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Force and Moment

Determine the magnitude and direction of the resultant of the two forces shown, using (a) the
parallelogram law (b) the sine law. /1391 N, 47.8°]
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The force F of magnitude 1500 N is to be resolved into two components along line a-a and b-
b. Determine the angle «, knowing that the components of F along line a-a to be 1200 N.[a =

76.4°] _
Determine the magnitude of the resultant force Fr = F; + F; and its direction, measured

counterclockwise from the positive u axis. (Given: Fi=300N, F,=500N, a=30°, B=45°,
v=70°). [605N, 274.6°]
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Figure 3 Figure 4 :
Resolve the force Fz into components acting along the u and v axes and determine the
components. Given: Fj=25N, F,=50N, 0,=30°, 6,=30°, 8:=45°. [F,,=86.6N, F,= -50N]
Three forces act on the bracket. Determine the magnitude and direction 0 of F; so that the
resultant force is directed along the positive %’ axis and has a magnitude of 800 N. /869 N,

20.37]




- mﬁ*w :' -+

< 1
¥ * L]
! i i
‘F \ Force and Moment %: i
i E &
(@) the 144 i1
1 Det€imjne the magnitude and direction of the resultant o} ;r.ljegt,wo forces shown, using (a) the
pﬁ@l}@ogﬁm law (b) the sine law. /1391 N, 47.8°] 55
a2k 2
3 & a
bl (e
~ :JIT o .
e 3 Figure 1 T Figure 2
and b-
4fa = 2  The force F of magnitude 1300 N is to be resolved into two components along line a-a and b-
' b. Determine the angle «, knowing that the components of F along line a-a to be 1200 N.[a =
asured 76.47]
1=45° 3 Determine the magnitude of the resultant force Fr = Fi + F; and its direction, measured
= counterclockwise from the positive u axis. (Given: F;=300N, F,=500N, a=30°, p=45°,
10°). [605N, 274.6°]  _, o
|
Figure 3 Figure 4
1e the 4 Resolve the force F, into compom,nta acting along the # and v axes and determine the
components. Given: F1=25N, F,=50N, 0,=30°, 6,=30°, 9;=45". [F,,=86.6N, F\,= -50N]
iat the 5  Three forces act on the bracket. Determine the magnitude and direction 0 of F; so that the
169 N, resultant force is directed along the positive x* axis and has a magnitude of 800 N. /869 N,
2L.3%]
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40 kg

Fi
Figure 10 14
Figure 9
10 Determine the mass that must be supported at A and the angle @ of the connecting cord in 15
order to hold the systzm in equilibrium. [43.1° 20.5 kg] ;
11 The boat is to be pulled onto the shore using two ropes. If the resultant force is to be Fi(=80
N), directed along the keel aa as shown, determine the magnitudes of forces T and P acting in
each rope and the angle 6 of P so that the magnitude of P is a minimum. T acts at 6 from the
keel as shown. Take 6,=30°. /8 = 60° P = 40N, T = 69.3 NJ
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Fig-ure 12

12 The beam is to be hoisted using two chains. Determine the magnitudes of forces F4 and Fg

acting on each chain in order to develop a resultant force T directed along the positive V axis.

Take T = 600N, 6,=30°, 0=45°. [F; = 439 N, Fy = 311 N]
13 Two cables tied together at C are loaded as shown. Determine the range of values of W for y
which the tension will not exceed 1050 N in either cable. [0 < W <609 N] < 97
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14 The vertical force F = 500 N acts downward at A on the two membered frame. Determine the
magnitudes of the two components of F directed along the axes of AB and AC.[Fyc = 366.02
N, Fyp= 44828 N] S '
15 Determine the magnitude and angle of Fy so that particle P is in equilibrium. /552 N, 12.9°]
y 4000 N

450 N

Figure 16

Figure 15
16 The forces on the gusset plate of a joint in a bridge trusses act as shown. Determine the values
of P and F to maintain the equilibrium of the joint. /3342.78 N, 800.9 Nj
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17 A rope is connected between two points A and B 120 cm apart at the same level. A load of
1000 N is suspended from a point C on the rope 45 cm from A as shown. Find the load that
should be Suspended from the rope D 30 cm from B, which will keep the rope CD level.

18 The cylinder at A has a weight of 20 Ib, determine the weight of B and the force in each cord
needed to held the system in the equilibrium position shown.
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Figure 18

The directions of the 300 N forces mdy vary, but the angle between the forces is always is |

45°. Determine the value of a for which the resultant of the forces acting at A is directed | 2
vertically upward. [41.9°] |

The disk has a mass of 20 kg and rests on the smooth inclined surface. One end of a spring is |

attached to the centre of the disk and the other end is attached to a roller at A. Consequently,

the spring remains in the horizontal position when the disk is in equilibrium. If the |
unstretched length of the spring is 200 mm, determine its stretched length when the disk is in |
equilibrium. Neglect the size and weight of the roller. [568 mm] '

0}
P |
Figure 26
Figure 21 e
A load Q is applied to the pulley C, which can roll on the cable ACB. The pulley is held in the € 24

posttien shown by a second cable CAD, which passes over the pulley 4 and supports g load P,
Knowing that P = 800 N, determine (i) the tension in-the cable ACB (ii) the magnitude of the
load Q. /2.3 kN, 3.53 kN] -
Two spheres I and II of radii 100 mm and 50 mm respectively are placed on a container as
shown in the figure. Sphege I of mass 50 kg is suspended with a string AB of length 200 mm
and sphere II of mass é%? kg is placed on top of it. Determine the tension is AB and the |
reaction from the container

25




=10 cm =8 cm
m:=10 kg mg=8 kg

280 mm 30 ecm

Figure 22 ik Figure 23.a
23 Two spheres A and B are placed in a container as shown in figure. Determine the reaction
from the walls of the container: (Figure 23.a and Figure 23.b)

[ 29¢cm_ | 23 cm

ra=10cm =8 cm b __.'i PO
ma=10kg: me=0kg )
B pf . =
§ 5
117 s
e 2
e
30°
Figure 23.b Figure 24

24 A block of weight W is suspended form a 25 cm long cord and two springs of which the
unstretched lengths are 22.5 cm. Knowing that the constants of th'e springs are kyp = 9 N/cm
and kp =3 N/cm, determine (a) the tension in the cord, (b) tl‘1e weight of the block.

25 Knowing that the tension in cable AC is 2130 N, determine the component of the force

exerted on the plate at C. [~1350 N, 900 N, -1350 N]
b 4

4500 nn J 450N

g
’,l

i

A

To0r iy

1

Figure 26
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26 Determine the resultant of the two forces shown. /[ 040.21 N, 65.73°, 28.5°, 76.44°]
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ii. “The weight W of the container. [1202 N}
e - }.

Figure 31
Three cables are connected at A, where the forces P and Q are applied as shown. Knowing
that Q = 3.6 kN and that the tension in cable AD is zero, determine

i. The magnitude and sense of P :

ii. The tension in cables AB and AC. [-25.2 i kN, 2.25 kN, 16.65 kNJ
y A z

Sl
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F‘g"": . Figure 33
Determine the force in each cable needed to support the 500 Ib bucket.

Three cables DA, DB, and DC are used to tie down a balloon at D as shown. Knowing that

the balloon exerts as 640 N forces at D, determine the tension in each cable. [125 N, 260 N,
325 NJ




220 mm

320 MM~

Figure 35 :
35 Three cables are connected at A, where the forces P and Q are applied as shown. Knowing
that P = 1200 N, determine the range of values of Q for which cable AD is taut. /0 < O < 300

NJ

36 A horizontal circuiar plate weighing 62 N is suspended as shown form three wires that are .
attached to support D and that form 30° angles with the vertical. Determine the tension in
each wire.




37 Determine the moment of each of the three forces about point A. [433 Nm. 1300 Nm, 800

_Nmj
F,= 250N 3¢° F;=
i .rl .‘O-i 700 N = HU N\
3i [ 60° :
AM‘ __'1\‘1._._ = _“"H_,-" 1(1.'
e |___-_ 5 ] : : ) 3 __,/
¢ 2in——— =3 m—- - 54
.
m fa B/ =
1 .’__/_’_y
|
[ .
i, Jw 9
_[__ ~—12m —
4 > F3 = 500 N
=% Figure 38
Figure 37
. 38 The 60 N force P is applied at point C of the bent bar. If 6 = 45°, determine the moment of P
no/mng about point A. For what value of the angle 6 will the moment about point A be maximum?
2 <300 Determine this maximum value (MA) max.

39 Determine the direction 0 of the force F = 40 N so that it produces (a) the maximum moment
about point A and (b) the minimum moment about point A. Compute the moment in each
that are case. Takea=8 m and b =2 m.
psion in

Figure 39

Figure 40
40 If it takes a force F = 125 N to pull the nail out, determine the smallest vertical force P that
must be applied to the handle of the crowbar. Take a= 14 cm,b=3 cm,c= 1.5 cm, 0, =20°,
8,=60° -
41 Determine the force P required to pull the roller of mass M (= 50 kg) over the smooth step.
Takea=0.6m,b=0.1m, 8= 60°, 0, = 20° [44] NJ




Figure 41 .
42 Find the moment of the forces F shown about the origin. [~160 i + 220 j +120 k Nm] -
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Figure 42

0.6 m

Y

43 The 6 m boom AB has a fixed end A. A steel cable is stretched from the free end B of the
boom to a point C located on the vertical wall. If the tension in the cable is 1900 N, determine
the moment about A of the force exerted by the cable at B. /6000 i + 3600 j Nm]

44 A force F =-5i + 3j — 4k kN produces a moment Mg = -17i -7j + 16k kKN.m- about point GNf
the forces acts at a point P having a y coordinate of y = 2 m. Determine the x and z
coordinates. .
45 A guyed pole is shown. The tensions in the cables AB and AC are Tap = 27 kN and T s =281
kN. Determine the range of the values of the tension T,p in the cable
AD for which the magnitude of the resultant moment developed at base O of the pole will not
| exceed 200 KN.m [12.78 kN < T < 57.2 kN] .
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Figure 45 Figure 45

_},ﬁ C_ompute the moment of a force F = 10i + 6j N, which goes through r, = 2i + 6j m, about a
line going through points 1 and 2 having the respective position vectors; ry = 61 + 10j — 3k m,
r=-3i—12j+6 km.

47 (a) Find the moment about the origin of the force F = 10 i + 6 j — 6 k, acting at the point P
(10, 3, 4) m. What is the moment of the force F about the point A (6, - 4, - 3) m?
(b) Determine the moment of the force F =4.i + 5 j — 6 k acting at the point (2,2,1) with
respect to the line passing from (1, 1, -1) and (2, -1 ,3). The units of force and lengths are N
and cm respectively.

}& Determine the magnitude of the moment of each of the three forces about the axis AB.
Z

240 mm | ‘H_H""-n-h._
720 mm
2 T
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= 28
cable
ill not Figure 49
Figure 48 ) _
A force P of magnitude 2600 N acts on the frame shown at point E. Determine the moment of
P about a line joining points O and D. [371 Nm]
50 A plate in the shape of a parallelogram is acted upon by two co!._lpie. Dettcrm.'ine (a) the
- - moment of the couple formed by two 21 N forces, (b) the perpcndlct_llar distance between
12N forcesxif the resultant of the two couples is zero, () the value of a if the resultant couple
i is 1.8 N.m clockwise and dis 1.05m. =13
51 Add the couples whose forces act along the diagonals of the sides of the rectangular
parallelepiped. -
Er—
Page12
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SN 10 m
Figure 50 Figure 51
52 The 80 N horizontal force P acts on a bell cranks as shown. (a) Replace P with an. equivalent

force-couple system at B. (b) Find the two vertical forces at C and D which are equivalent tg
the couple found in part a.
i

(& D 5
L R A g ) i) : J
‘ i lﬂﬂmm’._ai"‘m LN
~ Figure 52 <106 mny 3
A ) Figure 53
53 Replace the two forces acting on the bent pipe by a single equivalent force R. Specify the
. distance y from point A to the line of action of R - : h
54 For the system of forces shcl)wn, determine its equivalent force moment System at the origin
O. [100 N, -53.1%: 176 Nm] :
= . 7 F
60

Al

800 mm
| -ﬁ-——-—-——-—ﬁvl-‘—-—-——""—’
' BOO mm 8OO mm
Figure 54 * SN i m ire 55

ent-is-subjected to- the forees-shown;-each-of ! :
coordinates axes. Replace these forces by an equivalent force-couple system at A.
[-300i-240j + 25_ kN -3 r'*_-_ 13.5j+ 9 k N-m]
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A square foundation mat supports the four columns with the weight as shown. Detennine the

magnitude and point of application of the resultant of the four loads. (x =3.5m, z=3mj

3 [10 N 25N
lAOkN < 12cm |
= e e LA T R I..; e 60°
12 kN e Fie 2 7
80 N-cm -
3
= L
| 40N

Figure 56 Figure 57
The three forces and a couple shown are applied to an angle bracket. (a) find the resultant of

57
this system of forces. (b) Locate the points where the line of action of the resultant intersects
line AB and BC. '

59 The rectangular platform is hinged at A and B and supported by a cable which passes over
frictionless hook at E as shown in figure. If the weight of platform is 1000 N, determine the
tension in the cable. [527.43 N] .

v g 125KN
0.90 m 100 EN 25KN
2.30 m TE5RN l

| Lt
. {| i | S

50 e
1.50m \:::_‘_

Figure 60

Figure 59 ; |
60 A concrete foundation mat of 5 m radius supports four equally spaced columns, each of

which is loaded 4 m from the center of the mat. Determine the magnitude and the point of

application of the resultant of the four loads. [325 kN, x =-0.923 m, z = -0.615 m]

Jﬁl The horizontal beam is supported by springs at its ends. If the 31jfﬁ1_ess of the s;_aring A is k,g. =
5 kN/m, determine the required stiffness of the spring at B so that if the beam is loaded with
the force F = 800 N, it remains in the horizontal position both before and after loading. Take

a=1m and b=2m. [2.5 kN/m] ;
: 1
: g Ky

Page 14
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Figure 61 Figure 62
62 The 200x200 mm square plate shown has a mass of 25 kg and is supported by three vertical -

wires. Determine the mass and location of the lightest block which should be placed if the '
tensions in the cables are to be equal. [ 1.786 kg, x= 200 mm, z = 100 mm] - .
\)y Two steel pipes 4B and BC each having a weight per unit length of 30 N/m are welded
together at B and are supported by three wires. Knowing that @ = 0.4 m, determine the tension
in each wire. [Ty=9N; Tc =4.5N; Ip =405 N]
N i

Figure 63 |
64 A 1.5 mx2.4 m sign board of uniform density weighs 1200 N and is supported by the ball and |
socket joint at A and by two cables. Determine the tension in each cable and the reaction a;i

AL
|




ie Friction
d
m ' i is lyi i
i g;:;dg of weight 3QON 18 lying on a rough horizontal plane having coefficient of friction as
?.50. .19(;1‘:;1;1}]1«: magnitude of the force P, which can move body, while acting at an angle of
P -
/( ;
o 20 kg | ~
300N fe=lllL 5 b — E_;
<«— 30kg | é
_ Figure 1 " Figure 2
2 The co?ﬁimem of friction are p; = 0.40 and py = 0.3 between all surface of contacts.
Determine the smallest force P required to start the 30 kg block moving if cable AB is
attached as shown. [353 N]
d : : 1o
Dat 3  If the static coefficient of friction for all the surfaces is 0.35, find the force F needed to start
the 200N weight moving to the right. [128.2 N]
100 N
F
200 N
Fi 3
igure iomred
4  What should be the value of angle so that motion of the 90 N block impends down the plane?
The coefficient of friction for all surfaces is 1/3. [29.05°] =
5 Knowing that the coefficient of friction between the 25 kg block 31_1d the incli.r_ae i? Hs= 0.25
determine, (a) smallest value of P required to start the block moving up the incline (b) the
cOITCSPDDdiﬂg value of B. [170.5 N, }40]
P
100 N é
ol e . DR : —Figares T Figure 6 T
6 Referring to the figure shown, determine the least value of P to cause the system to impend




rightward. Assu:ﬁe the coefficient of friction between the block and incline surface tg |
and pulley to be frictionless. [161.9 N, 11.3°] _ o g

i i le-{ﬁfcﬁﬁﬁé that 0 = 40° determine the smallest force P for which equilibrium of the
| block is maintained. Take ps= 0.45 and p = 0.35.[74.5N] :

o s 0.6m 5
L -t
7.5 3 &2
kg 75 kg <
. Rl -
== o S y
A || - Figure 7 Figure 8

Wf mass 75 kg rests on floor. The static coefficient of friction for contact surface is 0.2,
What is the highest position for a horizontal load P that permits it to just move box without
over turning? [1.5 m)

Determine whether the block is in equilibrium and find the magnitude and direction of
friction force when 6 = 30° and P = 150 N. 1

455 N

9 The coefficients of friction between the block and incline are ps = 0.35 and py ='0_,2j

140 M o
L s eang =

i

Figure 10 T
Figure 9 ;
10 Find the friction force for the block shown and state whether the block is in equilibrium or i

| : motion. Also determine the additional force P that must be added to 140 N force to just m_evg;J
the block to left. [ps=0.2]

B :fwo masses m; = 22.5 kg and m, = 14 kg are tied together by a rope parallel to the incline’
" plane surface as shown in figure. If p for m -is‘0-2‘5 and that for m; is 0.5 find (a) value of 8
for which masses will just start slipping (b) tension in the rope. [19.08°, 20 N] i

]
]
|
l
|

5m

A 4m
5 Figure 11 Figure 12 |
mghing 20 N is };la_cedTgainét a smooth vertical wall

e e nE length S
- A_:J;H lf::“rf:rlaeicfier4oiieggvt:v form the wall. If the ladder is just to whip, determine, (a)
I WI £ ; 2 e wr e & e - = r
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®tobe (> S 2
s * " ceefficient of friction (b) friction force acting on ladder at point of contact between ladder
the 7.5 kg . and floor. [0.667, 13.4 N]
A 13. . A small ladder of uniform bar weighing 60 kg is constructed to move in the smooth vertical
i -5 guides. If ps= 0.80, determine horizontal force P required to initiate slipping at A.
B
L/2
P
L/2
face is 0.2, S
10x without A ;
: : Figure 13 Figure 14
Wplancs AC and BC are inclined at 60° and 30° to the horizontal. A load of 1009 N rests
iy = '0.25 on inclined place BC and W on AC as shown. Determine the range of W for the equilibrium.
lirectioﬁ Of-‘ Take y; for right plane as 0.80 and that of left plane as 0.28. [266.5 N, 969.3 N]
455 N
brium or in
D just move
i the incline
) value of 6
B
=
ertical wall
mmine, (2)

= e R e e P = = o Tl ——— e mp——-— = = = (e = == e =
% =
B =T
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Derive the centroid anéti_?g_oment of inertia of followmgs by first principal meth d
a.Rectangle = b. Triangle ¢. Circle ’i
d. Semi circle ' " - €. Quarter circle '
2 Locate the centroid of the composite line shown. |
_ —
\‘:\ |
2 -
\ & ! I|I
-
| |
= —> \1 ‘_2_m,| 4
Figure 2.1 Figure 2.2 Figure 2.

3t

P

AT

- &
il'

.....

Find the centroid and moment of inertia of the shaded area by the direct integration.
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Beam and Truss

~ . : . 1 c
Qs é At " "‘D_ == E Bl
2m Im B ? N | | i
‘ 02m U5m 04 m 03 m ‘
U = T —
Figure 2
1500 N /m
A B
c e » - c
L : } m JV 2m %
a
Figure 3 Figure 4
6 kN/m 20 kN 12 kN

(LTI L5 K/
. . | | i

Figure 5 ] Fig;u'e 6 ‘ ’
uikN 0 I kN 3 kN
6 kN/m -
2ZkIN/m
JITITTTRITTH R A 011
meI; P %F : 8] C : + A
.“‘5’"lr 075m | 1m 075 m !05”‘. 4kNlt 18m ! 18m 24m
Fi 7
| BN Figure 8
5 kN/m
7kN 9 kN 12°kN
7\’\ l 27 ;ﬁ"m l 22.5 kN-m
H s Pt . - = 1! 3m | 3m 1}, 3m 1|, 3m :,. 4.5m 1L
=

p2m L iﬂ L 2m T%r-‘j*_
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36m | 24m ]
Figure 11
15 kN
10 kN/m
1

J._ 4m i 4m i 2m }
Figure 13
2 kN/m
= P
L 2m L 2m J
£ {1 (!

Figure 15

100 N 150N

I ]
| =k S

Figure 3

801111 e o131

N~——— — —
||'

Figure 14
10 kN
3KkN/m
3 kN/m
' ©
4 B8
lI{ 5m * S5 Ty =II
Figure 16

Analyze the force in each member of following truss by Method of Joint and Method of Section.

2 S0kN —»r— i E
E F l
E
40KN—s» D
C =
A BI
—dm—
Figure 2
10kN : 15 kN

—3IM——r——Am———3Im—

Figure 4

e S —



S I8 15kN

0.75m| 0.75m

Figure 5
gu im !__ 1m ! 1im _]|
y Figure 6
2 kN
_-.-I 4 kN
4 kN i
4 kN
2 kN
— =
m oy S ﬂ
£ < s o
i S -
ZT i -
S 7%
HE 21m ,L 21m ‘l‘ 21m _!~ 2Z1im |
Figure 7
10kN 10kNM 10 kN 10kN 10kN 48 kN
m.

Figure 9
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The Tﬂicﬁ:fln of the pamcle'igﬁé’ﬁ'ucd by the relation x=r-67"+9¢+5, where x is expressed in. -

meter and ¢ in sec. Determine, ;
a. when velocity iszero = [1s,3s]
" b. the position, acceleration and total distance travelied when =5s
[25m, 18m/s? 28m] * *
The motion of the particle is defined by the relation a= 91+5, where @’ is expressed in
m/s’and t in s. Atr=0,v=2m/s and x = 5m. .
a. Write equations of motion [v=4.57+5t+2, x=1.50+2.5+2t+5]
b. Determine the position, velocity anc acceleration at =4s
[149m, 94m/s,41m/s?]

The acceleration of the particle is defined by the relation a = -2 7/s”. Initially if velocity (v,)=
8m/s and position (x,)= 3 m, determine the position, velocity and the total distance travelled.
at the instant of 6s. [15m, -4m/s, 20m)

The relationship between velocity of a particle and time is expressed as v = -3¢ +18¢. How
far the particle would travel between =4s and r=10s and what will be the acceleration at these
two times? [236m, -6m/s?, -42 m/s?]

The acceleration of the particle is dsfined by the relation a = 9-37. The particle siarts at /=0 with v=0
and x=15m. Determine, =

a. the time when velocity is again zero [3s]

b. the position and velocity when t=4s [23m, -28m/s]

c. the total distance traveled by the particle from =0 to =4 [32.5m]

The acceleration of a particle is defined by the relationa = 25 —3x?_ where a is expressed in
mm/sec’ and x in mm. The particle starts with no initial velocity at the position x = 0.

Determine 2
a. the velocity when x =2 mm i [9.165 mm/s}
b. the position where the velocity is again zero [+ 5 mm]
c. the position where the velocity is maximum. [2.89 mm]

The acceleration of the particle is directly proportional to time t. At 1=0, the velocity of the
particle is 400mm/s. Knowing that v= 360mm/s and x= 500mm when 7= 1s, determine the
velocity, the position and the total distance traveled when 1= 7s.

[17.64m/s, 41.54m, 4].160m] ‘ =
The acceleration of the particle is defined by the relation a=/x . The particle starts with no initial

velocity at x=800 mm and it is observed that its velocity is 6m/s when x=500 mm. Determine,

4. the value of k [24m3/s2]
b. the velocity of the particle when x=250 mm.[11.49m/s]

ity Bf the particle is defined by the relation v=8-0.02x. Knowing that x=0 at =0 determine,
i v—a—docnyihﬁiotal_dlsp istance traveled before the particle cometorest.  [400m]
b. the acceleration at t=0  [-0.16 m/s2]

c. the time when x=100m [14.38s]
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E 'i the distance d between the

: 73 creased at a constang rate from 100 km/hr to 120 km/h o\«cr"a:
distance of 180m along 4 cu radius. Determine the magnitude of the total
™ along the curve. [4.264 m/s’]
ner increases his speed at a constant rate from 4.
{ : ; the total acceleration of the runner 2 s after he
begins to increase his speed. [0.68 m/s%)

12 An outdoor track is 130 m in
to 7 m/s over a distance of 3

13 A bus starts from rest on a curve of 300

m/s2. Detcrmi_ne the distance and the time that the bus will travel before the magnitude of its
total acceleration is 0.9 m/s2. [99.5m. 16.3s)

m radius and accelerates at the constant rate at = (.75

14 A shot is fired with a bullet from a point 20m in front of vertical wall 10 m high. Find the
minimum angle of projection with horizontal to enable the shot fo just clear the wall [30.27]

f —p 25 m/s
40 mi/s ,*"-. ; /-

Figure 14 Figure 15
e
ij arts wi 1 ake ity of 25m/s and lands on straight landing
15 A ski jumper staris with a horizontal take off velocity o T : g
hill m_l;lingd at 30°. Determine a) the time between take off and landing b)the length of the
jump [85 m]

ir] ti s a ball with an initial velocity 18m/s. Detennii}e. .
= t;mwt;: mz;ximum height h at which the ball can strike the wall [14.61m]

b. the corresponding angle made with horizontal [65.67]

L_ .___ 15m . ,,l
Figure 16 L
ith an initial velocity of 48m/s at an angle of 2? with the
w:f irway slopes downward at an average angle of 5°, determine
gzlf:, and point B where the ball first lands. [215m]

) ) 17 A golfer hits a golf ball
| horizontal. Knowing that t
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‘Car A and B are traveling in adjacent highway lanes and t = 0 have the
* shown knowing that car A ahs a constant acceleration of 0.6 m/s® and that B has a

positions and speed s
Constant

23--Car A and B are travelin
on an ice-covered

between the cars at w
with car B,

Tutorial

brakes so that his car de
hich the driver of car A must apply hi

n A p.":'ed Mechanics 1-2017

L =5 e

| @ecleration of 0.4 m/s”. Determine (a) when and where A-will overtake B, (b) the speed 2k
. . Lach car at that time. [ (a) 13.8] sec, 202.91 m (b) V4 = 18.84 m/s, Vg = 10.3 m/s]
pE N i &
iante V, =38 k/kr Va =57 kn/r
T el T o8
£ : ;
o= 22.5m o]
S Fligure 22

g respectively at the constant speeds (v4), = 36 km/h and (VB)o =27
road. To avoid overtaking car B, the driver of car A applies his
celerates at a constant rate of 0.042 m/s’. Determine the distance 4
s brakes to just avoid colliding

e

7 L I

Figure 23
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SNt Figure 17
18 @'b.asketball_ player shpots when she is 5m from the backboard. Knowing {hatg::le ball has an
initial velocity v. at an angle of 30° with the horizontal, determine the value of v.when d is
equal to a) 228mm, b) 430mm [ 9.34mys, 9.27ms} '
5m |

Figure 19
Figure 18 .

19 A homeowaer uses a snow-blower to clear his driveway. Knowing that the snow is
discharged at an average angle of 40° with the horizontal, determine the initial velocity v, of
the snow.

20 As cam A rotates, follower wheel B rolls without slipping on the face of the cam. Knowing

- that the normal components of the acceleration of the points of contact at C of the cam A and
the wheel B are 0.66m/s2 and 6.8m/s2 respectively, determine the diameter of the follower
wheel. [11.65mm)]

21 The rotation of rod OA about O is defined by the relation 6=2t" where 9 is expressed in
radians and t in seconds. Collar B slides along the rod in such a way that its distance from O
is = 60 £-20>, where r is expressed in millimeters and t in seconds. When t= 1s, defermine
a) velocity of collar b) total acceleration of the collar [0.204mm/s €-5.71 mm/s eq, -
22.8 mm/s® e,+1.633 mu/s” eq)

l~ 5 A/

e __ TFigure20— —

e ————
Page 27
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Kinetics of particle

fike
-

S

L. A single wire ACB passes through a ring at C that is attached to a 5 kg sfl_’h];ir; lw 2115132 z §ii‘ i
revolves at constant speed v in the horizontal circle as shown. Knowing that bR
and d= 0.8m and that the gens'ion in both portions of the wire is 34N, determine .

i) Thesngle 02(36.9°]

ii) The speed v [3.88m/s]

=X

x Figure 1
i ep

&\

e
% Figure 2 ;

2. A 5 kg block is at rest on an incline when a constant horizontal force P is applied to
it. The static and kinematic coefficient of friction between the block and incline are
0.3 and 0.25 respectively. Knowing that the speed of block is 12m/s after 6s
determine the magnitude of P -~ [44.84N] k=
3. The two blocks (m,=100 kg, my=150 kg) shown are originally at rest. Assuming that

the coefficients of friction between the blocks and the inclines are ps=0.25 and uk
=0.20, determine

a) acceleration of block A
b) tension in the cord

Figure 3

Figure 4

4. Block A has a mass of 25kg and block B a mass of 15 kg.. The coefficient oF
friction between all the surfaces are ps =0.20 and pk =0.15 Knowing that 6=25° .
and that the magnitude of force applied to block B is 250N, determine ; |
¢) accelération of block A [2.21m/s2 ¥ ]

d) tension in the cord [192.3N] - 2wl M/J“‘ —

n Applied Mechanics 1-2017
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5. The acceleration of a package slidin
Assum}ng that the coefficient of k
determine the acceleration of the pac

g down section AB of incline ABC is Sm/s?.
inetic friction is the same for each section,
kage on section BC of the incline. [2.09m/s?]

‘ - -
F2 A 1 E
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i
o

Figure 6

6. The two blocks shown are originally at rest. Neglecting the masses of pulleys and
the effect of friction in the pulleys and assuming that the coefficients of friction
between block A and the horizontal surface are ps =0.25 and |2.|k =(.2 determine
a) The acceleration of each block [0.698m/s’ » ,0.233m/s* 4 ]

b) Tension in the cable [79.8N]

7. The two blocks shown are originally at rest. Neglecting the masses of pulleys and
the effect of friction in the pulleys and assuming that the coefficients of friction
between block A and the horizontal surface as 0.25, determine

a.)the acceleration of each block [a; =2.1 m/s%, ag = 1.05 m/s?]
b.) the tension in the cable [700 N]

Figure 7 Figure 8
i i 5 m long steel cable AB and swings in the
3 60 kg wrecking ball is attached to a‘l ‘ |
8 ilenicalgarc showﬁ_ Determine the tension in the cable ‘(a) at the top C of the swing,
(b) at the bottom D of the swing, where the speed of B is 42 mfs. .
9. A 5 kg package is projected down the incline with an initial velocity of 4 m/s
. ]mowlng_.g that the coefficient of friction between the package and {he.lf'_l_?llnc is 0.35,
-1 ~ determine

ul phed Mechanics 1-2017
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i, the velocity of the package after 3 m of motion : .t
ii. distance d at which the package comes {0 1¢S P 0%

¥
Eii

10. Three blocks A (ma =10 kg), B mp = 15 kg)and C (¢ = g-‘areconn_ 7

rope and P“lley(ar:angeme:i{ as (shown in the figure. ‘I'h.e coefficient of kmematsc'
vl ~ friction between the conitact planc and the biock A and B 1s 0.3. _ o

B 11. A string connecting a 5 Kg ball and a 10 kg blocks is passed over an ideal pulley o

negligible radius as shown. The pulley is then rotated about the axis a-a, which is
assumed to pass through both the centre of the pulley and C.G. of the 10 kg wt. If
the amount of string on the ball side of the pulley is 3 m. What must be the constant 4
speed of the ball to prevent the 10 kg block from falling?

~ " " giourell SR Figure 12

12. Two blocks are released from rest when r = 0.8 m and 6 = 30°. Neglecting the mass -
of the pulley and the effect of friction in the pulley and between block a and the
horizontal surface, determine (a) the initial tension in the cable, (b) the initial -
acceleration of block A and B. [126.6 N, 5.48 m/s’, 4.75 m/s] .
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Kinematics of Rigid Body
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s£1s A body rotates according to the relationz =3¢ +4, an
¢ radians and time in seconds. If it’s initial angular velocity is 4 rad = e
angular displacement is zero, compute the values of 6 and @ for the Etasne:wa}?:nt?e_ 1:;1“131
[w = 43 rad/sec, 0 = 50.25 rad). « . R
. - -2. If the hoisting gear A has an initial angular velocity 8 rad/sec clockwis e
. acceleration 1.5 rad/sec” anticlockwise. Determine the velocity and acwlemzoa;l:fﬁ aﬁggﬁr
2 sec. [Ve = 125 mm/sec upward, ac = 37.5 mm/sec’ downward| SR
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gular displacement being measured iy
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W = U
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Figure 2 Figure 3

3. Disk B is at rest when it brought into contact with disk A which is rotating freely at 450 r/min
clockwise. After 6 s of slippage, during which each disk has a constant angular acceleration,
disk A reaches a final angular velocity of 140 r/min clockwise. Determine the angular
acceleration of each disk during the period of slippage.

Figure 5

A iy dnifi)rfe 1425mm outside radius rests on two_ ca_sters each of 25:_nm’mdi1_.\s. Tha drum
i d 15 revolutions during the time interval t, while its angular velocity is being increased
ext_acutc from 20 to 50 rpm. Knowing that no slipping occurs between the drum and casters
uniformly OmAn s aczle;aﬁon of the casters [0.61 rad/s’], (b)Time interval t {25.71s]
determine, (a) Angu over two pulleys without slipping. At the instance shown the pull’eys are ro_tati.ug
. 5. The be[.t shown. rl;novesed of point B on the belt is 4 m/s, increasing at the rate of 32 m/s”. 'Determm'e, at
J ck_}cl'(wmc and the sp]e elol::ity and angular acceleration of each pulley, (b) tge acceleration of point P
oo e O rals CW, 200 rad/s? CW, 40 radls CW, 320 rad’, 163.2 mis” #11.3°]




Kinetics of Rigid Body

T Each of the pulleys shown has a mass moment of inertia of 20 kg m”® and is initially at rest. |
I'he outside radius is 0.4 m and the inner radius is 0.2 m. Determine (a) the angular
acceleration of each pulley, (b) the angular velocity of each pulley after point A on the
cord has moved 3 m. i 3

Figure 1.a Figure 1.b Figure 1.d i

2. The flywheel weighs 250 Ib and has a radius of gyration of 15 in. A block A of weight 30
Ib is attached to a wire wrapped around the rim of radius r = 20 in. The system is released ‘
from rest. Neglecting the effect of friction, determine

a. The acceleration of block A. [5.66 ft/sec’] | 3 (
b. The speed of block A after it has moved 6 ft. [8.24 ft/sec]

Figure 3

Figure 2

a hoop each having the same mass and the same radius, are

e : 5 i i lled

t on an incline. Determine the \rclocxt'y of each body after it has ro.
:;ll.easge; f 3:11 rese ?;];nesponding to a change in elevation h. [0.845V(2gh), 0.816\(2gh), K
ou stan :

B | . R S

3. A -sphere, a cylinder and
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ly at rest i

: from rest, determine the distance
: angular -
A on the

_a-//
s
| e
Figure 4

\@_y

S. The mass and radius of friction disk B ar
of friction disk A are ma =2 kg and T4 = 60
moment is applied to disk A. Assuming

determine (a) the angular acceleration of eac

| on disk B.

t.d I
. | 18
weight 30 B
is released jm
Figure 5
E 6. A uniform slender rod of length L = 0.9 m and mass m = 2 kg han
A If a force P of magnitude 6 N is applied
(a) the angular acceleration of the rod, ® the compon
7 A uniform rod of length L and mass m 15 supportc_d as s
end B suddenly breaks, determine (a) the acceleration of
support Y
radius, are
has rolled
816\ (2gh)4
l =
LR
L ———
t I o ____.
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4. A flywheel of centroildal radius of gyration K = 500 mm is rigidly attached to a shaft of
40 mm which may roli along parallel rails. Knowing that the system is released
through which it will roll in 20 s. [3.85m1] '

e mp = 5 kg and #8

— 90 mm; the mass and radius
mm. The disks are at rest when a couple M of
that no slipping occurs between the disks,
h disk, (b) the friction force that disk A exerts

Figure 7
gs freely form a hinge at

e left (h=1), determine
ents of the reaction at A. -

hown. If the cable attached at the
end B, (b) the reaction at the pin

at B horizontally to th
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