11/28/2017 Solution Viewer

Unit: Chapter: Problem Number:

C

v C14 v C14B.2 v I Return to User Page |

C14B.2 Let glider | be the initially moving glider which we are told has mass m, = 2Zm and an initial speed of | 7, | =

0.60 m/s in the +x direction. Let glider 2 be the glider originally at rest, which we are told has mass m, = m. In this
one-dimensional collision, the motion will be confined to a line that we can define as the x axis. Elastic collisions
where one object 15 initially at rest were explored in detail in example C14.2, so we canapply equations C14.9 to this
situation. In this case, the mass ratio 1s b = m, /m, = m/2m = /2. According to equation C 14.95, then, the x-velocity
of the originally moving glider after the collision is

1 (= o=
1-by- _1-5 . 5%| |%|_ 060m/s .. m

So this glider moves forward with speed 0.20 m/s after the collision. According to equation C14.94, the final

x-velocity of glider 2 is

v = g ol = 3150l - =0.80 2 @)

1
So this glider moves forward with a speed of 0.80 m/s.
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C14B.4 The system consisting of the bullet and block is momentarily isolated for motion in the +x direction, the
direction of the bullet’s initial velocity (the rollers almost make it functionally isolated). Therefore its momentum
and energy are conserved. Let m = 16 g = 0.016 kg be the bullet's mass, let |7y | = 400 m/s be the bullet’s initial
speed, let M = 1.584 kg be the block’s mass , and let 7 be the block’s unknown final velocity. The block’s initial
velocity is zero.

(a) Conservation of momentum in this case requires that

m| v | 0 (m+ M)o, ve=m| v |/ (M+m) (0.016 kg) (400 m /) .
0 [+ 0|=](m+M)v,| = vy =0 = T eike +0016ke Vs (D
0 ol | (m+Mo. 2.=0 S84 kg +0016 kg °

So the combination moves at 4.0 m/s in the same direction as the bullet’s initial velocity.
(b) The bullet’s initial kinetic energy is 3 m| v, [ = 3(0.016 kg) (400 m/s)* = 1280 kg:m* /s” = 1280 ].
(c) The kinetic energy of the bullet and the block is

LM +m)| o =1(1.600 kg) (1.0 m/s)> = 0.80 kg'm? /s> = 0.80 ] 2)

{(d) This is a completely inelastic collision, so kinetic energy is not conserved. The difference in the kinetic energies
has gone to internal energy in the bullet and the block, probably mostly thermal energy.
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C14B.6 It would be better if the sail were reflective. If each photon carries momentum i , then if the sail absorbs that
photon, it would gam momenturm ﬂ But if it reflects it, then by conservation of momentum the sail’s momentum
P must be such that p= P- —pP = P =2p (assuming that the photon is reflected directly backward). Therefore, the
sail gains more momentum from reflected photons than it does from absorbed photons.
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C14M.7 Initial and final drawings for this situation appear below.
Initial: Final: ! Known:
: 7, in the +y direction
|E-;(IL|J]|=%|E-;EI|
(i Unknown:
| 72| @, elastic?

OXygen, MNeon, Oxygen
mass i . Mass ;M
O_”“.. > e .
0 (at rest) SN .
Neon 0

The system here consists of the two atoms. While these objects probably do participate in various external elec-
tromagnetic and gravitational interactions (certainly the latter), the whole process will take place over such a short
interval of time that we can consider the process to be a collision that conserves energy and momentum. Conserva-
tion of momentum implies that

m|o|] [0 0 2 Mv,,
0 |+ 0|=|m|D || +|Fmoy (1)
0 0 0 0

The two non-trivial components of equation | and equation 2 provide the two equations that we need to solve for the
unknown components v, and v,,. Solving these components for v, and vy, yields

vn=3T| and vy =-3[0i[=-33|0] (2)
So the magnitude of | 7, | is
v+ 03 = (5100)) + (=351 = 21+ %[ = 5P 50" = Fao[* &)
The system’s final kinetic energy is therefore
am|B [+ 3 3m|T "= S m(5 |G|+ 3m 3 E T = gm| B (5 +5) = ym| Tl (4)

As this is the same as the system’s initial kinetic energy, the collision is indeed elastic. (One could go on to calculate
the direction angle &, which tums out to be 177, but the problem did not ask for that.)
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C14B.9 The change in the system's thermal energy AU'™ is greater if the frishee was initially spinning than if it
was not (answer A). To see this, note that conservation of momentum requires the astronaut’s final center-of-mass
speed to be the same whether the frisbee is spinning or not. However, catching the frisbee will require the astronaut
to rotate to conserve angular momentum. Suppose that the astronaut has moment of inertia [, and the frisbee has
moment of inertia I, and is spinning with an initial angular velocity of @y. To conserve angular momentum, the
combined system must have a final angular velocity @ such that (I, + [,)@ = I,@, (assuming the astronaut’s and
the frisbee’s center of mass coincide after the collision. The rotational energy associated with this motion is

L

—2 @
(114‘12]' o

2
_ 1 = 2 Ig
=Ll (7

|2

%[Il +IZ)|£‘}|2:%[II+I?_}

)-::%Iﬂff)n

meaning that the system’s final rotational energy is less than the rotational energy that the frisbee brought in. There-
fore most of the frishee’s rotational energy must be converted to other forms of internal energy after the collision
in addition to whatever kinetic energy the frisbee brought in. Assuming that all the internal energy increase goes to
thermal energy, ALI'™ is greater if the frisbee was initially spinning than if it was not.
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C14M.1 The system here is the two carts, which are functionally isolated with regard to both energy and momentum

if the carts have frictionless wheels. Let cart 1 be the one with mass m, = 1.0 kg and an initial speed of |7, | = 1.5
m/s in the +x direction. Cart 2 then has mass m, = 0.75 kg and is moving at an initial speed of |7, | = 2.0 m/s in the
—x direction. Let their final velocities be ¥; and U, respectively, and assume that these velocities lie on the x axis.
Conservation of momentum requires that

my || — 13| T | M Vg MaTsy,
0 |+ 0 =l 0 |+ O = |01]-b|0:|= 05, +boy, (L
0 0 0 0

where b = m /m,. Since the collision is elastic, kinetic energy is also conserved:
%m | 7 |2 + %mﬂ b, | = %ml (v3,) +_£ﬂ72(v4:r)2 = |7 |2 +b| T, |2 =(v3, )+ b(vy, ) (2)

This provides us with two equations in our two unknowns v;, and v,,, so we should be able to solve. We can actually
simplify these two equations by converting the left side of each into a single quantity. We know that | 7|/ |7, | = (2.0
m/s)/(1.5 m/s) = 4/3, and also that b = (.75 kg)/(1.0 kg) = 3/4, s0

|0y |- b|ta|=|0h |- 33|71 |=0 and |U-l|2+b|ﬁ2|2=|ﬁl|+%(_%|ﬁl|)2=t;lz"'_%lt’:llz:_%lﬁlﬁ (3)
Equations | and 2 therefore become
D=0, + %1’4.1- and %| 7, |2 =(v3, )+ %(3’4.1-)2 (4)

Solving the first of these for v4, and substituting the result into the second equation yields

i:'l|2=(vh.]2+;l(%vh.)2=%[U_h.]z = (va)?=|0° = va=%|0 (5a)

__ 4 il
Vg =— El D3y = El

Substituting this back into the first equation for v,, vields vy, = —3(£|?,|)=F 30, | =F|02|. Which of the two
solutions applies? Since the positive solution for v;, and the negative solution for v,, mean that the carts have the
same velocities after the collision that they did before, this is the unphysical solution where the carts simply pass like
ghosts through each other. The physically realistic solution is that the carts simply rebound with the same speeds but
in opposite directions to their original velocities: v;, = |7, | and v,, = +| ¥, |. So after the collision, cart | moves in
the —x direction at 1.5 m/s and the other cart moves in the +x direction at 2.0 m/s.
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C14M.2 Let’s set up our reference frame so that the motion takes place in the (horizontal) xv plane, and let the x axis

coincide with the ball’s original direction of motion. Initial and final sketches of this situation then look something
like what is shown below (since we don’t yet know what the ball's final velocity direction will be, the final sketch
below is a guess):

Iniﬁnl:_ Final: Known:
(Top View) (Top View) -
Ha;|] [3.5m/s
Ay Ay o= 0 |= 0
0 0
Pin, mass m +| Tp | cos@

(initial velocity
=)

Tp = | +| Op|sin®

0
| Tp| = 3.0 m/s, 6 =60°
M=72kg, m=12kg
Unknown:

vp=2¢=7
elastic?

Ball, mass M

The system here consists of the ball and the pin. While these objects do participate in contact and gravitational inter-
actions with the earth, we will treat the process as a collision: as long as we focus on the situation just before and just
after the impact, the system’s momentum and energy are conserved. The collision process may or may not convert
kinetic energy to internal energy: we will address this later. Focusing on conservation of momentum first, we have:

0 i | 3| cos O Ve
m| 0 |+M| 0 |=m||Tp|sin® |+ M| vg, (1)
0 0 0 O

The z component of this equation simply tells us that v = 0. Solving the x and y component equations for v, and
vg, yields

M| % |= m|Tp|cos@+ Mug, =  vg =|T|+(m/M)|dp|cos® (2a)
0=m|Tp|sin@ +Mvy, = vy = ~(m/M)|T,|sin® {(2b)

Since we know everything on the right side of these equations, we can easily calculate v, and v, and compute the
magnitude and direction of ¥z from those components in the usual way:

1.2 1.2
35‘? ?EE(SGm)coqﬁﬂ"—SZSm, gy = ?22(30“‘)%@:—0@“‘ (3a)
|Tp|= Jvi+ 0} +02 =/(3.25m/sf+ (-043m/s)* +0° =328 m/s (3b)
B L vBy | ~043 mfs | . R
¢ =tan il 305 mis |~ AN 0.133=75 (3c)

So the ball comes out of the collision with a velocity of 3.28 m/s 7.5 in the —y direction from the x axis. Now, a
collision between two objects is elastic if the total kinetic energy of the objects is conserved in the collision. Since
we now know |5B |, we can simply compare the kinetic energy K before the collision to the kinetic energy K, after
the collision:

Ky _ %ﬁf|5p|2+LM|ﬁﬁ|2 B (m/ M)| T [ +| 357 ~ L(3.0m/s)*+(328m/s)* 100 @
K, lj"\d|z;|2+l[} |3:|* (3.5m/s)? )

https: //smdeasapps pomona. edu/SILogln/

1/2



11/28/2017 Solution Viewer
Smce the mmtal and Iinal energies are equal, the collision 15 elastic. Note that the units work out 1n all the calcula-
tions, the signs of both components seem reasonable (clearly vg, has to be negative to conserve y-momentum here),
and the magnitude is plausible (a bit less than the ball’s original speed). Everything looks plausible!
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C14MLS  Initial and final drawings for this situation appear below.

Initial: . Final: v Known:
r ’ o, in the v direction
| 7| = 240 m/s
i Unknown:
| Ty |, o, m
Helium, Oxygen, Helium
Mass . mass 4m
O—Unp = 1 _\ /_ - X
O (at rest) s R
Oxygen

(4

The system here consists of the two atoms. While these objects probably do participate in various external elec-
tromagnetic and gravitational interactions (certainly the latter), the whole process will take place over such a short
interval of time that we can consider the process to be a collision that conserves energy and momentum. Conserva-
tion of momentum implies that

m| ] [0 0 dmuv,,
0 |+ O] =]m|T,||+]|4mov,, (1)
0 0 0 0

(It turns out to be much easier to work with the components of ©> rather than | 7: | and ¢, as you can easily find out
by doing it the other way.) We are told that the collision is elastic, so Kinetic energy is conserved:

m|To*+0=Jm|T P+ 34m| 5| = |G| =0 [ +4(vh+v3,) (2)

The two non-trivial components of equation | and equation 2 provide three equations in the three unknown quanti-
ties | 7, |, va,, and v,,. We can eliminate the last two from equation 2 by solving the two lines of equation 1 for v,, and

1’1.\.:
vn=ylT| and  vy=-4|7] 3)
Substituting the results into equation 2 yields

4

T1|=y2(240m/s) =187 m/s (4b)

|f5r:||2=|i”1|2+4([Tl|i”0|]2+[_?l|i"l|]2:|=|f51|2+?l|i"|:1|2Jr?l|i”1|2 = i|f"br:||2=£|i’“l|2 = |5L|=#E|ﬁn| (4ar)

Substituting this into the second sub-equation of equation 3 yields

1| ==

Uz_uz_Tlt"Ll:_Tlvgﬁnl:_d]’? m/s )

and the first sub-equation of equation 3 yields v3, = (240 m/s) = 60 m/s. From these results we can determine

the magnitude and direction of 7:

€1
4

1Ba] = okt 03, = Vo) + (1215 =4[y 1+ 2 =1 /2 (240 m/s) = 76 m /s (6)
1| Py 1 _%?%lﬁfﬂ 1 /3
¢ =tan ‘—'=t o |=tan™ /5 =38° (7
Doy __‘_lvnl

So we see that the oxygen atom will recoil from this collision with a speed of 76 m/s in a direction 38° in the —y
direction from the x axis. and the helium atom will rebound with a speed of 187 m/s. The units all work out and this
seems reasonable,
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C14M.7 Initial and final drawings for this situation appear below.
Initial: Final: ! Known:
: 7, in the +y direction
|E-;(IL|J]|=%|E-;EI|
(i Unknown:
| 72| @, elastic?

OXygen, MNeon, Oxygen
mass i . Mass ;M
O_”“.. > e .
0 (at rest) SN .
Neon 0

The system here consists of the two atoms. While these objects probably do participate in various external elec-
tromagnetic and gravitational interactions (certainly the latter), the whole process will take place over such a short
interval of time that we can consider the process to be a collision that conserves energy and momentum. Conserva-
tion of momentum implies that

m|o|] [0 0 2 Mv,,
0 |+ 0|=|m|D || +|Fmoy (1)
0 0 0 0

The two non-trivial components of equation | and equation 2 provide the two equations that we need to solve for the
unknown components v, and v,,. Solving these components for v, and vy, yields

vn=3T| and vy =-3[0i[=-33|0] (2)
So the magnitude of | 7, | is
v+ 03 = (5100)) + (=351 = 21+ %[ = 5P 50" = Fao[* &)
The system’s final kinetic energy is therefore
am|B [+ 3 3m|T "= S m(5 |G|+ 3m 3 E T = gm| B (5 +5) = ym| Tl (4)

As this is the same as the system’s initial kinetic energy, the collision is indeed elastic. (One could go on to calculate
the direction angle &, which tums out to be 177, but the problem did not ask for that.)
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C14ML.11  We will define the ; axis of our reference frame to coincide with the rod’s. Initial and final sketches (side
views) of this situation then look like this:

Initial: Az Final: Az
Known:
Astronaut, Astronaut, | LR=1LR;=1L
mass m —t mass m 1 >
- = ] =
wl_n mfu Unknown: ) ‘
Factor by which the system’s
Rod rotational energy has in-
creased =7
m="7 massof rod m, ="
R; @, |=2 |@,|=2
<« R — <« > il=: FIZE
Total moment of inertia: [, Total moment of inertia: /;

The system in this case is the rod and the two astronauts. This system floats in space, so it is isolated. 1 will consider
all angular momenta to be measured around the origin (the center of the rod). Conservation of this system’s angular
momentum then tells us that

Now, the total moment of inertia of a composite object is just the sum of the moments of inertia of each of its parts.
In this case, the system consists of a rod (with moment of inertia = m, 4L = m,4(2R;)%) and two astronauts,
which we treal as particles (each located at the astronaut’s center of mass). Each of the astronauts has a moment of
inertia of mR initially and mR7 f finally around the center of the rod. Therefore:

L. = %mde? + szi I_IF = %mde? + 2meF (2)

Note that because of the factor of 3 that even if the rod is a significant fraction of an astronaut’s mass, it is going to
contribute little to the system’s overall moment of inertia compared to the astronauts. Since we are given no informa-
tion about the rod except that it is “light,” let’s assume that 1t is so light that its contribution to [; and f; is negligible.
Equations | and 2 then provide three equations in our three unknowns /,, I, and | @ ¢ - If we take the magnitude of
both sides of equation 1, divide both sides by [, and plug in the results of equation 2 (with m,.4 = 0), we get:

= 2mR; | - _ 10 m lrev) 4drev 1rev
i ( f)l“”"(f.m )75 3)

The system’s rotational energy has therefore increased from

Fl 2
LGP damRHG w0 31l d = famRi ;}:_) |y = L2mR3( ;f*:_) P )

Note that the units work out, and the signs are right (all positive). The magnitudes also seem credible.

Comment: Since R/R; = 2, the system’s rotational energy has increased by a factor of four in this process! The
only interactions in this problem (and thus the only interactions that could be the source of this kinetic energy) are
the contact interactions between the astronauts” hands and the rod. The astronauts must spend chemical energy to
clamber closer together. This in turn means that the astronauts must expend more effort doing this than they would
if the rod were not rotating; they will thus feel a resistance due to the extra energy they will have to supply. (People
usually interpret this “extra resistance” as being due to an outward “centrifugal” force, but this is not the most useful
way to look at this. Chapter N8 discusses this issue in more depth.)
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