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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 @ccélerate in

the direction of the force with a magnitude that is proportional to the

force.
Newton's second law of motion may be written in mathematical form as

F=ma
The Equation of Motion
When more than one force acts on a patrticle, the resultant force is
determined by a vector summation of all the forces; i.e., Fr = Y.R. For

this more general case, the equation of motion may be written as

YF =ma

Equations of Motion: Rectangular Coordinates

When a particle moves relative to an inertial x, y, Z frame of reference,
the forces acting on the particle, as well as its acceleration, can be
expressed in terms of their i, j, K components

ZF = ma; Zin +2ij +ZFZk = m(a,i + a,j + ak)



EXAMPLE1

(a)

4905 N

The 30-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 is
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
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 amagnitude F = py 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
diagram, we have

5 SF, = ma,; 400 cos 30° — 03N = 50a (1)
+1 ZF, = ma,; N — 4905 + 400 sin 30° = (2)

Solving Eq. 2 for N¢. substituting the result into Eq. 1, and solving
for a yields

Ne = 2905 N
a = 5.185 m/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 crate in 3 sis

(&) v=vy+as =0+ 5185(3)
=1560m/s — Ans.
4905 N
400 N
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EXAMPLE?2

The 6-b particle is subjected to the action of
its weight and forces Fy= {2i + 6j — 2tk} Ib, F, =
{i— 4j — 1k} Ib, and Fy= {26} Ib, where ¢ is in
seconds. Determine the distance the ball is from the origin
2 s after being released from rest.

SOLUTION

6
SF = ma; (i + 6] — 2tk) + (¢4 — 4 — 1k) — 2¢i — 6k = (m)(ali +a,j + ak)

Equating components:

6 7 6 6
RS = — e —_— = — + JE— - — —
(32.2)@ r—=2t+2 (322 )a} 4t + 6 (32_2)‘73 A -7

Since dv = a dt, integrating from v = 0,1 = 0, yields

5,2 2o (o= 26 (o= 2
322/ 3 322 )% 22 /"

Since ds = wvdt, integrating from s = 0,1 = 0 yields

B TR S (I TR Sy (A P S
P2/ 123 322/ 3 322/° 3 2

Whent = 2sthen, s, =14311t, s5,=3578ft s = -8944ft

Thus,

s = V(1431)2 + (35.78)% + (—89.44)2 = 974 ft Ans.

&



Example 3

The 10-Ib block has an initial velocity of 10 ft/s on the
smooth plane. If a force F = (2.5¢) Ib, where t is in seconds,
acts on the block for 3 s, determine the final velocity of the
block and the distance the block travels during this time.

SOLUTION
. 10
5 XF. =ma; 25t= (E)a
a = 8.05¢
dv=adt
v 1
f dv = fS.DSr di
10 0
v = 4025 + 10
Whent = 3s,
v =462 ft/s
ds = vdt

3 1
/ ds = / (4.025% + 10) dr
1] 0

s = 134177 + 10¢

Whent =335,

s =6621t

Ans.

Ans.

F=(2501b

v=10fts




