Conceptual Questions

4.1. (a) As shown in the figure below, the acceleration @ can be divided into components perpendicular (L) and

parallel ([|) to the velocity.a will slow the particle down since it is in the opposite direction to V.

(b) The perpendicular component of a, a, ,is pointing to the left, and changes the particle direction to the left.

4.4. A typical trajectory of a projectile is shown in the figure below. The acceleration due to gravity always points
down. The velocity changes direction from the launch angle € =6, above the +x-axis to zero at the top of the

trajectory, to 6 =6, below the +x-axis when it hits the ground.
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(a) Atno time are v and a parallel if L2 tan30°
Vl.\’

(b) At the top of the trajectory v and & are perpendicular.
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4.11. Model: The ball is treated as a particle and the effect of air resistance is ignored.
Visualize:

Pictorial representation
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Solve: Using x; = xy + vy (] — 1) +%ax(tl —to)z,
S0m=0m+@25m/s)(t,-0s)+0m=£=20s
Now, using y; = yy +vp, (4 —t0)+%ay(tl —to)z,
»=0m+0m+1(-98 m/s*)(20s-05)>=-196m

So the ball was thrown from 19.6 m high.
Assess: The minus sign with y, indicates that the ball’s displacement is in the negative y direction or downward.

A magnitude of 19.6 m for the height is reasonable.

4.50. Model: The particle model for the ball and the constant-acceleration equations of motion are assumed.
Visualize:

Pictorial representation

Known

Xp=Yo=14=0 8=60°
vo=30m/s v =v,
t,=40s

a,=-g
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Solve: (a) Using y, = yo +vg,(t 1)+ La,(t —1)°.
h=0 m+(30 m/s)sin60°(4 s —0 s)+1(-98 m/s>)(4s—0s)>=255m

The height of the cliff is 26 m.



(b) Using (v)iop =V; +2a,(¥op — Yo)-

_ sintﬁ’)2 _ (30 m/s)sir160°]2

0 m?/s% = (vysin )% + 2(=8) Vi) = Vign = =344 m
! R D 2(98 m/s?)

The maximum height of the ball is 34 m.
(¢) The x and y components are

Viy =Voy +a,(t — 1) =vysinf — gr; = (30 m/s)sin60° - (9.8 m/s?)x (40 s)=—13.22 m/s

Vix =Voy = Vo €0s60° = (30 m/s)cos60° =150 m/s
=y = VR + Vi, =200 m/s
The impact speed is 20 m/s.

Assess: Compared to a maximum height of 34.4 m, a height of 25.5 for the cliff is reasonable.

4.51. Model: The particle model for the ball and the constant-acceleration equations of motion in a plane are

assumed.
Visualize:

Pictorial representation
Known

Xo=1,=0
¥o=20m 6=5.0°
LY h vo=20.0 m/s
Yie Viy x=70m v y=vy
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Solve: The initial velocity is
Voy = V9 €0s5.0°=(20 m/s)cos50°=1992 m/s
Voy =Vpsin5.0°=(20 m/s)sin5.0°=1.743 m/s

The time it takes for the ball to reach the net is
X=X+, (t; 1) =>70m=0 m+ (1992 m/s)(t, -0 s) =t=0351s
The vertical position at v =V +V is
1= Yo +Voy(h _’0)4‘%0_\- (t—1p)°
=(20m)+(1.743 m/s)(0351 s—-0s) +%(—98 m/s?)(0351s-05)>=201m

Thus the ball clears the net by 1.0l m=1.0 m.

Assess: The vertical free fall of the ball, with zero initial velocity, in 0.351 s is 0.6 m. The ball will clear by
approximately 0.4 m it is thrown horizontally. The initial launch angle of 5° provides some initial vertical velocity
and the ball clears by a larger distance. The above result is reasonable.



4.7. Model: Use the particle model for the puck.
Solve: Since the v, vs r and v, vs ¢ graphs are straight lines, the puck is undergoing constant acceleration along

the x- and y- axes. The components of the puck’s acceleration are
_dv, _Av, (10 m/s - (=10 m/s))

a. = .\’= X
Yodt At 10s-0s
a = (10 m/s—0 m/s)

+ (10s=0s)

=2.0 m/s’

=1.0 m/s>

The magnitude of the acceleration is a = 1Iaf + a% =22 m/s%.

Assess: The acceleration is constant, so the computations above apply to all times shown, not just at 5 s. The puck
turns around at =5 s in the x direction, and constantly accelerates in the y direction. Traveling 50 m from the
starting point in 10 s is reasonable.

4.8. Solve: (a)Att=0s,x=0m and y=0 m, or F=(0f+0}') m. Att=4s,x=0m and y=0 m, or
¥ =(0i +07) m. In other words, the particle is at the origin at both # =0 s and at =4 s. From the expressions for xand y,

— de dyA 3 2 ~ A
Ve—oi+—j=||=t"=4t|i+(@-2 m/s
dr  dr’ Hz J : ){

At t=0s, 17=—23r' m/s,v=2m/s. At t=4s, 17=(8i?+2}') m/s, v=28.3 m/s.
(b) At r=0s, v isalong —:i, or 90° south of +x. At t=4s,

9=tan_l(§ m:sjz 14° north of +x
m/s



