
HO 16 Solutions

1.)

€ 

m1 = 80.0 kg , 

€ 

m2 = 0.160 kg , 

€ 

v1i = v2i = 0 , 

€ 

v2 f = 30.0 m
s

using Conservation of Momentum

€ 

p1i + p2i = p1 f + p2 f  so 

€ 

m1v1i +m2v2i = m1v1 f +m2v2 f

€ 

v2 f =
m1v1i +m2v2i −m2v2 f

m1

=
0 + 0− 0.160 kg( ) 30.0 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

80.0 kg
=  − 0.06 m

s

2.)

€ 

m = 0.145 kg, 

€ 

vi = 30.0 m
s

, and 

€ 

v f = −45.0 m
s

a.)

€ 

Δp = mv f −mvi = m v f − vi( )  so 

€ 

Δp = 0.145 kg( ) −45.0 m
s
− 30.0 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ =  −10.875 kg ⋅m

s

using Impulse-Momentum Theorem

€ 

J = Δp =  −10.875 kg ⋅m
s

b.)

€ 

Δt = 2.00 x 10-3  s

€ 

J = FΔt  so 

€ 

F =
J
Δt

=
10.875 kg ⋅m

s
2.00 x 10-3  s

=  5437.5 N

3.)

€ 

F t( ) = A + Bt 2

a.)

€ 

J = Fdt
t1

t2
∫ = A + Bt 2( )dt

0

t2
∫ = At + B t

3

3
⎤ 

⎦ 
⎥ 

0

t2

= At2 +
1
3
Bt2

3 − 0 =  At2 +
1
3
Bt2

3

b.)

€ 

vi = 0

Impulse-Momentum Theorem

€ 

J = Δp = mΔv = m v f − vi( )  so 

€ 

v f =
J
m

+ vi =
At2 +

1
3
Bt2

3

m
+ 0 =  At2

m
+

1
3m

Bt2
3

4.)

€ 

m = 0.046 kg , 

€ 

θ = 45°, 

€ 

Δx = 200 m, 

€ 

Δt = 2 x 10-3  s

ball is a projectile launched ground-to ground 

€ 

vx = vocosθ  and 

€ 

vyo = vosinθ

€ 

vx =
Δx
Δt

=
Δx
t

 or (1)

€ 

t =
Δx
vx

 and maximum height occurs at midpoint where 

€ 

Δx = 100 m

at maximum height 

€ 

vy = 0 = −gt + vyo  so (2)

€ 

t =
vyo
g

 and equating (1) and (2) 

€ 

Δx
vx

=
vyo
g

therefore at max height 

€ 

Δx
vocosθ

=
vosinθ
g

 and 

€ 

gΔx = vo
2sinθcosθ  or 

€ 

vo =
gΔx

sinθcosθ



4.) (continued)

so the speed right after the ball is hit is 

€ 

vo =
9.8 m

s2

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 100 m( )

sin45°cos45°
= 44.3 m

s

before the ball is hit 

€ 

vx = vy = 0

after the ball is hit 

€ 

vx = vocosθ = 44.3 m
s

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ cos45° = 31.3 m

s
 and 

€ 

vy = vosinθ = 44.3 m
s

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ sin45° = 31.3 m

s

using Impulse-Momentum Theorem

€ 

FxΔt = Δpx = mΔvx = m vx − 0( )  so 

€ 

Fx =
mvx
Δt

=
0.046 kg( ) 31.3 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

7.0 x 10-3  s
= 205.7 N

€ 

FyΔt = Δpy = mΔvy = m vy − 0( )  so 

€ 

Fy =
mvy
Δt

=
0.046 kg( ) 31.3 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

7.0 x 10-3  s
= 205.7 N

therefore 

€ 

F = Fx
2 + Fy

2 = 205.7 N( )2
+ 205.7 N( )2

=  291 N

since we are only interested in the magnitude of the force we could have just found 

€ 

F  from 

€ 

Δv  since they are in the 
same direction

€ 

FΔt = Δp = mΔv  and 

€ 

F =
mΔv
Δt

=
0.046 kg( ) 44.3 m

s
− 0

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

7.0 x 10-3  s
=  291 N

In general, however, we should always treat impulse as a vector and look at components.

5.)

€ 

m1 = 1800 kg , 

€ 

v1i = 0 , 

€ 

m2 = 900 kg , 

€ 

v2i = 20 m
s

 inelastic collision so 

€ 

v1 f = v2 f = v f

using Conservation of Momentum

€ 

p1i + p2i = p1 f + p2 f  so 

€ 

m1v1i +m2v2i = m1v1 f +m2v2 f = m1 +m2( )v f

€ 

v f =
m1v1i +m2v2i

m1 +m2

=
1800 kg( )0 + 900 kg( ) 20 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

1800 kg + 900 kg
=  6.67 m

s

6.)

€ 

m = 3.0 kg, 

€ 

vi = 10 m
s

, 

€ 

θ i = 30°

€ 

v f = 10 m
s

, 

€ 

θ f = 150°

€ 

Δt = 0.20 s

Before hitting the wall 

€ 

vxi = vicosθ i = 10 m
s

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ cos30° = 8.66 m

s

€ 

vyi = visinθ i = 10 m
s

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ sin30° = 5.0 m

s

After hitting the wall 

€ 

vx f = v f cosθ f = 10 m
s

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ cos150° = −8.66 m

s

€ 

vy f = v f sinθ f = 10 m
s

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ sin150° = 5.0 m

s

60˚

60˚
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6.) (continued)

the only momentum change occurs in x-direction and 

€ 

Δpx = mΔvx = m vx f − vxi( )
using Impulse-Momentum Theorem

  

€ 

v 
J = Δv p  or 

€ 

Jx = Δpx = m vx f − vxi( )  so 

€ 

Jx = FxΔt  or 

€ 

Fx =
Jx
Δt

 and 

€ 

Jy = FyΔt = 0  or 

€ 

Fy = 0

therefore 

€ 

Fx =
Jx
Δt

=
m vx f − vxi( )

Δt
=

3.0 kg( ) −8.66 m
s
− 8.66 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

0.20 s
= −260 N

so the force from the wall is   

€ 

v 
F =  260 N∠−180°

7.)

€ 

m1 = 1.60 kg  and 

€ 

m2 = 2.10 kg

a.)
using Conservation of Momentum

€ 

p1i + p2i = p1 f + p2 f  so 

€ 

m1v1i +m2v2i = m1v1 f +m2v2 f

€ 

v2 f =
m1v1i +m2v2i −m1v1 f

m2

=
1.60 kg( ) 4.0 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ + 2.10 kg( ) −2.5 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ − 1.60 kg( ) 3.0 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2.10 kg
=  −1.74 m

s

b.)
using Conservation of Energy

€ 

K1 +Ug1 +Ue1 +Wother = K2 +Ug2 +Ue2
 so 

€ 

K1 + 0+ 0+ 0 = K2 + 0+Ue2
 or 

€ 

K1 = K2 +Ue2

€ 

1
2
m1v1i

2 +
1
2
m2v2i

2 =
1
2
m1v1 f

2 +
1
2
m2v2 f

2 +
1
2
kΔx2

2

€ 

Δx2 =
m1v1i

2 +m2v2i
2 −m1v1 f

2 −m2v2 f
2

k

€ 

Δx2 =
1.60 kg( ) 4.0 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2

+ 2.10 kg( ) −2.5 m
s

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2

− 1.60 kg( ) 3.0 m
s

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2

− 2.10 kg( ) −1.74 m
s

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2

600 N
m

=  0.173 m

c.)

€ 

v2 f = 0
using Conservation of Momentum

€ 

p1i + p2i = p1 f + p2 f  so 

€ 

m1v1i +m2v2i = m1v1 f +m2v2 f

€ 

v1 f =
m1v1i +m2v2i −m2v2 f

m1

=
1.60 kg( ) 4.0 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ + 2.10 kg( ) −2.5 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ − 0

1.60 kg
=  0.72 m

s

v2i = -2.5 m/s
k  = 600 N/m

m2m1

v1i = 4.0 m/s v2f

m2m1

v1f = 3.0 m/s
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7.) c.) (continued)

using Conservation of Energy

€ 

K1 +Ug1 +Ue1 +Wother = K2 +Ug2 +Ue2
 so 

€ 

K1 + 0+ 0+ 0 = K2 + 0+Ue2
 or 

€ 

K1 = K2 +Ue2

€ 

1
2
m1v1i

2 +
1
2
m2v2i

2 =
1
2
m1v1 f

2 +
1
2
m2v2 f

2 +
1
2
kΔx2

2

€ 

Δx2 =
m1v1i

2 +m2v2i
2 −m1v1 f

2 −m2v2 f
2

k

€ 

Δx2 =
1.60 kg( ) 4.0 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2

+ 2.10 kg( ) −2.5 m
s

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2

− 1.60 kg( ) 0.72 m
s

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2

− 0

600 N
m

=  0.251 m

8.)

€ 

m1 = 1500 kg , 

€ 

v1i = 25.0 m
s

, 

€ 

θ1i = 0 , 

€ 

m2 = 2500 kg , 

€ 

v2i = 20.0 m
s

, and 

€ 

θ 2i = 90°

inelastic collision so 

€ 

v1 fx = v2 fx = v fx  and 

€ 

v1 fy = v2 fy = v fy

using Conservation of Momentum in the x-direction

€ 

p1ix + p2ix = p1 fx + p2 fx  so 

€ 

m1v1ix +m2v2ix = m1v fx +m2v fx = m1 +m2( )v fx

€ 

v fx =
m1v1ix +m2v2ix

m1 +m2

=
m1v1icosθ1i +m2v2icosθ 2i

m1 +m2

€ 

v fx =
1500 kg( ) 25.0 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ cos0 + 2500 kg( ) 20.0 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ cos90°

1500 kg + 2500 kg
= 9.375 m

s

using Conservation of Momentum in the y-direction

€ 

p1iy + p2iy = p1 fy + p2 fy  so 

€ 

m1v1i y +m2v2iy = m1v fy +m2v fy = m1 +m2( )v fy

€ 

v fy =
m1v1iy +m2v2iy

m1 +m2

=
m1v1isinθ1i +m2v2isinθ 2i

m1 +m2

€ 

v fy =
1500 kg( ) 25.0 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ sin0 + 2500 kg( ) 20.0 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ sin90°

1500 kg + 2500 kg
= 12.50 m

s

€ 

v f = v fx
2 + v fy

2 = 9.375 m
s

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2

+ 12.50 m
s

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2

=  15.625 m
s

€ 

θ f = tan-1 vyf
vxf

= tan-1
12.5 m

s
9.375 m

s

⎛ 

⎝ 

⎜ 
⎜ 
⎜ 

⎞ 

⎠ 

⎟ 
⎟ 
⎟ 

=  53.13°
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9.)

€ 

m1 = 5.00 kg , 

€ 

v1i = 0  and 

€ 

m2 = 10.0 kg , 

€ 

v2i = 0

(1) determine the speed of 

€ 

m1  just before its collision with 

€ 

m2  using Conservation of Energy

using the lowest point as a reference for 

€ 

m1 , 

€ 

y1 = 5.00 m and 

€ 

y2 = 0

€ 

K1 +Ug1 +Ue1 +Wother = K2 +Ug2 +Ue2
 so 

€ 

0+Ug1 + 0+ 0 = K2 + 0+ 0  or 

€ 

Ug1 = K2

€ 

m1gy1 =
1
2
m1v

2  and 

€ 

v = 2gy1 = v1i  (before the collision)

(2) determine the speed of 

€ 

m1  just after its collision with 

€ 

m2  using Conservation of Momentum

€ 

p1i + p2i = p1 f + p2 f  so 

€ 

m1v1i +m2v2i = m1v1 f +m2v2 f  and 

€ 

m1v1i + 0 = m1v1 f +m2v2 f

therefore (A) 

€ 

m1v1i = m1v1 f +m2v2 f

since the collision is elastic kinetic energy is also conserved the relative speed of the two blocks before the collision
equals the negative of their relative velocities after the collision

€ 

v1i − v2i = − v1 f − v2 f( )  therefore (B) 

€ 

v1i = −v1 f + v2 f

from (A)

€ 

v1i = v1 f +
m2

m1
v2 f  and combining this with (B) 

€ 

2v1i = 1+
m2

m1

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ v2 f =

m1 +m2

m1

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ v2 f

and

€ 

v2 f =
2m1

m1 +m2

v1i  and  from (B)

€ 

v1 f = v2 f − v1i =
2m1

m1 +m2

v1i − v1i

€ 

v1 f = v1i
2m1

m1 +m2

−1
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ and using result from (1) 

€ 

v1 f = 2gy1
2m1

m2 +m1
−1

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

(3) determine the height of 

€ 

m1  after the collision using conservation of energy 

€ 

K =U( )

€ 

1
2
m1v1 f

2 = m1gy2  or 

€ 

y2 =
v1 f
2

2g
=
1
2g

2gy1
2m1

m2 +m1
−1

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

⎛ 

⎝ 
⎜ ⎜ 

⎞ 

⎠ 
⎟ ⎟ 

2

=
1
2g

2gy1
2m1

m2 +m1
−1

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2⎛ 

⎝ 
⎜ 
⎜ 

⎞ 

⎠ 
⎟ 
⎟ = y1

2m1
m2 +m1

−1
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2

€ 

y2 = 5.00 m( )
2 5.0 kg( )

5.00 kg +10.0 kg
−1

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2

=  0.56 m

m2

m1

5.00 m

A

B C
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HO 17 Solutions

1.)

€ 

m = 1.2 kg , 

€ 

vi = 8.0 m
s

, 

€ 

v f = −6.0 m
s

, 

€ 

Δt = 2.0 x 10-3  s

using Impulse-Momentum Theorem

€ 

J = Δp = mv f −mvi = m v f − vi( ) and 

€ 

J = FΔt  so 

€ 

F =
J
Δt

=
m v f − vi( )

Δt
=

1.2 kg( ) −6.0 m
s
− 8.0 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2.0 x 10-3  s
=  − 8400 N

2.)

€ 

m = 2.0 kg , 

€ 

vx 0( ) = −2.0 m
s

  

€ 

v 
J =

v 
F dt∫ = Area = AI + AII + AIII

€ 

J = 4 N( ) 1 s( ) +
1
2

4 N( ) 1 s( ) +
1
2
−8 N( ) 2 s( ) = −2 N ⋅s

using Impulse-Momentum Theorem

€ 

J = Δp = mv f −mvi = m v f − vi( ) so 

€ 

v f =
J
m

+ vi =
−2 N ⋅s
2.0 kg

+ −2.0 m
s

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ =  − 3.0 m

s

3.)

€ 

m = 2.0 kg , 

€ 

Fx = 4.0t( ) N = 4.0 N
s

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ t , 

€ 

vx 0( ) = 3.0 m
s

, 

€ 

vx t( ) = 8.0 m
s

 find t

  

€ 

v 
J =

v 
F dt∫ ⇒ Jx = Fx∫ dt = 4.0 N

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ tdt

0

t
∫ = . 4.0 N

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

t 2

2
⎤ 

⎦ 
⎥ 

0

t

= 2.0 N
s

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ t 2

using Impulse-Momentum Theorem

€ 

J = Δp = mv f −mvi = m v f − vi( ) = 2.0 kg( ) 8.0 m
s
− 3.0 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ = 10.0 N ⋅s

€ 

J t( ) = 2.0t 2( )N = 10.0 N ⋅s and 

€ 

t =
10.0 N ⋅s

2.0 N
s

=  2.24 s

Alternatively graph F versus t and find the area

  

€ 

v 
J =

v 
F dt∫ = Area = AI =

1
2

t 4.0 N
s

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ t

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ = 2.0 N

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ t 2

using Impulse-Momentum Theorem

€ 

J = Δp = mv f −mvi = m v f − vi( ) = 2.0 kg( ) 8.0 m
s
− 3.0 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ = 10.0 N ⋅s

€ 

2.0 N
s

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ t 2 = 10.0 N ⋅s  and 

€ 

t =
10.0 N ⋅s

2.0 N
s

=  2.24 s

vi

vf

1 2 3 4

4

0

-8

-4

Fx (N)

t (s)
I II

III

1 2 3 4

12

8

0

4

Fx (N)

t (s)
t

I



4.)

€ 

m1 = 0.010 kg , 

€ 

v1i = 1000 m
s

, 

€ 

v1 f = 400 m
s

, 

€ 

m2 = 2.0 kg , and 

€ 

v2i = 0

using Conservation of Momentum

€ 

p1i + p2i = p1 f + p2 f  so 

€ 

m1v1i +m2v2i = m1v1 f +m2v2 f

€ 

v2 f =
m1v1i +m2v2i −m2v2 f

m2

=
0.010 kg( ) 1000 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ + 0− 0.010 kg( ) 400 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2.0 kg
=  3.0 m

s

using Conservation of Energy for the block m2 with 

€ 

y1 = 0  and 

€ 

v2 = 0

€ 

K1 +Ug1 +Ue1 +Wother = K2 +Ug2 +Ue2
 so 

€ 

K1 + 0+ 0+ 0 = 0+Ug2 + 0  or 

€ 

K1 =Ug2

€ 

1
2
m2v1

2 = m2gy2  and 

€ 

y2 =
v1

2

2g
=

3.0 m
s

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2

2 9.8 m
s2

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

=  0.46 m

5.)

€ 

m1 = 6.0 kg , 

€ 

v1i = 5.0 m
s

, 

€ 

m2 = 2.0 kg , 

€ 

v1 f = v2 f = v f = −2.0 m
s

using Conservation of Momentum

€ 

p1i + p2i = p1 f + p2 f  so 

€ 

m1v1i +m2v2i = m1v1 f +m2v2 f = m1 +m2( )v f

€ 

v2i =
m1 +m2( )v f −m1v1i

m2

=
6.0 kg + 2.0 kg( ) −2.0 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ − 6.0 kg( ) 5.0 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2.0 kg
=  − 23 m

s

6.)

€ 

m1 = 2.0 kg , 

€ 

v1i = 5.0 m
s

, 

€ 

m2 = 8.0 kg , 

€ 

v2i = 0 , and 

€ 

v1 f = v2 f = v f

using Conservation of Momentum

€ 

p1i + p2i = p1 f + p2 f  so 

€ 

m1v1i +m2v2i = m1v1 f +m2v2 f = m1 +m2( )v f

€ 

v f =
m1v1i +m2v2i

m1 +m2

=
2.0 kg( ) 5.0 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ + 0

2.0 kg + 8.0 kg
= 1.0 m

s

€ 

ΔK = K1 f + K2 f( ) − K1i + K2i( ) =
1
2
m1v1 f

2 +
1
2
m2v2 f

2⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ −

1
2
m1v1i

2 +
1
2
m2v2i

2⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

€ 

ΔK =
1
2
m1 +

1
2
m2

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ v f

2 −
1
2
m1v1i

2 +
1
2
m2v2i

2⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

€ 

ΔK =
1
2

2.0 kg( ) +
1
2

8.0 kg( )
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 1.0 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2

−
1
2

2.0 kg( ) 5.0 m
s

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2

+ 0
⎛ 

⎝ 
⎜ ⎜ 

⎞ 

⎠ 
⎟ ⎟ =  − 20 J

v
bullet
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7.)

€ 

m1 = 3.0 kg , 

€ 

m2 = 1.4 kg , and 

€ 

v1 = v2 = 0

(1) determine the speed of 

€ 

m1  just before its collision with 

€ 

m2  using Conservation of Energy

using the lowest point as a reference for 

€ 

m1 , 

€ 

y1 = 0.40 m and 

€ 

y2 = 0

€ 

K1 +Ug1 +Ue1 +Wother = K2 +Ug2 +Ue2
 so 

€ 

0+Ug1 + 0+ 0 = K2 + 0+ 0  or 

€ 

Ug1 = K2

€ 

m1gy1 =
1
2
m1v

2  and 

€ 

v = 2gy1 = v1i  (before the collision)

(2) determine the speed of 

€ 

m1  and 

€ 

m2  just after the inelastic collision using Conservation of Momentum

€ 

v2i = 0  and 

€ 

v1 f = v2 f = v f

€ 

p1i + p2i = p1 f + p2 f  so 

€ 

m1v1i +m2v2i = m1v1 f +m2v2 f = m1 +m2( )v f

€ 

v f =
m1v1i +m2v2i

m1 +m2

=
m1 2gy1

m1 +m2

=

3.0 kg( ) 2 9.8 m
s2

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 0.40 m( )

3.0 kg +1.4 kg
=  1.91 m

s

8.)

€ 

m1 = 0.010 kg , 

€ 

v1i = 2000 m
s

, 

€ 

m2 = 4.0 kg , 

€ 

v2i = −4.2 m
s

, and 

€ 

v2 f = 0

using Conservation of Momentum

€ 

p1i + p2i = p1 f + p2 f  so 

€ 

m1v1i +m2v2i = m1v1 f +m2v2 f  and 

€ 

v1 f =
m1v1i +m2v2i −m2v2 f

m1

€ 

v1 f =
0.010 kg( ) 2000 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ + 4.0 kg( ) −4.2 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ − 0

0.010 kg
= 320 m

s

€ 

K1 f =
1
2
m1v1 f

2 =
1
2

0.010 kg( ) 320 m
s

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2

=  512 J

9.)

€ 

m1 = 3.0 kg , 

€ 

v1i = 10 m
s

, 

€ 

θ1i = 0 , 

€ 

v1 f = 8.0 m
s

, 

€ 

θ1 f = 35° , 

€ 

m2 = 6.0 kg , 

€ 

v2i = 0

using Conservation of Momentum in the x-direction

€ 

p1ix + p2ix = p1 fx + p2 fx  so 

€ 

m1v1ix +m2v2ix = m1v1 fx +m2v2 fx

€ 

v2 fx =
m1v1ix +m2v2ix −m1v1 fx

m2

=
m1v1icosθ1i +m2v2icosθ 2i −m1v1 f cosθ1 f

m2

€ 

v2 fx =
3.0 kg( ) 10 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ cos0 + 0− 3.0 kg( ) 8.0 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ cos35°

6.0 kg
= 1.72 m

s

m2

m1

0.40 m

A

B C
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9.) (continued)

using Conservation of Momentum in the y-direction

€ 

p1iy + p2iy = p1 fy + p2 fy  so 

€ 

m1v1iy +m2v2iy = m1v1 fy +m2v2 fy

€ 

v2 fy =
m1v1iy +m2v2iy −m1v1 fy

m2

=
m1v1isinθ1i +m2v2isinθ 2i −m1v1 f sinθ1 f

m2

€ 

v2 fy =
3.0 kg( ) 10 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ sin0 + 0− 3.0 kg( ) 8.0 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ sin35°

6.0 kg
= −2.29 m

s

€ 

v2 f = v2 fx
2 + v2 fy

2 = 1.72 m
s

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2

+ −2.29 m
s

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2

=  2.86 m
s

€ 

θ 2 f = tan-1
v2 fy

v2 fx

= tan-1
−2.29 m

s
1.72 m

s

⎛ 

⎝ 

⎜ 
⎜ 
⎜ 

⎞ 

⎠ 

⎟ 
⎟ 
⎟ 

=  − 53.1°

10.)

€ 

m1 = 3.0 kg , 

€ 

m2 = 1.0 kg , 

€ 

v2 f = 9.0 m
s

, 

€ 

θ 2 f = 90° , 

€ 

m3 = 1.0 kg , 

€ 

v3 f = 4.0 m
s

, 

€ 

θ 3 f = 210° ,

€ 

m4 = 1.0 kg , 

€ 

v4 f = 4.0 m
s

, 

€ 

θ 4 f = −30°

The x-components of m3 and m4 cancel each other out and m2 only
has a y-component.  Therefore, the final total momentum has only
a y-component which means the initial momentum of m1 only has a
y-component.

using Conservation of Momentum in the y-direction

€ 

p1iy = p2 fy + p3 fy + p4 fy  so 

€ 

m1v1iy = m2v2 fy +m3v3 fy +m4v4 fy

€ 

v1iy =
m2v2 fy +m3v3 fy +m4v4 fy

m1
=
m2v2 f sinθ 2 f +m3v3 f sinθ 3 f +m4v4 f sinθ 4 f

m1

€ 

v1iy =
1.0 kg( ) 9.0 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ sin90° + 1.0 kg( ) 4.0 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ sin210° + 1.0 kg( ) 4.0 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ sin −30°( )

3.0 kg
= 1.67 m

s

so the magnitude of the initial velocity of m1 was 

€ 

v1i =  1.67 m
s

m3
m1

m2

m4
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HO 18 Solutions

1.)

€ 

m1 = 2.00 kg , 

€ 

x1, y1( ) = 2.00 m, 3.00 m( ) , 

€ 

m2 = 3.00 kg , 

€ 

x2 , y2( ) = 2.00 m, − 2.00 m( ) ,

€ 

m3 = 4.00 kg , 

€ 

x3, y3( ) = −3.00 m, 6.00 m( )

€ 

xcm =
mixi∑
mi∑

=
m1x1 +m2x2 +m3x3

m1 +m2 +m3

=
2.00 kg( ) 2.00 m( ) + 3.00 kg( ) 2.00 m( ) + 4.00 kg( ) −3.00 m( )

2.00 kg + 3.00 kg + 4.00 kg
= −0.22 m

€ 

ycm =
mixi∑
mi∑

=
m1y1 +m2y2 +m3y3

m1 +m2 +m3

=
2.00 kg( ) 3.00 m( ) + 3.00 kg( ) −2.00 m( ) + 4.00 kg( ) 6.00 m( )

2.00 kg + 3.00 kg + 4.00 kg
= 2.67 m

the center-of-mass is therefore 

€ 

xcm , ycm( ) =  −0.22 m,  2.67 m( )

2.)

€ 

m = 0.200 kg, 

€ 

h1 = 4.00 m , 

€ 

h2 = 3.80 m

a.) use Conservation of Energy find the speed 

€ 

v2  that the ball hits the ground

using the ground as a reference 

€ 

y1 = 4.00 m and 

€ 

y2 = 0

€ 

K1 +Ug1 +Wother = K2 +Ug2
 so 

€ 

0+Ug1 + 0 = K2 + 0  or 

€ 

Ug1 = K2

€ 

mgy1 =
1
2
mv2

2 and 

€ 

v2 = 2gy1 = 2 9.8 m
s2

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 4.00 m( ) = 8.85 m

s

use Conservation of Energy find the speed 

€ 

v3  that the ball leaves the ground

using the ground as a reference 

€ 

y3 = 0  and 

€ 

y4 = 3.80 m

€ 

K3 +Ug3 +Wother = K4 +Ug4
 so 

€ 

K3 + 0+ 0 = 0+Ug4
 or 

€ 

K3 =Ug4

€ 

1
2
mv3

2 = mgy4  and 

€ 

v3 = 2gy4 = 2 9.8 m
s2

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 3.80 m( ) = 8.63 m

s

using the Impulse-Momentum theorem

€ 

J = Δp = mΔv = m v3 − v2( ) = m v3 − v2( ) = 0.200 kg( ) 8.63 m
s
− −8.85 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ =  3.5 N ⋅s

b.)

€ 

Δt = 2.00 x 10-3  s

€ 

J = FΔt  and 

€ 

F =
J
Δt

=
3.5 N ⋅s

2.00 x 10-3  s
=  1750 N

3.)

€ 

m1 = 1500 kg , 

€ 

θ1 = 270° , 

€ 

m2 = 2000 kg , 

€ 

θ 2 = 180° , 
  

€ 

v p total = 8000 kg ⋅m
s

∠240°

total momentum x-component

€ 

ptotalx = p1x + p2x  so 

€ 

ptotalx = m1v1x +m2v2x  and 

€ 

ptotalcosθ total = m1v1cosθ1 +m2v2cosθ 2

€ 

8000 kg ⋅m
s

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ cos240° = 1500 kg( )v1cos270° + 2000 kg( )v2cos180° = 0− 2000 kg( )v2

€ 

v2 =
− 8000 kg ⋅m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ cos240°

2000 kg
=  2.00 m

s

h1

v2

v1 = 0

h2

v4 = 0

v3



3.) (continued)

total momentum y-component

€ 

ptotaly = p1y + p2y  so 

€ 

ptotaly = m1v1y +m2v2y  and 

€ 

ptotalsinθ total = m1v1sinθ1 +m2v2sinθ 2

€ 

8000 kg ⋅m
s

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ sin240° = 1500 kg( )v1sin270° + 2000 kg( )v2sin180° = − 1500 kg( )v1 + 0

€ 

v1 =
− 8000 kg ⋅m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ sin240°

1500 kg
=  4.62 m

s

4.)

€ 

mA = 0.020 kg , 

€ 

mB = 0.030 kg , 

€ 

mC = 0.050 kg

€ 

vA = 1.50 m
s

, 

€ 

θA = 180°

€ 

vB = 0.50 m
s

, 

€ 

θB = 240°

a.)
using Conservation of Momentum in the x-direction

€ 

pAx + pBx + pCx = 0

€ 

mAvAx +mBvBx +mCvCx = 0

€ 

mAvAcosθA +mBvBcosθB +mCvCx = 0

€ 

vCx =
−mAvAcosθA −mBvBcosθB

mC

=
− 0.020 kg( ) 1.50 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ cos180°− 0.030 kg( ) 0.50 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ cos240°

0.050 kg
=  0.75 m

s

using Conservation of Momentum in the y-direction

€ 

pAy + pBy + pCy = 0

€ 

mAvAy +mBvBy +mCvCy = 0

€ 

mAvAsinθA +mBvBsinθB +mCvCy = 0

€ 

vCy =
−mAvAsinθA −mBvBsinθB

mC

=
− 0.020 kg( ) 1.50 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ sin180°− 0.030 kg( ) 0.50 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ sin240°

0.050 kg
=  0.26 m

s

b.)

€ 

θC = tan-1
vCy
vCx

= tan-1
0.26 m

s
0.75 m

s

⎛ 

⎝ 

⎜ 
⎜ 
⎜ 

⎞ 

⎠ 

⎟ 
⎟ 
⎟ 

=  19.1°

x

y

vA = 1.50 m/s

vB = 0.50 m/s

vC

60˚
θ
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5.)

€ 

m1 = 0.040 kg , 

€ 

x1, y1( ) = 4.0 m, 3.0 m( ) , 

€ 

m2 = 0.050 kg , 

€ 

x2, y2( ) = −2.0 m,  − 2.0 m( ) ,

€ 

m3 = 0.020 kg , and 

€ 

xcm , ycm( ) = 0,  0( )

€ 

xcm =
mixi∑
mi∑

=
m1x1 +m2x2 +m3x3

m1 +m2 +m3

= 0

€ 

x3 =
− m1x1 +m2x2( )

m3

=
− 0.040 kg( ) 4.0 m( ) + 0.050 kg( ) −2.00 m( )( )

0.020 kg
=  − 3.0 m

€ 

ycm =
miyi∑
mi∑

=
m1y1 +m2y2 +m3y3

m1 +m2 +m3

= 0

€ 

y3 =
− m1x1 +m2x2( )

m3

=
− 0.040 kg( ) 3.0 m( ) + 0.050 kg( ) −2.00 m( )( )

0.020 kg
=  −1.0 m

6.)

€ 

m1 = 0.030 kg , 

€ 

x1, y1( ) = 3.0 m, 4.0 m( ) , 

€ 

m2 = 0.040 kg , 

€ 

x2, y2( ) = −2.0 m,  − 2.0 m( ) ,

€ 

m3 = 0.020 kg , and 

€ 

xcm , ycm( ) = 0,  0( )

€ 

xcm =
mixi∑
mi∑

=
m1x1 +m2x2 +m3x3

m1 +m2 +m3

= 0

€ 

x3 =
− m1x1 +m2x2( )

m3

=
− 0.030 kg( ) 3.0 m( ) + 0.040 kg( ) −2.00 m( )( )

0.020 kg
=  − 0.5 m

€ 

ycm =
miyi∑
mi∑

=
m1y1 +m2y2 +m3y3

m1 +m2 +m3

= 0

€ 

y3 =
− m1x1 +m2x2( )

m3

=
− 0.030 kg( ) 4.0 m( ) + 0.040 kg( ) −2.00 m( )( )

0.020 kg
=  − 2.0 m

7.)

€ 

m1 = 2.0 kg , 
  

€ 

v v 1 = 4.0 m
s
∠0 , 

€ 

m2 = 3.0 kg , 
  

€ 

v v 2 = 5.0 m
s
∠90°

€ 

vcmx =
pxi∑

mi∑
=

mivxi∑

mi∑
=
m1v1x +m2v2x
m1 +m2

=
m1v1cosθ1 +m2v2cosθ 2

m1 +m2

€ 

vcmx =
2.0 kg( ) 4.0 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ cos0 + 3.0 kg( ) 5.0 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ cos90°

2.0 kg + 3.0 kg
= 1.6 m

s

€ 

vcmy =
pyi∑

mi∑
=

mivyi∑

mi∑
=
m1v1y +m2v2y
m1 +m2

=
m1v1sinθ1 +m2v2sinθ2

m1 +m2

€ 

vcmy =
2.0 kg( ) 4.0 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ sin0 + 3.0 kg( ) 5.0 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ sin90°

2.0 kg + 3.0 kg
= 3.0 m

s

€ 

vcm = vcmx
2 + vcmy

2 = 1.6 m
s

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2

+ 3.0 m
s

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2

=  3.4 m
s

HO 18 Solutions



8.)

€ 

m1 = 3.0 kg , 
  

€ 

v v 1 = 6.0 m
s
∠270° , 

€ 

m2 = 4.0 kg , 
  

€ 

v v 2 = 7.0 m
s
∠0

€ 

vcmx =
pxi∑

mi∑
=

mivxi∑

mi∑
=
m1v1x +m2v2x
m1 +m2

=
m1v1cosθ1 +m2v2cosθ 2

m1 +m2

€ 

vcmx =
3.0 kg( ) 6.0 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ cos270° + 4.0 kg( ) 7.0 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ cos0

3.0 kg + 4.0 kg
= 4.0 m

s

€ 

vcmy =
pyi∑

mi∑
=

mivyi∑

mi∑
=
m1v1y +m2v2y
m1 +m2

=
m1v1sinθ1 +m2v2sinθ2

m1 +m2

€ 

vcmy =
3.0 kg( ) 6.0 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ sin270° + 4.0 kg( ) 7.0 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ sin0

3.0 kg + 4.0 kg
= −2.57 m

s

€ 

vcm = vcmx
2 + vcmy

2 = 4.0 m
s

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2

+ −2.57 m
s

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2

=  4.75 m
s

9.)

€ 

mb = 0.0050 kg , 

€ 

vbi = 400 m
s

, 

€ 

mB = 1.00 kg , 

€ 

vBi = 0

after impact 

€ 

Δx = 0.050 m

a.) use Conservation of Energy to get the speed of the block
after the collision with the bullet (assuming that only the motion of 
the block is responsible for the compression of the spring)

€ 

KB =Ue  so 

€ 

1
2
mBvBf

2 =
1
2
kΔx 2  and 

€ 

vBf =
kΔx 2

mB

= Δx k
mB

€ 

vBf = 0.050 m( )
900 N

m
1.00 kg

= 1.5 m
s

use Conservation of Momentum to get the speed at which the bullet emerges from the block

€ 

pbi + pBi = pb f + pBf  so 

€ 

mbvbi +mBvBi = mbvb f +mBvBf

€ 

vb f =
mbvbi +mBvBi −mBvBf

mb

=
0.0050 kg( ) 400 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ + 0− 1.00 kg( ) 1.5 m

s
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

0.0050 kg
=  100 m

s

b.)

€ 

ΔK = K f − Ki = KBf + Kb f( ) − KBi + Kbi( ) =
1
2
mBvBf

2 +
1
2
mbvb f

2⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ −

1
2
mBvBi

2 +
1
2
mbvbi

2⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

€ 

ΔK =
1
2

1.00 kg( ) 1.5 m
s

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2

+
1
2

0.0050 kg( ) 100 m
s

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2⎛ 

⎝ 
⎜ ⎜ 

⎞ 

⎠ 
⎟ ⎟ − 0 +

1
2

0.0050 kg( ) 400 m
s

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2⎛ 

⎝ 
⎜ ⎜ 

⎞ 

⎠ 
⎟ ⎟ = −374 J

so there are 

€ 

374 J  of energy lost in the collision

1.00 kg
v = 400 m/s

k  = 900 N/m

1.00 kg

v 5.00 cm

HO 18 Solutions



10.)

€ 

m1 = 4.00 kg , 

€ 

x1, y1( ) = 2.00 m, − 3.00 m( ) , 

€ 

m2 = 3.00 kg , 

€ 

x2 , y2( ) = −2.00 m, 2.00 m( ) ,

€ 

m3 = 6.00 kg , 

€ 

x3, y3( ) = 3.00 m, − 2.00 m( )

€ 

xcm =
mixi∑
mi∑

=
m1x1 +m2x2 +m3x3

m1 +m2 +m3

=
4.00 kg( ) 2.00 m( ) + 2.00 kg( ) -2.00 m( ) + 6.00 kg( ) 3.00 m( )

4.00 kg + 2.00 kg + 6.00 kg
= 1.83 m

€ 

ycm =
mixi∑
mi∑

=
m1y1 +m2y2 +m3y3

m1 +m2 +m3

=
4.00 kg( ) −3.00 m( ) + 2.00 kg( ) 2.00 m( ) + 6.00 kg( ) −2.00 m( )

4.00 kg + 2.00 kg + 6.00 kg
= −1.67 m

the center-of-mass is therefore 

€ 

xcm , ycm( ) =  1.83 m,  −1.67 m( )
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