
Kinematics and Dynamics
ME 230

Homework #1
Week 2

1.1 Why are the time derivatives of Ex,Ey and Ez all equal to zero?

The unit vectors Ex,Ey and Ez define the directions of the axes of the Cartesian coordinate system,
and are fixed with respect to the origin chosen and with each other. Thus, their time rate of
change is zero.

Ex = 1.Ex + 0.Ey + 0.Ez ⇒
dEx

dt
= 0.Ex + 0.Ey + 0.Ez = 0

Ey = 0.Ex + 1.Ey + 0.Ez ⇒
dEy

dt
= 0.Ex + 0.Ey + 0.Ez = 0

Ez = 0.Ex + 0.Ey + 1.Ez ⇒
dEz

dt
= 0.Ex + 0.Ey + 0.Ez = 0
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1.5 The motion of a particle is such that its position vector is

r(t) = 3tEx + 4tEy + 10Ez (meters).

Show that the path of the particle is a straight line and that the particle moves along this line
at a constant speed of 5 meters per second. Using this information, show that the arc-length
parameter s is given by

s(t) = 5(t− t0) + s0.

Finally, show that the particle moves 50 meters along its path every 10 seconds.

Given, the position vector of the particle at any instant of time t,

r(t) = 3tEx + 4tEy + 10Ez (meters). (1)

Thus, its instantaneous velocity is given by,

v(t) =
dr
dt
(t) = 3Ex + 4Ey + 0Ez (meters/second)

The speed of the particle is given by,

v =
ds
dt

= ‖v‖ =
√

v · v =
√

32 + 42 =
√

25 = 5 (meters/second) (a)

And, from the above equation,
ds
dt

= 5

Integrating both sides we have,

⇒
∫ s

s0

ds =
∫ t

t0

5 dt

⇒ s(t) = 5(t− t0) + s0 (b)

For every 10 seconds, i.e t− t0 = 10, the distance moved by the particle along its path is given
by,

∆s = s− s0 = 5(t− t0) = 5× 10 = 50 (meters) (c)
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1.8 A projectile is launched at time t0 = 0 seconds from a location r(t0) = 0. The initial velocity
of the projectile is v(t0) = v0 cos(α)Ex + v0 sin(α)Ey. Here, v0 and α are constants. During its
flight, a vertical gravitational force −mgEy acts on the projectile. Modeling the projectile as a
particle of mass m, show that its path is a parabola:

y(x) = −
(

g
2v2

0 cos2(α)

)
x2 + tan(α)x.

Why is this result not valid when α = ±π/2?

At any time t, the acceleration of the particle is given by,

a(t) =
dv
dt

(t)

Now, during the flight, the net force acting on the particle is given by,

Fnet(t) = ma(t) = −mgEy

⇒ a(t) =
dv
dt

(t) = −gEy

Integrating both sides we have,

⇒ v(t)− v(t0) = −g(t− t0)Ey

⇒ v(t) = v0 cos(α)Ex + (v0 sin(α)− gt)Ey

Integrating both sides to get the position vector at any time t during the flight we have,

r(t)− r(t0) = v0 cos(α)(t− t0)Ex +

(
v0 sin(α)(t− t0)−

g(t2 − t2
0)

2

)
Ey

⇒ r(t) = v0 cos(α)tEx +

(
v0 sin(α)t− gt2

2

)
Ey

Now, let
x = v0 cos(α)t

This implies,
t =

x
v0 cos(α)

(2)

Now,

y = v0 sin(α)t− gt2

2

⇒ y(x) = v0 sin(α)
x

v0 cos(α)
− g

2
x2

v2
0 cos2(α)

⇒ y(x) = −
(

g
2v2

0 cos2(α)

)
x2 + tan(α)x .

This result is not valid for α = ±π/2 because from (2), the time parameter is not defined which
means that such an α is not possible during this flight trajectory. �
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12–51.

The graph of the bullet train is shown. If the train starts
from rest, determine the elapsed time before it again
comes to rest. What is the total distance traveled during this
time interval? Construct the and graphs.s–tv–t

t¿
a–t

SOLUTION
Graph: For the time interval , the initial condition is when

.

When ,

or the time interval , the initial condition is at .

Thus, when ,

Choosing the root ,

Ans.

Also, the change in velocity is equal to the area under the a–t graph. Thus,

This equation is the same as the one obtained previously.

The slope of the v–tgraph is zero when , which is the instant .Thus,

v t = 75 s = -
1
30
A752 B + 5(75) - 75 = 112.5 m>s

a =
dv

dt
= 0t = 75 s

0 = -
1

30
 t¿2 + 5t¿ - 75

0 =
1
2

(3)(75) +
1
2
B ¢ -

1
15

t¿ + 5≤(t¿ - 75)R¢v = L adt

t¿ = 133.09 s = 133 s

t¿ 7 75 s

0 = -
1

30
t¿2 + 5t¿ - 75

v = 0

v = ¢ -
1
30

t2 + 5t - 75≤ m>s
L

v

45 m>s
dv = L

t

30 s
¢ -

1
15

t + 5≤dt

A :+ B dv = adt

t = 30 sv = 45 m>s30 s 6 t … t¿

v t = 30 s = 0.05 A302 B = 45 m>s
t = 30 s

v = A0.05t2 B m>s
L

v

0
dv = L

t

0
0.1tdt

A :+ B dv = adt

t = 0 s
v = 00 … t 6 30 sv t

t(s)

a(m/s2)

3

30 75

a  (     )t  51
15

a  0.1t

t¿

© 2013 Pearson Education, Inc., Upper Saddle River, NJ.  All rights reserved. This publication is protected by  
Copyright and written permission should be obtained from the publisher prior to any prohibited reproduction, storage in a retrieval system, 
or transmission in any form or by any means, electronic, mechanical,  
photocopying, recording, or likewise. For information regarding permission(s), write to:  
Rights and Permissions Department, Pearson Education, Inc., Upper Saddle River, NJ 07458. 

This
 w

ork
 is

 pr
ote

cte
d b

y U
nit

ed
 S

tat
es

 co
py

rig
ht 

law
s 

 an
d i

s p
rov

ide
d s

ole
ly 

for
 th

e u
se

 of
 in

str
uc

tor
s i

n t
ea

ch
ing

 

 th
eir

 co
urs

es
 an

d a
ss

es
sin

g s
tud

en
t le

arn
ing

. D
iss

em
ina

tio
n o

r 

 sa
le 

of 
an

y p
art

 of
 th

is 
work

 (in
clu

din
g o

n t
he

 W
orl

d W
ide

 W
eb

) 

will 
de

str
oy

 th
e i

nte
gri

ty 
of 

the
 w

ork
 an

d i
s n

ot 
pe

rm
itte

d.



12–51. continued

The v–t graph is shown in Fig. a.

Graph: Using the result of v, the equation of the s–t graph can be obtained by
integrating the kinematic equation . For the time interval , the
initial condition at will be used as the integration limit. Thus,

When ,

For the time interval , the initial condition is 
when .

When and ,

Ans.

The s–t graph is shown in Fig. b.

s t = 133.09 s = -  
1
90
A133.093 B +

5
2
A133.092 B - 75(133.09) + 750 = 8857 m

s t = 75 s = -
1
90
A753 B +

5
2
A752 B - 75(75) + 750 = 4500 m

t¿ = 133.09 st = 75 s

When  t  =  30 s,

v  =  45 m/s  and  s  =  450 m.

When  t  =  75 s,

v  =  vmax  =  112.5 m/s  and  s  =  4500 m.

When  t  =  133 s,

v  =  0  and  s  =  8857 m.

s = a -
1

90
 t3 +

5
2

t2 - 75t + 750b m

L
s

450 m
ds = L

t

30 s
a -

1
30

t2 + 5t - 75bdt

A :+ B ds = vdt

t = 30 s
s = 450 m30 s 6 t … t¿ = 133.09 s

s t = 30 s =
1

60
 A303 B = 450 m

t = 30 s

s = a 1
60

 t3b m

L
s

0
ds = L

t

0
0.05t2 dt

A :+ B ds = vdt

t = 0 ss = 0
0 … t 6 30 sds = vdt

s t
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*12–96.

SOLUTION

Thus,

Require:

Ans.f =
1
2

tan- 1(-ctn u)

tan 2 f = -ctn u

sin 2 f

cos 2 f
tan u + 1 = 0

cos 2 f + tan u sin 2 f = 0

d(d)

df
=

v2
0

g cos u
Ccos 2f(2) - 2 tan u(2 cos f)(-sin f) D = 0

d =
v2

0

g cos u
Asin 2 f - 2 tan u cos2f B

d = (cos u tan f - sin u)
2v2

0 cos2f

g cos2u

sin u = cos u tan f -
gd cos2 u

2v2
0 cos2f

d sin u = v0 sin f a d cos u
v0 cos f

b -
1
2

ga d cos u
v0 cos f

b2

d sin u = 0 + v0 (sin f)t +
1
2

(-g)t2

A + c B sy = s0 + v0 t +
1
2

act
2

d cos u = 0 + v0 (cos f) t

A :+ B sx = s0 + v0 t

A projectile is given a velocity . Determine the angle at
which it should be launched so that d is a maximum. The
acceleration due to gravity is g.

fv0

d
x

y

φ θ

v0

© 2013 Pearson Education, Inc., Upper Saddle River, NJ.  All rights reserved. This publication is protected by  
Copyright and written permission should be obtained from the publisher prior to any prohibited reproduction, storage in a retrieval system, 
or transmission in any form or by any means, electronic, mechanical,  
photocopying, recording, or likewise. For information regarding permission(s), write to:  
Rights and Permissions Department, Pearson Education, Inc., Upper Saddle River, NJ 07458. 

This
 w

ork
 is

 pr
ote

cte
d b

y U
nit

ed
 S

tat
es

 co
py

rig
ht 

law
s 

 an
d i

s p
rov

ide
d s

ole
ly 

for
 th

e u
se

 of
 in

str
uc

tor
s i

n t
ea

ch
ing

 

 th
eir

 co
urs

es
 an

d a
ss

es
sin

g s
tud

en
t le

arn
ing

. D
iss

em
ina

tio
n o

r 

 sa
le 

of 
an

y p
art

 of
 th

is 
work

 (in
clu

din
g o

n t
he

 W
orl

d W
ide

 W
eb

) 

will 
de

str
oy

 th
e i

nte
gri

ty 
of 

the
 w

ork
 an

d i
s n

ot 
pe

rm
itte

d.



13–1.

The 6-lb particle is subjected to the action of 
its weight and forces 

and where t is in
seconds. Determine the distance the ball is from the origin
2 s after being released from rest.

F3 = 5-2ti6 lb,5t2i - 4tj - 1k6 lb,
F2 =F1 = 52i + 6j - 2tk6 lb,

SOLUTION

Equating components:

Since , integrating from , , yields

Since , integrating from , yields

When then, ,

Thus,

Ans.s = (14.31)2 + (35.78)2 + (-89.44)2 = 97.4 ft

sz = -89.44 ftsy = 35.78 ftsx = 14.31 ftt = 2 s

¢ 6
32.2
≤sx =

t4

12
 -

t3

3
+ t2 ¢ 6

32.2
≤sy = -

2t3

3
+ 3t2 ¢ 6

32.2
≤sz = -

t3

3
-

7t2

2

t = 0s = 0ds = v dt

¢ 6
32.2
≤vx =

t3

3
- t2 + 2t ¢ 6

32.2
≤vy = -2t2 + 6t ¢ 6

32.2
≤vz = - t2 - 7t

t = 0n = 0dv = a dt

¢ 6
32.2
≤ax = t2 - 2t + 2 ¢ 6

32.2
≤ay = -4t + 6 ¢ 6

32.2
≤az = -2t - 7

©F = ma; (2i + 6j - 2tk) + (t2i - 4tj - 1k) - 2ti - 6k = ¢ 6
32.2
≤(axi + ay j + azk)

z

y

x
F1

F3

F2

© 2013 Pearson Education, Inc., Upper Saddle River, NJ.  All rights reserved. This publication is protected by  
Copyright and written permission should be obtained from the publisher prior to any prohibited reproduction, storage in a retrieval system, 
or transmission in any form or by any means, electronic, mechanical,  
photocopying, recording, or likewise. For information regarding permission(s), write to:  
Rights and Permissions Department, Pearson Education, Inc., Upper Saddle River, NJ 07458. 

This
 w

ork
 is

 pr
ote

cte
d b

y U
nit

ed
 S

tat
es

 co
py

rig
ht 

law
s 

 an
d i

s p
rov

ide
d s

ole
ly 

for
 th

e u
se

 of
 in

str
uc

tor
s i

n t
ea

ch
ing

 

 th
eir

 co
urs

es
 an

d a
ss

es
sin

g s
tud

en
t le

arn
ing

. D
iss

em
ina

tio
n o

r 

 sa
le 

of 
an

y p
art

 of
 th

is 
work

 (in
clu

din
g o

n t
he

 W
orl

d W
ide

 W
eb

) 

will 
de

str
oy

 th
e i

nte
gri

ty 
of 

the
 w

ork
 an

d i
s n

ot 
pe

rm
itte

d.



13–13.

SOLUTION

Ans.

vmax occurs when , or .

Ans.

Ans.

 L
s

0
ds = L

t

0
aF0t0
pm
b a1 - cos apt

t0
b bdt 

 s = aF0t0
pm
b a t -

t0
p

  sin apt
t0
b b

vmax =
2F0t0
pm
   

 s = aF0t0
pm
b c t -

t0

p
  sin apt

t0
b d t

0

t = t0cos apt
t0
b = -1

v = aF0t0
pm
b a1-  cos apt

t0
b b

L
v

0
dv = L

t

0
aF0

m
b  sin apt

t0
b  dt v = - a F0t0

pm
b  cos apt

t0
b d t

0

a =
dv

dt
= aF0

m
b  sin apt

t0
b

:+ ©Fx = max ; F0 sin apt
t0
b = ma

The bullet of mass m is given a velocity due to gas pressure
caused by the burning of powder within the chamber of the
gun. Assuming this pressure creates a force of

on the bullet, determine the velocity of
the bullet at any instant it is in the barrel. What is the
bullet’s maximum velocity? Also, determine the position of
the bullet in the barrel as a function of time.

F = F0 sin 1pt>t02
F0

F

t0
t 
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*13–48.

A parachutist having a mass m opens his parachute from an
at-rest position at a very high altitude. If the atmospheric
drag resistance is where k is a constant,
determine his velocity when he has fallen for a time t. What
is his velocity when he lands on the ground? This velocity is
referred to as the terminal velocity, which is found by letting
the time of fall t: q .

FD = kv2,

SOLUTION

Ans.

When Ans.t: q vt =
A

mg

k

 v =
A

mg

k C e2t2mg
k - 1

e2t2mg
k + 1

S
 
A

mg

k
 
e2t2mg

k - v e2t2mg
k =

A
mg

k
+ v

 e2t2mg
k =

A
mg

k
+ v

A
mg

k
- v

 
k
m

t
A

mg

k
= ln
A

mg

k
+ v

A
mg

k
- v

 
m
k ¢ ¢1

2
A

mg

k

ln DAmg

k
+ v

A
mg

k
- v

Tv

0

= t

 
m

k L
v

0

dv
mg

k
- v2

= t

 mL
v

0

m dv

1mg - kv22 = L
t

0
dt

 + T ©Fz = m az ;    mg - kv2 = m 
dv

dt

FD

v

¢¢2
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