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*61

Picture the Problem The impulse exerted by the ground on the meteorite equals the
change in momentum of the meteorite and is also the product of the average force exerted
by the ground on the meteorite and the time during which the average force acts.

Express the impulse exerted by the I = ADgeorise = Pt — P
ground on the meteorite:

Relate the kinetic energy of the p? :
. f e e K =1 .=1[2mK‘
meteorite to its initial momentum " 2m P i

and solve for its initial momentum:

Express the ratio of the initial and P}

final kinetic energies of the K. _2m_p_ 5

meteorite: K; pfz pg— B
2m

Solve for pg: Pi

Substitute in our expression for / )2
M o p i = D i
and simplify: NG

Because our interest is in its magnitude, evaluate ]I l :

1= J2(30.8x103kg)(él?xlOﬁJ)(%—lJt= 1.81MN -s

Express the impulse delivered to the I=F, At
meteorite as a function of the average and
fe cti it and solve for and .
orce a mg(?nlan solve for an F =__I____1.81MN S _ 0.600 MN
evaluate F, : ™AL 3s
62 se

Picture the Problem The impulse exerted by the bat on the ball equals the change in
momentum of the ball and is also the product of the average force exerted by the bat on
the ball and the time during which the bat and ball were in contact.
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Substitute numerical values and v = (5 kg)(4m/ s)-(10 kg)(3m/ s)
evaluate v¢s: s Skg

=] -2.00m/s

where the minus sign means that the 5-kg
object is moving to the left after the
collision.

(b) Evaluate AK for the collision:

AK = K, - K, = +(5kg)2m/s} - B(Skg)(4n1/3)2+ %(10kg)(3m/s)2_l= ~75.0]

Because AK = 0, the collision was inelastic.

70 -
Picture the Problem The pictorial Vi =0 Vrgat 0
representation shows the ball and bat just
before and just after their collision. Take =

|
o

Il
Frpaty

the direction the bat is moving to be the e

positive direction. Because the collision is

elastic, we can equate the speeds of

recession and approach, with the

approximation that v; . ~ Ve to find VEball-

Express the speed of approach of the Vebat ~ Vepan = —(vi,bat -V ball)

bat and ball:

Because the mass of the bat is much Vivar = Veba

greater than that of the ball:

Substitute to obtain: Vevat ~ Vil = —(vf’bat - v,.)w,)

Solve for and evaluate vgpq;: Veval = Vepa T (Vf,bm - vi,ball)
= Ve + 2V =V +2v
=|3v

*¥T1 oo

Picture the Problem Let the direction the proton is moving before the collision be the
positive x direction. We can use both conservation of momentum and conservation of
mechanical energy to obtain an expression for velocity of the proton after the collision.
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(@) Use the expression for the total P= Z my, =My,
momentum of a system to find v: i
and
= my,; 3
Vo = —2— = L(300m/s)i
m+12m
=| (23.1mvs)i
(b) Use conservation of momentum MV, =MV, +m, vV, .. §))
to obtain one relation for the final
velocities:
Use conservation of mechanical Vies ~ Vpr = —(vm’i -V, )= v, @
energy to set the velocity of
recession equal to the negative of
the velocity of approach:
To eliminate vy, s, solve equation Vaet = Vpi + Vot
§2) for Ve and substitute the result my,=my . +m, (Vp,i +v; )
in equation (1):
Solve for and evaluate v, ¢ v = m,—m,. v
pf = T Ui
m,+m,,
m—-12m
=—""(300m/s)=| —-254m/s
13m

T2 oo
Picture the Problem We can use conservation of momentum and the definition of an
elastic collision to obtain two equations in vyrand vy that we can solve simultaneously.

Use conservation of momentum to MyVy = MYy + M,V (1)
obtain one relation for the final

velocities:

Use conservation of mechanical Vog =V = _(VZi -V ) =v;  (2)

energy to set the velocity of
recession equal to the negative of
the velocity of approach:
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Use conservation of momentum to my, = (m +M )V
relate the speed of the bullet just
before impact to the initial speed of

the bob plus bullet:

Solve for the speed of the bullet: y, = (1 . M )V )
m

Use conservation of energy to relate AK+AU =0

the initial kinetic energy of the or, because K¢= U; =0,

bullet to the final potential energy of -K, +U; =0

the system:

Substitute for K; and Ur and solve ~1(m+M)V?

for ¥ +(m+M)gL(1-—cos¢9)=0

and
V =,2gL{l-cosé

Substitute for ¥ in equation (1) to v, = (1 + M ] gLl —cosd
m

obtain:

Substitute numerical values and evaluate vy

_ 1.5kg 3 _ o) —
vb—(l+———~———0’016kg]\/2(9.81m/s )(2.3m)(1-cos60°) =| 450m/s

*78 oo

Picture the Problem We can apply conservation of momentum and the definition of an
elastic collision to obtain equations relating the initial and final velocities of the colliding
objects that we can solve for vi¢ and vy

Apply conservation of momentum to MVie + MyVoe =MV, +m,v,. 1)
. o . 1t T MyVae Vi T My Vo

the elastic collision of the particles

to obtain:

Relatg the initial and final kinetic . tmyl +impy = Lmyvi +imy:
energies of the particles in an elastic
collision:

i i 2 2 2_ 2
Rearrange this equation and factor to m, (v -V )= m, (v - Vlf)

. 2f li
btain:
obtain or

m, (sz —Vy )(sz +Vy )

@)
= m!(v“ — Vi lei + Vlf) /
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Rearrange equation (1) to obtain: m, (sz -V, ) =m, ("n - f) 3)
Divide equation (2) by equation (3) Ve + Vo =V Yy
to obtain:
Rearrange this equation to obtain Vig = Vo =V, =Wy, 4
equation (4):
Multiply equation (4) by m, and add (ml +m, )v1 e = (m1 -m, )v1i +2m,v,,
it to equation (1) to obtain:
Solve for vi¢to obtain: m —m m
Vi =] 2+ v,
m, +m, m, +m,
Multiply equation (4) by m; and (m, +m, Woe = (m, —m v, +2my,
subtract it from equation (1) to
obtain:
Solve for vy to obtain: 'm m. —m
Vor = vy, +——Ly,,
m, +m, m, +m,

Remarks: Note that the velocities satisfy the condition that v, —v,, = —(v2i -V, )
This verifies that the speed of recession equals the speed of approach.

79 e

Picture the Problem As in this problem, Problem 78 involves an elastic, one-
dimensional collision between two objects. Both solutions involve using the conservation
of momentum equation n,v,; +m,v,. = mv,; + m,v,, and the elastic collision equation
Vg =V, =V, —Vy; . In part (@) we can simply set the masses equal to each other and
substitute in the equations in Problem 78 to show that the particles "swap" velocities. In
part () we can divide the numerator and denominator of the equations in Problem 78 by
m; and use the condition that m, >> m; to show that vy = —v;;+2v,; and vye= vy,

(a) From Problem 78 we have: m, —m, 2m,
Ve = Vit Yy €y
m, +m, m, +m,
and
2m m,—m
— 1 2 1
Vo = v+ Vi )
m, +m, m, +m,
Set my; = m, = m to obtain: 2m
Vig = Voi =| Vai
m+m
and
2m
Vor = Vi = Vi
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Solve for v;: v, = \/@
Substitute i tion (2) to obtain:
ubstitute in equation (2) to obtain - m; @
J+T
Substitute in equation (1) and 1 2 ” 2
simplify: h=_( "y JZng( ! ]L
2g\my; my, 1
Substitute numerical values and 54k 2
evaluate A: h= X8 ( m) =13.94m
54kg +82kg

Exploding Objects and Radioactive Decay

85 o0

Picture the Problem This nuclear reaction is ‘Be — 2+ 1.5x10™"* J. In order to
conserve momentum, the alpha particles will have move in opposite directions with the
same velocities. We’ll use conservation of energy to find their speeds.

Letting E represent the energy 2K, = 2(% m,v. )= E
released in the reaction, express
conservation of energy for this

process:
Solve for v, E

V. = PR

a ma
Substitute numerical values and -14
luate v..: v, = ___“__I.SXIO_”J =[1.50x10 m/s

evaluate v 6.68x10 7 kg
86 oo

Picture the Problem This nuclear reaction is °Li — a+ p + 3.15 x 107 J. To conserve
momentum, the alpha particle and proton must move in opposite directions. We’ll apply
both conservation of energy and conservation of momentum to find the speeds of the
proton and alpha particle.

Use conservation of momentum in pi=p =0
this process to express the alpha and
particle’s velocity in terms of the 0= m,yy, —m,v,

proton’s:
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Using its definition, relate the Fo= dm| 5

rocket’s thrust to the relative speed P e

of its exhaust gases:

Substitute numerical values and F, = (20() kg/s)(ﬁ km/s) = 1.20MN
evaluate Fy,:

105 o

Picture the Problem The thrust of a rocket Fy;, depends on the burn rate of its fuel dmv/dt
and the relative speed of its exhaust gases u according to Fy = Idm/ ¢;171‘|uex . The final

velocity v; of a rocket depends on the relative speed of its exhaust gases u, its payload
to initial mass ratio mymy and its burn time according to v, = —u,, ln(mf / mo)— gt,.

(a) Using its definition, relate the Fo- dm B
rocket’s thrust to the relative speed ® g |
of its exhaust gases:

Substitute numerical values and F, =(200kg/s)(1.8km/s)=| 360kN
evaluate Fy:

(b) Relate the time to burnout to the fo= el _ 0.8m,

mass of the fuel and its burn rate: * dmidt dmldt

Substitute numerical values and f = 0~8(30>000 kg) =[120s

evaluate &, b 200kg/s

(c) Relate the final velocity of a 1ol ™

rocket to its initial mass, exhaust Ve = THa _: ~&h

velocity, and burn time:

Substitute numerical values and evaluate v

v, = —(1.8km/s)ln(-;-)—(9.81m/s2)(1205)= L.72km/s

*106 o
Picture the Problem We can use the dimensions of thrust, burn rate, and acceleration to
show that the dimension of specific impulse is time. Combining the definitions of rocket

thrust and specific impulse will lead us towu,, = g/.
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Substitute numerical values and evaluate W,,:

W, =(200kg)(0.81m/s” (180 m)++(200ke)|(80m/sf - (125m/s) ] =[ 569K

117 e

Pictare the Problem Because this is a perfectly inelastic collision, the velocity of the
block after the collision is the same as the velocity of the center of mass before the
collision. The distance the block travels before hitting the floor is the product of its
velocity and the time required to fall 0.8 m; which we can find using a constant-
acceleration equation.

Relate the distance D to the velocity D=v_At
of the center of mass and the time for
the block to fall to the floor:
Relate the velocity of the center of P= Z my, = Mv_,
mass to the total momentum of the i
system and solve for vey,: and
v = outtet Vouitet + Phiock Vblock
cm
Myuter + Mjock
Substitute numerical values and b = (0.015 kg)(SOO m/s) = 9.20m/s
evaluate v 0.015kg +0.8kg
Using a constant-acceleration Ay = VAL + %a(At)2
equation, find the time for the block 2Ay
to fall to the floor: Becausev, =0, At = ?
Substitute to obtain: D 2Ay
cm g
Substitute numerical values and .
, D=(0.20mys) | 208m) o
evaluate D: 9.81m/s’
118 o

Picture the Problem Let the direction the particle whose mass is m is moving initially
be the positive x direction and the direction the particle whose mass is 4m is moving
initially be the negative y direction. We can determine the impulse delivered by F and,

hence, the change in the momentum of the system from the change in the momentum of
the particle whose mass is m. Knowing Ap , we can express the final momentum of the
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Find the smaller value for py: p, =1.418kg-m/s—0.158kg - m/s
=1.260kg - m/s
Substitute i tion (1) -m/s)’
ul sx. e in equation (1) to | m=(1.576kg m/S) ~[0.503kg
determine the two values for m: 2(2,47 J )
or

_ (1.260kg-m/s)’
2(2.477)

=| 0.321kg

129 o

Picture the Problem Choose the zero of gravitational potential energy at the location
of the spring’s maximum compression. Let the system include the spring, the blocks,
and the earth. Then the net external force is zero as is work done against friction. We
can use conservation of energy to relate the energy transformations taking place during
the evolution of this system. ‘

Apply conservation of energy: AK +AU, +AU, =0

Because AK = 0: AU, +AU, =0

Express the change in the AU, =-mgAh— Mgxsin6

gravitational potential energy:

Express the change in the potential AU, = L kx?

energy of the spring:

Substitute to obtain: —mgAh— Mgxsin@ + Lk =0

Solve for M: M= Lk’ ~mgAh _ kx  2mAh
gxsin30° g X

Relate A to the initial and rebound Ah=(4m -2.56m)sin30° = 0.720m

positions of the block whose mass is '

m:

Substitute numerical values and evaluate M:

(L1x10° N/m) (0.04m) _ 2(1kg)(0.72m)
9.81ms? 0.04m

=| 8.85kg




