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STUDY GUIDE

SELF-PACED PHYSICS
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SEGMENT 15
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SEGMENT 15

PiEFACE TO REVIEW SEGMENTS
: /

This volume of your Self-Paced Physics course con-
tains three Review Segments which have been care-
fully arranged to match corresponding sections of

- your PROBLEMS AND SOLUTIONS. You may find the
grouping below helpful in organizing your review

time.
Review Segment Covers Topics in Study Segments
i5 -1 through 5
’ 16 ' 6 through 10
! - 17 | 11 tﬁrough 14

The review problems are numbered in sequence in each
‘ Segment. Previous study problem(s) to which each
' review problem relates is shown in parentheses fol-
lowing the review problem number.
]
For example, review problem 9 in Segment 15 iden—
tifies the related material as

, 9 (3-12; 1-10) .
- . which means ‘that the t&pical substance of review

problem 9 contains concepts and operations which

are also involved .in both Segment 3, Problem 12

and Segment 1, Problem 10. 1In this particular

case, problem 9 is concerned with projectile motion
- in common with problem’ 3-12, and with rectangular

components. of vectors in 'common with problem 1-10. ,
9
We recommend that you establish a pattern of review
which will make full use of this back-referencing
. system. Despite the fact that there is almost
an infinite number of ways to state a problem in a
given field, the number, of relevant concepts and .
operations are limited. By referring to the ori- v
ginzl problems before or after solving the review '
problem, you will profitably view essential opera-
tions and procedural sequences from several dif-
ferant vantage points. It will enable you to iso~
late and organize the essential concepts that are
common to 80 many problem situations.

A%

.8 next page
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"SEGMENT 15

continued

Each Segment is accompanied by its own individual
STUDY GUIDE to be retained in your files as usual.
And, as in the learning Segments, the problems are
in numerical order but the solutions are sc¢rambled

"so that the latent image STUDY GUIDE must be used

to locate the solution in which you are interested.
You will at once observe, however, that the STUDY
GUIDES for the Review Segments differ from those
you have used previously in that there are no
references to Information Panels, Audiovisuals, '
assigned reading, or homework. All review problems
are to be solved by everyone: there are no alter-
native paths. Finally, no provision is made for
true-false follow-up questions or answers in the
solutions or STUDY GUIDE. ‘

/ .

Completed STUDY GUIDES should be submitted for
evaluation to your instructor in accordance with
previously established procedures. These will
be returned to you after they have been examined.

Good luck.
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SEGMENT 15 ‘ ' , 1

1 (1-1). A car moving on a straight road covers a distance of 0. 7500
mi in exactly 90.0 sec. Compute the average speed of the car (write
your answer with the correct number of significant flgures)

- : 1) in mi/hr
' 2) in ft/sec
3) in m/sec

3 ) , . _ \
‘ -+ 2 (1-13). The spead of a particle in meters per second is given by
v = a + bt. The units of constants a and b are

A. a=m/sec b= m/sec2~

L g §

- B. a=mnm b = gec ‘ i *
C. a=sec/m .b = sec?/m

D. a = m/sec b = m/sec /

3 (2-6, 2-1). The magnitudes of vectors ;'pnd 6 in a given system of
units arée 20 and 40 respectively, and the angles which the vectors
make. with the positive direction of the x-axis are 15° and 75°
respectively. '

1) What is the scalar product of these two vectors?
2) What is the magnitude of their cross (vector) product?

4 (2-10, 1-6).. A train moving at a constant speedJof 60 mi/hr moves ©
eastward for 45 min, then in a direction 37° north of east for 15 min,
1" and finally westward for 30 min. What is the average velocity of the

o ~ train during this rugy? ° ”

o




2 A - ' SEGMENT 15

5 (2-14).. A particle moves along a straight line with a time-dependent
velocity given by

v-a:+8t2

If in 1 sec the particle has traveled 2 m and at the end of the ist e
"second its speed 18 5 m/sec, how far does the particle travel in 5
sec? .

)

"6 (2-17). A man wishes to cross & river 500 m wide. His rowing speed
relative to the vater is 3.0 km/hr. The river flows at a speed of
2 km/hr. The man's walking speed on shore is 5.0 km/hr. ‘If the man -
wighes té reach a point directly opposite his starting point, at what
angle to the line connecting start and finish must he head the boat
in order to reach his destination in miyimum time?

4

7 (3-6). A stone is dropped into the water from a bridge 144 ft high,
Another stone is thrown vertically down from the same bridge 1 sec
after the first is dropped. Both stones strike the water at the same
time. Calculate the initial epeed of the second stone.

8 (3-9, 3-1). After jumping, a parachutist falls 50 m with his chute
unopened. (Assume zero air resistance.) When the parachute opens, .

. he decelerates at 2.0 m/sec?.  He reaches the ground with a speed of
‘3.0 m/sec. Find the time the parachutist is in the air.

’

9 (3-12, 1-10). A projectile is fired from a point on a flat plane
and just clears s 25-ft fence a distance x, ft away. If x; = 125 £t
,and 6, = 45°, find the 1n1t1&1 cpocd.




'« SEGMENT 15 ' 3

10 (3-18). A particle is projécted from the origin with an initial

" velocity of 40.m/sec at 37° above the horizontal. At the same time a-
. second particle is projected from the point (100 m, 0) with an initial
velocity Vo. After 4.55 setonds the two pattiCIEb collide in midair.

' What 1is v 7

I N

2

>

11 (541. 4=16). Two blocks of masses m) = 10 kg and my = 5 kg are in

contact on a frictionless table as shown in the diagram.

4

F=30nt
P

m,
A m,

\\\\\\\\\\\\\\\\\\\\\\x\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ |

‘A horizontal force of 30 nt is/applied to the block of mass m;. Find
the force acting on mass m,. , . .

12 (5-5, 4-32). A block of mass m is sliding down a plane inclined at
45° to the horizontal. If the acceleration of the block is 2, O m/sec?,
find the coefficient of kinetic friction.

A. 0.51
B. J.1
€. 0.71
D. 0.51

13 (5-10, 4~1, 4=2, 4-5, 4-21). In the figure, a force ¥ is used to
pull the box at constant speed
along a horizontal surface

that has a coefficient of
kinetic friction y,, = 0.60.
What is the angle g at which
the magnitude F of the required
force is minimum? .-




-14 (5-11).

15 (5-12).

diagram.

N

_ SEGMENT 15

What is the minimum value of acceleration of an airplane
on a runway that will cause a 30-kg block placed against the rear
vertical wall of the plane to stick there? The coefficients of static
and kinetic friction are 0,40 and C. 30 respectively, for all surfaces
inside the plane.

A

A block of mass m) = » 2.0 kg 1is attached to the wall by.a
string and lies on top of a block of mass m2 §\6 .0 kg as shown in the

A R
m, " A F
F__ 1
. | . 2 R
AN NN

The coefficient of static friction between the blocks is 0. 60 and that
between the block of mass mp and the floor is 0.40. What is the minimum

. magnitude of the horizontal force F that will cause m, to start mov g?

16 (5-13, 5-2, 4-6). Two masses m; = 4.0 kg and my = 2.0 kg, attached
by a rod of negligible mass parallel to the incline on which both slide,
travel down along the plane with m, trailing m,. (See diagram.) -

N

. The angle of the incline is 6 = 37°,
between m; and the incline is u; = 0.1

uz - 0.20.

Find the common accelerati

The coefficient of kinetic friction
0, between m, and’ the incline is
on of the two masses.

Y |



SEGMENT 15 - , 5

17 (5-18° A man stands on a scale in an elevator. The elevator
initiall, v~ naward at a constant speed; then it starts.decelera--
ting ‘at 4.0 tt, :c?., What is thé reading of the scale during the

deceleration? '




6 S . - - | SEGMENT 15

[a] CORREC: ‘WER: 25.4°
- us i.st selve the problem symbolically. The symbols used are:
-'VRE“'~Vb»7,§P§9d of the river reiative to the Earth
VBW =v, = speediofbﬁﬁe boat relative to_the wéter
’VQE = u = gpeed of the man relgtive to the Earth

d =.width of the river

Let 0 be the angle at which the boat heads, The components'of the
resultant velocity vy and vy are

Vx = WV cosf (1)
o vy mvo - aind S (2)

Therefore, the time t, the boat takes t ~ross the river is

t, -da 3)

The distance y (this is the
distance downstream between the
man's landing point and his
destination) is given by

Yy = vyt

- (vb - % sinb) t, (4)

The time, t,, required to walk
back to his destination is

ok
Beh

L9507
R

X
t, =<

Substitution of values'for y and t, from equations (4) and (3) yields

(vo = vp 8inb) d

€2 = uvp cos@ )
To obtain total time T, we add t, and t,. Therefore,
T-t,+Ez-i(1+--e"—°—!‘—--gtm6 (6)
Vb u/cos® u:

Note: In equation (5) the quantity v, - v, sin® must be ﬁositive.

next page



SEGMENT 15

continued

To minimize Lhe function, we differentiate T with respect to 6 and
equate to zero.

v
%' ‘—?;<1 + f)s‘ece tan® - % sec?9 = 0
or
Vb
o ] 8ing = u + Vo . (7)

! 3.0
i 0 = —_
ST I0

Therefore g = 25.4°

[a] cCcs&Sci ANSWER: 1) 400 2) 693

1) Th~ given vectors are oriented as shown in the diagram. Note
that the angle between P and.ﬁ
is 60° so the scalar product is
‘given' by

vl

-> > )

PeQ = PQ cosd
= (20) (40) (cos60°)
= 400

e0° P

RN
x .

' 2) Twe cross product is A vector of magnitude
|$x4] = PQ sind = (20)(40)(0.866)
= 693 '




[a)

(b]

8 SEGMENT 15

CORRECT ANSWER: 43 nt

If my is to start moving, the applied force F must be greater than the

. sum of frictional forces, 1i.e.,

F>f, +f
where
£1 = ugN; = ugymg
£2 = UgaNp = gz (my +my) &
Thus the minimum necessery force is
F=f +f,=ugmeg+ ugo(my +my,) 8

= 43.1 nt = 43 nt

N
CORRECT ANSWER: 10 nt

First, we treat the blocks as a group to find the acceleration-

- then we isolate the block of mass-m to calculate the force of contact.

Since the force of triction.is ignored, the sum of ‘the forces in the
x-direction is ‘

Z:Pk - F - (m; + my) a
o/
Therefore’

am= 2 m'/‘sec2

/

Now for the block of .nass my, to accelerate at 2 m/sec?, an unbalanced
force must act on it. Therefore,

ZFx --F -mza_
. =10 nt

the force acting’oh mass my.



[a]

[b]

SEGMENT 15

.

CORRECT ANSWER: 150 m

~ From the velocity equation,

ey m qg‘f"Btz _ (1)
the displacement is T
s-fvdt:- (a:+8t2)dc-%at2+%8t3 (2)

Setting t = 1 sec in equations (1) and (2) and using the given
data we obtain

2-s(a:c-1)-%a+-§-e

S5=v (at t=1) =a+8
Solving the system of equations we obtain
a =2 and g =3

Therefore, at t = 5 gec, the displacement is

8 (at t = 5) = %7(2)(25) + %'(3)(125).- 150 m

CORRECT ANSWER: A

As stated in the problem, the speed is measured in meters per second.
Every~term in the expression for speed must have the same units.

Therefore,
. a= m/sec“
and
bt = m/sec N
or “

b = mfsec?



10 | : | SEGUENT 15

v

[a] CORRECT ANSWER: 31°

7,

n

. y 4
gﬂl_.j_.__p‘__ - —
| I
S | '
|
[
|
|
x

When the box i8 maving at a constant speed, the horizontal and vertical
components of the met force on the box must be zero:

F =Fcosd - f=0 | ¢S]

Fy-Fsine+8-mg-O ' (2)
and

£ =y N _ ) - (3)

Solving for F, we obtain

H B8
: ‘ (4)
cosf + Uy, s8ind .

F=

To minimize P, we put dF/d6 = 0, i.e.,
) dF ¥ P8
- (Gosb + ny a1n8)2 (-81n6 + py cosd) = 0

or
uk « =and

Thus 8 = tan~10.6 = 31° -




[a)

SEGMENT 15

CORRECT ANSWER: 17 gmec

11

The speed when the parachute opens and the time t, during free fall are

v = v2g3

where § = 50 m, and

‘
A}

t} = —

respectively.

(1)

(2)

The time t, required for the remaining part of.the trip m;y be obtained

from .
Vf-v-atz

vhere vg = 3.0 m/sec and a = 2.0 m/sec?.

Therefore -

and

t) =
= 3,2 gec

s
Therefore, total thme = t, + t, = 17.4 sec = 17 sec

3)



12 . : ' SEGMENT 15

[&] CORRECT ANSWER: 180 1lb

>y

'é A free-body diagram shows
all the forces on the man.
The force of gravity, v,
is directed downward;
The reaction force, N, of
‘ the scale-platform on the
Q ' man (which is equal in

: 6,) magnitude to the reading
Ve ) of the scale) is directed
' Yy upward.

Now, deceleration in the
 downward direction is
equivalent to positive -
-> (upward) acceleration.

‘.-‘ m g Thus,

-

-+
N+ wm= mz

or
' N - mg>-’ma,
and | | ‘
. Reading of thehscalei- N = m(g +\a),- lgg (32 + 4.0) = léO'lb ) ’

[b] CORRECT ANSWER: 25 m/sec?

In order for the block to remain stationary, the frictiomal force
must be at least equal to its own weight:

f-uN‘-m Lt , ! \

or
uma .= mg
Thus,
’ -.g.-_?.ig_- . v‘2'. 2 ! -
a= " 570 24.5 m/sec___ 25 m/sec




SEGMENT 15 : ' 13

{a] CORRECT ANSWER: 26 m/sec and 6 = 67°

.
! At the time of collision, Both particles h e the same céo:dinates, i.e.,
xl - X2 B P
at t = 4,55 gec 1)
Y1 = Y2 '

The equations for coordinates are

x) = vy cosd) t | ' .

V,i-'-)’l sind, t - _;. gt ' - . .
and - . .
\ vxz.' x, + v2 cosby t. | )
Y2 = V2 siﬁez t - .21. gt2 . ' )

From (1), (3) and (5), we get

Va 81!‘!62 - Vl ,81nG1 (6)
and from (1), (2) -and (4) ' ’
. , , X,
Va2 C0892 -V COBQI - _t- (7)
Prom (6) and (7) A e
, ) x, x,2 ,
/ v = \/V1° - 2vy cos®) ==+ —— = 26 mn/se:
L t<e.
\, '
and S
o - v; 8ind, ,
' tanf, = %G " 2.4 o ‘ .

v cosf; - T

8, = 67.4° = 67°




14 A - | SEGMENT 15

[a] CORRECT ANSWER: 19 mi/hr, 19° north of east

' . Y (north)
Ly .
D, ,
B x{east)
D, D,
The average vélocity is i
oF 231 D
Ve iy (1)
' Xy A .
. - 2 ' ’ .
where o D ‘/Dx + Dyz \ 2)
and -
Dx = Drx + I)Zx + D3x
= Vot + v t, cos37° v ta
‘= 27 mi
= +D + .
Py = Dyy 2y * Day
= 0+ v,t, 8in37° + 0
‘ = 9 mi .
Therefore g
‘ D b 28.4 l!!i ?
and L t=t) +e, ey
=15 hr .
) / V = 18.9 mi/hr = 19 mi/hr ‘ -

and makes a/u angle of

. D _ | R
/ tan’l(—x) - tan'l(l)‘ . ,
: ) l)x . 3

o . with the easterly direction, in. other words, makes an angle of 19° with
EMC _ the easterly-: direction. ’ ‘




SEGMENT 15 . . - S A L
[a] CORRECT ANSWER: C
The sums of the forces in the x and y directions are .

Z:F - ukN - mg 8in45° = -pa . Q%
. and- o T e
Z:F =N - mg c0345° 0 o o

} e - . ;“
Solving the simultaneous equations for uk, one obtains -
‘ ;\~ - S sin45°‘- a ‘ .f S o
Ek 8 coséS° '-; SN g o ot

© [ - s N

o

S

' = (9 8 m/secz)(o 707) -2 m/sec2 ;5:.?f L
’ : S (9 8 m/secz)(o 707) a;;w“,bﬁ.,, S

;'(_)

‘= 0, 71 the coefficient of kinetic friction .

° '.‘,J:

Note that. the coefficient can be calcuiated without reference to the‘va~<:j”';
mass of the block : .

-
b
¢ .
- re
s
EE
o
° « .
. :
o ’
a
o ‘;'
P
(v
i
7 : :
’ e =
A N : X
o ey
o} :
e ~ AL G




16 | o SEGMENT 15

* [a)] CORRECT ANSWER: 40 ft/sec
Let t be the time req:xired for the firat stone to reach the water. Then
144 = % gt2 : | Y
‘For the second utc;ne, we have
| L4b m vt = 1) + 2 g(e - 1)2 )
From (1) and (2) ,‘ we obtain | “

’ e \.1'. 2 o - .1'. - 2
‘ 5 8t vo(t - 1) + 5 g(t - 1)

)
gt -3 8 ,
Vo " Tt -1 - | ' 3)

t

Solving for t in (1), we obtain

't =3 sec
" Thus, - .
- ' " . Vo = 40 ft/sec
. BN
(b] CORRECT ANSWER: 1) 30.0 mi/hr _2) 44.0 ft/sec 3) 13.4 m/sec

1) Prom v = Ag/At we find

- w0.75 mi : sec _ an.
V=50 sec X 3600 W " 30'mi/hr

t

The qia:énce was given in 4 significant figures and the time in 3.
Therefore, the answer must be written in'3 significant figures; i.e.,

.V = 30.0 mi/hr

-

' 2) Using the relationship 60 mi/hr = 88 ft/sec we find
| ¥ = 44.0 ft/sec
3) In the MKS system S ' -

v = 44.0 £t in em, 1 m
v 440 sec 12.0 e 2'54.1110’_‘ 100 cm

or

Q T . "V = 13.4 m/sec .




SEGMENT 15 ‘ 17

{a]. CORRECT ANSWER:

4.8 m/sec?

370 wl
e

. A

. Mass m;:
The equations of motion in the directions parallel to and normal to the
.incline are . e
“wl.sine -T - fy = ma B , (1)

and ¢ ' ) >

. N - v, cos8’
where
f1 - u1N1 - ulwl cosb ) ‘ (2)

Substituting the equivalent of fl and solving equation (1) for T, we
obtain ,

> <)

T = wy 8iné - uyw; cosd - mja B (3)
» <
Mass my: o . .
. o _ 8in6 + T - £, = mya ) < (4)
m% ) 3 - . . ;
. N ' ) i Nz - W2 cqbe_
where

fp m uoN, = "2“2 cosf. . . (5)

Solving equation (4) for T after substituting the equivalent of £, from
- equation (5), we find that

’ " T = -w, 81in8 + upwy cosd + moa . (6)

b ’ ) ’ .
] ; , next page

~ . -



18 , SEGMENT 15

continued

Equating equations (3) and (6) and solving for a, it is seen that
. ’ e |
am= m[(“l + wz) 8inf - (ulwl + uzwz) Cose]

-—E

m; + m2[(ml + mz) sine---(ulml + uzmz) c089] )

= 4,8 m/sec?

[a] CORRECT ANSWER: 71 ft/sec

o ”—_‘\
- R
7 ~
// n\
- N N\
VB . ~ E \\\
=25t N
¢ 3 \
Y ,
) N \
-— _ X,=125ft- »
. ‘ . '8’1 Vox.tl .
-_vo(coé9°)tr ' (1)

, ' ' ¥ :
where t; is the time the projectile takes to reach point (x,, y,), and
: e 1 -
o | Y1 = Voyt1 = 3 8t1?
' = v _(sind, )t, - L gt,2 (2)
o 0’*1 2 gt," . >

Solving equation (1) for t, and substituting the value obtained in
equation (2) yields

. 1 X
= x, tand_ - = 3)
N1 ree 28 vozxcosieo ,(
Therefare, : N o (1/2)gx12~ 1/2
; v. = ‘ :
- ° (x, tan8, ~ y,) cos?6,

=.70.7 ft/sec = 71 ft/sec
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"SMENT 16 1

1 (6-8, 6~2). A 2.0-kg sphere is tie ome ext of a string l-merzer
~ong. The sphere is whirlec around {: . norizam:=2I circle wi:h ar angular
speed of 2.0 rad/sec.

a. Calculate *he magnitude of the -~phere's acceleration.

b. Calculate the tension in the string.

2 (6-9, 6-1, 4-29, 4-26). The 8.00 1b particle in the figure below is ]
attached to a verti~al rod by means of two strings of equal length-~each
5.00 ft. When the svstem rotates about the axis of the rod the strings

become extended as snown.

a. How many revolutions per minute must the system make in order
for the tension in tte upper cord to be 15.0 1b?

b. What is then the tension in the lower cord?

5.00 ft

8.00 ft 8.001b

5.00 ft

—_—de e Is
? (6-14). A highway exit is a circular curve of radius 300 ft. If the
coad is l-vel, what minimum coe‘ficient of friction between the auto-
mobile tires and the road will prevent skidding at 30 wph?

(6-15). The pilot of am wirplans < ‘ving vertically at a velocity of
"*¥ %1 ‘>t pulls out of the "*we W changing his course to a circle in a -
wrtica. plane. What us .. minimwm radius of the circle im feet which
¥il: insure that the acwxeleration at the lowest point will mof ecxcesd 7 g?



2 SIGMENT 15

S (6~ F) bead can slide without -~ ::zion on a cir=ular hoop of =ad:.=
10 cx in a verzical plame. The
- hoop rotates at a constant ~zt:
L cf 2.0 rev/sec about.the we- _=a_
' diameter shown in the d:agr=r
Find the ang:.e 9 at whi-= Zne seac
is in equilisriur.

6 (/-2, =L . A man pushes & 60-1: block along a. _ vel floor with a fzrroe
directe +3° below the horizomtal. I the coeffir.-=nt of kinetic fric-ion

is 0_?70

— ——— §a  Thew much-wo—k must the man do in order :r move the block
throsssgh 3 ft at comstant speed?\

‘b) wmr much work is done by the normal forcs -

/

7 (7-7). The magnitude of the force in pounds required to stretch a certain
sprisx a distance of x feet beyond -ts unstretched mngth is given by F = 10x.
How mmch work 1s required to stret: the spring by .0 ft?

8 (7-9). A -.0-kg block =s attachec to a spring on a frictiomless horizontal
-surface. ™re gpring wher—mstretchec has a length of 0.25 m (including the
block) amd :z8 force conswemt is 10° at/m. What is the work done in stretch-
ing the sgr—ing when the bi-ck is mowed from x; = 0.15 m to x, = 0,30 m?




SEGMENT 16 3

9 (7-10). A constant horizontal force o at 1s used to push a 50-kg
block along a horizontal floor.

(a) How much work does the forcs: do .. wmving the block through 10 m?

(b) 1If the block moves at a con=:iant «-z2d of 2 m/sec, what is the
power delivered?

10 (7-15). A particle of mass m is pr ~ct=. from ground level at an

angle 6 to the horizontal with an ini: . :so2ed of vy, The kinetic energy
of the particle at the highest point - « ¢ that at the ground level.
Find the angle of projection. (Neglec- !. resistance.)

11 (7-24, 8-1). A 4-kg block slides c.wm o 30° inclined plane. Thé speed
of the block at point A is

i m/sec, and at B it is

3 m/sec. If the‘distance
‘rom A to B is 2 m, what is
zhe work done by friction
between A and B?

- 12 (7-27). A 5.00-kg block starts to = -de up am inclined plane-with a
speed of 40.0 m/sec at the lowest poin: The block stops momentarily near
the top of the incline and ‘then slides uown ag=in. The angle of _the incline
is 37°. _If, on.return, the speed of thec bleck m: the lowest point on the
incline is 30.0 m/sec, how much energy .s dissipated due to friction?

13 (8-5, 7-18). A 3-kg body at rest at poirt A slides down a smooth

track as shown in the diagram.
A ‘ Find the horizontal distance x
“ro= .points ¢ to D where the
boéy lands.

-

— e - — —

————— - P ?—-PL ‘ s
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3

14 (8-18) A 40-%g vz _ . is wctach=d to one enc of . ~:zid, massless -od.
Th= ozher end of ~he -:: iz +=rmeszed to a fric. = .ass pivot. The . ..
is re.=nmsved from rest f- .-

A posit-on - as shown in =ne
I diagr==. What 1is the tensi.un
in tk - >z in newtons whernr
: \ ~he t .. swings through the«
'370 ~owes  pcoint (B)? 5
|
|
l /
i /
I /
7
! e
.’ ‘1” -
N -
4]

15 (8-9). PFor a force

F(x) = - %—;

where K is a constant and U¢=} = 0, what is th: potemtial energv | x) - ¢
a particle located at an arhtirwsry point x?

J

A, -

o
'
S
"
on

0
o=
%

o

[
~ |
LA
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16 (8-13). A 0.. .z block is presse .igainst, but not attached to, a
light spring navi ez : spring coms: .z ~ 1,2 x 103 nt/m. When the
spring has teen . mp-essed 0.05 r e 5lock is released. The bloc«
slides alomg a f~ - ~tionless imcl! . surface. What maximum height does

the »lock reach bs=:c=e slifding bz: . .cwn the plane?

T ’9-4). A plece of 3/4-inck plyr < ias been cut into the shape shown.
‘¢ zniform mass demsity and thickne: - z-e assumed for this plece of wood,
Zind the coordinatzs of the center ETT- N

Y

5 6 (feet)
B (%6 ‘our merticles wich respective masses my = m, = 3 kg and
m; = my, = 1 kg occupy
¥ the four corners of a

! 4 m x 4 m square as
i shown. in the diagram.
: ) Each particle is subjr~*
g - "to 8 15-n ‘rce C . u.
‘_5)_4 dirs. cicn snowm the
haal ] diagram. Calculate the
) acceleration of the center
of mass of this system,

ll

)
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19 (10-1). A bodv wit~ 3 mmss of 3 kg s.ides down a curved track which is
one quadrant of & zirc_« of radius  ©. If the =zrack is frictionless and
the block starts from rest, what
is the momentum of the block at
the botrtor of the track.

20 (10-5; -9~%), Pausr‘rpart:l.:les\. each of mass 3 kg, ocrcupy the four
corners of a & m - 4 m squar= as shown im the diagram. Each particle is
“mowing with # spe ' zf 10 wmec in the directisor showm in the ciagram.

’ - v3
v,
—, m,
v,
w™ W g

¥V,

() Locate the coordinmtes of the center of mmss of tise fowr-particle
swsten in the coordinate system shown in the cdagram.

(bj Calculate the velocity of the center of mass of this system.
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21 (10-10). A force of constamt direction given by

F= —]2= kt? nt (k = 8 nt/sec?) -

is exerted on a 2-kg particle which is initially maving at a speed of
10 m/sec. Fiad the momentum of the particle at the end of 3 seconds.

't . - . ~ -

22 (10-13) . A nmcleus, origihally at rest, decays radicactively by emitting
an electro- of momentum 9.22 x 10~'6 gm-cm/sec, and at right angles to the
direction of the elertrom z meutrino with momentum 5.33 x 107 16 gm—cmlsec.
What is the magnitude of the momentum of the residual nucleus?
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{a] CORRECT ANSWER: 1800 nt

In addition to countefacting the weight of the ball, mg, the rod must
provide the required centripetal force, mv2/%, where £ is the distance .
from the pivot to the center of the ball. Thus, the tension in the rod

will be
2
T = mg + 2~ : : (1)
L . .

We can use conservation of energy to eliminate the speed from equation (1).
The initial position of the ball is

- " h =2+ 2 cos 37° = 1.82 : yd (2)

above'the lowest point B. If B is taken as the zero potential energy
reference, then its potential energy at A is mgh = 1,8 mgt. This nmust
be equal to the kinetic energy of the ball at B. Thus,

1.8 mgf = (1/2)mv?
or
» .
2 = 3.6 mgs .
Substituting this in (1) we obtain
T=mg+ 3.6 mg = 4.6 mg

= 4.6 x 40 x 9.8 = 1800 nt \

¢ . T

[b] CORRECT ANSWER: Zero
The sum of the four forces is

FaXt=-15j+151+4155-151 =0
1 .

Therefore, the acceleration of the center of mass is

->
aey = 0
Each particle is accelerétihg in the direction of the force exerted on it,
but the directions and magnitudes of the four accelerations are such that
the center of mass remains stationary.

-
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SEGMENT 16 ) : 9

CORRECT ANSWER: 52°

2|
D

mg

The equations of motion in horizontal and vertical directions are,
respectively

2
N 8ind = nm llf_. : (1)

where v is the linear velocity of the bead, and
N cos6 - mg = 0 . (2)

Substituting the expression for N given in equation (2) into equation (1)
yields . ;

mg sine _y_f_

- cosf =my

However,. v = ro = 2nfir, where £ = number of revolutions per second.
Therefore,

262, o , 8in8 . |
4drcfér g pppry . } (3)

‘

However, r = R g8ing

Therefore ¢
-
cosf Z?iﬁii
- 980
4 x (3.14)2 x 4 x 10
= 0.62_\
Therefore ' . _ | o ?7_
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[a] CORRECT ANSWER: 38.2 rev/min; 5.00 1b

a) The components of the

forces in the horizontal and

vertical directions, respectively,
s+ - are

2 . A
E%— = T, cos@ + T, cosb Q)

- T, 8ind = T, 8ind + w (2)

w N ) .
~ 8in® : _ ) - (3

P / .’ . (4)7

:'v = ru - 2nfr ‘» ’ ﬁ' e . (5)
vhene f is the number of revolutions per second , , f T | ol

Therefore, we, have - R ;, ' : . .

m(wa)zr = 2T) cosB -'w cotd

n / g » &3

2'1‘1 cosa -w cotG 5 1_"», e o .

we,obtain'f - £ -
R 5 : ’ N N
& * .
.
< - ~
. .
| - = »
- o ~
. o MO ' -
‘ -
e " : [N
N
- \ T
8 I < N
' Sy L M O
nou : M
. « . -
¢ '. 3
o L. ' voTe
. , : \
® A N
. ) ] .
g - - N .
‘ « s . -
’ o w2 -
. ' E °
..‘ .

ERIC

Aruitoxt provided by Eic:
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CORRECT ANSWER: 450 ft-1b; 0

a) ‘Since ‘the block moves at constant speed, the net force on it is -
zero. Therefore, the frictional force must be equal to the horizontal
component of the applied .force; that is ‘

f = uN = F cosf- : \ _ ay "

The magnitude of the normal force N is the sum of the block's weight and
the vertical component bf the applied force, so

N = mg + F sin6 ' K (2)
Substituting (2) into (1) we obtain

o

umg + uF 8ind = F cosd L (3)
We msolve (3) for F, using the fact that for the present problem 6 = 45° so
8ind = cosf, to obtain C

* mg
F = (1 - u) cosé

" The work done on the block is .

= Fg cosf » YORS
_ l -y

->
We=Fe

-0+

~

- 0:2x 80230 | 450 £e-1b

b) The work done by the normal force is

w& = Neg = Ns cos90° = 0 "
- L]
' ]
-> Pl
F ]
43 '

¢ 30§t —P»
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vt
N,
v

CORRECT ANSWER' 38 em .

" The compressed spring-plus~-block represents a system at one energy state.

In this state the total mechanical energy is the potential energy of the
spring plus ‘the potential energy of the block.

State One: Kinetic Energy + Potential Energy " ;

.7 . T

' ) 1,3
K, + u1 40 + 5 kx? + mgh

-

where hy is the initial height of the block.-

After the:spring is released, the block slides (without friction) up the
plane until it stops momentarily. At that point we may write,

¢

ﬁtateglvo:

Since the total mechanical energy of the system is conserved, we may
equate the energy of the first state with the energy of the second . state.'
Therefore,'

aKl + Ul - Kz' + Uz' ’ B w
or . .
‘ %-kiz + mgh; = mgh, ,
The maximum height would be : . |
1/2 kx2 '
h - =
or . P . . \
b!lfd!! = 38 cm
. 3 ’
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[a] CORRECT ANSWER: 0.202

A centripetal “orce equal to mv2/r is required to provide the centripetal
acceleration if the car is to remain on the (ctrcular) road. Since the
road is level, the force must be ,provided by friction. The frictional
force is_ o

F = uN = umg ‘ .

and must be equal to the required centripetal force; i.e.,

-

2 2
mv : e
. mg = — :
) Hmg r -

or » .
v2 (44)2 1936 p

M= gr ™32 x 300 " 9600 = 0:202

v

(Note: Use was made of the relétionship_that 30 mi/hr = 44 f&?sec)

~ w

[b] CORRECT ANSWER: 9 m/sec?; 18 nt

a) Since the angular speed of the sphere is conéﬁant, the only acceleration
experienced by the sphere is the centripetal acceleration directed toward
the center of rotation. The magnitude of this acceleration is B

[l

a. = v2/r = w2r. = (9”rad2/seéz) x (lm) = 9{m/8ec2‘

. o ,
"b) -The tension in the string is equal to the magnitude of the required
centripetal force. Thus, using Newton's second law of motion,

'T = ma, = (2 kg) x (9 m/sec?) = 18 nt
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fa] CORRECT ANSWER: 1000 j; 200 w
a) B§ definition, the work done by a constant force is
&> > “ ‘
W= F-s
In this case the force is directe? élong the displacement so
W= Fg = 100 x 10 = 1000 J

[

b) From the definition of pover ‘ ‘

pa=d¥ , . ' ' "

dt
the expression
! &> & . ~
P = Fev : . ' :
can be derived.
Since the force'ﬁnd velocity are along'the same direction, we obtain

P =100 x 2 =200 w

| '
¢ . . ’

[b] GORRECT ANSWER: 1750 § =

Energy lost due to'friction

- = (REFU)g - (KE + V)¢
But ' )
Uy = Ug o ' . " ‘
| Tﬁun, energy lost &ue to friction
L = (RE)y - (RE)g

,. \ N . - 1 ] ' 1
. — 2 —_— 2
= mvy" - 2 mvg”

. - 1750 §°
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[a] CORRECT ANSWER: 1.06 x 107!5 gm-em/se~
When there is no extefﬁai'force actiﬁg in the system, we know that the
momentum of the system is conserved. Since the momentum of  the nucleus
is zero before the decay, the total momentum of the electron, the

v neutrino, and the nucleus must be zero -after decay. Therefore, we
may write:
B ‘ > > > -

where P1 is the momentum of the elecgronm, P2 that of the neutrino, P3
that of the nucleus. The sum of ? + ?2 can be calculated easily
because of geometry. Therefore, :

-+ oy -+
B,12 + [B,12 = [7512

or . R

[b] connzcr ANSWER: 13.3 kg-m/sec - ' : Co

Taking the bottom of the track as the zero potential energy reference,
.and using conservation of energy we find C -

/

-

'

Potential Energy at A = Kinetic Energy at B

!
1

or

2 \ : .
mgR = %— v\ where p = mv. _ .

N

[« ( p = mv/2gR  3/2(9.8)(1) = 13.3 kg-m/sec J
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(a] . CORRECT ANSWER: -23.2 )

B , : :
B .

We AE = (®E + U)g - (KE + U), :
- (—% mvel + O) - (% mvy2 + mgt sine)

m(vf?- - vy? - 282 sine)

Y I Y T

4[52 -12 - 2(9,§)(2)(§j]

L .

;= 2(-11.6) = -23.2 §

[b] CORRECT ANSWER: '45°
b
\ i
. 1
(KE)grouad *3 mvg?

(RE)highest point-= 7 v,

sinc'y vy at the highest point is zero

Given: (KE-)ground - 2‘(KE)highest point’

Subétitqtion yields ¢
: o1
3ot = 2 m?) |
Therefore
- l o ’
Vx /z-'vo But, in addition .

Vg = Vg, co‘seo
- Therefore’

Q 0o = 45°
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[a] CORRECT ANSWER: 24.5 m

Using coniservation of energy, the mmeed of the particle at point B is

O

Vo " Vox " JZghl (1)

The time of flight may be obtained frrmm ' ' ,
cv paloe2 : R
hy = vout + 3 gt ar h, 2 gt

where
v.:,y = 0
. Therefore

/21;,_ ‘ . ) |
t=\/=<"

The required distance is
X = Voxt

= v,t

~ [2gh 2h |
= 8] 2 = ZVEIhZ o

= 24.5111

[b] CORRECT ANSWER: 56 kg-u/sec S

o 3 ,\
Pf - Pi -L th «\

; rf-Pi-l-L (%— ktz)_dt .

1/1 q -
mvy + ’2‘(3 “."3)‘
. °
(20 + 36) kg-m/sec = 56 kg-m/sec K
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[a] CORRECT ANSWER: xcq = 2 £t yem = 1.3 ft

Divide the piece of wood into a rectangle and two squares of ...as 8 t22,

1 £t? and 1 ft? respectively. The masses and the coordinates I the
centers of mass of these pieces are 8p, 1p and 15 and (2.0, l.‘;, (0.2, 2.5)
and (3.5, 2.5), respectively, where

'

p = mass units/ft ‘

Theérefore
- g,‘g& . < 16p + 0.5p + 3.5p
¥em ‘_“‘i 10p
. - 2 ft
and . Zmix _8p +2.50 + 2.5
?mi 10p -
= 1,3 ft
[b]  CORRECT ANSWER: =-.375 j I T :
e—————25m — ] :
. 10 relaxed
X - ‘ position
< 15m ‘——>| |
‘initial A .
position

AT fine
position
- 30 —— >

ALALLLL LA LA LA AN

x : .
Work done on spring = J kx dx = -%- kx2 generally.
. b ,

Work done on spring in "stretching” from 0.15 m to 0.25 m (a displacement
Of Gol m) - . ’

SR ST SR N 2
> kx 5 (100) (0.1)°
== 0.5 ~

f Work done on spring from 0.25 to 0. 30 (displacement of 0.05 m)

- +%kxz - + (100) (0.05)?

= +,125 }§
Total work done on spring = -.375 J

-

-




(a]

{b]

SEGMENT, 16

CORREIT ANSRER: (a) x.p ™ 20; Yem = 2m > (b) Zero
(a3 The;puuition vectors of the four narticles are
- ~ - ~ - - a
?--,-0 r2-4i r3-a1+4j r“-loj
Therefor+
* -~ -~ ~ -~
s o 2MT4_ 0+ 120+ (1214 12§) + 12
Y 'my 1. A
or
Xom ™ 2n  and y.n = 2m '
(b) The momentum vectors of the four particles are
Py = -3C] P, =301 B, =303 b " -30i
Therefor:

-+ !
v = 201 . -30f + 30i + 30§ - 301
e S my 12

-0

CORRECT ANSWER: 1530 ft

mv?
Romme
o m(7g) ) ‘o
Thus ' 2
2 _ (o0 < 555)
R = — '.-1530ft'.“‘

ve oo
73, 7 x 32
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‘[a] CORRECT ANSWER: 45 ft-1b

By definition

"% Xq
Wzl Fgds=] F,dx

- l' “ | 3
Using the given data, with x, = 0 and x, = 3.0 ft, we obtain
3.0 3.0 ; )
W _-J 10x dx = 5x2 | = 45 ft-1b
) 0
[b] CORRECT ANSWER: B '
Since
dU = -F dx , , ‘
Ulx) x , ) -
J- - ‘J F dx ' | ’ | 2
U(=) © !
we obtain |
x
Ux) =] K dx=w-K1_
. . X 6 .x6
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SEGMENT 17

-

1..(11-1). The diagram dhows the dependence of ‘the force applied by a
' mallet to a croquet ball
during the time of
T contact. If the magnitude
' . of the total impulse

- 2N it " imparted to the croquet

’ ball by the mallet is
0.4 lb-sec, what is the
maximum value of the mag-
nitude of this impulsive
force?

F (Ib)

.JGI 002 . /

time (s)

2 (11-5). A falling tennis ball of mass 4 oz strikes the floor-
"vertically at a speed of 16 ft/sec and rebounds upward at 16 ft/sec.
The ball was in contact with the floor for 0.01 sec. What was "the

" magnitude of average force during contact?

2

3 (l1-11). A 500-kg flat car can roll without friction along a straight
~ horizontal track. A 100-kg man is standing still on the car when it
o " moves to the right at 5 m/sec. The man starts running to the left and
‘ he picks up a speed of 6 m/sec relative to the car before jumping off
the car at the left end What is the speed of the car at thée moment
the man jumps?

-
-~

- . 4 (12-1, 11~18). In a one-dimensional elastic collision between two -
particles, an 18-kg mass is initially moving to the right with a speed
of 5 m/sec. The second particle with a mass of 2 kg is initially behind
the first and is also moving .to the right with a speed of 20 m/sec.

//2225 is the speed of each particle.immediately after the collision?

€
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5 (12—6, 11-15). A 15-gm wood block rests on a frictionless horizontal
surface. A 5-gm bullet is fired horizontally and becomes embedded in.-

the block. What fraction of the bullet's kinetic energy is dissipated -
(converted: to other forms of energy)? . _ !

6 (12-10). A particle of mass m moving with an initial speed of 7 m/sec
collides elastically with an identical particle which is initially at
rest. After collision, the path of the first particle is observed to
.make an angle of 45° with the initial direction. Find the speeds of the
two particles after-.collision

..

&

*7 (12-14). A pair of frictionless inclined planes are so oriented

that the paths of two particles, one sliding down each plane, intersect

at right angles on the level surface at the instant of collision. If
each particle has a mass
of 2.0 slugs and they
both start 32 ft above
the level surface, find
the speed of the combined
mass after a perfectly
inelastic collision.

L]

8 .(13-1). Two- particles with respective masses of 1. 0 kg and 9.0 kg
are held fixed at points 1.0 m apart. How far from the 1. 0-kg.particle
must a 2.0-kg particle be placed so that it will remain at yest while:
the gravitational force due to the fixed masses 1is acting upon it?

)y ~ 4

LN

.9 (13-4). Derive an expressiohcfor the speed of a satellite of mass

m in circular orbit around the Earth in terms of the mass of the earth, .
Mé, and the radius of the satellite s orbit, r. - .
84 s o . GMe)
LI Ao V - Gvsher ’ N .Bo A —r_'

. C."v'- YGr . " y -De W .'\ISQE : -,
. L ' r - . .
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lO (13-10, 4-11) A mass m 1s. placed on.
The gravitational attraction of the Earth fox

RN

where g is ‘the acceleration with which the body talls toward‘the Earth.

Do ‘the symbols m and m' i . (l) and (2) stand for ine rtial -OT gravita
tional mass?’ S . R R IR T -

< P e L *nv

A. -both gravitational
.B. "both inertial:: ", SRR

C. m gravitational,/m inertial S
"D m inertial, m’ grayitational B u";_‘ ’

~ - vog
X . . L 3

B 2 “a I .-
M y . N

11 (13~11). Because of- the rotation of the Earth a. plumb bob does not
. x - o hang exactly along the S ‘:?:,‘ N
Ny ’ " u,"‘ ‘direction of the gravica-f s
y e 'tioual pull but deviates'b ¥
from this. direction ‘by a }ga
;’ small angle ¢ ' -

S

. . . e e

In the diagram, the bob swinge southward in the plane of the paper. If . 1.'
a = w?R cosf is the radial acceleration, of the body at latitude 6 and g )
is the accelisration due to gravity at the surface of the Earth, the’ relationship
between ¢ and latitude (0) is:

0 . ea s_cM" TR
| A. cotd = co . o __cot¢ g sing. oot :
’ s 2 s . . A ) Lol < «
: : W°R cos® 8in® - v - & cash - a- i o . o
\)‘ "-'Co ‘ t8n¢ - g + w‘RCOSYE . ) D' tan¢‘ g Sine . v, - . 7 - :’ ;;.

n
\
5

J;Bdﬂz‘_ "' - el .
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\

12 (13-19). A spherical body is made up of two concentric shells of
different mass densities. The
shells have masses my and mp,
respectively. The inner and
outer radius of m; are r and
ry, those of m, are r, and r,
as shown in the diagram. The
density of each shell is uni- -
form. ©Derive an cxpression for

' the magnitude of the gravita-
tional field.strength at a
point P located between the two

shells.
\ A, Gmp 7

1‘22
Gm

5. 1
r
Gmy Gm»

c. 2 2
r rs

D. zero

13 (14-6, 14~1, 13-15). Three particles
of equal mass m = 2.0 kg are placed at
the vertices of an equilateral triangle
of side a = 2,0 m as shown. Calculate

a) the field at the center of mass
of the system (point p)

b) the gravitational potential at
the same point

¢) the work that must be done by m a Zm
‘an” outside agent in order to = - . : '
move a 3.0-kg particle from a
point at infinity to point p
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14 (14-10). Two equal point masses each of mass M are placed &
distance 4r apart. Midway between the two masses at point p, the
gravitational field is zero and a point particle of mass m is trapped
there. However, 1f m is disturbed and allowed to escape towards one
of the larger masses M, the kinetic energy of mass m when it is a
distance r from M is

A, Sm -
- ) o hd
GMm
B. 2r . . i~
C. 0
GMm.
- D. 3r

-0

15 (14-14). What is the minimum speed necessary for a Lunar Module
to escape the moon's gravitational field (escape velocity)? )

CIVEN: M = moon's mass = 7.78 x 1022 kg
- R = moon's radius = 1080 miles
m = mass of Lunar Module = 1000 kg

G = Universal Gravitational Constant = 6.67 x 10~1! nt:-m?/kg2
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[a] CORRECT ANSWER: C
Everybcdy on the surface of the Earth rotates in a circle with cdnter on
the Earth's axis. It therefore has a radial acceleration a = w’r towards
the axis (r = R cosf). The equation of motion for the bob is

T + ﬁE = ma
where T = tension in the plumb line.

We choose a set of axes oriented in the direction of the gravitational
force. ) S

The scalar equations for the x and y directions are
Ty = mw? R cos® sin®
Ty = g + mw? R cos?8

Combining the last two equations we obtain

Tx mzyR‘cose sind
tan¢ = Ty - g + w¢ R cos“H

Lt

[b]  CORRECT ANSWER: D
Using conservation of energy principle'fqr pagticle m we obtain

KE + PE at center = KE + PE at new location

- GMm _ GMm _ yp _ GMm _ GMm

, , 0% 2r r 3r
Therefore P
Q . . : » h KE-M

ERIC - i
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CORRECT ANSWER: a) Zero  b) -3.5 x 10710 j/kg ¢) =11 x 10710 4

a)

Qa

With the chosen coordiuate system as shown in the figure, the coordinate
of the center of mass of the systen is ‘

(. 275)

The field at that point may be repreaentéd as the sum of three vectors with
the same magnitude. The angle between any two of them is 120°. Thus the
field at that point is zero.

~ b) The potential at the center of mass can be calculated as the .algebraic
sum of three equal terms

e R s e
3 -~3 3

c¢) The work that must be done againét gravity is equal to thé potential
 energy of the 3.0-kg particle in the field of the other three particles,
This is equal to the mass times the potential at p, i.e.,

U=n'V=-10.5x 10710 4

= = 11 x 10-10 4



[a]

[b]

8 : ‘ SEGMENT 17

CORRECT ANSWER' 6 m/sec

Since there are no external forces momentum must be conserved. Taking
the ground as our frame of reference, we obtain for the momentum of the
system before the man starts running

Py = (m + Mvy (1)

where m and M are the masses of the man and car respectively, and v, is
the initial speed of the car. Let u be the speed of the man relative to
the car, and v be the speed of the car relative to ground. The velocity
of the man relative to ground 18 v+ u or, in scalar form. v ~ u (recall
that v is to the right and U is to the left) Thus the total final
momentum becomes- ‘

pg = Mv+m(v-u)=(z+Mv-m - (2) .
Conservation of momentum (pj = pg) gives

(m +fM)v° = (M + m)v - mu

or
’ - ——— - —— -
VeVt —Tpus 5+ 653 x 6 § m/sec

CORRECT ANSWER: 400 1b

From the defini;ion\of impulse
(s J
i o

we know that the magnitude of the impulse is area under the shown curve.
Thus, :

,% (height) x (base)-
and
F = (height) = 2J/(base)

- 2% 0.4

0.002 = 400 1b -
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{a] CORRECT ANSWER: 1.53 miles/sec

The gravitational potential energy of the Lunar Module on the moon's
surface is - , . "/

GMm
R

e know that the gravitational potential energy of the Lunar Module will
be zero at an infinite distance from the moon. Basically then, we want

to give the Lunar Module enough initial velocity to carry it all the way
to "infinity" and, when it gets there, its velocity should just be zero.
In equation form, this becomes

on the moon at infinity

Km""um = Km+um

but
N .

U, = 0 {reference point of potential energy)

and
K, = 0 (see discussion above)

' Therefore,

1 o2 . Gm oy )
2 = escape R

and thus,
2 - 2

or

v = 1.53 miles/second -
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fa] CORRECT ANSWER: - 8 m/sec; -7 m/sec

Let my and m, be the masses of the small and large particles, respectively.
Let u, and u, be the initial speeds of m, and m,, respectively.

From congservation of momentum we obtain
mu) + myu, = mv, + m,v, ¢S

and from conservation of kinetic energy we obtain

% m'lulz + % myuy? = % mvy2 + % m2v2.2 , (2)

Rewriting (1) and (2) as
ml'(u1 -vy) = m2(v2 = uy,) 7 (3)
L - ml(ul2 - v;2) = my(v,2 - u,2) - %)

and dividing (4) by (3) we obtain

u, + v, =v, +u, . (s)
or '
) u; -u, =V, =V, _ (6)
From (6)”
vy =y = up vy ‘ | : , (7

Substituting (7) into (3) we find

-4 5 =
vy = —— 1u u

Subatituting the given numerical values, we obtain

_2-18 18
= 371820 + __(__1(5)

-
-

= -7 m/sec

vy =20 -5 ~7 = 8 n/sec
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[a) CORRECT ANSWER:: 5 m/sec; 5 m/sec

Before Cdllision o After Collision

m
e
- : v’

Applying the conservation of momentum for the x and y directions, we
obtain ' :

uy = v, cosé + v, cosd - (1)
and

! -

0= v, sind - v, sin¢ | (2)
Squaring equations (1) and (2) and adding yields

“12 - v12 + v22 - 2v)v, 8in0 sin$ + 2 v,v, cos6 cosp ° (3)

(noting that sin?x + cos?x = 1)
The conservation of kinetic energy for identical particles yields,
. Ulz = Vlz + V22 . (4)

> Comparing equations (3) and (4), we obtain

:  8iné sind = cosd cosé 4‘ (5)
Therefore o
e:+¢~90°
H;nce
o = 45°

Substituting numerical values in equations (1) and (2) we obtain

v, = 5 m/sec . and v, = 5 n/sec . .
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[a] CORRECT ANSWER: 25 1b
3 - p= T dt

) 8p = m(¥s - Vy) = F At
vhere V¢ = rebound velocity and Vi = impact velocity

Thus

Ap = w' Vg - (-vq) =F At

- . om(ve + vy)
Falba —£f° 47 _ 25 1p

At At

[b] CORRECT ANSWER: B

A satellite in circular orbit experiences a centripetal acceleration
a. = v 2/r. The gravitational force on the satellite of magnitude
GmM /r2 is the only force acting on it and the force must be equal to
the required centripetal acceleration, wvZ/r. Thus

My 2
G 1‘2' r

or

" v = G M/r




[a]
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CORRECT ANSWER: 0.75

In the horizontal direction, there are no.externali forces acting on the
wooden block or the bullet. Consequently, the initial horizontal momentum
of the bullet and block before collision must be equal to the final hori-
zontal momentum of the bullet and block after the bullet becomes embedded
in the block. Therefore, we can write that . .

mv o= (M +mV
where " 'm = mas3s of bullet ’
M = mass of wooden block
v = initial velocity of bullet "
V = firial velocity of bullet plus block
Consequently,
v e jﬁ_i;!&_v (1)

m

The fraction £ of the bullet's initial kinetic energy that was dissipated

‘during the collision can be determined by

- initial KE - final KE
: initial KE

e £
Therefore,

o lav2 1 2
2™ 701 + mV

3 mv2

Rearranging, we obtain,

o (42

Now we can insert the expression for v from equation 1 into equation 2
to yield, : )

.fnl—(-——M.*m)( Vm )2 s
. m M + m)V

2),

gextvpage
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continued
or
fo M
M+ m

Notice that this fraction does not dajend upon any vélbcitiea. Substituting
the known values we obtain

f=0.75

[a] CORRECT ANSWER: 32 ft/sec B - -
Using the principle of conservation ef euergy, the speed of each particle
Just before collisien 18

um=s /2gh fgr both
. \ \\
Applying conservation of momentum, we obtain

. momentum before collision-momentum after
collision

2y’ = 2mV

where V = speed of combined
mass after colligioﬁ

Hence ‘ -
v = Yu _ /2gh ) (
2 V2

N

V= /G = 32 fr/sec

P




[a)

[b]
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CORRECT ANSWER: B

The gravitational field strength inside a spherical shell of uniform
mass distribution is zero. The cuter shell, therefore, will not
contribute to the field at P.

The contribution of the inner shell will be the same as if all of its
m2q8 , m,, were concentrated at its center. Thus, the magnitude of the
fieid at P 1is . , .

v = Gml/rl2

CORRECT ANSWER: C

In the expression

GmM
ReZ

F=

»

m clearly stands for the gravitational mass. On the other hand m'
represents an inertial mass as g is given as an acceleration and (2)
is merely a statement of Netwon's second law.

3
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[a] CORRECT ANSWER:

0.25 m
) ——x——>j¢ -x——
| ! 1
' O———— ')
kg R P F 9 kg

Since gravitational forces are attractive thé point in question must 11e
between the two given particles so that the respective forces on the third
particle are -equalin magnitude but opposite in direction. Let this point,

- P, lie & distince x from the 1.0~kg particle. Then
G
] - o3
1 x2
and
> Gm m
IF,|

We must have
-+ > .

. -»> -
F] bl -F2 or IFII - 1F2|

Thus, .
Gm m Gm m
- 23
xz (1 - x)’z .
or .
mi._ 1
mo X (1 - x)
or . '
" Ez
, m X -_1 -x E
Pinally, — T

1 1

- o erme—— . .2
Y-~ o Rt

that 1s, the point in question lies a distance

9

ERIC o

x = 0.25 m from the 1.0-kg particle



