
Chapter 4

4.1  A positron undergoes a displacement of   

� 

Δ
! 
r = 2.0ö i − 3.0ö j + 6.0ö k , ending with \the position 

vector rf = 3.0 tj-4.0 tk in meters.   What was the positron’s initial position vector?

Dr = rf - ri

ri = r f - Dr

= - 2.0 ti + 6.0 tj - 10.0 tk

4.6  The position of an electron is given by

  

� 

 r = 3.00t ö i − 4.00t2 ö j + 2.00ö k 

(a)  What is the electron’s velocity v(t)?   At t = 2.00s what is v  in (b) in unit-vector notation and 
as (c) a magnitude and (d) an angle relative to the positive direction of the x axis.

(a)  We find the velocity.

v(t) =
dt
d r = 3.00 ti - 8.00t tj

(b)  At t = 2s.

v(2) = dt
d r

= 3.00 ti - 16.00 tj

v(2) = (3.00) 2+ (- 16.00)2 = 16.28m/s

tani =
3.00

-16.00
& i = tan-1

3.00
-16.00b l =-79. c4

4.13  The position   

� 

 
r  of a particle moving in the xy plain is given by 

  

� 

 
r (t) = (2.00t3 −5.00t) ö i + (6.00− 7.00t4) ö j 

with   

� 

! 
r  in meters and t in seconds.  Calculate (a)   

� 

 r , (b)   

� 

! 
v , and (c)   

� 

! a  for t=2s.  (d)  What is the 
orientation of a line that is tangent to the particle’s path at 2s.



  

� 

 r (2) = (2.00 ⋅ 23 − 5.00 ⋅ 2) ˆ i + (6.00 − 7.00 ⋅ 24 ) ˆ j 
= 6ˆ i −106 ˆ j 

 v (t) = (6.00 t 2 − 5.00)ˆ i −28.00 t3 ˆ j 
 v (2) = (6.00 ⋅ 22 − 5.00)ˆ i −28.00 ⋅ 23 ˆ j 

= 19.00ˆ i −224.00 ˆ j 
 a (t) = 12.00 t ˆ i − 84.00 t 2 ˆ j 
a(2) = 12.00 ⋅2 ˆ i − 84.00⋅22 ˆ j 

= 24.00 ˆ i − 336.00 ˆ j 

The tangent line is in the same direction as the velocity.   The direction of the velocity is..

� 

tanθ =
−224
19

⇒θ = −85.2°

4.17  A particle leaves the origin with an initial velocity   

� 

 v = 3.00 ˆ i  and a constant acceleration 

  

� 

 a = −1.00ö i −0.500 ö j .  When it reaches its maximum x coordinate, what are its (a) velocity and 
(b) position vector.

The particle reaches its maximum x position when its x-velocity reaches zero.   We need to find 
out when this occurred.  We can use this to find the y -velocity and the position.

� 

xi = 0
x f = ?
vix = 3m / s
v fx = 0m / s

ax = −1m / s2                               

� 

yi = 0
yf = ?
viy = 0m /s
vfy = ?

ay = ! 0.5m / s2

We compute the time at which the maximum x position occurs.

� 

v fx = vix + axt
0 = vix + axt

t = −vix
ax

= − 3m / s
−1m / s2 = 3s

Now we can compute the final position and velocity vectors



vfy = viy + ayt = 0 − 0.5 ⋅ 3s
= −1.5m / s

x = xi + vixt +
1
2

axt
2

= 0 + 3 ⋅ 3− 1
2
⋅1 ⋅ 32

= 4.5m

y = yi + viyt +
1
2

ayt
2

= 0 + 0 − 1
2
⋅0.5 ⋅ 32

= −2.25m                            

 

!r = 4.5öi − 2.25 öj
!v = 0öi −1.5 öj

4.21 A projectile is fired horizontally from a gun that is 45.0 m above flat ground, emerging from 
the gun with a speed of 250 m/s.  (a)  How long does the projectile remain in the air?  (b) At what 
horizontal distance from the firing point does it strike the ground?  (c)  What is the magnitude of 
the vertical component of its velocity as it strikes the ground?

xi = 0.0

xf = ?

vix = 250m/s

v fx = vix

ax = 0

              t = ?              

yi = 45m

yf = 0.0m

viy = 0.0 m/s

v fy = ?

ay =-g

We begin by computing the time

yf = yi + viy t + 2
1 ayt2

0 = yi + 0 - 2
1 gt2

t = g
2yi =

9.8m/s2
2 $ 45m = 3.03s



Now that we know the time, we can compute the horizontal distance and the magnitude of the 
vertical velocity

xf = xi + vix t+
2
1
ax t

2

xf = 0+ vix t+ 0 = 250m/s $ 3.03s = 757.5m

vfy = viy + at

vfy = 0 - gt = - 9.8m/s2 $ 3.03s = - 29.7m/s

4.27 A certain airplane has a speed of 290km/h and is diving at an angle of 30degrees below the 
horizontal when the pilot releases a radar decoy.  The horizontal distance between the release 
point and the point where the decoy strikes the ground is 700m.  (a)  How long is the decoy in 
the air?  (b)  How high was the released point?

v = 290
km
h

⋅
1000m

1km
⋅

1h
3600s

= 80.56m/ s

xi = 0

xf = 700m

vix = 80.56cos30

vfx = vix

ax = 0

           

yi = ?

yf = 0m
viy = −80.56sin30

v fy = viy
ax = −g

We solve for the time of flight.

x f = xi + vixt +
1
2
axt2

x f = 0 + vixt + 0

t =
x f
vix

= 700m
80.56cos30

=10.03s

Now we can use the time of flight to find the release point

yf = yi + viyt +
1
2
ayt2

0 = yi + viyt −
1
2
gt2

yi =
1
2
gt2 − viyt

=
1
2
⋅ 9.8 ⋅(10.03)2 − (−80.56sin30) ⋅(10.03)

= 897m



4.39  A rifle that shoots bullets at 460m/s is to be aimed at a target 45.7 away and level with the 
rifle.  How high above the target must the rifle barrel be pointed so that the bullet hits the target?

h

45.7m

We wish to find the distance h.  If we can find the angle that the rifle has, we will have found h.  

xi = 0
x f = 45.7m
vix = 460cos! m / s
v fx = vix
ax = 0

                           

� 

yi = 0

y f = 0

viy = 460sinθm / s
v fy = ?

ay = −g
t = ?

We first solve for the time of flight, and then use that time to find the angle.

yf = yi + viyt +
1
2
ay t2

0 = 0 + viyt −
1
2
g t2

t =
2viy
g

                 

x f = xi + vixt +
1
2
axt

2

x f = 0+ vixt + 0

= vix !
2viy
g

=
2!4602 sin" cos"

9.8

45.7=
2!4602 sin2"

9.8

sin2" =
45.7!9.8

4602 # " = 0.0606¡

Now that we know the angle, we can find h

tanθ =
h

45.7
h = 45.7tanθ = 0.048m = 4.8cm



4.41 In  Fig. 4-39, a ball is thrown leftward from the left edge of the roof, at height h above the 
ground.   The ball hits the ground 1.50 s later, at a distance d = 25.0m from the building at an 
angle of 60 degrees with respect to horizontal.   (a)  Find h.  (Hint:  One way is to revers the 
motion, as if on videotape)  What are the (b) magnitude and (c) angle relative to the horizontal at 
which the ball is thrown?  (d)  Is the angle above or below the horizontal

We will take the hint and run the time backward.   This means that we’ll actually be looking for 
the final velocity in our picture (since that would be the initial velocity in the “real” case.)

Time running backward picture

60

d=25m

h

xi = 0.0

xf = 25m

vix = v0 cos60

vfx = vix

ax = 0

t = 1.5s                           

yi = 0m

yf = ?

viy = v0 sin60

vfy = ?

ay = - g

To find the height h, we will use the given time to find the initial velocity.   This will then allow 
us to find h.

xf = xi + vix t +
2
1 axt2

xf = 0+ v0 cos60 t + 0

v0 = t cos60
xf

=
1.5cos60
25.0m

= 33.33 m/s

Now that we know the initial velocity, we can compute h.



yf = yi + viy t+
2
1
ay t

2

yf = 0+ v0 sin60 t-
2
1
gt2 = 33.33m/s $ sin60 $ 1.5s-

2
1
$ 9.8m/s2 $ (1.5s) 2 = 32.3m

We can also compute the final velocity (which is the initial velocity when the time runs forward).

vfx = vix = v0 cos60 = 16.67m/s

vfy = viy + at

vfy = v0 sin60 - gt = 33.33m/s $ sin60- 9.8m/s2 $ 1.5s= 14.2 m/s

We do need to make one correction for our hint.   We need to reverse both components of the 
velocity when we run time in the correct direction.   When we do that.

vfx =-16.67m/s

vfy =-14.2 m/s

vf = (- 16.67m/s) 2 + (- 14.2 m/s) 2 = 21.9m/s

tan i =
-16.67m/s
-14.2m/s & i = tan-1

-16.67m/s
-14.2m/sb l =-40.4 c2

The angle is below the horizontal.

4.46  In Fig. 4-44,  a ball is thrown up onto a roof landing 4.00 s later at height h = 20.0 m above 
the release level.  The ball’s path just before landing is angled at 60 degrees with the roof.   (a)  
Find the horizontal distance d it travels (See the hint to Problem 41)  What are the (b) magnitude 
and (c)  angle (relative to the horizontal) of the ball’s initial velocity?

As in 4.41, we will take the hint and run the clock backward to get the picture below.



60

h=20.0m

d=?

Time running backward picture.

xi = 0.0

xf = ?

vix = - v0 cos60

vfx = vix

ax = 0

t = 4.00s                     

yi = 20.0 m

yf = 0

viy = v0 sin60

vfy = ?

ay =-g

As in the previous problem, we will use the time to find the initial velocity 

yf = yi + viy t + 2
1
ay t

2

0 = yi + v0 sin60 t - 2
1
gt2

v0 sin60 t = 2
1
gt2 - yi

v0 = sin60 t
2
1
gt2 - yi

= 16.86m/s

Now that we know the initial velocity we can find the distance.

xf = xi + vix t + 2
1
ax t

2

xf = 0 + (- v0 cos60 t) + 0 = - 67.43m

We can also find the final velocity (which is the initial velocity when the clock runs the right 
direction.



vfx =-v0 cos60 =-8.43m/s

v fy = viy + at

v fy = v0 sin60 - gt =-24.6 m/s

As before, we have to change the direction to get the “initial velocity” when the clock runs 
forward.

vix = 8.43m/s

viy = 24.6m/s

v = (8.43m/s) 2 + (24.6m/s) 2 = 26 m/s

tani = 8.43m/s
24.6m/s & i = tan- 1

8.43m/s
24.6m/s

b l = 71. c1

4.56  A centripetal-acceleration addict rides in uniform circular motion with period T=2.0 s and 
radius r = 3 m.  What are the values of v $a  and r # a ?

The values of both of these quantities are zero for uniform circular motion.   The velocity is 
perpendicular to the acceleration and the acceleration is radially inward--leading to zero for each 
result.

4.59  When a large star becomes a supernova, its core may be compressed so tightly that it 
becomes a neutron star, with a radius of about 20km (about the size of the San Francisco area).  
If a neutron star rotates once every second, (a)  what is the speed of a particle on the star’s 
equator and (b) what is the magnitude of the particle’s centripetal acceleration?  (c)  If the 
neutron star rotates faster, does the answers to (a) and (b) increase, decrease, or stay the same.

� 

v =
2! r

t
=

2! "20,000m
1s

=1.27#105m/ s

ac =
v2

r
=

(1.27#105m/ s)2

20,000m
= 7.89#105m /s2

Both velocity and centripetal acceleration increase if the star rotates faster

4.62  A rotating fan completes 1200 revolutions every minute.  Consider the tip of the blade, at a 
radius of 0.15 m.  (a) Through what distance does the tip move in one revolution?  What are (b) 
the tip’s speed and (c) the magnitude of its acceleration?   What is the period of the motion?

The tip moves through one circumference. 
d = 2 r r = 0.942 m



The speed can be calculated in many ways.   Here we calculate the distance of 1200 turns done in 
1 minute.

v = 60 s
1200 $ 0.942m = 18.84m/s

Using this velocity

ac = r
v2

= 0.15m
(18.84m/s) 2

= 2366.3m/s2

The period can be computed from the velocity

T =
v

2 r r
=

18.84 m/s
0.942 m

= 0.05 s

4.67  A boy whirls a stone in a horizontal circle of radius 1.5m and at height 2.0 m above level 
ground.   The string breaks and the stone files off horizontally and strikes the ground after 
traveling a horizontal distance of 10.0 m.  What is the magnitude o f the centripetal acceleration 
of the stone while in circular motion?

Since we have the radius of the circle, all we need to compute the centripetal acceleration, all we 

need is the magnitude of the velocity v, since  

� 

ac =
v2

r
.   To compute the v, we consider the 

projectile motion portion of the problem.   Since the stone was launched horizontally,  the v that 
we need is the initial x velocity as there was no initial y velocity.

� 

xi = 0

x f = 10.0m
vix = ?

v fx = vix
ax = 0

                    

� 

yi = 2.0m
yf = 0
viy = 0m /s
vfy = ?
ay = ! g

t = ?

We now compute how long it was in the air



� 

yf = yi + viy t +
1
2

at2

0 = yi + 0−
1
2

gt 2

t =
2yi

g
= 0.639sec

 Now that we know the time, we can find the horizontal velocity

� 

x f = xi + vixt +
1
2
axt 2

x f = 0+ vixt + 0

vix =
x f
t

=
10.0m
0.639s

=15.65m / s

The magnitude of the velocity of the whirling stone can be used to compute the centripetal 
acceleration.

� 

v = 15.652 + 02 =15.65m / s

ac =
v2

r
=
(15.65m / s)2

1.5m
=163.3m / s2


