1. The location of the center of mass is given by its
coordinates, ¥, and ¥ {Equations 5-15 and 5-16):

2. Writing these out explicitly gives:

3. We have chosen the origin to be the location of the
oxygen atom, so both the x and y coordinates of the
oxygen atom are zero. The x and y coordinates of
the hydrogen atoms are calculated from the 52.25°
angle each hydrogen makes with the x axis:

4. Substituting the coordinate and mass values into
step 2 gives X

5. The center of mass is on the x axis:

@ See Slicte

Y

+X

Smx, PR
Xen = M Yo = M

_ Mg Xy + MygaXun + MgAg

FIGURE 5-42

X

cm
Tyt M + g
y = MY+ MY + Mg
an
iy + My, T Mg
X = Yo =0

%y, = 96.0 pm cos52.25° = 58.8 pm

Xy = 96.0 pm cos (—52.52°) = 58.8 pm
Yy = 96.0 pmsin52.25° = 75.9 pm

Yy = 96.0 pm sin (—52.25%) = —75.9 pm

{1.00 u){58.8 pm) + (1.00 u}{58.8 pm) + (16.0 w)(0)
= = 6,53 pm

Fem 1000 + 1000 + 160u
(100 u)(75.9 prm) + (100 u}(~75.9 pm) + (160 1w)(0)
X, = - = (.00 pm
cm 1.00u + 1.00u + 160u

F mxf Y] = 653PmIT 0.007 |
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! 1. Makeasketchofﬂ'tesysteminitsiniﬁal S s o
{ and final configurations (Figure 5-52). Let FrGamampmne Pete and Dave changing places viewed from the
L =20 mand letd = Ax,,, the distance reference frame of the water. The blue dot is the center of mass of the
the boat moves forward when Pete and boat and the black dot is the center of mass of the Pete—Dave-boat

Dave switch places: system.

&

2. Flesh out Mx_ = Zmx; both before and Mx__ ;™ MpueXpaer T MpgeXoavei T Mhoat*boati

after Pete and Dave change places. The and

coordinate axis measures positions in the _ !

reference frame of the water: M s = MreeXpere + Mpave¥pave t T Mgar¥bont £
3. Subtract the third step-2 equation from the MAx_ = mp, Axp, b oiilg  AXp, T Mgy Axy o

5 tep- ion. fitut =

econd step-2 equation. Then substitute 0 0 = ity (d + L) + mip (d + L) + it

forax_,d + Lfor Axp,,, d - L for Axp,,
and d for Ax,

(mg,,.. — 1 120 kg — 80 k
4. Solve for d: g Uome ) UGBy

Myye + Mpere + Mgy B 120 kg + 80 kg + 60 kg
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1. Make a drawing showing the system initially, and after it has moved distance d

(Figure 6-26):

1
v

: AX o
.

te—--— L cos O

2. Apply the center-of-mass-
work-iranslational-kinetic-energy
relation to the system. The net force
on the system is F=rFi:

3. Find Ax_, in terms of dand L.
Figure 6-26 makes the calculation of
Ax, fairly straightforward:

4. Substitute the step-3 resuit into the
step-2 result and solve for v_

rf‘

an trans{ Ktra.nsi

f
Jp?ﬂ i=kK

£
P[ dxcm = Ktransf -0

i
Fix,, = %(Zvvz)vgm = muvl,
Ax_ + L= Lcosf, + d

so Ax_ =d—L{1 - cos ]

FAx_ = mvi,
Eld — L{1 — cos@y)] = moZ
JFM—Lawcm%n

m

S0 V., T

FIGURE 6-25

FIGURE 6-26 Asthe center of mass
moves the distance Ax_, , the point

of application: of the force F moves the
distance d.

o —

@) Assume that there are no non-conservative forces on the rock, and so its mechanical energy is
conserved. Subscript 1 represents the rock as it leaves the volcano, and subscript 2 represents
the rock at its highest point. The location as the rock leaves the volcano isthe zero location for

PE (y=0). Wehave y, =0, y,=500m, and v, =0. Solve for v,.

2 2
E=E, — Ltmv +mgy =tmv+mgy, —> Ltmi=mgy, —

v, =+/28y, = \/Z(Q.SOm/sz)(SOO m) =98.99m/fs ~

1x10” mfs

(k) The power output is the energy transferred to the launched rocks perunit time. The launching
energy of a single rock is 2], and so the energy of 1000 rocks is 1000 (—%-mvf ) . Divide this

energy by the time it takes to launch 1000 rocks to find the power output needed to launch the

rocks.

o 1000{£my ) 500(500 kg)(98.99m/s)’

=4x10°W

t

60 sec




. The time for the car to travel from the

elevator to the yard is related to the
distance to the yard d and the car’s
speed v,, following the grain dump. We
are looking for this time:

. Sketch a free-body diagram (FBD) of

the system consisting of the car, the
grain already in the car, and the grain
that is falling into the car (Figure §-3).
Include coordinaie axes:

. The sum of the external forces acting

on the grain-car system equals the
rate of change of the momenturs of the
system {Equation 8-4):

_ Each of the external forces is vertical,

so the x component of each is Zero.
Take the x component of each term in
the step-3 result. The x component of

the net external force is zero, so Py, is
constant:

_ Make a sketch of the system before the

collision and again after the collision
(Figure B-4):

. Apply conservation of momentum to

relate the final velocity v, to the initial
velocity v,,. The x component of the
system’s momentum is conserved:

. Solve for v

. Substitute the result for vy, into step 1

and sotve for the time:

g = 2000 kg

d =, Al I@m
T 7, =400m/s
i
FIGURE 8-2
K}
- - — d—.s
SF= ' F+F=—r -
fext g gram B car i f Fn
4P,
ysx
'Fggminx + ‘Fg:ar.\' + P::x = At
dP,
SySX
+0+0=——
0 0 it
K Psysf_\' = Psysix
E1GURE 8.3 Three forcesacton
the system: the gravitational forces on
the grain and the car, and the normal
P =p force of the track on the car.
sysfx ~ Tsysi .
(m_+ m g)Tih, = m, o g((‘f)
Before After
m,
Vi T T+,
A= d _ (m_+mM 4+ My
Dfx mcvix
(14000 kg + 2000 kg)(500 m)
(14000 kg)(4.00 m/s)

- [18 x10s] FlaunE a-e




ngl ~7.00 m/s
M‘-
i% 500kg
Viga—7.00m/s B
e i ;
- - . 5“ ngl
S 1400%g
dP,
)rsx
(3) 1. Let Vg, and o,y bethex 2E="
components of the velocities of AP L
the skateboarder and the thrown 0= —= = P = constant - 200K :
weight relative to the ground, dt e
respectively. Apply conservation 50 Poox = Fopsox ,
of momentum for the first throw: (M + )V, + M0grc = 0 FIGURE 8-5 Thenumbersin the subscripts
sglr wels stand for times. Time 0 accurs just before the first
2. The velocity of the thrown weight  Tupme = Ywsle + Vi throw, time 1 occurs between the two throws, and
relative to the ground equals the time 2 occurs following the second throw.

velocity of the weight relative to
the skateboarder plus the velocity
of the skateboarder relative to the
ground:

3. Substitute for 7, into the step-1 (M + mV {0 g1 T Vagrd = 9

result and sotve for V.0 "
Bl 50 V;glx = M+ 2m Vyusix
=~ Bokg + 00k m/s) = | 0.660m/s
(b) 1. Repeat step 1 of Part (a) for the P = Fopix

second throw. Let V5, and Uyga be MV, & 0,00
the x components of the respective

. velocities of the skateboarder and
the second thrown weight relative

= (M + mV,

to the ground:
2. Repeat step 2 of Part {a) for the Vprgae = Vwists + Vi
second throw.

3. Substitute for v, in the Part-(b) Mvsng 4 (0, e T ngn) = {M + m)V;,

step-1 result and solve for V.0
_ (M + m:)nglx LM _

50 ng?_r - M+ m = Ve~ M+ mﬂw'sz.t

5.00kg
= 0,660 /s = g7 (~700m/3) =




Thorium-227 Radium-223

i%giﬁ 4&% o Vg

SOLVE
1. Write the kinetic energy of the radium nucleus K, in terms of K, = tm_v?
. i
its mass m_ and speed ¥ ,.
2. Write the kinetic energy of the alpha particle K in terms of its K, =3imv?
< a
mass 12, and speed v,.
3. Use conservation of momentum to relate v, to #_. The thorium mv, = mu
nucleus was at rest, so the momentum of the system is zero:
4. Solve the step-1 and step 2-results for the speeds v, and v_, and K, =3m 2 K =}jmo?
substituie these expressions into the step-3 result. : o
P . - (ZKra)lfz ~ (ZKa 172
= #,, “ m,

2K N2 2K \ie
50 ma — = mra
m, e,

y ' n, .
5. Solve the step-4 resuit for K. K,=—K, = ;{3 3 (6.00MeV) = | 0.107 MeV

me

(@) For a perfectly elastic collision, Fesmiinme v, —v, = —(v} - v} ). Substitute that into the
coefficient of restitution definition.
'3 r
Vv, = v, =V
2= A i — ( A B) e 1 .
Vg =V, Vg~V
For a completely inelastic collision, v, =v;. Substitute that into the coefficient of restitution

definition.
[ r
y -V
e=—4—L=0,
VgV,

(5) Let A represent the falling object, and B represent the heavy steel plate. The speeds of the steel
plate are v, =0 and v; =0. Thus e= -V, / v, . Consider energy conservation during the

falling or rising path. The potential energy of body A at height & is transformed into Kinetic
energy just before it collides with the plate. Choose down to be the positive direction.

mgh=+m, — v, = \/5;‘:
The kinetic energy of body A immediately after the collision is transformed into potential
energy as it rises. Also, since it is moving upwards, it has a negative velocity.
mgh' =tmv] — v, = “"\/Zg?
Substitute the expressions for the velocities into the definition of the coefficient of restitution.
—J28h

e=~v;/VA*——i£h— —» le= h’/h




(@) 1. Set the impulse equal to the change in momentum of
the ball:

2. Make a sketch showing the ball in both the pre- and
postcollision positions (Figure 8-13):

3. The speed v, immediately after the coilision is related to
the range R, which is given by R = (v3/g)sin 26,
(Equation 2-23) with v, equal to the post-collision speed v

4. Take 8, = 13° and calculate the initial speed for the
projectite motion:

5. Use this value of v, to calculate the impulse:

{b) Calculate the collision time Af using Ax = 2.0 cm and

=1 .
Poer = i(-U'l:vr + 'fo}.

(¢) Use the calculated values of [, and At to find the magnitude
of the average force:

m=45g

FIGURE 28-12

R=190m
to hole

I.=FE,. At = Ap,

2

Uy
R = —sin26,
8 FIGURE B-13
o = \/ Rg _ {190 m){9.81 m/s%} _ 652 m/s
® Vsin2g, sin26°

I = Ap, = m{v,, — 0) = (0.045kg)(65.2 m/s)

= 293kg m/s =

Ax Ax 0.020m
At =—=7 =
v 3(0 +1) 3(65.2m/s}

avx

=613 % 107s = | 6.1 X 10745

I .
L =F = =_m__—4_73k1\]=

X
w wr oAb 613 X 1074s




= 40m/s
T it Tﬁ%
3.0kg g
/ ~
e,
60 kg
? FIGURE 8-18
Before After
UBi Vai =0 U
ng My My +img *
Yf= Ve
(e) 1. Make a drawing (Figure 8-17) showing the objects
just before and just after the catch, Let the direction FIGURE 8-17
you throw the book be the +x direction:
2. Use conservation of momentum to relate the final Mgy + 1,0, = (m, + Titg)o,
velocity of the system v, to the initial velocities:
Mgy + T, 3.0kg)(4.0m/s) + (60ke}{0m/s
3. Solve for o Up = LA ( gt /5) * (0 kgdOrmys)
ity + 11, 3.0kg + 60 kg
=0190m/s = | 0.19m/s
(b} 1. Because the astronaut is initially at rest, the initial Kpi = Ky = 3mod = 1(3.0 kg)(4.0m/s)? =
kiretic energy of the book-astronaut system is the
initial kinetic energy of the book:
2. The final kinetic energy is the kinetic energy of the Kopge = 3(my + m,)v? = 2(63 kg)(0.190 m/s)? = 1.14] =
book and astronaut moving together at o,:
{c) Set the impulse exerted on the astronaut equal to the IhYBDn A= Adp, =m, Av, = (60 kg)(0.190 m/s — ()

change j th tro i
ge in momentum of the astronasu kg ms = [TTR=

1. Using conservation of mechanical $(my, + m)v? = (m, + m)gh
energy after the collision, we relate v, = V2gh -
the postcollision speed 7 to the CIGURE 8.18
maximum height h:

2. Using conservation of momentum

isi +
during the collision we relate o = m, + m, o
velocities v,; and v: i ",
n, + m, m, +m, T
i = p = )
3. Substituting for v, in the step-2 vy — - |

e

result, we can solve for ;: B
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Neutron M

FIGURE 8-24

1 1. Use conservation of momentum to obtain one relation for the final MU= MU+ MU
velocities: e ne o
2. Use Equation 8-23 to equate the speeds of recession and approach: Vg = Ve = Uy — Vg
n ni i

=vniﬂ0

80 U = Vy + 2,

3. To eliminate v, substifute th i i
b e expression for v, from step 2 into MY = my ko
the step-1 result: ' P n i+ el T
4. Solve for o, p_=|— mv
;= .
n n + P o
5. Substitute the step-4 result into the step-2 result and solve for v, Vo =7 . — Pe M V.= 2 )
TN o+ m ™ m Ao ™
- . . o . . - l 2
1 1. The collision is elastic, so the kinetic energy lost by the neutron is f= Ak, = & = 2Mele = EE(E ’
the final kinetic energy of the carbon nucleus: Ky Ky %mnvz Moy N\ Uy

2. Solve the Pari-(n} step-5 result for the ratio of the velocities; e (_Zmn )2 —4”1“”1‘:
m, + e (m, + m)?

substitute into the Part-(b} step-1 result, and solve for the My
fractional energy loss of the neutron:

Let A represent the incoming neon atom, and B represent the target
atom. A momentum diagram of the collision looks like the first figure. N

The figure can be re-drawn as a triangle, the second figure, since :

- _ —t =t . . - . .
m¥, =m,V, +m ;. Write the law of sines for this triangle, relating

each final momentum magnitude to the initial momentum magnitude.
/ : .
m, v, sin sin
mh S04, oy, 2
m,v, sina sin

r ] .
MygVy _ sin @ m, siné

mv, Sing my sine
The collision is elastic, so write the KE conservation equation, and substitute
the results from above. Also note that o =180.0 —55.6°~50.0° =744°

. 2 R

sin ¢ m, sinf

: Ty | v, — —
sina

A my sina
.2 =2 Q
_ m,sin" @ (20.0 u)Sln 55.6 _l95a

sin* @ —sin’ ¢ sin® 74.4—sin’ 50.0°

‘ Ly v rkmy? 2 _
TMY, =MV, tyigYy MV, =m, (VA

22C




In an elastic collision between two objects of equal mass, with the target A
object initially stationary, the angle between the final velocities of the ~ E @D/'
objects is 90°. Here is a proof of that fact. Momentum conservation as a @l,, !
(m)
1

vector relationship says m¥ = mv, +tm¥y — =7, +¥.. Kinetic energy
. el
conservation says Lmv’ =3mvi +im® = v +vi'. The vector

equation resulting from momentum conservation can be illustrated by the
second diagram. Apply the law of cosines to that triangle of vectors, and then

equate the two expressions for v,

2 13 2 't
Vio=vo+vy —2vi v cosé

. - 2 .
Equating the two expressions for v- gives

!

) 12 iy JR 4 [ : _ _
Va TV =200, 0088 =v2 407 5 cosf=0 — g= 90°
For this specific circumstance, see the third diagram. We assume that the
target ball is hit “correctly” so that it goes in the pocket. Find g, from

the geometry of the “left’ triangle: 8 =tan™

=30°. Find 6, from

==

the geometry of the “right” triangle: @, = tan™ —j’—i— =60°. Since the
i 3.0

balls will separate at a 90° angle, if the target ball goes in the pocket, this does appear to be a
Lgood possibility of a scratch shoﬂ.

&

Write momentum conservation in the x and y directions, and KE conserva‘i-a. Note that both
masses are the same. We allow ¥, to have both x and Y components.

Pt omvg=my, - v =1

pytom, =my, fmy, > v, = Vi + V4

2 2 2 2 2
KE: Lfmvy ++my] =4mvi +im? o vy +vy = vl 4]
Substitute the results from the momentum equations into the KE equation.

' 72 Y N 12 2 1 L - B B
(vAy+vB) —s-(vAI) =V, +vy, ~ vAy+2vAva+vB TV, =Vt o

2 121 22 2 2o L ro
Ve F2v v Fyg =vi 40l vy =0 ~ v, =0orv, =0

Since we are given that v, # 0, we must have vy, =0. This means that the final direction of A is

the . Put this result into the momentum equations to find the final speeds.
vy =V, =v, =|3.7m/s vy =V, =[2.0m/s '




