Problem set 8 key
9.59. Model: The box starts from rest.
Visualize: Use the work—kinetic energy theorem

y
Known
n k=250 N/m
Ax=0.12m
[ : . m=025ke
2 7 m=0.23
S p
y Fg

Solve: First compute the total work done on the box during the launch.

X

W = [ fde = [k pyonds=[L ke ~ s me]
Xo

Xo

X

Xo

1 2 2,.1%12
= [7(250 N/m)x? - (0.23)(0.25 kg)(9.8 m/s )x}o =1.737

Now use the work—kinetic energy theorem.

1.73 T =dmv = v, = 273D 3 7y
2 0.25 kg

Assess: The friction decreased the launch speed only a bit.

9.64. Model: Use the model of static friction, kinematic equations, and the definition of power.
Solve: (a) The rated power of the Porsche is 217 hp=161,882 W and the gravitational force on the car is

(1480 kg)(9.8 m/s2)=14,504 N. The amount of that force on the drive wheels is (14,504)(2/3)=9670 N.
Because the static friction of the tires on road pushes the car forward,
Fax = Js.max = 4sh = ugmg = (1.00)(9670 N) = may,,,
9670 N

a,, =——— =6.53 m/s’
1480 kg

(b) Only 70% of the power generated by the motor is applied at the wheels.
P (0.70)(161,882 W)

P=Fviox = Voax -7 9670 N =11.7 m/s
(¢) Using the kinematic equation, v, =Vg + dpax (Fmin — fo) With v =0 m/s and 7, =0 s, we obtain
fo = Ymax _ 11.7 m/s _179s

min

dpax 6.53 m/s?

Assess: An acceleration time of 1.79 s for the Porsche to reach a speed of =26 mph from rest is reasonable.



10.24. Model: For an energy diagram, the sum of the kinetic and potential energy is a constant.
Visualize:

4> TE line

PE curve

x (m)

0o 1 2 3 4 5 6

The particle is released from rest at x=1.0 m. That is, K =0at x=1.0 m. Since the total energy is given by
E=K+U, we can draw a horizontal total energy (TE) line through the point of intersection of the potential
energy curve (PE) and the x =1.0 m line. The distance from the PE curve to the TE line is the particle’s kinetic
energy. These values are transformed as the position changes, causing the particle to speed up or slow down, but
the sum K +U does not change.

Solve: (a) We have E=4.0J and this energy is a constant. For x <1.0,U >4.0J and, therefore, K must be
negative to keep E the same (notethat K=F-U or K=4.0J-U). Since negative kinetic energy is
unphysical, the particle cannot move to the left. That is, the particle will move to the right of x=1.0 m.

(b) The expression for the kinetic energy is £ —U. This means the particle has maximum speed or maximum
kinetic energy when U is minimum. This happens at x = 4.0 m. Thus,

1 2(3.0 1) 8.01
Kpax =E-Upin =(4.01)=(1.01)=3.0 ] Emvmax=3.0J=vmax=\/ - o.ozokg=17'3m/5

The particle possesses this speed at x = 4.0 m.
(c) The total energy (TE) line intersects the potential energy (PE) curve at x =1.0 m and x =6.0 m. These are
the turning points of the motion.

10.25. Model: For an energy diagram, the sum of the kinetic and potential energy is a constant.
Visualize:

U@

m=500g
5 TE line

The particle with a mass of 500 g is released from rest at A. Thatis, K =0 at A.Since E=K+U=0J+U, we
can draw a horizontal TE line through U =5.0 J. The distance from the PE curve to the TE line is the particle’s
kinetic energy. These values are transformed as the position changes, causing the particle to speed up or slow
down, but the sum K +U does not change.



Solve: The kinetic energy is given by £ -U, so we have

%mv2 =E-U=v=\2(E-U)/m

Using Ug =2.0J, U-=3.0J, and Up =0J, we get

Vg =+/2(5.07-2.0J)/0.500 kg =3.5m/s  vc =/2(5.0 T-3.0J)/0.500 kg =2.8 m/s
Vp =+/2(5.0 T-0J)/0.500 kg = 4.5 m/s

10.32. Model: Use the negative derivative of the potential energy to determine the force acting on a particle.
Solve: The y-component of the force is

F,= JAU L4 4y%y =12y
dy dy

At y=0m, Fy=0N; at y=1m, Fy=—12N; andat y=2m, Fy=—48N.

10.40. Visualize: The tension of 20.0 N in the cable is an external force that does work on the block W, =
(20.0 N)(2.00 m) =40.0 J, increasing the gravitational potential energy of the block. We placed the origin of
our coordinate system on the initial resting position of the block, so we have U;=01J and U; =mgy; =
(1.02 kg)(9.8 m/s? )(2.00 m)=20.0 J. Also, K;=01J, and AE; =0 J. The energy bar chart shows the energy
transfers and transformations.

Energy (J)
K + U + W, = K + Uy + AE,
40
’ l l l
0 + + = + +

Solve: The conservation of energy equation is

Ki+U +Wey = Kp +Ug +AEy, = 01+01+40.0 J=L1mvf +20.07+07

v =4/(20.0 J)(2)/(1.02 kg) = 6.26 m/s

10.44. Model: Since there is no friction, the sum of the kinetic and gravitational potential energy does not
change. Model Julie as a particle.



Visualize:

Known
Yo=25m
y1=3m
Vo= Om

Find
X7 X

We place the coordinate system at the bottom of the ramp directly below Julie’s starting position. From
geometry, Julie launches off the end of the ramp at a 30° angle.

. 1 1
Solve: Energy conservation: K +Ug =K +Uy =5mv12 +mgy, =5mv§ +mgy

Using v, =0 m/s, y, =25 m, and y; =3 m, the above equation simplifies to

1
Emvf +mgy, = mgyy = v =280 — 1) =2(9.8 m/s>)(25 m 3 m) =20.77 m/s

We can now use kinematic equations to find the touchdown point from the base of the ramp. First we’ll consider
the vertical motion:

1 . 1
Y= +Vly(12 —tl)+5ay(t2 —tl)z Om=3m+ (V151n30°)(t2 —t1)+5(—98 m/sz)(tz —tl)z

(20.77 m/s)sin30°
(4.9 m/sz)

(3 m)
-t) - =0
(2=1) 4.9 m/sz)

2
=(t-1)" -

(t, —t1)2 -(2.119 8)(t, -;) - (0.6122 s2)=0 =(t,-4)=2377s
For the horizontal motion:
Xy =x+ v (1 - 1) +%ax(t2 -4
Xy — X1 =(11c0830°)(t, —1;)+ 0 m =(20.77 m/s)(c0s30°)(2.377 s)=43 m
Assess: Note that we did not have to make use of the information about the circular arc at the bottom that carries

Julie through a 90° turn.

10.50. Model: Identify the truck and the loose gravel as the system. We need the gravel inside the system
because friction increases the temperature of the truck and the gravel. We will also use the model of kinetic
friction and the conservation of energy equation.

Visualize:



Known

m = 15,000 kg
= 0.40

Vor =35 m/s
Vi, =0m/s
Xp=0m
Yo=0m

¥ =X 8in(6.0°

XY Vix

X0> Y0 Vox

Find
X1

We place the origin of our coordinate system at the base of the ramp in such a way that the x-axis is along the
ramp and the y-axis is vertical so that we can calculate potential energy. The free-body diagram of forces on the
truck is shown.

Solve: The conservation of energy equation is Kj+Uy +AEy =Kj+Ug+ W,y In the present case,

/4

ext =01, v, =0m/s, Uyy=01J, vy, =35 m/s. The thermal energy created by friction is
AEy, = fi( = xo) = (lyem)(x) = Xo) = timg c0s(6.0°)(x; — xp)
=(0.40)(15,000 kg)(9.8 m/sz)cos(6.0°)(x] -xp)=(58,478 J/m)(x; — x¢)
Thus, the energy conservation equation simplifies to
0 J +mgy; + (58,478 J/m)(x; - x)) =Lmj +0T+01J

(15,000 kg)(9.8 m/sz)(xl - X()sin(6.0°) + (58,478 J/m)(x; — xy) = %(1 5,000 kg)(35 m/s)2
(x—=x5)=124 m=0.12km

Assess: A length of 124 m at a slope of 6° seems reasonable.

10.54. Model: Assume an ideal spring, so Hooke’s law is obeyed. Treat the physics student as a particle and
apply the law of conservation of energy. Our system comprises the spring, the student, and the ground. We also
use the model of kinetic friction.

Visualize: We place the origin of the coordinate system on the ground directly below the end of the compressed
spring that is in contact with the student.

Known

xX=0m vy=0m/s

X1 —=%=050m k=280,000 N/m
Yo=y1=10m m=100kg
=015 v, =0m/s

Find
Vi As =y,/sin 30°

Solve: (a) The energy conservation equation gives
K] +Ug1 +US] +AEt|’l =K0 +Ug0 +USO +VI/€Xt

%mvl2 +mgy, +%k(x1 —xe)2 +01J =%mv§ +mgy, +%k(xl - xo)2 +01J

Since y; =y, =10m, x, =x,, vy=0m/s, k=80,000 N/m, m=100kg, and (x; —x5)=0.5m,



—mvl— Lk (x, - xo) = = \/7()51 /Sol(z)(i)okN/m(O.SOm)=l4m/s

(b) Friction creates thermal energy. Applying the conservation of energy equation once again:
K2+Ug2+U52+AEth=K0+Ug0+U VVCXt
1

Emv% +mgy, +0J+ fLAs =0 J + mgy, +%k(x1 —xo)2 +017J

With v, =0 m/s and y, = Assin(30°), the above equation is simplified to
mgAssin(30°) + . nAs = mgy, + %k(xl - xo)2
From the free-body diagram for the physics student, we see that n = Fgcos(30°) =mgcos(30°). Thus, the
conservation of energy equation gives
As[mgsin(30°) + wymgcos(30°)] = mgy, + %k(xl - xo)2
Using m =100 kg, & =80,000 N/m, (x; —xy)=0.50 m, y, =10 m,and g, =0.15, we get

_ mgrg+tk(n-x)®
mg[sin(30°) + wy cos(30°)]

Assess: y, = Assin(30°)=16 m, which is greater than y,=10m. The higher value is due to the

transformation of the spring energy into gravitational potential energy.

10.56. Model: Model the block as a particle.
Visualize: The system is the block.

y
Before After
n
A .
e F - F fk (variable) X
T
x=0.0m x;=40m Fg
xp=0.0 m/s Vi

Solve: A preliminary calculation: use Newton’s second law in the y direction to see that n=mg so f, = ymg.

Now find the work done on the block by the forces on it.

4
4
Wret = [[Fredx = [(20 = 5x) = pymg)dx = [20x-§x2 -(0.25)(2.6 kg)(9.8 m/sz)x]o =14.52]
0

Use the work—kinetic energy theorem: W, ., = AK remembering that K; =0.

. \/ZWnet _ass2ny o
m 2.6 kg

Assess: This seems like a reasonable speed for a 2.6 kg block after pulling it 4.0 m.

10.57. Solve: (a) The equilibrium positions are located at points where v _ 0.
X

du

X

1 1
=x=—cos |-—
2 2

=0=1+2cos(2x) = cos(2x) = —%



1. . . .. . _ 1
Note that —E is in radians and x is in meters. The function cos 1(—5) may have values ZTJT and 4% Thus

there are two values of x,

1 2w
Xl =? and x2 =T

within the interval 0 m < x <7 m.
(b) A point of stable equilibrium corresponds to a local minimum, while a point of unstable equilibrium
corresponds to a local maximum. Compute the concavity of U(x) at the equilibrium positions to determine their
stability.

d*U

? = —4sin(2x)
X

3
3 2 i

of unstable equilibrium.

d*U . : , , o
At x) = ﬂ, F(xl) = —4(£) = —2\/3. Since acl[ v (x) <0, x =% is a local maximum, so x; =% is a point
x

2 2
At x5 =2TJT, d U(—x2)=—4(—§)=+2\/§. Since v

2 . .. 2 .
— >0, x, =—— is a local minimum, so x, =— isa
2
dx dx 3 3

point of stable equilibrium.

10.61. Model: Since there is a potential energy then the force is conservative.
Visualize: The force is the negative derivative of the potential energy.

Solve:

d(sz + Bsin(lx))

- X _ L hux—B(Z z
F,= . ™ =-2Ax B(L)cos( x)

(a) Evaluate this expression at x = 0: F,(0)=-7B/L.
(b) Evaluate the expression at x = L/2: F, (L/2)=-AL.
(c) Evaluate the expression at x=L: F,(L)=-2AL+B/L.

~

6.43. Visualize: We'll use vZ =1 +2aAs to find the acceleration of the balls, which will be inversely

proportional to the mass of the balls. As =15 cm and v; =0 in each case.

. 1 1
Solve: Newton’s second law relates mass, acceleration, and net force: a = F—. If we graph a vs. — then the
m m

slope of the straight line should be the size of the piston’s force.

Accel. vs. 1/m
y=59.121x — 4.9267, R* = 0.9929

350
300
250
200 A
150
100

50 1

0 T T T T T
0 1 2 3 4 5 6

1/mass (1/kg)

Accel (m/s?)

We see that the linear fit is very good. The slope is 59.12 N =59 N; this is the size of the piston’s force.



Assess: We are glad to see that the intercept of our line looks very small, even though we don’t have a ball the
inverse of whose mass is zero.

7.41. Model: Use the particle model for the book (B) and the coffee cup (C), the models of kinetic and static
friction, and the constant-acceleration kinematic equations.
Visualize:

Pictorial representation Known

mg=10kg 6=20°
me=500g vy, =3.0m/s
tg=xy=0

vi,=0

o= 0.50 = 0.20
ac=ag=a

Find

X1

Y Foe

Fop

Coffee cup Stationary book
Solve: (a) Using vlzx = vgx +2a(x) —xy), we find
0 m?/s> = (3.0 m/s)® +2a(x;) = ax, =—-4.5m?/s>
To find x;, we must first find a. Newton’s second law applied to the book and the coffee cup gives
S(Fon B)y =hp —(FG)gcos(20°)=0N = ng=(1.0 kg)(9.8 m/sz)cos(20°) =9.21N

2(Fonp)y =T = fi = (Fg)psin(20°) =mgag  3(Fy, )y, =T = (Fg)c = mcac
The last two equations can be rewritten, using ac =ag =a, as
T — wyng —mpgsin(20°) =mga T —mcg = mca
Adding the two equations gives
a(mg + mg) = —g[mc + mysin(20°)] - 4 (9.21 N)
(1.5kg)a=-(9.8 m/s>)[0.500 kg + (1.0 kg)sin20°]-(0.20)(9.21N) = a=-6.73 m/s’
Using this value for a, we can now find x; as follows:
¥ = -4.5m?/s? _ -4.5 mz/sz
a -6.73 m/s

(b) The maximum static friction force is (f;)max = Ut =(0.50)(9.21 N) =4.60 N. We’ll see if the force f

needed to keep the book in place is larger or smaller than (f;)na.c- When the cup is at rest, the string tension is

=0.67 m

T = mcg. Newton’s first law for the book is



2(FonB)x = fs =T —wpsin(20°) = f, - mcg - mpgsin(20°) =0
Ji=(M¢c+ Mpsin20°)g =8.25N

Because f; > (f;)max» the book slides back down.

8.41. Model: Use the particle model for the rock, which is undergoing uniform circular motion.
Visualize: L is the hypotenuse of the right triangle. The radius of the circular motion is » = Lcos6.

Pictorial representation

Known

m=500g

r = (1.0 m) cos 10°
0 =10°

Find
5

Radius of circle

Solve:
(a) Apply Newton’s second law in the z-and r-directions.

mg
sin®

SF,=Tsinf-mg=0=T=
> F.=TcosO = mw?r = mw*(L cosf) =T = mw’L
Set the two expressions for 7 equal to each other and solve for w.

r,n—g=ma)2L =w= g
sinf Lsinf

(b) Insert L=1.0m and 8 =10°.

2
W= g = 9.8m{s =7.51rad/s Irev 60‘S =72 rpm
Lsinf (1.0 m)sin10° 27 rad || 1 min

Assess: Notice that the mass canceled out of the equation so the 500 g was unnecessary information. In other

words, the answer, 72 rpm, would be the same regardless of the mass.
The dependencies of w on g, L, and 6 seem to be in the right directions.




