechanism. If member AB has a constant angular velocity of 3

radians/sec clockwise, the velocity of slider C at the instant shown 1s: (circle one)

(a) 12 in/sec
{b) 9 infsec
(c) 10 n/sec
(d} 15 in/sec

(e) zero (it is momentarily at rest)

: i5/ | W -
5 2 : 4 §=24.0°
A qu
©AB ‘.
=3 rad/sec ’-l[ ve=7
A e STC

Relative Velocity Solution

Instantaneous Center of Zero Velocity

—

?; = 1/& + 'Vé/é
Wt —
g 3'—-‘:’* (3)(‘5) '{an
Hy g .85 W
? 5 e
(Assumed)
w 25 = 0+ 485w cos24
3
lﬁ% = 1.0 "fsﬁj
.'.-
— 45 = Ve -~ 985w sinZH4
Ve = 12+ 4

B’«: (6 in/g __>j

Any rigid body undergoing general plane motien can be considered, ata
given instant, to be rotating about an imaginary “pin”"—called the
“instantaneous center of zero velocity (IC)"—somewhere in the plane.
Finding the IC can be helpful for velocity analysis for a rigid body
because it transforms a general plane motion problem—for an
instant—into a “fixed” axis rotation proeblem.

The IC is located by drawing construction lines perpendicular to known
velocities on a rigid body. The construction lines intersect at a2 point of
“zero velocity,” which acts as a center of rotation.

See IC location above for BC.

WScz;f/m‘/‘;i'lr/ﬁ(

Vs B, b * (12+4)- 1
|;_¢,:‘ /6 z}?é —

7. The wheel shown below rolls without slipping on stationary ground. If the velocity of the center C
of the wheel is 2 m/sec to the right, the magnitude of the velocity of point A on the periphery of the

wheel is: (circle one)

For a wheel rolling without slipping:

{a) 2 m/s . .
(b) 2.5 m/s /RN _
ap = wr : VC': o
(¢) 1.41 m/s :I g ac=ar
(d) 2.83 m/s g rom—t
(¢} 4m/s /1—}—;.// w V=2 % &I = .//-/('5) [fnoshp, vp= VGraune 9% YPlatforn
W= 2/-5 : 4 /.Mé ; Most often, ifvg =0
—_— —— —_
Solntion: Vo= Vo + %/C Sy Y = [25.‘ + ij ™/
— ;
2 2t % Wil= 287 ™
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8. Below is shown a mechanism consisting of a rotating disk AB, a link BC, and a slider at C. The
wheel AB has a constant angular velocity of 6 radians/sec. At the instant shown, the link BC is
translating (its angular velocity is zero). The angular acceleration of hnk BC is: (circle one)

(a) O
(b) 15 rad/s* CCW
{c) 9 rad/s’ CW
(d) 6 rad/s’ CCW

(e) 13 rad/s” CW Solve using the relative acceleration equation.

Y - 1z

+ (as/c)Mt +l 36 =0+ 3 (-Zédgc)
.20 f
/W r dBC’ - .é:é- = ‘5- r'/sz'*)
IMBC L 24
5 +
- - 5[,

26X pe > 0= 4. Y ( 26 o{)

AT
= 3.6 Mt Ge = Jofis) = 1.5 m/ﬁz.‘\
} —

9. The 10 kg ball is supported by a cord and swings in the vertical plane. At the instant shown, the

velocity of the ball is 3 m/s and the tension in the cord is: (circle one) " Free Bad Dmﬂram Z
(Al forcw)
(a) 499 N 4 ”ch{-sc Dyagram !
(b) 58.9 N Length of cord=5m (4?” Py -ferms)
(c) 675N Mass = 10 kg
(d) 78.5N ‘f‘ T man s
(©) 96.5 N | N Av =10
Velocity, v =3 m/s -
' ma
This is a particle F = ma problem in n-t coordmates ,’ - 10 5
Equations: ZXF,=ma,; ZF=ma; a=v ‘Ip IOC‘T,BO z 2

11

may: T~ %(*0)(@815 =10=

/s

~ GR

1!

ma, . pl9.81) F * 404,
(47587 %2 |
-]
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10. The two blocks shown below are connected by an inextensible (cannot stretch) cord and are free to
move on frictionless surfaces. The pulley is frictionless and massless. When the system 1s released,

the tension in the cord is: (circle one)

(a) 20 Ib (d) 80 Ib Aol
(b) 50 1b (e) 110 1b
(c) 60 1b
A T = B_., A All surfaces are smooth.
- ép"aA T X, T= Za,
T 3 3
E = B~ o(2) -T = 22 as
/ LI :
N 3 B 60 = 150 o ( Kinemadkics »
) Gp = dpg = &l)

100 Lf: gé_g = 12,88 ﬁosz?

T= %-%»{ =20 Ib =T |

11. The homogeneous 1000 Newton crate rests on small frictionless rollers of negligible mass. When
a 400 N force is applied to the crate as shown, the combined normal reaction force on the front rollers

at B is: (circle one)

1000 N
(a) 400 N (d) 1100 N
(b) 500 N (e) ON (i.e. itis tipping) = ;_ogc_)_a
(c) 700N 2m .81

Rigid Bocy F=1ia
Egns: Ebx T Max

Zhy = ray
. M, = Iz 000 4 - g:.99
Z EMp = Z/MK)P ' = 2,92 7%
+ 1 ZF? :'/%dy/' My + N ~lovo =0
This is a trans/afie] Ma + My = /000
problem, 1. where t My = Ld 20" 400(-5) + My(-5) - Mg (5) =0
=0, Assurne Wy - My = =400

#his, then inspect
/144 # /\/B resunlis o
see IF ﬂ-«; re cons)s et

wrth K =0,
YomarmiceR v ewNotes] doc 1TM-Rolla. Ralph E. Flor. refloriicumr.edu, 9/27/00, page 7
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12. A 4 kg mass B 1s suspended by a slender cable which wraps around a 2 kg drum A. When the

system s released to move, the tension in the cable is: (circle one) Ts- ol
A iy
{a) 785N (d) 39.24 N = Q = O 2 .29K
(b} 23.5N {e) 47.09 N T
(c) 31.39N B T
2 = -
Disk: Iy = J?‘j"”” El] @
‘H ) . 4kg
( tass moment of Inertia 3424 =2 4(4.8) 4ap
= 4 5): A m*
To> 4(2)(:5) .20 Rgm AsMy =T n, TLs) = 254
s
34.24 = 2.501/ . 2t 324 7 = 445
‘0&.:“5-7 X \ 36!_2,41- - .5-0{1,1_!&‘3

r__.:.Sd\ - 7.85 f*ﬂ

13. The 322 1b homogenous cylinder is released from rest on the inclined plane shown below. Its

angul leration will be: (circle one - L1f32.2) 2, z
angular accelerati { ) T,° 2.( 32'2) 1% 5 Slugﬂﬂ—
r=1ft
(a) 13.4 rad/s’ (d) 5.9 rad/s’ 32.2 1b disk Tt =54
N

(b) 12.4 rad/s’ (e) 8.3 radss®
(c) 3.2 rad/s’

(s

This is a geremd plane rohon
ﬁ/obfem /F:ma)‘

Important ! You cannol audormaticaly W % 32.7 =0

= /
W‘F ,a/v'., -Wn/ess e problem -
Spect bed 5’/90/0/)1:7. < S r = 4
FeuN s am i egualiry. 73
/2.39 - F =4
Need Rinemakics or another - ‘
D Assume pMo slp @ o6 A7 I My = Lk, FU1) = .5
Fe. 5

az= 1

2D Assume shp: o8 Frun /2.39 = a + .5
Assutme A=7A =} X

Whichever o assarmt, qou riuat i
chéck. Fhe AsSurvyphort, 77’JZ check v Shp 1730 = /5w
Ffor (D /s éasier. - . s [Fe 5 29 = /. d
check : (A-’;}m& 2 @I, =443 4 JZ = 826 U5 ) |
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4. A5 kg crate is released from rest on the smooth slope shown below. The crate slides down the
pe, gaining speed, until it strikes the originally unstretched spring (k = 2000 N/m). When the crate

comes to a stop, the spring will have compressed: (circle one)

Crate released from rest.

(a) .3m (d) .6m

(b) 4 m () 7m 10 Spring Constant:

(c) .Sm i k = 2000 N/m
FM h, (,é WO?’ .’Q . gﬂ&ffy % 5 L TSP .. S DT

- ) th 51
Jir &l o T
Tnikal  werk  Final AR R
. 3 KE 2

KE < gmy +(10m )(514 )(2.81) - Zj(zooo) x =0

Work :  Force - Distarnce
b X =870 m (
j/'w/ﬂf: - -2{ 3 (52,1" -5;?') [/

A 2 m long, 10 kg slender rod AB is released from rest in the horizontal position. It swings

15.
coueiter-clockwise in the vertical plane, pivoting about a smooth pin at A. When 1t reaches the vertical
po::-ion, its angular velocity @ is: (circle one) Siendex Bar! | T¢ = mL

10 kg slender bar

Parallel Avis Thm: T,* I(,’rmd

(a) 1.2 rad/s (d) 9.8 rad/s released from rest. T 4
(b) 7.7 rad/s (e) 3.8 rad/s A { 2m ¥ Cut! o Lo%e m(hl
(c) 19.6 rad/s 2 === B J;!ZI *
R Bady W-E_Egn i 3
s, = T, 021 Joe
| /]ZI + ul'L = Tz,
Wﬁ/' ;. f-g/{_g 'D/S?‘C?)‘I/CI :
— 2 2 F e
. Vgpn'nj: *éfe(Sz*S,) (lowj)(‘i.&I)(im)
. Couple: M- & (& /Mb’ﬂ.f) _ ZLIPJ'” wZ
. . . | s Z
KE j'fwz@{ i a fagid Baty = -21-/ B(JOWZ) ]w
- £
Gentratly, ET*-}(’—_J 99.1 = L (13.33 ) w’
Z
Translatim Case: 77 377% 5 W=y 4.7
Rotaton (aboat pir at 6)1 7% 276 W= 3.8% 1)
/\r‘/ T= —Lm"fsz" !’Iawz
but Vg =
Yo = 5 (T, + mre)w? ?‘ M

al
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16. Two identical cylinders R and S are released simultaneousty from rest on the top of two identical
inclined planes having the same length and slope. Cylinder R (for “rough”) rolls without slipping on a
slope with some friction, while cylinder S (for “smooth™) rolls down a perfectly smooth plane. The
rwo cylinders reach the bottom of their respective planes (or “hills™): (circle one)

(a) at the same instant

(b) with the same angular velocity

(c) with the same linear velocity of the mass centers
(d) with the same kinetic energy

(¢) with norie of the above

17. Immediately after being driven off a tee by a golf club, a 45 gram golf ball leaves the club face
with a velocity of 80 my/s. If the time of impact between the club and the bali 1s 10 milliseconds,
determine the average force developed between the club and the ball during impact. (circle one)

(a) 45 N (d) 100 N Lmputae - 7o fur Egr

(b) 200 N (¢) 360 N my, + fF&# = v,
440 N

(c) MO+ F/;%oﬁff = P17V

£
fssumes mﬁiét Fave (<040 5 ) = (o045 ) (80 7% )
ot E;V(; = féﬁ/V'J

18. Blocks A and B have weights and 1nitial velocities as shown and move on a smooth surface. The
velocity of block B immediately after impact is observed to be 4 fps to the right. The velocity of cart

A immediately after impact is: (circle one)

=7 =2
(a) 1 fps (d) 5.6 fps VAl.._..fBS VB...I— s
Ap B
(b) 2 fps (e} 10 fps A
(c) 4 fps
Blocks A and B weigh 20 ib and 30 b,
Cens, oF Linear WWigmiesttum respectively. The surface is smooth,
Smv) = Emil, St v, = A0 . g g
20 Vg, 0

T 2o o(-z) = £, *
Z(+?)+/8/ XAZ /3/ \/AT—Z-F}QS“'_'

40 — 6O = PO = Z0Va, + 120

19. The carts in problem 16 above rebound from the impact with a coefficient of restitution, ¢, of:

(circle one) . e - \/}3.2/ - \/AZ
(a) 0.67 (d) 1.2 Va, — Vai
b) 0.22 {e} 2.0 — (-
(«)f40 e = (D =(2) . LbcpuT
(c) 0. 7 - (-2) “
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