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Step 1 lof5
Given values are: my = 75 kg mg = 40 kg

We are required to obtain the distance of the skater with a mass of 40 kg. First, we will
draw a sketch with distances for a better understanding of the problem.

Skaters balancing on a pole

Step 2 2 of 5

We can obtain the distance for a 40 kg skater in two ways.

1. We can use the center of mass formula.

ToM = 2, T
==

2. To balance a pole, we can make a moment about point A to be equal to zero.
(Moment is a product of force acting on a distance for that point)

Y My=0

Step 3 30f5

We will start with the center of the mass formula:

Emi +m;

oM =
> m;

- (10 —z) - 40 — 75z

0
40 + 75
400 — 40z — 75z
a 115
400 — 40z — 75z
B 115
400

= — =34

T 115 3.478 m

§s=10—z=|6.522 m

Step 4 Lof5

To make sure the result is good we can confirm it with a second method:

-l—OZMA:D

75-2—40-(10—z) =0
7oz — 400 4+ 40z =0

_ 400 _
- 115

T 3.478 m

s=10—x=|6.522 m

Result Sof 5

8 =06.522m

Rate this solution
< Exercise Il Exercise 13 >
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Step1 1of5

Givens:
Initial angle # = 60°

Initial velocity v; = 20 m/s

Step 2 2015

This is a projectile problem, so we need to know the projectile equations (it is simply
derived form Newton's law):

The position of the projectile at any time t:
T =it & y=vpl— %grt2
Where v;,. is the initial x-component velocity and it is given by:
Vi = v; cos by
Where 6, is the initial angle with the x-axis.
and vy, is the y-component velocity and it is given by:
vy = v;sin
The y-component of the velocity:

Uy = Uiy — gt

Step 3 30f5

To solve it we will consider it as two problems; first when the projectile fired {ill the
moment before it explodes, secondly form the explosion to the fragmented land.

This is shown in the following figure:

Step 4 4of 5
First:

At the highest point on the trajectory of the projectile the y-component velocity is equal
to zero. So, we can find out the time when the projectile reach this point and form it we
find its coordinate and then we start with the second problem.

Uy = Viy — gt
0 = v;sinfy — gt

v; sin 6,
g
Therefore, the coordinates
x = Vsl
v; sin 6
= v;c080 X ——
g
v? cos B sin 6
g
B 202 cos 60° sin 60°
a 9.8
= 17.67m

and

1 2
y = iyt — gt

. wvisinfy 1 (visinﬂg)z
=asemly— —— gl
g 2 g
fuf sin? 6o

29

202 sin? 60°

2x9.8

= 15.31m

At this point (17.67, 15.31) the explosion happens, So, we can consider it from here as
another problem with this initial point rather than the origin in the first case.

Before the explosion, the projectile had only x-component velocity and it is equal to:
v; cos B

Since the momentum has to be conserved. Therefore the momentum of the two fragments
has to equal the initial momentum of the projectile and since one fragment after the
explosion had zero horizontal velocity. Thus:

P; = Py
mu; cos Gy = %Vf

Vi = 2v; cos b

Where, m is the projectile mass and Vf is the fragment velocity.

Vi =2 x 20 x cos 60°
=20m/s

The y-component when it land will be zero. So, the time of landing is:

The x-component:

T = xp+ Vit
= 17.67 4+ 20 x 1.77
— 53.07m

The fragment will land after 53.07 m

Result Sof3

The fragment will land after 53.07 m

Rate this solution
{ Exercise 12 Exercise l14a >
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Step 1 lof 4

Givens:
Dog's mass mg = 4.5 kg
Boat's mass my; = 18 kg

The distance between the dog and the shore D = 6.1 m

Step 2 2 of 4

The net horizontal force on the boat is zero which means that the dog displacement in its
mass equals to the boat displacement in its mass:

mird — MpIp

This implies that the dog moves toward the shore but the boat otherwise goes in the other
side. The dog moves a distance d and this distance equals to the sum of the two

displacements.
d=zp+ 24
Step 3 3 of 4
Form the first equation we have:
Tg+Tp =d
My
T+ ——Tg = d
my,
r :
d — m
e
24
o
18
=192 m

After, we get the actual displacement the dog did. We simply subtract it
from the total distance.

g=1D—xy

= 6.1 — 1.92
—=4.183 m

d=4.18 m

Result 4of 4

d=4.18 m

Rate this solution
< Exercise 16 Exercise 18 >
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Step 1 10f 2

If there is no spin and flat edge of coincidence, then:

ty = 0y =|30°

From the sketch we see that:

Ap, =0

For y component that is not the case, because we have change of direction:

Apy = m(Uh — T)
=0,15-cos30 - (-2 — 2)
=1—0.52 kg m /s
Result 20f2
61 = 6 = 30°
Ap, =0

Apy = —0,52kgm /s

Rate this solution
{ Exercise 21 Exercise 23 >
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Step1 1 of 4

In this problem, we will solve for the maximum magnitude of the force experience by a
ball when it collides with the wall. The 58-g ball has a speed of 34 m /s before collision
and has the same speed but opposite direction after the collision. The force versus time
plot during the collision is shown in the figure below.

Step 2 2 of 4

We will apply the law of conservation of linear momentum in order to solve this problem.
This is given in Equation (1).

mv1+ZF&t:mvg s 6

Step 3 3 of 4

Let's now apply Equation (1) to solve the problem. Take note of the given units in the
problem. The mass is in g and the time in ms. The sign of the velocity after collision is
negative, as well as the force applied to the ball. The second term in the equation is
simply the area under the curve of the F-t graph.

muv; + Z FAt = mv,

1
0.058 34+ 2 =+ —Fipaz -2 X 1072 + —Fppp, - 2 x 1072 = 0.058 - (—34)

g
Frne =986 N
Step 4 4L of 4
Foa: = 986 N
Rate this solution
< Exercise 34c Exercise 36 >
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Step 1 10f2
a)
The impulse in that interval is:
- tz —
= Fdt
ty
28 _
= [ (100e %)dt N7
2
28
= —50e *| Nsi
0
= —50e2?) — (—50e~20) N3
—|49.1 Nsi
b)
The average force is:
g
“ At
* 49.1 Nsz
N 28
= 24.5N3
Result 20f2
a)
J = 49.1 Nsi
b)
F, = 245N;

Rate this solution
< Exercise 36 Exercise 38 >
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Step 1 10f 2

If we define the north as the y axis and east as x axis we can simply use the law of
conservation of the momentum to get the speed of the kit.

=¥ =23

pPi=D
MumkUmk = M1V1 + Mavs

m - m P =
(4kg) Uy = (2kg)(3?j) + (2 kg)(ﬁ;(cn-s.?-ﬂ”i +sin30°7))
ATy, = 6\/5?3 -+ 12?%
Tk = 1.5%?% +3%%

The magnitude of this vector is:

\/ (1.5#5%)2 + (3?)2

Vmk =
m
= | 3.97—
]
Result 20f2
m
Umk = 3-97_
S
Rate this solution
< Exercise 45 Exercise 47 >
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Step 1 10f 2

Givens:

Block 1 with mass 2 kg and initial speed 10 m/s.
Block 2 with mass 5 kg and initial speed 3 m/s.
The spring with spring constant K = 1120 N/m.

The distance compressed is given by
1
U=-Kz?
2

Where k is the spring constant and U is the energy sorted which is equal to the word
done to compress the spring because the collision is elastic collision.

e B
VK
5 \/2(1{.15;—1(.@)

K

(mq + ma)vs — (Mmovy — Myv1);
= /| = |

And so

since the two blocks stick together just after collision they must have the same initial
speed.

We need to find the final velocities of block 1 and 2.

From conversation of linear momentum

== —3

bi =D
mv1 + mevs = (Mmy + ma)vy

Substitute the givens

_ 2 (kg) x 10 (m/s) + 5 (kg) x 3 (m/s)
2 (kg) +5 (kg)

s
=5m/s

Substitute the givens and v in x

szl(z(kg) +5(kg)) x (5m/s)? -5 (kg) x (3m/s)? -2 (kg) x (10m/s)?

: 1120 (N/m)
=0.25m
.3
Result 20of 2
=325 cm
Rate this solution
< Exercise 58 Exercise 60a >
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Step 1 1of 3
a)

From the law of conservation of momentum we get:

Db = Pa
mv — 0.25kgy = ma’
v = m v
 m —0.25kg

From the law of conservation of kinetic energy we get:

=15
mu? i 0.25kgv?  mu"
p) 2 2

v?(m + 0.25kg) = mv”

u-—\/ L
YV m+0.25kg

Comparing these two expressions we get:

!

) _ \/ ™m
m—0.25kg | m+0.25kg
m? m

(m —0.25kg)? m + 0.25kg
m?(m + 0.25kg) = m(m? — 0.5 kgm + 0.0625 kg?)
0.25kgm = —0.5kgm + 0.0625 kg”
ii
m =|0.083 kg

Step 2 20f3
)
The total momentum of the system is:

p = 0.250 kg(2?) — 0.083 kg(2§)
— 0.334Ns

The speed of the center of mass is:

0.334 Ns

~ 0.25kg + 0.083 kg

=

S

Result S30f3

Rate this solution
< Exercise 61 Exercise 63a >
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l1of 2

Step 1
a)
Using the law of conservation of energy we can get the speed of the ball just before the
collision:
2
muv
— — mah
D) g
i
v = y/2gh
m
= \/2(9.81?) (0.7m)
m
= 3.71—

5

Using the equation for the final speed of the projectile we get:

v, — LT
f My + Mo
_ 0.6kg — 2.8kg

~ 0.6kg + 2.8kg

(3.71?)

m
=|—2.4—
S

)

Using the equation for the final speed of the target we get:

2mq
b= —— g
my + ma
2(0.6k
_ _206kg) ;) m,
0.6kg + 2.8kg S

m
=1.31—
S

Result
a)
'U_f — —2.4%
b)

Uy = ]..3].%1

Rate this solution
< Exercise 63b
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Step 1 l1of3

The speed of the first block just before the collision is:

2
i
v1 = v/ 2gh
m
— \/ 2(9.81 ) (3m)
— 767
S5

a)

The speed of the second block after the collision is:

S Anil
m—m+m1
9
e S
m1+2m1 S

m
—H:11—
S

After the collision this block enters the region where it looses energy do to friction and it
stops. This means that all of its kinetic energy is used for work, so:

K=W
M2V}
2

|

(magn)s

U’f,z

2gn
(1.292)?

2(9.81?‘3)(0.5)
= (2.96 m

w
|

Step 2 20f3
b)

Using the law of conservation of momentum we get:

Pt = Da
mivy = (m1 + ma)v’
!
! my
vV=——"—u
mi + my
m
= g
mi1 + 2my S
m
= 2.506—
S

After the collision this block enters the region where it looses energy do to friction and it
stops. This means that all of its kinetic energy is used for work, so:

K =W

2
s
57 = (magn)s
p)
297

(1292

2(9.812)(0.5)
—0.74m

Result 30f3

§=296m

b)

s =0.74m

Rate this solution
{ Exercise 67 Exercise 69a >
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