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(C9B.1  According to equation C9.2, the x component of the force is the negative slope of the potential energy graph,
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s0 the graph of the force as a function of position will look something like this:
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Note that | pJ/fm = 10""J/ 10" m = 1000 J/m = 1000 N = | kN. Note also that F, ~ ++ kN for 4 fm to 7 fm.
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C9B.2  The graph below shows the potential energy curve given in figure C9.13. The horizontal line corresponds
to the system’s total energy = E = -5 x 107" J. The forbidden regions are any values of r for which V,(r) > E.
Allowed regions correspond to any other values of r, and turning points are at the boundaries between these regions.
The graph below shows E, the forbidden regions, and the turning points in this particular case.
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The system’s effective potential energy at r= 0.1 nmis V,; = —10 x 107" J. If the system’s kinetic energy

at this separation is 5 X 107" J, then the system’s total energy must be — 5 x 107" J, as shown below.
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As the graph illustrates, the only allowed region for the system is the region where 0.07 nm < r < 0.18 nm. If the
atoms are initially moving apart, their separation will increase to the tuming point at (.18 nm, then turn around and
decrease until the separation reaches the turning point at 0.07 nm, turn around and increase, and so on. The inter-
atomic separation will therefore oscillate back and forth between these two turning points.

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

11



11/27/2017 Solution Viewer

Unit: Chapter: Problem Number:

C \ c9 \ C9B.8 \ { Return to User Page

C9B.8  Inthe two-atom system shown in figure C9.13, the atoms will be able to move to infinite separation only if
the system’s total energy E is greater than the interaction’s potential energy at the peak of the “hill” at x = 0.25 nm;
only then will the system separation have an allowed region flanked by two forbidden regions that prevent its escape.
The potential energy of this peak looks to be about 6 x 107" J. Now, the effective potential energy of the system at a
separation of = 0.10 nm is about =10 x 107" J, so if the system has a kinetic energy of 10 x 107 J at that separa-
tion then the system’s total energy is about equal to 0 J. For the atoms to come apart, then, the system’s energy must
be increased from (0 J to above 6 x 107" J, so we need to add at least 6 x 107" J to the system. The diagram below

illustrates this:
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C9B.9  The diagram below shows that at r = (.30 nm, the effective potential energy’s curve seems to have a nega-
tive slope of about -5 x 107" I per 0.20 nm.
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According to equation C9.2, the x component of the force exerted by one atom on the other is therefore

AV 5x10™§/ 1pm 'm-m)( 1pN
dx  022pm (| 10°m A 1§ 102N

if we define the x axis to coincide with the r axis.

F.=- |~ 23pN
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C9B.10 According to equation C9.7, we have V. (x) = glkﬁ (x - Jc:n]2 +C, where x, is the spring’s relaxed length and
C is a constant. Therefore, the difference in the energy that the spring contains at x = 12 cm compared to what it
stores at x =x, = 10 cm 1s

V(x)= V.(xg) =Lk (x=x, F + € =0~ € =1(1000 ]/ m?)(0.020 m)* = 0.20 J.
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C9M.4 (a) Note that if each star goes once around its orbit in time 7, then each star’s orbital speed must be
\Uy|= 2R/ T. Therefore, the system’s total energy is

GM® _ , 4m’R* GM*
R M T2 2R ()

E=1M|5, [+ 1+ M| 5 |* -

(b) If we consider one star to be at rest, while the other orbits around it at a distance of 2R in time T, then the mov-
ing star’s speed |7 | relative to the otheris || =27 (2R) /T = 4R/ T. The reduced mass for the moving star in this

caseis
_ M
MMM 2)
Therefore, equation C9.6 predicts that in this situation, the system’s energy is
12 GM® _ 11 MR)Z_GMZZM 16m°’R> _GM® _ , 4m’R*  GM*
E=uldf- Sp-=+aM( U - S = 4 R -G MY -5y )
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C9M.7 Initial and final drawings for this situation appear below.

Initial: 2 Final: =z Known: .
1 Bridge A m, k., L_i gl
m%jﬁ@; |U.:|=|UI. =0
Z; o Z; - L
T |« Bungee cord,
Jumper, L spring constant k, Ul‘lk?nuwn:
H‘_lﬁﬁ&% " L Cord starts =1
I%]=0 z=0 " [* stretching here Internal interactions;
Gravitation
Z T 1\|17,|=U Ve=mlglz
Bungee cord

V,=1k.z* whenz <0

The system here is the jumper and the earth, which is isolated because it floats in space. The jumper and
the earth participate in a gravitational interaction, which we will handle using the near-earth potential
energy function V, = m|§ z, and a contact interaction through the bungee cord, which we will handle
using the ideal-spring model where we treat the cord as if it were an interaction with a potential energy
V.=1k.(L-Ly)* where Lyis the bungee cord’s relaxed length and L > L, its actual length (V.= 01if L < Ly).
If we set z = 0 to be the jumper’s position when the cord begins to stretch, then L - L, = |z| (when z < 0)
and V, is simply V. = Lk.z” We'll ignore friction, which is the same as assuming that the system’s total
internal energy U does not change, and we'll assume that the earth’s kinetic energy K.remains negligible.
The jumper is at rest both at the beginning and at the bottom of her trajectory. The conservation of energy

master equation in this situation therefore becomes
]

= - . == 2 . .
Tm|o P+ Ko+ M+mlglzi=2m|o, "+ K.+ W +m|glz,+ Tk.z
= mlglzi=mlglz;++kzi =  0=z}+2z0z;— 2242 (1)
where z, = m|§ |/ k.. Note that the units of z, are:

k?:g;f(_]kg-l}ftﬂf)zm (2)

which is why [ am giving it a symbol we might associate with a length. Solving the quadratic for z; yields

—2z2,+ /422 + 82,2,
Z_lr = 5

=-zp+ Vzj+ 2zpz; (3)
One of these solutions is positive, which is absurd, since the cord does not even start pulling until z

becomes negative. So we want the negative solution. Noting that the bridge is at z; = L, the jumper’s
maximum distance below the bridge is

. = =
L+lzsl=L+zo+v23+2z0L =L+ mng| +,1r( fﬂig| )( mj|f§;’| +2L) (4)
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