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5/6/16 

Part 1

Solutions
 1.  A cannonball is launched from ground level with a speed of 65.0 m/s at angle of 35o with respect to the horizontal.
a.  Choose the x-axis as the horizontal direction (+x in the direction of travel); y-axis as vertical, +y is "up".  Find the velocity of the cannonball at its highest point in vector notation.


vxo = (65.0 m/s)(cos35.0o) = 53.2 m/s


v =      (53.2 i +   0

 j  )m/s




5
b. Find the acceleration of the cannonball at its highest point in vector notation.

a =      (0+   -9.81

 j  )m/s2




5
c.  Find the time it takes for the cannonball to hit the ground.


vyo = (65.0 m/s)(sin35.0o) =  37.3 m/s 


use Kin. Eq. A:
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[image: image1.emf]1
0 =O+(3>7.3)t+5(—9.81)t2
t=7.60s
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d.  At a time of 5.50 s, find the position, velocity, and acceleration of the cannonball and write each in vector notation.


[image: image2.emf]x=0+(53.2)(5.5)+0=293m
y= O+(37.3)(5.5)+%(—9.81)(5.5)2 =56.8m
v, =373+(-9.81)(5.5)=-16.7m/s









x=0+(53.2)(5.5)+0=293m

y

=
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(37.3)(5.5)

+

1

2

(

-

9.81)(5.5)
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m

v

y

=

37.3

+

(

-

9.81)(5.5)

=-

16.7

m

/

s


r =      (293i +   56.8
j  )m






v =      (53.2 i -16.7 j  )m/s
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a =      (0+   -9.81 j  )m/s2






2.  A bicycle is traveling on a flat, horizontal circular track at a constant speed of 15.0 m/s. The mass of the bicycle plus rider is 85.0 kg and the radius of the track is 35.0 m.

a.  Draw a free body diagram of the bicycle-rider combination on the figure below (which is of the bicycle depicted from the back. Take left to be the direction towards the center of the circular track.)
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[image: image3.emf]

















b.  Write out Newton's 2nd Law (F=ma) for the bicycle-rider combination in the x- and y-directions using the coordinate system above.

 x:  fs= ma





     y:  Fn  - mg - = 0







10
c.  Find the magnitude of the friction between bicycle and track surface.

fs= ma = mv2/r = (85.0)(15.0)2/(35.0) = 546 N
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[image: image4.emf]









3.  Starting from rest, a block with mass m is pushed up a ramp (angle of 35o) by a pushing force with magnitude, F.  The coefficient of kinetic friction between block and ramp is k. The force is applied from t = 0 for 2.50 s, then it is switched off.

a.  Draw a free body diagram of the block while it is being pushed on the figure above and to the right.





5
b.  Write out Newton's 2nd Law for the block in the x- and y-directions (take + x as up the ramp).

x:  F - fk - mgsin(35.0o) = ma 




y:  Fn - mgcos(35.0o) = 0
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c.  Assume m = 6.50 kg, F = 85.0 N, and k = 0.300. Find the magnitude of the acceleration of the block during the first 2.50 s.


[image: image5.emf]_ F—u,mgcos(35.0)—mgsin(35.0)

m
_85.0-(0.300)(6.50)g cos(35.0)—(6.50)gsin(35.0)
- 6.50

a

=5.03m/s*
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2
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d.  Using kinematics, find the total time it takes for the block to come (momentarily) to rest.

v = (5.03)(2.5) = 12.6 m/s


[image: image6.emf]_ —l,mgcos(35.0)— mgsin(35.0)

a
m

=—g(u, cos(35.0)—sin(35.0))
=-804m/s*









a

=

-m

k
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g
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k
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m

/

s

2






15
use Kin. Eq. B:

0 = 12.6 - (8.04)t

t = 1.57 s

ttotal = 1.57 + 2.50 = 4.07 s
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[image: image7.emf]









4.  A block with mass 3.50 kg is being held at a distance of h = 2.50 m above the top of a spring with spring constant 550 N/m. 

a.  Find the gravitational potential energy of the block with respect to the top of the spring (ignore the size of the block).

mgh = (3.50)g(2.50) = 85.8 J





5
b. The block is thrown down with an initial speed of 10.5 m/s. Use Conservation of Energy to find the speed of the block just before it hits the top of the spring. 


[image: image8.emf]|- 1
E=—mv +mgh=—mv,
p M T

va = v,.2 +2gh= (10.5)* +2(9.81)(2.50)
v=12.6m/s
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c.  Find the maximum compression of the spring.


[image: image9.emf]1 1
E=—mv}=mgh+—kx’
2 2

2

v =2g(-x)+ L
m

0=157x"-19.6x—159
use quadratic formula :
x=107m
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m
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[image: image10.emf]









5.  A block of mass 6.50 kg is traveling on a horizontal frictionless surface with a speed of 7.50 m/s. It slides into a rough, round valley with a radius of 15.5 m. Assume that 500 J of energy is dissipated by friction on the way down.

a.  To find the speed of the block at the bottom of the valley, which approach is the correct one (circle the correct answer):

Newtons Laws 
Kinematic Equations 

Conservation of Energy

Newton's Laws plus Kinematic Equations
Conservation of Momentum
5
Newton's Laws plus Uniform Circular Motion

b.  Find the speed of the block at the bottom of the valley. 


[image: image11.emf]1 1
E= Emvf = mthrEmvf2 +500J

2(500)

m
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s
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c.  To find the normal force on the block at the bottom of the valley, which approach is the correct one (circle the right answer):

Newtons Laws 
Kinematic Equations 

Conservation of Energy


Newton's Laws plus Kinematic Equations
Conservation of Momentum
5
Newton's Laws plus Uniform Circular Motion

d.  Find the magnitude of the normal force on the block at the bottom of the valley.


[image: image12.emf]F,—mg=

r
2

14.4)*
FN:mg+m: = 650981+ 122
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F

N

-

mg

=

mv

2

r

F

N

=

mg

+

mv

2

r

=

(6.50)[9.81

+

(14.4)

2

15.5

]

=

151

N
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[image: image13.emf]> <











6.  A 2.50 kg puck (A) is traveling on a horizontal frictionless surface at an angle of 30o with respect to the x-axis with a speed of 6.50 m/s. A second puck (B) with mass 3.00 kg and speed of 5.00 m/s is traveling at an angle of -45o. The two blocks hit and stick together. 

a.  What kind of collision is this?
inelastic



5
b.  Find the momenta in vector notation of the 2 pucks before the collision.


[image: image14.emf]P, =(2.50)(6.50)[cos(30.0)i +sin(30.0) /]
=[14.1i +8.12)jlkgm /s
Py = (3.00)(5.00)[cos(45.0)i —sin(45.0) ]
=[10.6; —10.6)jlkgm /s














10
c.  Find the velocity of the 2-puck combination after the collision and write it in vector notation.


[image: image15.emf]P zﬁf

x:14.1+10.6 =24.7=(5.50)v,
v.=449m/s

y:8.12-10.6 =-2.48 =(5.50)v,
v,=—045Im/s

y=(4.49i —0451))m/ s
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d.  Prove quantitatively your answer to part a.


[image: image16.emf]KE, = %(2.50)(6.50)2 + %(3.00)(5.00)2 =90.3J

KE, = %(5.50)[(4.49)2 +(0.451)’1=56.0J

KE, # KE,
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Solutions
7.  A solid disk of mass 3.50 kg and radius 0.550 m is initially spinning about its axis in a clockwise direction when viewed from above with an angular speed of 40.0 rad/s. At t=0 a force of 7.50 N is applied tangent to the edge of the disk creating a torque in the same direction as the disk is spinning. (Take the z-axis as positive in the "up" direction.)

a.  Find the moment of inertia of the disk.

I = 
[image: image17.emf]1 1
—MR* = —(3.50)(0.550)
> 2( X )

=0.529 kgm’









1

2

MR2

=

1

2
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2
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0.529 kgm

2

 
 




5
b.  Find the initial kinetic energy of the disk.


[image: image18.emf]K= lI(u2 = l(().529)(40.0)2
2 2
=423J]
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5
c.  Find the angular acceleration of the disk for t > 0 in vector form.  


[image: image19.emf]o= T_ RF sin(0) _ (0.550)(7.50)sin(90)

1 1 0.529
=7.80rad /| s*

& =—-7.80rad | s*k
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d.  Find how many revolutions the disk makes from t = 0 until t = 25.0 s.


[image: image20.emf]1
9:90+w0t+505t2

0=0+(-40.0)(25.0)+ %(—7.80)(25 0)°

0 =-3438rad

ﬁ =547rev

27
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8.  A satellite of mass 450 kg circles a planet of radius 800 km at a distance of 500 km above the surface. The speed of the satellite is 230 m/s. 

a.  Find the magnitude of the angular momentum of the satellite about the planet.


[image: image21.emf]L=rp=rmv=(130x10°)(450)(230)

_ 1 36x10" k&M
S









L

=

rp

=

rmv

=

(1.30

x

10

6

)(450)(230)

=

1.36

x

10

11

kgm

2

s
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b.  Find  the mass of the planet.


[image: image22.emf]_ mGM _ V2

F > m—
r r
VT
G

B (230)*1.30x10%m
6.67x107"

=1.03x10* kg
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9.  A block of 2.50 kg is attached to a spring with spring constant 650 N/m. At t=0, the spring is stretched by 25.0 cm and released at t = 0.

a.  Write an equation for the position of the block as a function of time.


[image: image23.emf]650

=16.1rad /s
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5
x=(0.250m)cos((16.1rad/s)t)





5
b.  Find the maximum acceleration of the block.


[image: image24.emf]= ax =—-wAsin(wr)
dt
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[image: image25.emf]a= % =—w’Acos(wt)=—(16.1)*(0.250)cos(34.61)

a,. =(16.1(0.250)=64.8m/ s’
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c.  Find the position of the block at t = 2.50 s.


[image: image26.emf]x=1(0.250)cos[(16.1)(2.50)]
=-0.208m









x=(0.250)cos[(16.1)(2.50)]

=-

0.208

m
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d.  Find the velocity of the block at t = 2.50 s.


[image: image27.emf]V= % =-wAsin(wt)=—(16.1)(0.250)sin[(16.1)(2.50)]

=-224m/s
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s
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