Physics 201, Exam 2 Name (printed) _ 206/« ?ion

On my honor as a Texas A&M University student, [ will neither give nor receive unauthorized help on this exam.

Name (signed)

The multiple-choice problems carry no partial credit.

Circle the correct answer or answers. An answer is approximately correct if it is correct to 2 significant figures.
In the work-out problems, you are graded on your work, with partial credit.

(The answer by itself is not enough, and you receive credit only for your work.)

Be sure to include the correct units in the answers, and give your work in the space provided.

1. (5) Which of the following statements about work is/are true? (Circle every correct answer.)

(a) Negative net work done on an object always reduces the obiem

(b) If the work done on an object by a force is zero, then either the force or the displacement must have zero
magnitude

(c) If a force acts downward, it does negative work

d) Thg formula W = F d cos € can only be used if the force is constant over the diste@'

2. (5) Spring # 1 has a force constant of k and spring # 2 has a force constant of 2k . Both springs are attached to
the ceiling, identical weights are hooked to their ends, and the weights are allowed to stretch the springs. The ratio
of the energy stored by spring # 1 to that stored by spring # 2 is

3. (5) An air bag acts like a spring with an effective force constant k. During a collision, the driver continues
moving forward with a velocity v and an effective mass m . So the problem is equivalent to a spring with force
constant £ being compressed by a distance x,, as it brings a mass m with velocity v to a halt. What is x5 ?

(a) vIm
(b) v2Im [k
)vm/k
(d) vimlk
(e) 2vZm | k



4. (5) As in the movie “Gravity”, an astronaut is floating just outside her space station, which is orbiting the earth
at a distance above the earth’s surface equal to 1 earth radius. The astronaut’s weight is

(a) a function of her orbital velocity
(b) zero
(c) equal to her normal weight on earth

(d) 1/2 her normal weight on earth
e) 1/4 her normal weight on eartﬁ )

5. (5) For each of two objects with different masses, the gravitational potential energy is 250 J. They are released
from rest and fall to the ground. Which of the following statements is/are true? (Circle every correct answer.)

(a) Both objects are released from the same height.
) Both objects will have the same kinetic energy when they reach the g@

c) Both objects will have the same speed when they reach the ground.

C(dj Both objects will accelerate toward the ground at the same rate€

(E) Both objects reach the ground at the same time.

6. (5) A stone of mass m is attached to a strong string and whirled in a vertical circle of radius R . At the exact top
of the path, the tension in the string is three times the stone’s weight. At this point, the stone’s speed is

@ V4gR + both

(b) 4JgR  either °F
(c) 3R
(d) 3gR
() \28R



7. A 3 kg block of wood is suspended from vertical 4 m wires. A bullet, with mass 20 grams, is fired at the block
and becomes embedded in it. The combined mass swings upward until it has reached a height of 0.6 m when it
stops and begins to swing back.

(2) (4) Calculate the potential energy of the system (bullet plus block) at the highest point.

potential energy at highest point = 17,3 3

(9 + 0.020)(9.8) (6.¢) = ?17,9] J

Zofhev- version: |¥,0 j-)

(b) (4) Calculate the velocity of the system (bullet plus block) at the lowest point.

velocity at lowest point = 3 4 mls -
EI_M//U'Q’ D’fﬁ)’l = )/U‘ =i47-jh = \5(2)[7.?)(0,4) =

Zoff\ er versish: +2 m/s__)

(c) (8) Calculate the speed of the bullet before it hit the block.

speed of bullet before it hit block = 2 /32 m/5

i = U
- gg( R T D EIER
% U = 5. 620 . -

m

Ia{'}ver versicn * 214 M/sj



8. A workman shoves a crate up a ramp with an initial velocity vy =6m/s.

The crate slides up along the ramp through a distance of 2.5 m (as measured
along the ramp) to point 2, where it momentarily comes to a stop: v, =0.1t

then slides back down to point 3, where its velocity is v5 . The mass of the

crate is 8 kg. The angle of the ramp with the horizontal is 30°. The
acceleration of gravity is 9.8 m/s>.

(a) (3) Calculate the initial kinetic energy of the crate, at point 1, where its
velocity is v;. Point 3

initial kinetic energy = |4 %* J
JEna =] 2 (5)(0* = [k T ]

Zat‘her vevsien: JOFT 5

(b) (3) Calculate the increase in gravitational potential energy when the crate rises from point 1 to point 2.

increase in potential energy = 7%

)h’l%ﬂl ?(5’)(‘73)(255/)1 30" ) =

Iaz‘),er ~evsison. TFT 3.5 7—)

(c) (3) Calculate the work done on the crate by friction as it rises from point 1 to point 2.
work done by friction = _— #¢€ J Jother yersien -

WorkK = ?F—]”-L/‘:EE ‘_34_5’3:5

(d) (3) Calculate the frictional force f .
— % . (2.5) = =%t = ﬁ: )g,%ﬂlj

f=_18.4 N
J 6 £her versien: 3.7 /\/J

() (3) Calculate the kinetic energy when the crate reaches the bottom, at point 3.

kinetic energy atpoint3= 52 J
Lo ta / work =

._'_m/u:: Jy 4 — 92 :{fij} Jor

2

[—4¢3) = 923
73“44: 52 j—l

Jother vevsisn: 37 .j_)

(f) (3) Calculate the velocity v3 at the bo

ttom.
m
Va = 546 - .

3=

Io{Aer versioh . 3.¢ h/sj



9. A satellite of mass m revolves around the Earth in a circular orbit, at a distance of 8000 km above the Earth’s
surface. The mass M of the Earth is 5.97 x 10%* kg and the radius of the Earth is 6380 km.

(a) (3) Let us begin with the general problem of a mass m, moving with a speed v around another mass M , ina
circular orbit of radius r. Obtain the expression for v in terms of » and the period of revolution T .

2mY
D 0,

(b) (3) Write down the two expressions for the force F on m, first as the radial (centripetal) force in terms of m,
v,and r, and then as the gravitational force in terms of G, m, M, and r. Here G = 6.67 x10~!! N m? /kg2 is
the gravitational constant. A2

F o= m7
mM
F = G =

(c) (3) Equating these expressions to each other, obtain the expression for v interms of G, M, and r.

o ® ﬁ)} =_ GM RS
W—}?—:Gf:}?m— - =) v

(d) (3) Calculate the speed v of the satellite described at the top of this page.

speed=_ 52 (0 m /s

= \2 (6 e7x)6” N7 07 107) =J5z¢0 s |

£.97 xj0® + $xi0°

5 Za{her versith: 5 710 m)s5)



10. A 3000 kg Hummer traveling due north collides with a 6000 kg truck traveling due east. The two vehicles stick
together and slide as one object. The coefficient of kinetic friction between their tires and the pavement is 0.6. The
two enmeshed vehicles slide to a halt at a point 3 m north and 6 m east of the impact point.

Let ¢ be the angle between a line that is due east and the line along which the vehicles slide after impact.

You are encouraged to draw a schematic picture showing north, east, the line along which the enmeshed vehicles

slide, and the angle ¢ . v —7—/‘ 2
(a) (3) Calculate the angle ¢ . :

&L m
Answer: ¢ = 26.¢ P P
. Zm r 5!0/7 /j
= — = é-é sther ver 4
ting= —— > )¢g= 2 / )

Fx
(b) (3) Calculate the distance that the vehicles slide after impact.

Answer: distance = 6.7/ m .
\)—/——_' — Y other versien
F=N~* = (71 om0

(c) (6) Calculate the work done by friction on this system (the two vehicles).

-255,000% T

Answer: work =

[GrEs] = v = < M T

= — (0.&)(106060)(9, NI

nti1on3

it

Ty ith our cenve
using = 3977
) ;n‘rLeY‘med;q{e

;] M

5
_ >1)¢, 668

ZOfAer versioh®



(d) (3) Calculate the magnitude P of the momentum P of this system (the two vehicles) immediately after impact.

Answer: P= 36, 600 K9 h‘/j
2

__—‘_§ -
F 355,600 I

—

oM
= - (2D (9660) (355, 660)
s N
:W K9 m/5 ]

71,160 K3 771/53

) other yersjon:

() (3) Calculate the x and y components of P .
Answer: P = 71, 540 l<7"‘/5 , P = 32, 0060 kg m/s
(56, s60) cos (2(.( )

71, 500 Ky m)s

/7,)( = F coss ¢ = /
' o K’ m 5
/ A iy = 36,000
fg,j = }7 S5/Ah 5& = (Y{S)o‘éo) S (2( ) )
= 3 (56 K7 mfs )
Zg—f)ner versioh! F/x': 3),%66 K9 m]s  and ﬁ‘j’ (3,
(f) (3) Calculate the velocity of the Hummer before the collision.
Answer: velocity=_ 42 m/s
6
v, = *—-"“*géj:f = ’ 12 m/5 /
25

I"/ulnh\éb"

) other vevsisn 21,2 mls]

(g) (3) Calculate the velocity of the truck before the collision.

i2 m/s

Answer: velocity =

546 -
2
{660
C.# m/5(>

[ sther version®




11. (extra credit) Recall the estimates given in class, to within a factor of two, for each of the following.
(Or make your own estimates, again required to be accurate to within a factor of 2.)

(a) (3) We did a demonstration of power by asking the Editor-in-Chief of the physics journal of the Royal Swedish
Academy of Sciences to climb the steps in our classroom. (She was a good sport!) Roughly how much power
did she generate, expressed using the standard unit for power in the British system of units ?

T0c¢7}\|7 "21' horsepower

(b) (2) At roughly what rate does an average resting human body emit energy, expressed using the standard metric
system unit for power ?

‘Y‘ouyhly ] 606 w



