Dr. Hasha m ALKhald L

Kinetics of a Particle:
Force and Acceleration

s
-E CHAPTER OBJECTIVES

Video Solutions are
available for selectex
questions in this cha

To state Newton's Second Law of Motion and to define mass and
weight.

To analyze the accelerated motion of a particle using the equation
of motion with different coordinate systems.

To investigate central-force motion and apply it to problems in
space mechanics.

13.1 Newton's Second Law of Motion

Kinetics is a branch of dynamics that deals with the relationship between
the change in motion of a body and the forces that cause this change.The
basis for kinetics is Newton’s second law, which states that when an
unbalanced force acts on a particle, the particle will accelerate in the
direction of the force with a magnitude that is proportional to the force.
This law can be verified experimentally by applying a known
unbalanced force F to a particle, and then measuring the acceleration a, BT EEEEEEE
Since the force and acceleration are directly proportional, the constant of ~ ¥ b
proportionality, m, may be determined from the ratio m = F/a. This

positive scalar m is called the mass of the particle. Being constant during ~ The jeep leans backward due t
any acceleration, m provides a quantitative measure of the resistance of which resists its forward acceler
the particle to a change in its velocity, that is its inertia.
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The 50-kg crate shown in Fig. 13-6a rests on a horizontal surface for
which the coefficient of kinetic friction is w = 0.3. If the crate jg
subjected to a 400-N towing force as shown, determine the velocity of
the crate in 3 s starting from rest.

SOLUTION

Using the equations of motion, we can relate the crate’s acceleration
(a) to the force causing the motion. The crate’s velocity can then be
determined using kinematics.

Free-Body Diagram. The weight of the crate is W= mg =
50 kg (9.81 m/s?) = 490.5 N. As shown in Fig. 13-6b, the frictional
force has a magnitude F = N and acts to the left, since it opposes
the motion of the crate. The acceleration a is assumed to act horizontally,
in the positive x direction. There are two unknowns, namely N¢ and a.

Equations of Motion. Using the data shown on the free-body

y diagram, we have
& £ 2F, = ma; 400 cos 30° — 0.3N¢e = 50a (1)
+12F, = ma;  Ne — 490.5 + 4005sin 30° = 0 ()
. - )
Solving Eq. 2 for N, substituting the result into Eq. 1, and solving
400 N for a yields

o [— Nc = 2905 N
INZ1 30° a = 5.185m/s?

Kinematics. Notice that the acceleration is constant, since the applied

~ force P is constant. Since the initial velocity is zero, the velocity of the
< ' F=2he crate in 3 s is
L. (%) v =1y + at =0+ 51853)
‘ = 156m/s — Ans.
(b)
Fig. 13-6 "
400 N
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exapLe | NS A R

A smooth 2-kg collar, shown in Fig. 13-9a, is attached to a spring
having a stiffness k = 3 N/m and an unstretched length of 0.75 m. If Flt- 0.75m-
the collar is released from rest at A, determine its acceleration and the NN

normal force of the rod on the collar at the instant y = 1 m.

SOLUTION

Free-Body Diagram. The free-body diagram of the collar when it
is located at the arbitrary position y is shown in Fig. 13-9b. Furthermore,
the collar is assumed to be accelerating so that “a” acts downward in
the positive y direction. There are four unknowns, namely, N¢, Fy, a,
and 6.

Equations of Motion.

(a)

4 2F, = ma,; —N¢ + Fycos0 =0 (1)

+{3F, = may; 19.62 — F,sin6 = 2a (2)

From Eq. 2 it is seen that the acceleration depends on the magnitude ‘ 1 . LN e
and direction of the spring force. Solution for N¢ and a is possible oY f)
once F, and 6 are known. Y NG

b
The magnitude of the spring force is a function of the stretch s of the ®)

spring; i.e., Fs = ks. Here the unstretched length is AB = 0.75 m, Fig. 13-9

Fig. 13-9a; therefore, s = CB — AB = Vy? + (0.75)* = 0.75. Since
k = 3 N/m, then

Fy=ks = 3( ¥ + (0.75) - 0.75) (3)
From Fig. 13-9a, the angle 6 is related to y by trigonometry.

sl
tan 6 = 575

Substituting y = 1 m into Egs. 3 and 4 yields F, = 1.50N and
6 = 53.1°. Substituting these results into Eqs. 1 and 2, we obtain

N¢e = 0900 N Ans.
a=921m/s* | Ans.

NOTE: This is not a case of constant acceleration, since the spring
force changes both its magnitude and direction as the collar moves
downward.
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EXAMPLE | 13.8

Design of the ski jump shown in the photo requires knowing the type
of forces that will be exerted on the skier and her approximate
trajectory. If in this case the jump can be approximated by the parabola
shown in Fig. 13-14a. determine the normal force on the 70-kg skier
the instant she arrives at the end of the jump, point A, where her
velocity 1s 20 m 's. Also, what is her acceleration at this point?

SOLUTION

Why consider using n, 1 coordinates to solve this problem?
Free-Body Diagram. Since dv/dx = x/30|,_o = 0, the slope at A
1s horizontal. The free-body diagram of the skier when she is at A is
shown in Fg. 13-14b. Since the path is curved, there are two

components of acceleration, a, and a,. Since a, can be calculated, the
unknowns are a, and N,.

Egquations of Motion.

+15F, =ma; N, — 70(981) = 70[(22)-] (1)

ZiF, = ma; 0 = 70a, @

The radius of curvature p for the path must be determined at point
A(0. —60m). Here y = £x° — 60, dy/dx = gx, d’y/dx* = 55, so
thatat x = 0.

1+ @y/d P [+ P _
T |dy/dd] =0 |30l

p 30m

Substituting this into Eq. 1 and solving for N,, we obtain

Ny =1620N Ans.
Kinematics. From Eq. 2,
a=>0
Thus,
2 (20)
a, = ‘; = 30) = 1333 m/s?
a4 = a, = 133m/s* | Ans.

NOTE: Apply the equation of motion in the y direction and show that
when the skier is in midair, her downward acceleration is 9.81 m/s?.

(a)

n

|
70(9.81) N

- q

A

Ny
(b)

Fig. 13-14
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60 (9.81) N

(b)

()
Fig. 13-15

The 60-kg skateboarder in Fig. 13-15a coasts down the f:ircular
track. If he starts from rest when § = 0°, determine the
magnitude of the normal reaction the track exerts on him when
0 = 60°. Neglect his size for the calculation.

SOLUTION

Free-Body Diagram. The free-body diagram of the skateboarder
when he is at an arbitrary position 6 is shown in Fig. 13-15b. At
6 = 60° there are three unknowns, N;, a;, and a, (or v).

Equations of Motion.

’U2
+73F, = ma,; N, - [60(9.81)N]sin6 = (60 kg)( ) (1)

4m
+N 2F, = ma, [60(9.81)N] cos 8 = (60 kg) a,
a, = 9.81 cos 0

Kinematics. Since g, is expressed in terms of 6, the equation
vdv = a,ds must be used to determine the speed of the
skateboarder when 6 = 60°. Using the geometric relation s = 6r,
where ds =rdf = (4 m)df, Fig. 13-15¢, and the initial condition
v = 0atf = 0° we have,

vdv = a,ds
v 60°
f vdv = f 9.81 cos 6(4 db)
0 0
2|v 60°
—| =39.24sin6
21 0
2
5" 0 = 39.24(sin 60° — 0)

v = 67.97 m?/s?
Substituting this result and 6 = 60° into Eq. (1), yields
N, = 1529.23N = 1.53kN Ans.
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«13-73. The 0.8-Mg car travels over the hill having the KJ y
shape of « parabola. When the car is at point &

A,itis traveling
at9ml"0di"ﬂ'ﬂﬁﬂlimpeedn3m/:‘.bc:e;ﬁncbom \@' \/"
road at this instan,

the resulant normal force and the resultant frictional force c_‘,
Negleet the size of the car. (J’s\

S

Geo-drrHcﬂ:.ﬂ- -OMZS.:md&-—O i
3 s 3 .00625. The slope angle @ at point
A is given by
dy
tand = == = —000625(80) 0 = —26.57"
Xl smim

and the radius of curvaturc at point A is
[t + @yayP? [1+ (-000625x2 2|
p= =

ly/d ETTCTR
Equation of Motion: Applying Eq. 13-8 with 8 = 26.57° and p = 223.61 m, we have
2F, = ma; . 800(9.81) sin 26.57° — F, = B0O(3)
Ey=1109.73N = L11 kN Ans.
2F, = ma,; 800(9.81) c0s26.57° — N = BIX)(—-?]—-)
223.61

N = 6T29.67N = 6.73 kN Ans.




*13-12, car travels over the hill having the
shapc of a parabola. If the driver maintains » constant
speed of 9 mfs, determine both the resultant normal force
and the resultant Irictional force that all the wheels of the
car cxcrt on the road at the instant it reaches point A,

Fnel N 7
1 W;;-’F:nol [:- 7

o LU+ dyfdsl'PR (14 (-0.006250)) %2
|d'y/dY |~0.00625|

=206l m
r—o_1

=M m

p = 223.61 m, we have

YF, = may; B0(981) sin 26.5T* ~ F; = BOX0)

Fy= 350973 N -|:u| k-]

mlﬂl)ml?,ﬁ:ﬂ' N= Nl{m)

. N =672967N -IG.TJ kﬁ_\

XF, = ma,

e ——

. X? } ___________
i 3, (\‘lr_ AT
T q4o 7
¥ J= 20 - Xz 20 - \302C (0 X
SO b
N, 2.X ~-X - 34
- Rt 1 6o {f__ff —

St

-:;_—' ™% = 8,0 W
Geometry: Here| e ~0.00625 nnd& ~0.00625 The slope angle A at point
Adsgivenby — — |___—— ..
dy ' ‘ prceheryin
w00 = o2l = ~O00625(80) |0 = -mr‘ 8o0c9.8)N
O26.-57"
and the radius of curvature at point A is

Equations of Molioa: Here, g, = 0. Applying Eq. 13-8 with 0 = 2657 and

2\(‘& 1 .
o 21 - o)

/ :

Mm
——

Ars.

= p.Q mo kL]
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e - e e o e
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*13-76. A toboggan and rider of total mass 90 kg travel
down along the (smooth) slope defincd by the equation
y = 0.08<%, At the instant x = 10 m, the toboggan's spced
is 5 m/s. At this point, determine the rate of increase in
speed and the normal force which the slope cxcrts on the

toboggan. Ncglect the size of the toboggan and rider for the
calculation.

d
Geometry: Hcm.;i-- 0.16x and g- 0.16. The slope angle @ at x = 10m is
given by

dy
Jlan@ = Z

=0.16(10) 8= 579"
= i0m

and the radius of curvature al x = 10mis

1+ dyaxypr (14 @16
ST T

Equations of Motion: Applying Eq. 13-8 with 8 = 57.99° and p = 41.98 m,we have

‘ =4|.98m
a~m

XF, = mag 90(9.81) sin 57.99° = 90a,
a, = 832 mfil Ans.
. st
XF,=ma;  —90(981)cos57.99° + N = ﬁ)
N =50 N Ans.

| VO3S
&:0\08)4'2‘ ] = g
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13-62. Theballhasamassof Wkgand aspeed v = 4 m/s _-—
at the instant it is at its lowest poiat, # = 0°. Detcrmine the
tension in the cord and the rate at which the ball's spoed is
decreasing at the instant # = 20°. Neglect the size of the hall. -
im
&

+N\EF,mma,;. T -30(981)cosd = 1(1:-)

FIUAF = mal  =20(981) sin 8 = X,
& = ~981sin0

@, ds = vdvSince ds = 4 di, then

-w[ﬁ-o(aa)-[u. n

981(4 'I.-l P - 2
Joos#) =) =3l

3924(cos 0 — 1) + 8 = 22 /‘l‘,

2

ALl = 20°

v = 3357 m/s

a = -336m/s’ = 336m/s’ ¢ Ans. 6
Ans.

30(98)N
2

St 5 TomguBa
iﬁ—;mw:—} -—V\AaS“V\Q':W‘at
\fd()_:a.tdg dg:fd@
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Dynamics

Dr. Hashem Alkhaldi
Suggested Problems: Chapter 13

(10 problems, 2 pages)

g=9.81 m/s? = 32.2 ft/s®

Q1) Attheinstant shown the 150-1b block A is moving
down the plane at 5 ft /s while being attached to the 40-1b
block B. If the coefficient of kinetic friction between the
block and the incline is y;, = 0.2, determine the acceleration
of A and the distance A slides before it stops. Neglect the
mass of the pulleys and cables.

>

Q2) The g0 kg man pushes on the 170 kg crate with a
horizontal force F. If the coeflicients of static and kinetic

: P friction between the crate and the surface are p, = 0.3 and

¥ F : e
pp = 0.2, and the coefficient of static friction between the
man’s shoes and the surface is g, = 0.8, show that the man

is able to move the crate. What is the greatest acceleration

the man can give the crate?

F=90N

QS) The 3 -kg smooth cylinder is supported by the
spring having a stiffness of k45 = 120 N/m. Determine the
velocity of the cylinder when it moves downward s = 0.2 m
from its equilibrium position, which is caused by the
application of the force F =90 N.




Q4) Determine the maximum constant speed at which
the pilot can travel around the vertical curve having a radius p=700m
of curvature p = 700 m, so that he experiences a maximum
acceleration @, = 8g = 78.5 m/s”. If he has a mass of 80kg,
determine the normal force he exerts on the seat of the
airplane when the plane is traveling at this speed and is at

its lowest point. T ,ﬁ_____-

Q5) Determine the maximum constant speed at which QO6) The box has a mass m and slides down the smooth
the 3-Mg car can travel over the crest of the hill at A without chute having the shape of a parabola. If it has an initial

leaving the surface of the road. Neglect the size of the carin ~ velocity of v, at the origin determine its velocity as a
the calculation. function of x. Also, what is the normal force on the box, and

the tangential acceleration as a function of x?
y

2
_ .
/Y =20 (1 55600)
S
A\ .
x |
ummA

y =-0.25x?

Q7) The 6-kg sack slides down the smooth ramp. If it

: Q8) a) The 3-k dulum bob in the vertical
has a speed of 2 m/s when y = 0.2 m, determine the ) ) The 3-kg pendulum bob moves in the vertica

plane with a velocity of 8 m /s when 8 = 0°. Determine the

normal reaction the ramp exerts on the sack and the rate of initial tension in the cord and also at the instant the bob
increase in the speed of sack at this instant. reaches § = 30°. Neglect the size of the bob.
y b) The 3-kg pendulum bob moves in the vertical plane

with a velocity of 6 m/s when # = 0°. Determine the angle 0
where the tension in the cord becomes zero.

y =02e"
P
g
X
Q9) The 2-1b block is released from rest at A and slides Q10) The motor M pulls in its attached rope with an

. R . — 2 . .
down along the smooth cylindrical surface. If the attached acceleration @, =38 m/s’. Determine the towing force
exerted by M on the rope in order to move the 40-kg crate

spring has a stiffness k = 3 Ib/ft, determine its unstretched up the inclined plane. The coefficient of kinetic friction
length so that it does not allow the block to leave the surface between the crate and the plane is ; = 0.3. Neglect the
until = 60°.

mass of the pulleys and rope.




