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(©) At r=Qa/b)'°, U=alr'> —=bir® = a(b/2a)* - b(b/2a) = -b*/4a.
At r >, U =0. The energy that must be added is —AU = b*/4a.
) 7, =Qa/b) =1.13x1071" m gives that

2a/b=2.082x107° m® and b/4a =2.402x10%° m™®

b*/4a =b(blda)=1.54x10""% ]

5(2.402x10°° m™%)=1.54x10""* J and b=6.41x10""% T-m°®.
Then 2a/b =2.082x107% m® gives a = (5/2)(2.082x107° m%) =
L(6.41x107° 1-m®) (2.082x107 m®) =6.67x107"* J-m"?

EVALUATE: As the graphs in part (a) show, F(r) is the slope of U(r) at each r. U(r) has a minimum
where F =0.
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7.63.

IDENTIFY: Apply K, +U, + W, =K, +U, to the motion of the block.

SETUP: Let y=0 at the floor. Let point 1 be the initial position of the block against the compressed
spring and let point 2 be just before the block strikes the floor.

EXECUTE: With U, =0,K,=0, K, =U,. %mv% = %kxz +mgh. Solving for v,,

2 5 X 2
vy = By g = [GOONMIOS ) 5§ g4 1152)1.30 m) = 7.95 mis.
m (0.110 kg)

EVALUATE: The potential energy stored in the spring and the initial gravitational potential energy all
go into the final kinetic energy of the block.
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7.74.  IDENTIFY: We know the potential energy function for a conservative force. Mechanical energy is
conserved.

SETUP: F, = —dU/x and U(x)=—ax> + Bx’.
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EXECUTE: (a) Uy + K, = Us + K, gives 0+ 0= U + K, 50 Ky = ~Uy = —(—ax3 + fx3) = L m”. Using
m = 0.0900 kg, x =4.00 m, & =2.00 J/m’, and £ =0.300 J/m’ , solving for v gives v = 16.9 m/s.

(b) F, = —dU/dx = —(-2ax+ 3/3x2). In addition, F, = ma,, so a, = F\/m. Using the numbers from (a),
gives a=17.8 m/s’.

(¢) The maximum x will occur when U = 0 since the total energy is zero. Therefore

—ax’ + ,Bx =0,80 Xmx = @/ =(2.00 J/m? )/(0.300 J/m’ )=6.67 m.

EVALUATE: The object is released from rest but at a small (but not zero) x. Therefore F) is small but not
zero initially, so it will start the object moving.




image1.jpeg
7.19.

IDENTIFY and SET UP:  Use energy methods. There are changes in both elastic and gravitational potential
energy; elastic; U :%kxz, gravitational: U =mgy.

j .
EXECUTE: (a) U, =Lk so x= /% B /% =0.0380 m=3.80 cm.
& m

(b) The work done by gravity is equal to the gain in elastic potential energy: We, = U,

mgx = Y4 kx®, so x = 2mg/k = 2(1.30 kg)(9.80 m/s*)/(1800 N/m) = 0.0142 m = 1.42 cm.

EVALUATE: When the spring is compressed 1.42 cm, it exerts an upward force of 25.5 N on the book,
which is greater than the weight of the book (12.7 N). The book will be accelerated upward from this
position.
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7.32.  IDENTIFY and SET UP: Use F| = & to calculate the force from U(x). Use coordinates where the
X

origin is at one atom. The other atom then has coordinate x.

EXECUTE:
7 E
Fd_li[c_j e jg
A
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The minus sign mean that F, is directed in the —x-direction, toward the origin. The force has magnitude
6C,/x” and is attractive.

EVALUATE: U depends only onx so F is along the x-axis; it has no y- or z-components.
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7.35.  IDENTIFY and SET UP: Use F = —dU/dr to calculate the force from U. At equilibrium F =0.
(a) EXECUTE: The graphs are sketched in Figure 7.35.

U F L

\: 2,6
! du 12a  6b
| F=———= +_a s

Ao P s
1

Figure 7.35

J
(b) At equilibrium F =0, so %: 0
r

+12a  6b

F =0 implies —— wE r7 =0

6br® =12a; solution is the equilibrium distance 7, = (2a/b)l’/6
U'is a minimum at this 7; the equilibrium is stable.




