23. A force in the negative direction of an x-axis is
applied for 27ms to a 0.40kg ball initially moving
at 14m/s in the positive direction of the axis. The
force varies in magnitude, and the impulse has
magnitude 32.4 N.s. What are the ball’'s

a) Speed and
b) Direction of travel just after the force is applied ?
c) What are the average magnitude of the force and

d) The direction of the impulse on the ball?



23. The initial direction of motion is in the +x direction. The magnitude of the average
force Fuyg 18 given by

¥ .
Fo=L _324NS _,o0xi0° N
¥OOAr 2.70x107° s

The force 1s in the negative direction. Using the linear momentum-impulse theorem
stated in Eq. 9-31, we have

- Fa,h.gj.a‘ = mvy— mv;.

where m 15 the mass, v; the initial velocity, and vy the final velocity of the ball. Thus,

mv.—F At (0.40kg)(14m/s)—(1200N)(27x107s |
i — - == — - - :—ﬁ? I'HJ."IS.
m 0.40kg

'L.l

(a) The final speed of the ball 1s | v, [=67 m/s.

(b) The negative sign indicates that the velocity is in the —x direction, which is opposite to
the initial direction of travel.

(c) From the above, the average magnitude of the force s F,| =1.20x] 0° N .

(d) The direction of the impulse on the ball 1§ —x, same as the applied force.



27. A 1.2 kg ball drops vertically onto floor, hitting with
a speed of 25m/s. It rebounds with an initial speed
of 10m/s

a) What impulse acts on the ball during the contact?

b) If the ball is in contact with the floor for 0.020s,
what is the magnitude of the average force on the
floor from the ball?



27. We choose +y upward, which means v, =-25m/s and v, =+10m/s. During the

collision, we make the reasonable approximation that the net force on the ball 1s equal to
Fye — the average force exerted by the floor up on the ball.

(a) Using the impulse momentum theorem (Eq. 9-31) we find

J=mv,-my, =(12)(10)-(12)(-25) = 42kg-m/s.

(b) From Eq. 9-35, we obtain

- J 4
= =21x10°N.

‘F;n-g = o
At 0.020




42. A 4.0 kg mess kit sliding on a frictionless surface
explodes into two 2.0kg parts: 3.0m/s, due north, and

5.0m/s 30degree north of east. What is the original speed
of the mess kit?



42, Qur +x direction 15 east and +y direction 15 north. The linear momenta for the twom =
2.0 kg parts are then

p,=mv, =my, ]
where v; = 3.0 m/s, and

Py, =mi, =m(vy, 1+v,, ]|=mv,|cosfi +sin]

where v; = 3.0 m/s and #= 30°, The combined linear momentum of both parts 15 then

-

=4 F . = - )
P=p+ p,=my, j+my, [CUSE" i+ E.mﬁ"]) =(mv, cos 8 )i+ (mv, +mv,sinf| |

5

(2.0 k) (5.0 m/s)(cos30°)i+(2.0 kg)(3.0 m/s+( 5.0 m/s)(sin 30°))

=(8.66i+11]) kg m/s.

From conservation of linear momentum we know that this is also the linear momentum of

the whole kit before 1t splits. Thus the speed of the 4.0-kg kit 15

2

P JP: +P; J(E.ﬁﬁ kg-m/s) +(11 kg-m/s)
MM 4.0 kg

v =35 ms.




50. A 5.20g bullet moving at 672 m/s strikes a 700g wooden
block at rest on a frictionless surface. The bullet
emerges, traveling in the same direction with its peed
reduced to 428 m/s.

a) What is the resulting speed of the block?

b) What is the speed of the bullet-block center of mass?



50. (a) We choose +x along the initial direction of motion and apply momentum
conservation:

My Vi = MoV T Mlyioa Vs
(52 2)(672m/s)=(5.2 g)(428 m/s) + (700 g)v,

which yields v» = 1.81 m/s.

(b) It 1s a consequence of momentum conservation that the velocity of the center of mass
1s unchanged by the collision. We choose to evaluate it before the collision:

S My, (5.2g)(672mfs)
Myuier T Myjock 5.2g+700¢g

=4.96 m/s.

LFI.‘;L‘I-['['I



A 10.0 kg toy car is moving along the x axis. The only
force Fx acting on the car is shown in Fig. 5 as a function
of time (t). Attimet= 0 s the car has a speed of 4.0 m/s.
What is its speed at time t = 6.0 s? (Ans: 8.0 m/s )

Fy (N)
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A 10.0 kg toy car is moving along the x axis. The only
force Fx acting on the car is shown in Fig. 5 as a function
of time (t). Attimet= 0 s the car has a speed of 4.0 m/s.
What is its speed at time t = 6.0 s? (Ans: 8.0 m/s )

. dp B, Fy (N)
F :Z: | p | = j Fdt = Area under the curve A
10—---
:10><(6+2):40
c|pl=m (v, —v,)
40

LV, =m+vi=—+4=8m/s 0
m 0



A 0.20 kg steel ball, travels along the x-axis at 10 m/s,
undergoes an elastic collision with a 0.50 kg steel ball

traveling along the y-axis at 4.0 m/s. The total kinetic
energy of the two balls after collision is:



A 0.20 kg steel ball, travels along the x-axis at 10 m/s,
undergoes an elastic collision with a 0.50 kg steel ball

traveling along the y-axis at 4.0 m/s. The total kinetic
energy of the two balls after collision is:

%mlvf +%m2v22 Z%XO.ZXIOZ +%><O.5><42 =10+4

=14 1].



A 1500 kg car traveling at 90.0 km/h east collides with a
3000 kg car traveling at 60.0 km/h south. The two cars
stick together after the collision (see Fig 2). What is the
speed of the cars after collision?

3000 kg
I 60.0 km/h

1500kg
- -

90.0 km/h

Before Collision




A 1500 kg car traveling at 90.0 km/h east collides with a
3000 kg car traveling at 60.0 km/h south. The two cars
stick together after the collision (see Fig 2). What is the
speed of the cars after collision?

3000 kg
Iﬁﬂ.ﬂkmfh
Mv =my,+my, 1500kg !
A . - e e e
(1500+3000)v =1500x907 —3000x60 ; 90.0 km/h
Before Collis
:)’\7|:\/(302_|_402) :50 kIIl :l:sggS erore Lollision

hour



The location of two thin flat objects of masses m1= 4.0 kg and
m2 = 2.0 kg are shown in the figure, where the units are in m.
The x and y coordinates of the center of mass of this system

dare.
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The location of two thin flat objects of masses m1= 4.0 kg and
m2 = 2.0 kg are shown in the figure, where the units are in m.
The x and y coordinates of the center of mass of this system
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A 2.00 kg pistol is loaded with a bullet of mass 3.00 g. The
pistol fires the bullet at a speed of 400 m/s. The recoil speed
of the pistol when the bullet was fired is: (Ans: 0.600 m/s)



A 2.00 kg pistol is loaded with a bullet of mass 3.00 g. The
pistol fires the bullet at a speed of 400 m/s. The recoil speed
of the pistol when the bullet was fired is: (Ans: 0.600 m/s)

O=my, +m,y,

0=2xV +0.003x400=> v |= 0.6
S



Sphere A has a mass M and is moving with
speed 10 m/s. It makes a head-on elastic
collision with a stationary sphere B of mass 3M.
After the collision the speed of B is:



Sphere A has a mass M and is moving with
speed 10 m/s. It makes a head-on elastic
collision with a stationary sphere B of mass 3M.
After the collision the speed of B is:

2m m, —m
— 4 Vit 4 szi
m,+m, m,+m,

2M 3M -2M

= 10) + 0)=5
&4 3M+M( ) 3M+1M() =

Vg

m—



An object of 12.0 kg at rest explodes into two pieces of
masses 4.00 kg and 8.00 kg. The velocity of the 8.00 kg

mass is 6.00 m/s in the +ve x-direction. The change in the
Kinetic is:



An object of 12.0 kg at rest explodes into two pieces of
masses 4.00 kg and 8.00 kg. The velocity of the 8.00 kg

mass is 6.00 m/s in the +ve x-direction. The change in the
Kinetic is:

A

MV =my, +mg\78 —0=4x7, +8><6iA —v, =—12i,

AK K—}( ( ) —(12) +—(6)
=432]



A 6.0 kg body moving with velocity v breaks up
(explodes) into two equal masses. One mass travels east
at 3.0 m/s and the other mass travels north at 2.0 m/s.
The speed v of the 6.0 kg mass is:



A 6.0 kg body moving with velocity v breaks up
(explodes) into two equal masses. One mass travels east
at 3.0 m/s and the other mass travels north at 2.0 m/s.
The speed v of the 6.0 kg mass is:

M v =my,+my,

6V =3x3i +3x2] = p|= %(32+42):1.8E
S



A 1.0-kg block at rest on a horizontal frictionless surface
Is connected to a spring (k = 200 N/m) whose other end
Is fixed (see figure). A 2.0-kg block moving at 4.0 m/s
collides with the 1.0-kg block. If the two blocks stick
together after the one-dimensional collision, what
maximum compression of the spring does occur when
the blocks momentarily stop?

V=4 m/s
2
kg ‘ 01 i

Yl



A 1.0-kg block at rest on a horizontal frictionless surface
Is connected to a spring (k = 200 N/m) whose other end
Is fixed (see figure). A 2.0-kg block moving at 4.0 m/s
collides with the 1.0-kg block. If the two blocks stick
together after the one-dimensional collision, what
maximum compression of the spring does occur when

the blocks momentarily stop?
V=4 m/s
kg |—Pp 1kg
J;f;ﬂff T T,

Consrevation of momentum = mv =(m + M )V

Loy 2t e
(2+1) S

Conservation of K.E. after collision = %(m +M)V = %k x’

—~ x =V \/(m M) :2.67,/i:0.33 m
i 200




A 10 gram bullet is shot in the +x-direction with a speed
of Vo = 500 m/s into a stationary block of wood that has
a mass of 5.0 kg (see Fig 3). The bullet embeds itself in
the block. What distance (d) will the block slide on a
surface having a coefficient of kinetic friction equal to 0.5?

hefurE after
alrest -\ /\/\_ﬁ
(f V=300 m/s A
—» —} - Vl’ l 0 :
|
10g
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before after

H at rest —\ /\# V=10 —\

V=300 m/s ===

6—» — - — el I ey ' 0 |
100

Consrevation of momentum = mv =(m +M )V

_ .001x500 ~1.0m/s

(5.0+0.001)

Change in K.E. after collision = —%(m + M)V =—u(m+M)gd

2 2
N sz 1.0 _ 0.1
2Ug 2x05x98













23. A force in the negative direction of an x-axis is applied for 27ms to a 0.40kg ball initially moving at 14m/s in the positive direction of the axis. The force varies in magnitude, and the impulse has magnitude 32.4 N.s. What are the ball’s 

		Speed and 

		Direction of travel just after the force is applied ?

		What are the average magnitude of the force and 

		The direction of the impulse on the ball?



























27. A 1.2 kg ball drops vertically onto floor, hitting with a speed of 25m/s. It rebounds with an initial speed of 10m/s

		What impulse acts on the ball during the contact?

		If the ball is in contact with the floor for 0.020s, what is the magnitude of the average force on the floor from the ball?



























42.   A 4.0 kg mess kit sliding on a frictionless surface explodes into two 2.0kg parts: 3.0m/s, due north, and 5.0m/s 30degree north of east. What is the original speed of the mess kit?

























50. A 5.20g bullet moving at 672 m/s strikes a 700g wooden block at rest on a frictionless surface. The bullet emerges, traveling in the same direction with its peed reduced to 428 m/s.

		What is the resulting speed of the block?

		What is the speed of the bullet-block center of mass?



























A 10.0 kg toy car is moving along the x axis.  The only force Fx acting on the car is shown in Fig. 5 as a function of time (t).  At time t = 0 s the car has a speed of 4.0 m/s.  What is its speed at time t = 6.0 s? (Ans: 8.0 m/s )
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A 0.20 kg steel ball, travels along the x-axis at 10 m/s, undergoes an elastic collision with a 0.50 kg steel ball traveling along the y-axis at 4.0 m/s. The total kinetic energy of the two balls after collision is:













A 0.20 kg steel ball, travels along the x-axis at 10 m/s, undergoes an elastic collision with a 0.50 kg steel ball traveling along the y-axis at 4.0 m/s. The total kinetic energy of the two balls after collision is:

















A 1500 kg car traveling at 90.0 km/h east collides with a 3000 kg car traveling at 60.0 km/h south. The two cars stick together after the collision (see Fig 2). What is the speed of the cars after collision?















A 1500 kg car traveling at 90.0 km/h east collides with a 3000 kg car traveling at 60.0 km/h south. The two cars stick together after the collision (see Fig 2). What is the speed of the cars after collision?















The location of two thin flat objects of masses m1= 4.0 kg and m2 = 2.0 kg are shown in the figure, where the units are in m. The x and y coordinates of the center of mass of this system are:  













The location of two thin flat objects of masses m1= 4.0 kg and m2 = 2.0 kg are shown in the figure, where the units are in m. The x and y coordinates of the center of mass of this system are:  















 A 2.00 kg pistol is loaded with a bullet of mass 3.00 g. The pistol fires the bullet at a speed of 400 m/s. The recoil speed of the pistol when the bullet was fired is: (Ans: 0.600 m/s)













 A 2.00 kg pistol is loaded with a bullet of mass 3.00 g. The pistol fires the bullet at a speed of 400 m/s. The recoil speed of the pistol when the bullet was fired is: (Ans: 0.600 m/s)















Sphere A has a mass M and is moving with speed 10 m/s. It makes a head-on elastic collision with a stationary sphere B of mass 3M. After the collision the speed of B is:













Sphere A has a mass M and is moving with speed 10 m/s. It makes a head-on elastic collision with a stationary sphere B of mass 3M. After the collision the speed of B is:















An object of 12.0 kg at rest explodes into two pieces of masses 4.00 kg and 8.00 kg. The velocity of the 8.00 kg mass is 6.00 m/s in the +ve x-direction. The change in the kinetic is: 













An object of 12.0 kg at rest explodes into two pieces of masses 4.00 kg and 8.00 kg. The velocity of the 8.00 kg mass is 6.00 m/s in the +ve x-direction. The change in the kinetic is: 















 A 6.0 kg body moving with velocity v breaks up (explodes) into two equal masses. One mass travels east at 3.0 m/s and the other mass travels north at 2.0 m/s. The speed v of the 6.0 kg mass is: 













 A 6.0 kg body moving with velocity v breaks up (explodes) into two equal masses. One mass travels east at 3.0 m/s and the other mass travels north at 2.0 m/s. The speed v of the 6.0 kg mass is: 















A 1.0-kg block at rest on a horizontal frictionless surface is connected to a spring (k = 200 N/m) whose other end is fixed (see figure). A 2.0-kg block moving at 4.0 m/s collides with the 1.0-kg block.  If the two blocks stick together after the one-dimensional collision, what maximum compression of the spring does occur when the blocks momentarily stop? 













A 1.0-kg block at rest on a horizontal frictionless surface is connected to a spring (k = 200 N/m) whose other end is fixed (see figure). A 2.0-kg block moving at 4.0 m/s collides with the 1.0-kg block.  If the two blocks stick together after the one-dimensional collision, what maximum compression of the spring does occur when the blocks momentarily stop? 















A 10 gram bullet is shot in the +x-direction with a speed of  Vo = 500 m/s into a stationary block of wood that has a mass of  5.0 kg (see Fig 3). The bullet embeds itself in the block. What distance (d) will the block slide on a surface having a coefficient of kinetic friction equal to 0.5? 



















23. The initial direction of motion is in the +x direction. The magnitude of the average
force Fuyg is given by

20x10° N

The force is in the negative direction. Using the linear momentum-impulse theorem
stated in Eq. 9-31, we have

~Faught=myp—my.
where m i the mass, v; the initial velocity, and vy the final velocity of the ball. Thus,

my,~F, A (040kg)(14m/s) = (1200N)(27x10”s)
T 0.40kg

v, ~67mfs.

() The final speed of the ball s | v, |=67 ms.

(b) The negative sign indicates that the velocity is in the ~ direction, which is opposite to
the initial direction of travel.

() From the above, the average magnitude of the force is F,,, =1.20x10° N

(d) The direction of the impulse on the ball s ~x, same as the applied force.




27. We choose +y upward, which means ¥ =-25m/s and ¥, =+10m/s. During the

collision, we make the reasonable approximation that the net force on the ball is equal to
Fayg — the average force exerted by the floor up on the ball.

(a) Using the impulse momentum theorem (Eq. 9-31) we find
J=m¥, —m¥, =(12)(10)- (12)(-25) = 42 kg-m/s.

(b) From Eq. 9-35, we obtain

L2 =2Ix10°N.
At 0020

‘v




42. Our +x direction is east and +y direction is north. The linear momenta for the two m =
2.0 kg parts are then

where v = 3.0 mis, and

v,(cos6i +siné])

P
where v = 5.0 m/s and 6= 30°. The combined linear momentum of both parts is then

PPyt By=my, vy (cos 8+ sind ) = (v cos 6) i+ (v, +mv, sin6) §
=(2.0 kg) (5.0 mis)(cos 30°) i +(2.0 kg) (3.0 m/s+(5.0 mis) (sin 30°))
=(8661+113) kg-ms.

From conservation of linear momentum we know that this is also the linear momentum of
the whole kit before it splits. Thus the speed of the 4.0-kg kit is

[P3+P? \J(8.66 kg-mis) + (11 kg-mis)’
o re ) T e 35 ms.

H 10k





50. (a) We choose +x along the initial direction of motion and apply momentum
conservation:

MyeVi = MooV + MyjoacVs

(52 2)(672m/s)=(52¢)(428 m/s) + (700 )7,

which yields v, = 1.81 m/s.

(b) It is a consequence of momentum conservation that the velocity of the center of mass
is unchanged by the collision. We choose to evaluate it before the collision:

Mye¥;  _(5:28)(672 m/s)
Myier + Mo 52g+700¢g

=4.96 m/s.
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