Test3 - Jan. 15, 2010

Dynamics ’ ) Duration 55’

Problem 1 30 Points
A particle has an initial speed Vo=27 m/s. If it experiences a deceleration a = -6t m/s®, determine the

distance traveled before it stops.

Probiem 2 30 Points
The car travels around the portion of a circular track having a
radius r = 150m such that when it is at point A it has a velocity

V; = 0.6 m/s which is increasing at the rate of V' = 0.006s.
Determine the magnitudes of its velocity and acceleration
when it has traveled three-fourths of the complete circl a

Problem 3 40 Points
At a given instant block A of weight W, = 100N (= 10kg) is moving

downward with speed Va, = 2m/s. Determine its speed at a later
time t = 2s. Block B has a weight W, = 40N (=~ 4 kg) and the
coefficient of kinetic friction between it and the horizontal plane is
Hx = 0.2, neglect the mass of the pulleys and cord.
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l
Problem 1 (30 points) I— 400~ —— 600 ——

AR Lo

The unstretched length of the spring AB is 660 mm, i
and the spring constant k = 1000 N/m. What is the >3
mass of the suspended object?

Problem 2 (28 points)

Reduce the system of forces by:
1. A single force F and a couple M at point O.
2. A single force. Where does the line of action
of the force intersects the x-axis.

0N 4 N

Probiem 3 (28 points)

The beam is supported by a roller at A and pin at B.
If F=800N, M =200 N-m and L. =2 m. What are
the reactions at A and B?

Problem 4 (14 points)

The small sphere of mass m is attached to a string of
length L and rest on a smooth surface of a sphere of radius R. Determine the tension in
the string in terms of m, L ,h and R. "
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Homework

4 roblem 1 )

Traveling with an initial speed of 70km/h, a car accelerates at 6000km/hr* along a straight road. How
long will it take to reach a speed of 720km/h? Also, through what distance does the car travel during

this time? «s: 3% 2m

L~FToblem 2

The position of a particle along a straight line is given by s = (0.35+ -2. 72 + 4. 5t) where t is in
seconds. Determine its maximum acceleration and maximum velocity during the time interval

)~ Problem 3 R CRSY AN oce /\M@Eﬁzﬁﬁk{r]

v is in meter per seconds .If v =20m/s when s = 0 and ¢ = 0, determine the particle’s velocity as a

A particle is moving along a straight line such that its acceleration is defined as a = (-2v) m/s?, where A
/\A;V (o
function of position and the distance the particle moves before it stops.

\\/Pr/oﬁem4 g: Lo m

)

Problem 6
Ball A is released from rest at a hei atof 12
that a second ball B is thrown upwdrd 1 SihfioShe/aipund ey |,
If the balls pass one another at a height of 6m, determine the™ “*
speed at which ball B was thrown upward..

The acceleration of a particle as it moves along a straighf line is given by a = (2t -1) m/s%, where t is in
seconds. If s = /m ani v =2m/s when t = 0, determine the particle’s velocity and position when ¢ = 6s.
Also, determine the total distance the particle travels during this time period.

vz 3 —[ S

roblem §

Two particles 4 and B start from rest at the origin s = 0 and move along a straight line such that g1 =
(6t-3) and as=(1212-8), where tis in seconds. Determine the distance between them at r=4s and the
total distance each has traveled in ti :

Ae

jof 12m at the same

)
me

g
g5
SO | V(‘fq

\/é)blem 7

A particle P moves along the curve y = (x2-4) with a constant speed of Sm/s. Determine the point
on the curve where the maximum magnitude of acceleration occurs and compute its value.



Problem 8
Ata given instant the train engine at £ has.a speed o

\Y0m/s and g, eleration of 14m/s> acting in
the direction shown. Determine the ra{e of increase in  the train's >_§}_)’§Me_‘(‘?_l_' and the radius of curvature pof
) g . SE M

the path. The angle between a and v is equal 075 degree
& -
' er'gt@l l“‘ >

T,

' _ _ - TR
20»}\9 QN:(Z(S & 3 “'”/S
V=

A
)(Problem 9 7R
) A package is dropped from the plane

which is flying with a constant
horizontal velocity v4=50m/s.
Determine the normal and tangential
components of acceleration and the
radius of curvature of the path of i
motion (a) at the moment the package A
is released at 4, where it has a
horizontal velocity v, 50m/s, and : £
(b) just before it strikes the '

ground at B. With h =500m.,




oblem 10
The truck travels in a circular path having a radius

Of 50m at a speed of 4m/s. For a short distance
from 5 = 0, its speed is increased by ar= (0.05s) m/s’,
where s is in meters. Determine its speed and the
magnitude of its acceleration when it has moved

a distance s =10m.

Given r=50m

Oun S o9 | |
. L
oz © \(:7§ ;Y\" /J

Problem 11 ge
The car B turns such that its speed is increased by dvs/dr = (0. 5er)m/s?, ng tis in seconds. If the car

starts from rest when © = 0°, determine the magnitudes of its velocit}@fhd acceleration when the arm

AB rotates to 8 = 30°, Né:giggct the size of the car. Given: r=5m.

&

L-2ua23 ¢
VL P R RS

/
A L

=z
¥~ « Problem 12 .
PQ’ Ap The truck travels at speed of 4m/s along a circular road that has radius of 50m. For a short distance
‘ from s =0, its speed is then increased by dv/d¢ =(0.05s)m/s?. Determine its speed and the magnitudg of

its acceleration when it has moved a distance s=10m. { <




A2 g0 OmL&,F

Problem 13
A truck is traveling along the horizontal circular curve of radius r=60m with speed of 20m/s which is

increasing at the rate 3m/s’. Determine the truck’s radial and transverse components of acceleration.

a8 - 2’°-ISL

Problem 14
The slotted link is pinned at O, and as a result of the constant angular velocity 0'=3rad/s it drives the

peg P for a short distance along the spiral guide » =0.48 where 6 is in radians. Determine the velocity
and acceleration of the particle at the instant it leaves the slot in the link, i.e., when r =0.5 m.




Problem 15
A cameraman standing at 4 is following the movement of a race car, B, which is traveling along

a straight track at a constant speed 24m/s. Determine the angular rate at which he must turn in order

to keep the camera directed on the car at the instant 8 =60°. Given a=30m.







Homework 1

Problem 1 _
Determine the magnitude of the resultant force FR = F1 + F2and its direction,

measured counterclockwise from the positive x axis.. q
Given: A,

{

FI=250N o
F2=375N

0 =30°

@ =45°

RO

Problem 2 A,
ievresulfant force

Determine the magnitude of

I

Ay : E?
= F1 +#2and

. . oY ‘ljp . \Q;i‘l_ g;vi;_! B .. ‘v-:\‘; .
dl}ectlon measured counterchgekwisedkont the .%%ye u @}(15. Ay
Given: 5 =

jﬁiﬁ'g‘.é\gg’%%”’? - F 0 [ o s s v

FI=25N WWaYs @ your se T
F2=50N
8, =30°
B8, =30°
0; = 45°
Problem 3

Determine the components of the F force acting along the u and v axes.
Given:

8, =70°
8, =45°
8; =60 W :

F=250N '
| g
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Problem 4
The component of force F acting along line aa is required to be 30 A,

Determine the magnitude of F and its component along line 55.
Given:

0, = 80°
8, = 60°

Problesi 5

The post is to be pulled out of the ground using two ropes 4 and B. Rope 4 is
subjected to force of 600 N and is directed at angle 8/ - 60° from the horizontal. If
the resultant force acting on the post is to be 71200 N, vertically upward, determine

the force T in rope B and the corresponding angle .

PR Ry ot i
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Homework 2

Problem 1
Determine the magnitude of the resultant force and its direction,

measured counterclockwise from the positive x axis.

Given:

FI=850N

F2=625N ANS

F3=750N w - syt N
0 =45° S L

@ =30° (5 - Q,SQ“

c=3

d=4

41

e

)

e

i

X " ,
\(L- /g’\ Pl G f
%oblemz Aéwayg @ yGMEﬂ S@ﬁ LY

#" Three forces act on the bracket. Determine the magnitude and

direction 8 of Fi so that the resultant force is directed along the L

positive x' axis and has a magnitude of 1TKN.
Given:
F2=450N
ANS:
F3=200N '\J
a = 45° v — 8°8 a1
)

B =30° % - 3,}“

.

, ( rpblenb

“Betermifie the magnitude and direction, measured counterclockwise \g
from the positive x’ axis, of the resultant force of the three forces Fa
acting on the bracket.

Given: ) o
FI=300N Oz 10

F2=200N D, = 6o’

Fizipon o5 d=

, . - _ zeqg N | H
ANS VR —- 359 “ '»
- - 32.F 0 Yo F4T
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Homework 3 | : ?{

Problem 1 Afx ,2)
The cable OA4 exerts force F = {40i + 60j + 70k} N on point O. If
the length of the cable is L = 3m, what are the coordinates (x, y, 2)

of point 4?

(12,18, 2.1)

Problem 2
Determine the position (x, y, 0) for fxing cable BA so that the Z

resultant of the forces exes
axis, from B toward O, ¢
the magnitude of force g o \
Given: R 'i\é\

FI=500N A SWd% 'S @ }@g;r S@rwa - FE?’;'.:A%&?I‘ ¢

F2=400N R Iy

a=1Im
b=2m
c=2m
d=3m
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Homework 3 |

Problem 1 :
The cable OA exerts force F = {40i + 60j + 70k} N on point O. If
the length of the cable is L = 3m, what are the coordinates (x, ¥, 2)

of point 4?7
AN S ( 1.2, 1.8, 2113
R
2.
Problem 2 ¢ % é‘%
Determine the position (x, y, 0) at th e z

4
4
%

5 ;@, ,u e BANge.th
resultant of the forces exerted offffie pole 1S directed along its g2 g g
it SETVICE

axis, from B toward O, and has ﬁ?%wavfg k@%%ﬁ)@«hﬁtﬁ‘;s

the magnitude of force F3?
Given:

FI=500N
F2=400N
a=1m

b=2m

c=2m

d=3m

ANS: Ty T
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Homework 4 (0‘@*&)

roblem 1 )
‘/getermine the maximum weight of the engine that can be supported without
exceeding a tension of T1 in chain 4B and Tz in chain AC.

\
‘jp’pGiven:
Y e=300

T, = 4y S0 N
7}:%“}80 N

ane: Wz ke N

CAblem 2 4 l/o\{\%\ 2 4

The unstretched length of spring 4B is 8= 2m. If the block is held SUR L e .
in the equilibrium position shown, determine the mass of the block ~ ———
Given: T % % '
a=3m g , E 555
b=3m &your s
c=4m
ks = 30 N/m @ . Y
kie =20 N/m My = 12, B (
k/“) = 40 N/In
roblem 3
Determine the force in each cable and the force F needed to 1’ A

hold the lamp of mass M'in the position shown. Hin#: First
analyze the equilibrium at B; then, using the result for the
force in BC, analyze the equilibrium at C.

Given:

M=4kg Aus:

=307 T -39 24 N
8, = 60° Ly —

E_ _ 39,2¢ N




=



Wl/roblem 4 -
The 30-kg block is supported by two springs

having the stiffness shown. Determine the
.‘)P'b unstretched length of each spring.

\’ Given: \ Ag

M=30kg f};\._&___ .
= - 1
[;=0.6m LAE__ 60452,\(“
,=04m
L=05m L he —
pe = O A

kg = 1.5 kKN/m .
kag =12 kKN/m

Always @ your service

Sl
N
X
%oblem 5 7 .
~" A 4-kg sphere rests on the smooth parabolic surface. |

Determine the normal force it exerts on the surface and
the mass m; of block B needed to hold it in the
equilibrium position shown.

Given:
a=04m
b=04m
8 = 60°

- — 14.66 N
FM_,

Mg = 3.868 K%
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Homework 5 :

%}lem 1

Determine the magnitude and directional sense of the
resultant moment of the forces at 4 and B about point P.

Given:
F, =40 kN

F, =60 kN

“1_ Problem 2
Determine the angle 8 (0 <=8 <= 90 deg) so that the force F =
100N develops a clockwise moment M = 20 N.m about point O.
Given:

® = 60°

b =300 mm

a =50 mm

ane: ©= 286 ,

g
Problem 3 L} _
Determine the magnitude and directional sense of the — & 5.,@

moment of the forces about point P.

" "Given: : ' - c£> F‘B
FA4 =400 N i j ‘55 \3 AV

FB = 260 N ‘. i 1@ Pp—— e o ,__.:j.” -
8 =30°

X
03‘:
Ye

g\
w

a=4m
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Ao e Lorne.  behozer A 9 lpe p@m off, Qa{)],d«._; S

of NS \P(&,

M. = 3.57 (fs‘ bive €€ w>

b=3m

c=5m AN.S:
d=2m

e=2m

f=12

g=5

roblem 4
é) A force F = 40N is applied to the wrench. Determine the
moment of this force about point O. Solve the problem using
both a scalar analysis and a vector analysis.
Given:
F=40N

6=20°

Problem 5 S
Determine the direction 8 ( 0° < 8 < 180°) of the force
F = 200 N so that it produces (a) the maximum ol A y
moment about point 4 and (b) the minimum moment :V}, s T 2
about point 4. Compute the moment in each case. - b l - BR Fyé
Given: ks v .

C. Masn scuas 6 Wi g |
a = 20 m N\ a%' MAI*{ H g s s ﬂ B S Y P

=0.5m ooy 15 1 Ao P Umo BeHdeum A B .
b=0.5 Acnd %M Qw:k»& Apghicadim Fl‘\ | / L
\V\W'\,; = r mz

0z av- o (1)

Ift tant moment about point 4 is M = 4800 N.m s H

clockwise, determine the magnitude of F3 if
£1=300Nand F2 = 400 N.

Given: -

®,= v
l" 230 Qr=2>m A=3 e
g, = 30 » QE}\‘

Ang: W - 1,543 «N
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Homework 6

Problem 1
Replace the force at 4 by an equivalent force and couple

moment at point P.
Given:

F=375N
a=2m
b=4m
c=2m
d=1m

8=30°

Problem 2
Replace the force system by an equivalent resultant force and v
couple moment at point P.
Given:

FI1=60 kN
F2=85 kN e :
F3=25kN Alwa VS @ VOLIT
B =45° J

i
d

%
i

B

e

e B, O

a=2m ;0 B
b=3m —— e @ S d S
c=6m - "

d=4m

e=3 -

f=4

Problem 3

Replace the force system by an equivalent force and couple
moment at point P.

Given:

FI1=430kN
F2=260kN
8 =60°




a=2m
b=8m
c=3m
vd=a
e=5m
f=12
g=>5
Problem 4

Replace the loading system acting on the post by an equivalent resultant
force and couple moment at point P.
Given:

FI=30kN
F2=40kN
F3=60kN
a=1m
b=3m
c=2m
d=3
e=4

2
M T~ wcion ! al \f,;‘"f- 3 (ﬂLDU,,E ( L YA R
7 « : RUSTE v s
/

Aos
e Pus A

Problem 5

T
o 4
L WP Y e N

Replace the leading on the frame by a single resultant force. Specify where the force acts , measured from end

&

) Q. »g o sod oo L7
Given: G o g e e (o A ¢
Fil=4so0N § = 60
F2=300N W= ‘SDDE N
F=700N W= 30
A— M

b=

C = 3m
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Homework 7

? 2 VN ':l/n c\.»& -~ 20
Problem 1 ( aO b or\mﬂ
Determine the magmtude of the reactions on the beam at 4 and B. Neglect the thickness of the beam.

Given:
Fr=600N

F2=400N
B=15°
a=4m
b=8m
c=3
d=4

l;s—bl m2
?%11 the reactions at the supports.

Given:

w = 250 kN/m

a=6m
b=6m

c=6m

Problem 3
Determine the reactions at the roller 4 and pin B.

le ""—P
WM c=3m

F=390 kN d=s5s
a=8m e=12
b=4m 6 =30°
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Problem 1
The pipe in figure (a) is subjected to the force of F = 80
Ib. Determine the anglatheta/between F and the pipe
segment BA, and the magnitudes of the component of F,
which are parallel and perpendicular to BA.

Problem 2
The circular plate in Figure (b) is partially supported by the
cable Al/If the force of the cable on the hook at Ais F = 500
N, express F as a Cartesian vector.

5
?l
N 4 1/ \',"/ :{5“" q
; \ ; g i
‘ g2l
Problem 3 4
The frame shown in figure (c) is subjected to a ’ )
 WoHgEn Al TOFCE F e (300]) N DECETIE the =~ e f e vy

magnitude of the components of this force parallel
and perpendicular to member AB

|
|
|
!
A
N
i
~
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The block has weight W and is being hoisted at uniform
velocity. Determine the angle &for equilibrium and the

required force in each cord,
)
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block of mass M is supported b ins i [ff]
y two springs having the stiffness shown. Determ;
etched length of each spring. ] ] ) semine the
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Three blocks are supported using the cords and two pulleys. If they have weights of W= We=W, :

W= kW, determine the angle ¢ for equilibrium.
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If it takes a force F to pull the nail out, determine the smallest vertical force P that must be
applied to the handle of the crowbar. Hint: This requires the moment of F about point 4 to be

equal to the moment of P about 4. Wh:y?

{
Given: :
i
! : .
F=1251b | .
a=141in P
b =31in

D>
R
]

20 deg

A\
)
i

60 deg

Mpr= _ (/;55&‘60 X :i?»\j : _ 3aM e Uaa

A

= -2 24,9 L=

: : )

& F - . R OB R U e g e pen e
Always @ your sery

\
" : WA = ‘>?‘"~ AN

AN po

Q,\‘ ot v OW AN IO SN ‘
/\ .- -
roo ¢ ~ et
N o) o /\/\ '/:“‘E" i’\/\,n C/(B\\\L\) o A e
0 ' ] B b, A~y
S S E W Poes B v P ot

B







The force F acts on the end of the pipe at B. Determine (a) the moment of this force about point
4, and (b) the magnitude and direction of a horizantal force, applied at C, which produces the

same moment.

Given:
F>= 70 N
a=09m
b=03m
c=07m
g = 60 deg
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(Moo he's LM)

Problem 1 4
The water-park ride consists of a sled of weight \ N
W =8-kN (=800-kg) which slides from rest down . C)

the incline and then into the pool. If the
frictional resistance on the incline is F-= 300N
and in the pool for a short distance is Fr= 800N,
determine how fast the sled is traveling when s
=1m (Ans:V,=19.2 m/s)

f

roblem 2 ‘,
At a given instant block A of weight Wa= 25N is moving ~6 ; "}J
) 50y Detgrminedts 1 i %5 ‘
é &as weight Wi ééﬁ‘QN, \"( E v = [““/S
A A

ineti¢ifrietion béaween i andthe

horizontal plane is lzvﬁxi;q@f &éﬁlgpt@ ﬁ‘%é@ bf fhefbﬁlg\‘}sk e

and cord. (Ans: V,=13.4 m/s)

roblem 3
The boy has weight W = 400N (= 40kg} and hangs uniformly from
the bar. Determine the force in each of his arms at time t =2s if
the bar is moving upward with (a) @f 1m/s and
(b) a speed v = 1.2t m/s.
(Ans: (a) T=200N; (b) T=298N) ¥
e_?\;,\\‘,\\oﬁ\,_a

M e asiniwms s e i




Problem 4

At the instant 8 = 8, the boy’s center of mass G has a downward
speed V¢ = 3m/s. Determine the rate of increase in his speed and the
tension in each of the two supporting cords of the swing at this
instant. The boy has a weight W = 300N (=30Kg). Neglect his size and
the mass of the seat and cords.

(Ans: T=175.8N, a;= 4.91 m/s%)

Problem 5 -
if the crest of the hill has a radius of gf
determine the maximum -
the car can travel over it without leaving the surface
of the road. Neglect the size of the car in the
calculation. The car has weight W.

(Ans: V =31.3 m/s = 111.6 km/h)

Problem 6
The pendulum bob B of mass M =5 kg is released from rest when 8

= 0°. Determine the initial tension in the cord and also at the
instant the bob reaches point D, 8 = 45°.Given: L = 2m. Neglect the
size of the bob. (Ans: T= ON; Tp = 104.1 N)
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Test 2 :

Problem 1 30 Points
The unifotm bar AB has mass 50 kg and
supports the 200-kg load at A. Calculate the

tension in the supporting cable and the
magnitude Fy of the force supported by the

pin at B.
0

S\t ” 0
5%

Problem 2 45 Points

Determine the integ shar fofte and'momefit at points C and D of the o
beam. _ . :,,»}
Gt £ E\W // w
< MQW Servig & W O -
\ { S - D = P /‘//
r """" eI (E‘ v C')b -~ f,");
C| 2B [’ g e oy ¥
A0
3 SN g )
z.?j 25 m L \“ %5\ ‘ i [y "/
75 m [ 5m o \D< ~ L K o
. “J AY
Problem 3 25 Points d G v a,,,),g/
The man has weight W and stands at the center of the plank. If the plane at A and B \S y %(/ s (
are smooth (reactions have only normal components). r' P
a. Draw free body diagram of the plank AB. S ¢ % -
b. Determine the tens1on in the cord in terms of W and 6. r\\‘;)
W
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