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C2B.3  The netimpulse [Ap]  delivered during the interval from 7, 5 to .5 will be the same as the object’s change
in momentum A, during that interval (which is centered on time 1,). Because the change in momentum must be
such that py s+ Aph = pas (as discussed in section C2.5), the change in momentum (and thus the net impulse) during
that interval must have been as shown below:
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C2B.4  The netimpulse [Ap]_ delivered during the interval from ¢, 5 to 1, ; will be the same as the object’s change
in momentum .ﬁﬁz during that interval (which i1s centered on time t,). Because the change in momentum must be
such that j:ih + f_\.ﬁz = 3'52_;_ (as discussed in section C2.5), the change in momentum (and thus the net impulse ) during
that interval must have been as shown below:

ﬁﬁz = [ﬂ‘;ﬁ] nel
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C2B.7 (a) In this process, the earth has delivered a downward impulse of (60 kg)(10 m/s) = 600 kg-m/s to the
anvil. This must come from the earth’s momentum, and subtracting 600 kg-m/s of downward momentum is the
same as adding an upward momentum of magnitude |[Ap,] | = 600 kg-m/s to the earth. If the earth has mass
M = 6.0 x 10* kg, was initially at rest (that is, the earth’s initial velocity 7; = 0), and this is the only interaction
the earth participates in this time period (which is a ridiculous assumption, but let’s go with it), then the earth’s
final velocity @, must be such that

M, - MT; = AP, =[Ap],., = M7, +0=[Ap],,, (1)
s0 1ts final speed will be
|6f|:‘[ﬁf"f]wr - 00kgm/s gy qpmm 2)
M 6.0 % 107 kg 5

(b) Assuming that the earth maintains this speed, then the distance D it travels in time T is | ;| = D/ T. Therefore,
if D = 1.0 um = 1.0 x 10° m, the time required will he

=D 10X10°m g gy MY ) 316 10° y = 316 mill 3
|T/] 1.0xX10% m/s ' h(3.16><1ﬂ?5) . i million years 3)

Of course it is absurd to think that the earth would avoid receiving other impulses of comparable magnitude or
greater during this time interval, so the entire question is unrealistic. But it does highlight just how negligible
the effects of human-scale impulses on the earth’s motion are.

https://sixideasapps.pomona.edu/SiLogin/

7



11/26/2017 Solution Viewer

Unit: Chapter: Problem Number:
C v Cc2 v C2B.13 v } Return to User Page

C2B.13 The magnet participates in four macroscopic interactions: (1) a long-range gravitational interaction with
the earth, (2) a long-range magnetic interaction with the refrigerator, (3) a compression contact interaction with the
refrigerator, and (4) a friction contact interaction with the refrigerator. We can infer the existence of the compression
interaction because the magnetic force on the magnet wants to pull it horizontally into the refrigerator, and some-
thing must be opposing that so that the magnet remains at rest horizontally. This interaction is a compression interac-
tion because it prevents the magnet and refrigerator from merging. Finally, the gravitational interaction is constantly
supplying downward momentum to the magnet, so something must be providing upward momentum at the same rate
if the magnet is to remain at rest. Since this interaction is opposing the magnet sliding down the refrigerator (that is,
the magnet moving relative to the refrigerator), we classify this as a friction interaction.
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C2M.2 The diagram below illustrates the construction of the velocity vectors in this case:

h?\

(Note that to get maximum accuracy, I skipped one intervening image when constructing both the initial and final
velocity vectors.) Note that AT, and AT, appear to be almost exactly equal opposite in direction, but | AT, | > | AT, |.
The principle of momentum transfer, however, requires that the impulses delivered must have equal magnitudes, so
the changes in the disks’ momenta must be equal in magnitude. This means that we should have m | AT, | = my| AT; |
. I measure the lengths of the Av, and AT arrows on the diagram above to be 3.05 cm and 4.30 cm, respectively
(to the nearest half-millimeter). Since the magnitude of the velocities will be proportional to these arrow lengths,
we must have

ﬁ_|ﬂﬁ4|_4.3ﬂ€¥ﬁ

my  |Avg|  3.05 em -4

When we took this photograph, we carefully measured the disk masses and found the ratio to be 1.42, consistent
with the result above. (It is not surprising that the results don’t agree in the last decimal place. Both the construction
and measurement processes, even if they are done as carefully as possible, are likely involve errors of a few percent.)
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C2M.3 The diagram below illustrates the situation. Let m be the mass of the incoming cart, | 7, | be its initial speed,
and M be the unknown mass of the cart at rest. We are given that the first cart rebounds leftward with a speed of
|7, |= 2| T | and the second cart moves rightward with a speed of |7, |= |7, | after the collision. We can see from
the left side of the diagram below that the interaction between the carts must have added %m| Uy | of leftward mo-
mentum to the first cart, because m| 7, | rightward plus the momentum delivered must end up being %m| Ty | left-
ward. Assuming that the collision interaction simply transfers momentum from one cart to the other (and no external
interactions affect either carts” momenta during the process) the right side of the diagram below then implies that the
final momentum of the second cart has a magnitude of % m| Ty . Since the magnitude of the second cart’s momentum
must be equal to M| 7, | and we know what |7, | is, we can solve for M in terms of the “known” quantities m and | 77, |:

R . - S| Ty |
cm|Ty|= M|T:|= M35 = M=-253—-—=4m.
" " 51 ol
light cart: massive cart:

: : . : : !
before: | i mel ¢ (zero) 5
o+ 4 =
i i i ! :
interaction adds: - — * » — >
o m|Ty : L sm| T :
' — W ' | — '
after: . : . - >
Lo2m| T, ! 2m| Ty ;
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C2M.4  The diagram below illustrates the situation. Let m be the mass of the incoming cart, | 7| be its initial speed,
and M be the mass of the cart at rest and 7 is its unknown final velocity. We are given that M = 2m and that the
first cart rebounds leftward from the collision with a speed of |7 |= 1|7, |. We can see from the left side of the
diagram below that the interaction between the carts must have added 2m |z, | of leftward momentum to the first
cart, because m| 7| rightward plus the momentum delivered must end up being 4 m| ;| leftward. Assuming that
the collision interaction simply transfers momentum from one cart to the other (and no external interactions affect
either carts” momenta during the process) the right side of the diagram below then implies that the final momentum
of the second cart has a magnitude of 3 m| @, |. Since the magnitude of the second cart’s momentum must be equal
to M| 7, | and we know what M is in terms of m, we can solve for | 7, | in terms of the “known” quantities m and | 7 |:

4
Fm|Ty|= M|T,|=2m|5,| = |Uz|=3T:%|I’n|-
Therefore, the massive cart’s final velocity is U, = 3|7, | rightward.
light cart: massive cart:
o omld,| i 5
before: | . > ¢ (zero) .
[] [] i

. | 4 :
interaction adds: - — * . >
T Al T iml5] 5
after:  4——— ! . — >
yogm| Ty : ! Sm| Dy | ;
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C2R.3 [ estimate that the hose equipped with a high-speed nozzle could fill up a 2-liter jar in roughly
10 seconds. This estimate is probably good within a factor of two or so: I am fairly confident that it would
not take as long as 20 s and I am somewhat less confident that it would take more than 5 s, so [ am mak-
ing, [ think, a fairly conservative estimate here. This would imply a flow rate of 200 cm®/s = 0.2 kg/s. |
also estimate that the flow velocity is about 10 m/s, because I think that if I interrupt the spray, it takes
roughly 1 s to travel the width of my yard, which is about 30 ft = 10 m. (Again, this estimate is probably
good to within a factor of two or three.)

Since the water only flows fairly slowly through the hose itself (if you take the nozzle off, the wa-
ter does not travel nearly as fast),  am going to assume that the water is essentially at rest when it enters
the nozzle.” To the extent that this model is correct, the water’s contact interaction with the nozzle there-
fore takes approximately 0.2 kg of water from essentially rest to 10 m /s eve ry second, thus increasing this
chunk of water’s momentum by |[Ap], | = m|Az | = (0.2 kg)-(10 m/s) = 2 kg'-m /s during this time. The
rate at which the interaction adds momentum to the water (i.e. the force F, the interaction exerts on the
water) therefore has a magnitude of (2 kg-m/s)/s = 2 N, which is roughly equal to 0.5 1b, which is about
the weight of a large hamburger.

The forward momentum the nozzle gives to the water must come at the expense of the nozzle's
momentum, meaning that the nozzle receives backward momentum at a rate of 2 N. To keep the nozzle
at rest, I must therefore push forward on the nozzle with my hand so that my hand supplies forward
momentum at exactly the same rate: if [ do not, the nozzle will accumulate either forward or backward
momentum, and therefore will not remain at rest.**

When I have used such a nozzle, 1 recall having to push forward on the nozzle to keep it at rest:
about 0.5 Ib seems to be a plausible force magnitude: this would be noticeable, but not difficult to apply.

*The nozzle accelerates the water because it constricts the opening that the water must flow
through. The hose itself has a diameter of maybe 2 cm, while the nozzle opening may be something like
0.4 cm in diameter. Since the volume of water that flows out the nozzle every second must be the same as
the volume that enters via the hose, the water must increase in speed in inverse proportion to the ratio of
the nozzle and hose cross sectional areas so that the same amount of water flows through each in a given
second (think about it). Therefore the final speed of water coming out the nozzle is about 25 times that of
the water flowing in from the hose, so we make only a 4% error by assuming that the latter speed is zero.
The crudeness of this model does not deserve a more precise estimate. Note that this means that if the
hose opening is no smaller than the diameter of the hose itself, then there is no acceleration of the water at
the nozzle, so the water will exert no net force on the hose opening (aside from possible transient effects
when the water is first turned on): the water will simply flow through it at a constant rate.

"*The force on the nozzle exerted by the water is NOT equal in magnitude to the force on the
nozzle due to the hand by Newton's third law, which some of you might remember from high school and
be tempted to use. We haven’t mentioned this law yet in this course, but we will see later that this law
only connects forces that a single interaction exerts on the two separate objects connected by that single
interaction. Therefore, this law connects the forces that the contact interaction between the water and
nozzle exerts on each, or the forces that the contact interaction between the hand and nozzle exerts on
each, but it does NOT connect the force exerted by the hand on the nozzle with the force the water exerts
on the nozzle: these are forces exerted on the same object by different interactions. If these forces are equal
in magnitude (as they are likely to be in this case), it is because we observe that object to remain at rest:
we can then conclude that the forces must be balanced so that the momentum flow rates are equal. (If one
insists on appealing to one of Newton's laws to arrive at this conclusion, it is Newton's second law, not the
third, that tells one that the net force on an object that does not accumulate momentum must be zero.)
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