S g

G

g













e BTy
— 7 g Y
- v ~N .
L ANl 1lC. yr B wal g yEP C J
*\.,.w'/ s Rt
T A
L g 4
I8 A, B, and €, bave synchronized clacks and are
t ta @aﬂn other. Thev are 1 lt. vear apart. ag

indth,w . AL - 0 an A's clock, a rocket ship R whizzes by
A at &4/5 . At this same time A launchee a ship toward station
wich velocity /2. At time 3/5 years in the ABC reference frame,

another ship leaves statien B headed for station € with velocity

Ty,

i

@

(1a®]

a) What ie the distance from A te B according to observers om RY

b docording fs B, which etation, A or B, launched a ship toward C
£irst? - How much earlier, according to RY

ey How lape does A's ehip require to traval ta € according fo Als
. =4 ° - ]
clacks

& taw long does A's ship require to travel to ¢ agcording o B's
clock?

54 )l
o vl o oo

-~

'M-’S.I‘ii‘.‘» I )

An wlmctron (mass .5 Mev) is at rest in the laboratory. It is “setyruck”

by a phetao hQVIn% energy 1 MEV. The phaton meves off with reduced

Gnersg 1, B ar a 607 apgle end the electron move® in the direction &, as
indic ak@d; with momentum @Y. Write dawn the thrse simultaneous squations
from which # ., §v ., and ,jﬁ may be calculated. Actual selutison of the
sguations will nat be necessary.

i M in
o

e ¢ ey

i 4 . Sl
A pacticle with mass Mo~ = 1300 MEV decompeses inte two particles each
“
6f mass me = 250 MBV. Find the momentum, total eénergy. kinetie energy
and speed of each af these particles in the rest frame of the 1300 MEV

iavticle.
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PRYSHCS 2 PROBLEY

i fhe transformacion equations for velocity start at the bottom of
page 41 of supplement VI and continuc om the top of page 42.
Momentum is defined in the middle of page 50, and (ctal energy
is defined in page 54. From all this show that the transforma-
tion equations for momentum and enexgy have the same form as
thnge for coordinates and time, and are, in fact:
« vil/c
& px [ ) d
!-)v B e ‘-:—g i = p, 9
i 7, 2 Y 4
B 1=V ,,VC
15, s W =Vp
= § P —
4 P,o W e
glnv /c
1%, A straight wir@cheving mags J/g per unit leogth, lles along the x axis
from -2 +2¢ . Find a formula for the gravitaticnal field strength g
as A qucrign of 1, the p@rpend‘cular distance to the wire. Do by direct
integration and chack by Gauss' law.
Telstar 11
16. & IThe prese reports the following relevant data
abcut the orhit of Telsetar ¥IX:
centor 2F ganiin
P i r, = vazimum distance of sace7llg from
P =1 i " center f earth = 17.2 10° meters
S )fayf ' r, = minimum distance of saﬁ@llige from
N A
center of zarth = 7,34 x 107 meters.
Lot v, and v, be fhe zpeeds of the satellite at points Pl and P . Write
(ﬁ) dowm twe equations which, when sclved simultanecusly, will determine v,
and v, in terms of the known By and r,- Thess equationg may alﬁf -
involve -

-1 A P ‘ A
W o 6,67 x 10 mtumgykg and M = mass cf earth = 5.98 x 10 'kg.

will be unnecessary, because of time limitaticons, te actually carcy through
caleulations. The two equations, properly labeled

cr boxed, are guf-
foiant AnSWare.
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eonstrained ta move In 8 plans Uﬂduh

Farticle 1 has 2 mass m and 1s inie

(*) y-ax y m. Particle 2 hag 2 maes of Jm and ;
on the x-axis att x® = 4 om.  Fartiecle 1 hag apn initdal dewoward V@lﬂg\rv

dir¢ectly toward tha ovigin of 4 cmfsec, and particle 2 is dnitially ar
ragh. fthe particles repel sach a lor with forces depending on the distance

betwign them

a) Caleculate the inltial coerdinates of the center of mass
«f the twe particles.

b) What 4s the initial welacity of the center of mage?
Q) What are the coerdinates cf the center of mage at £ = 20 gec?

a) 1€ patticle 1 crosses the x-axis at x = -3 cm when € ~ 2 sec,
what are the coordinates cf particle 2 at that time?

19 it
%3 38 et
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the problem ig ro launch a projectile from the surface of the earth o
the meom at such a epeed, V_, %hat it arrives at the surface of the moun
with the least possible speed, Vf To simplify matters, you may assume
that the moon and ecarth are eubstantially at rest, that the projectile
path ie aluapng the straight line connecting the centere ¢f the earth and
mecn, and that thers is no f£riction. Compute beth WG and qu The:

data dn MKS unite 1g;

P
10

i

2

V[‘5 = 5.08 x 10 . Moo= T7.34
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EJ dir two siansts of zqual masece Y oand gadi? R, a distance D

aneasured betwagn contere). Frove that if a u&fw ot is £
from the surface of ong planet to the other aleng the line ﬂF CONLETS
rthe projestils will have its minimum veleclty at a peint halfway

hetween the planets

V. R N

0 )

i R I et
digure 1.

» oblget indicated is a very lomg cylinder of radius b

ahdform d@nal&gjﬂ & cross-section looks like Figure 2.

the gravitaticnel field strength g at naintg v > b and at
alita

3
r< b Give a qua 14eative plot of lgl . Neglect "end sffscts'

Mote: We strongly recommend
the use of Caues’ law. Fipure

The figure shows concentric spherss of radii Ri and

Rz. There is no material within Rl’

between Rl and R2 is filled with material of constant

density ./ . Find ths gravitaticnal field strength
" as a function of r, the distance, frogl/v = 0 to
r = Qf - Plot your resulit qualitativel

J?"(‘—k.%)/’

.@: | ‘g’«o Or£R, %
lf‘ /"M) R < r <E,

((,f”’(kﬁ k7 R( | g

but the space




13 ¢ beg placed ip a circular orbit at an sltitude of 6

ne 7 earth radii from the center of the carth.}
2-gtage rocker  The firet twa stages place the
irle in a minimum altigude clycular oxbit. (For practical purposes,
radiug of this orbit is aimply the radius of the eacth } By a ‘
tradled saries of firipgs, the third stage putes the etaticn inte thg
ired clrcular orhit

a) Lot v, be the speed in the minimal orbit and v, be the spesd in
they = fimal arbic and calgulate the ratio © vﬂjvl,

lat b be the radius @f the earxth, M its mags and m the maes
of the space station Calculate the work demz on the space station
v the third-stage veocket. {In terms of b, M, m, and G.)

3
In the picture, M is the mass of Juplter
e i and m 1s the mass of one of {its satel-
o ' lites. ™ >.m, so the motlon of fuplter
4¢”’ ib may be neglected. Use the indicated polar
Y a& coordinates.
74 &%
; e 9 : ,
g“” s A o a. Write the law of conservation of
% M { angular momentum for the system.
A
wﬁk bs Assume that the diatgncm'ﬂi = b, and
M, I~ rhat the distance M8 = b/2. If B =gl
e vhen m i3 at A, find 8 when m is

at 3.

c. Write the law of comservation cof energy for the system. (In general,
not under the special agsumption cf part b.)

d. Reverting agaln to the special aswumptions of part b, find the total
encrgy of the aystem in terms of m, b, and g . (o Q@;Mj
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2

o spheras of maseue 47000 gm and 200 gm and radiil 12 om and 4.0
neot r fixe c¢ with thelr centers 100 com anart. A

om

icining their centers 30 rm £rom the center

8EC .-

ay he acting an thiz bedy are the gravitaticnal
ractlona : two ephores, what will be the fnirdal
aca@iﬁzazﬁc; P¢ the body when 1¢ is released?

by What will be the velocity of the body when it reachss the
surface of ong of the spherss?

An T8 M. € racket which has used up all its fusl 1e falling freely

toward the newly discovered plapet Muddo, which furms out to be a
19

o

hemogenecue Lhin-walled spherical shell with a masg of 2.0 x 19
and a radius of 4.0 x 106m The rocket is moving with a speed of
10 m/gec when it ie 5.0 x 196 m. from the center of Mudds. If it
happena *o kit a hole in the planet and passes inte Its interior wit
teuching anything, what will be ite speed when it 1¢ 2.0 x 106
from the center of Mudda?

kem.

thou

€
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29, The follawing cquations dssevibe two different veleclty fialds:
= N , )
e Uy, = }%ﬁ-m&y} # i(-xty) + k{-2z}h ‘ ]Zja
1 "! ( }):‘ {B,):) =
S 7 nr » / \ . Z)
LW vz = }%&(Zy} 4 jM(2x+32} + k{By{} fo%;xiﬁ%z;}q abﬂ -
tm both cases, ,A ie a cqnptant with dimensiaons twl,
al One of these fields is iryectational. Which? Shaw your proef.
b) Find a velecity potential function, $?, suitable for the
irrotational field.
¢) Caleulate the divergence for each of the fields, V, and V,.
‘f"'f \w .

s 'rmz‘-"'"‘—"w

A camet, having mase m, moves in ap elliptical orbit about the sun.
its point of clesest appreach to the sun ig b, and at that peoint the
total mechanical enexrgy of the comet is

Ry
1001 b °

where M 4s the mass of the sun. Find x, the maximum distance of the
comet from the sun, in termg of b.
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&

3t A particle of mass m moves under the action of a central force given by

?’: = ‘.-.-‘;? cm,:’%

1

where € e a constant and T, is ths usual unit vectar.

a)  We let the potential energy associated with this force be zero
at v = 0, What iz the potential energy for arbitrary v?

b}  For what fotal energy end angular momentum will the orbit be a
circle of radius b? (Answer in terms of C, b, and m.)

©) What is the period of this circular metion?

9
32 Given that ¥ = Vf and that P e zsg ¥ Yz + 2 . Find:
a) 3 |
H) diwy ??

o) Curl ‘\?

i ¥ af where s i a curve commecting point (1,1,1} te polat
(2,3,4)

23, V) ~ speed; By ~ PIEsaUEe
v, = sg.egggd_, U, < Dr&ssuré

2

Al” A2 = grage-sgctilon areas

xl’ 3(2 = distances £luid mavesr
in time A €.

N7

A,
&
l

N\

With reference to the shove dlagram, derive Bernculli’s equation for
the case of non-visccus, incempressible flow. The demsity of the

£fiuld if:f ;
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The flow of the idzal fluid (o the
cylindrical containsr 1z describad by

- =5 )
Y = ?_a‘lvo B Vo{mi sdn & + j cos Q)

oy clrd ik

o]

i
: 2. 2
‘; X 4y
: v .
* 4 } } where V_ 1s a constant. This descriptien
. A implies ~ that the linear speed of the fluid

ie the same at all peints. V dogs not

depend on Z, P 1s a constant in space and

time, and AX = 0.

ot
a}  With reference to Buler's equations, calculate f(m\?)ff

Phyetcally, this is the applied field necessary te produce the Llaw
described. Caleulate it in both rectangular and cylindrical ce-
ordinates and show that they agree. The result, particularly in
polar coordinates, should Look familiar ta yeu.

b}  Show that the /2 and ? described ave consistent with th
equation of continuity by a direct calculation of div (W) B

@) . Calgulate the curl of the field found in part a, and, on the basis
of the calculaticn, decide if the field is comservative. For this
part of the kalculaticn, rectangular cecordinates are sufficlent.

15 A wooden cylinder of unifcrm cross-sectional area A s weighted at
one end g0 that it flcate vertically in a liquid of density f-
The length of the weighted eylinder is L and its total mass is M.
The cylinder iz pushed down eomewhat from its equilibrium position,
though not tatally submerged, and then released so that it bhobe up
and down. Derive an expression for the peried of this mution in
tierms of the given quentities.
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indicated is a cublcal tank of <=dge
1 metar, which 1s filllsd with water.
The top of the tank is completely

=l 2

closad, except for a pipe ©f 10 m
o cross scction which expoeses the water

in the bex te atmaspheris pressure

A
(lO'ntamZ:rn

a) cCalculate the total force (due to

water and air) against the side of
470 the tank marked A in the picture.
4% The density of water is

- 103kg/n9w

b} The pipe is now £illed with water t£o a heighc of 2 meters {(above the
top of the box). Find the amcunt by which the force againet side A
has heen increased, and

increase of force against A

') ralculate £ 0 R
o alculate the ratie: wedght of added waterx

“ud

[ e
,.._...---—,Vo :

A dam of triangular cross-section is h mcters high and X meters thick at the
hase. The density of the coencrete is f>’and that of the water is’O . (Practically,
e asp)e

Find the ratio hfx_ in terms of @ and.IP'sunh that the dam will ijusi vemain in

slace when the waber comcs Lo the top.

y {Assume that the dam is free to turn about an axis parpendicular'tn the paper at
Kq) 0. There are nc cther "pine” along the base x )
o
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A8 A certain dam is 20 meters high and 30 meters wide. The water in the
lake behind it comes just o the top of the dam and is clear for a
depth of 15 m. The bottom 5 0 meters of the laks, however, iz mud

which is watery encugh o act as a ligquid but has a dengity cf 2.0 gmﬂcm?
What, 1z the net force on the dam dug to the water and mud?

(X}
a2,
220 P iR R g ‘-«,.:_-p-aq $ 4
i ol A
§s (74 A
i .
¥ ; o poA
e . /7
| g~ v ‘ s / ¢ & - |
\ S Gl , o
f" . ’
- ‘ S ) N
f b
i A S SLE ¢
s ‘\1a-'vr.~.¢-0.' P et ctied

A plece of cork {volume V, density f’} is attached by a string te the bottom
of a tank containing water (density fg). The tank is given a constant
aceeleration a, to the right. After a time the curk comes to
regt relative to the fluid, and the string is at some angle ’9 with the
vertical.

Find.1§9 and the magnitude of the temsion in the string in terms of a,1° y
ﬁ_ 2 v 3 and go

{There is more than encugh water to keep the cork submerged.)

4G,
of tiwe t = 0 the jindicated cylinder,
height W and cross-saction A, Is filled
e with a liquid of demsity /2 . At this time
p, a hole, of cress-section a, 1is made in
the bottom of the cylinder. Find the raie.
¢ ¥, at which the surface of the liquid
...... lowers as a function of vy and the sprci-
: b R fied parameters.
~ \::;:_%

N -W%




A problem commonly found in mathematics booke states that the flow of filuid
from & small hole ip the bottom of a tank is proportiecnal te the amount of

fluid left in the tank. Show that this statement cannot be true for
incompressible ideal flulds flowing from rectangular tanks,

The deneity of a star may be roughly represented by the function
j’m:cir. where ¢ 18 a constant.

a, Find the gravitational ftold,'ﬁi for points r > R, where R is the
radius of ths star.

b. Find g for poinrs r < R.
¢. Find the pressure gradient, ¥ /, which must exist luside the star to
prevent it from collapsing. In thig part assupe that the stellar

material is not in motion; that is, that }/ = 0.

d. Find the pressure, P, as a function of r, inside the star. Assuw
that P = 0 at v = R.

Note: The gradiept eperator, im spherical coordimates, gimplifies &o'?;
in cases where no angular dependence is invelved. ‘

Il

oo

dr




TVSACS 2 PROBLEM BOOK

A pleton meving in a cylinder of 10 cm radius
foreces wator cut of a nipe of 3.0 cm radiue

that hag its opening 100 cm abave the cylinder .
the watey 1s eiected from the pipe at a veleclty
of 80 em/sec. lgnore viscesity effects.
A} Whar 1s the velecity of rhe pileton?
. /@@@Wbe

b) What is the pressure of the water

in the ¢ylinder?
¢} What is the vpower cutput of the ﬂ/

machine which is driving the
piston?

s cylindrical centalner has a water tight piston fitted to 1t that
rosts an the surface of the liquid. The cylinder contains alcohal

™ : :
stﬁ .82 5“5 ) rand has a ¢ross gectional area of 100 cm
om

b

The

nigton resting on the surface of the liquid has a mass aof 1000 gm

258 2

Ao s ommes

(&

A small tube (eross sectional

ag shown.

S

are = 00.3 cngﬁ is attached to the cylinder

e e

[

[

a}) What is the rate at which alechel flows out of the end of the tube
when the plston and upper surface of the liquid Jig 15 cm. higher
than the end of the tubs open to the air? Ignore viscosity effects.

b) At this time what is the pressure in the horizontal secticn of the
fubey

c} 1f on the open end of the tube we replace a very short section of the

tube with a piece of tube of 2.0 cm? in cross secticnal area (as
shown in diagram (b), will the rate of flow of rvitohol he increased
by a factor of four? IE it will, explain why. If pot, why do our
equationse give the wrong result? Be very brief.
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A rad. length,é’, crose-section area a, and
demsity A is immersed in 2 liquid of demsity
s/ and plvoted at 0. Neglecting small
offects, find the perioed of oscillaticn of the
rvod for small angles 8.

Notes: M > 1. Moment of inertia of a rod with
respect to its center of mass 43 1 mé?
12 )

A nlang ig refueled at a rate of 240 liters per minute ueing a hose which
has an internal cross-sectional area of 80 square centimeters. The hose
is conpected te a mump 1 meter above the ground. Gascling with a density
af 700 kilograms per cubic meter is delivered to the plane at an elevaticn
5 meters above the ground thyough a nozzle which has an intermal crese-
sectional area of 20 square centimeters. Calculate:

al The velecity of the fuel in the hose at the 1 meter level

ngar the pung:.

h)  Fhe pressure in the hose at the same position as specified in parf a)

@

Y/
R /42

Ve

b}

A solid wooden cylinder, having cross=sectien
area 2

S =20 cm,

height h = 10 cm, and

eeoe

. .3
I densicyf f2 grams/cm

floats on a fluid of densicy‘/‘)gramsfcmg
in the vertical orientaticn indicated.
The cylinder is depressed so that its

upper surface coincides with the surface
of the fluid, and then releagad.
Neglecting viscesity and surface tension,

I £ind the maximum speed of the cylinder
during its subsequent mction.
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58 A laver of water 13 floating on top of meveury A oylindrical block,

-y

axis vertical, of metal of density 7.30 gmicm3 and length 6 00 cm i
fleoating sc that its upnmr end preiects 0.945 cm above the upper surfacs
2f the water When eil to a dw th of 1.00 cm is poured on top of the
water, the top of the cylind 1@v.? with the upper surface of the

~11 . Deneity of mevcury is 13 6 gm/ em” .

P)

; Find the thicknoss of the watexr layer.

ety

]

hy  Find the deasity of the ail.

a3 L fE RigAT"

e (30 ) ) )Y YY)))))

2
Fhe metal bar has cross-section ares 1 cm , length 10 meters, demsity
I 2 2

.3 1 2

] prams,/cm’, and V = 2 x 10 dynes/em .  The bar rests on a horizontal
9
fricticnless platform. The impulse F At i delivered. F = 4 x 19

-l
dynee and € = 10 ~ sec.

a2 Caleulate the velecity of the resulting leongitudinal wave pulse.
When will the right end of the bar start to move?

by Meglecting thermal motien, what is the velocity of the particles
wor lamina) participating in the wave motion?

o) 1€ 1,/200 of the tohal energy of the wave pulse is eventually
transformad intce translatiocmal kinetic energy ¢f the roed as a
whale, how fast will the rod be moving?

59 ic ig known that deep water waves consist of twoe cemponents. Ome com=
anent ie transverseé and the other longitudinal. These components have,
hwna1 amplitudes, frequencies and velocities, and differ in phase by 20",
Typical data om a great wave might be:

speed A7 25 meters/see
wavelenztl 27300 meters
amplitude 4220 meters

ay  Prove that the "particles” or fluld elements constituting such
a wave move in cireles.

2y Calculate ths speed of a surface particle, assuming the above data




The gravh represents a spapshot of a sine wave traveling in the ¥ x directicn
from a source of frequency 100 cycles/sec. The y eccoordinates are in
miliimeters and the x ccerdinates ane com.

a)  What is the wavelength?
J  What is the amplitude?’
o) What. i3 the velecity 4f the wave?

Ay Write the equation describing this wave, putting inte it the
valuss veu have calculated in a, b and c.

e  What 1s the maximm velocity of a perticle in the striag?

The diffevential equation for waves traveling in a certain medium is

)2 )2

gﬂﬁ%. =25 2%

" dx
whare = and y are neasured in meters and & in seconds. As a ginuscidal
wave moves through this medium in a pegative % direction, the particlas
of the medium oscillate with a frequency of 5.0 cycles per second and an
amplitude of 0.001 meters.

a)  Write the general displacement equation for this traveling wave
{not the differential aquation above), putting in the numerical
values sppropriate te this particular wave.

b) Prova that your general wave equation (as set up in part a) 1s a
valid seclution of the differential equation glven above.

-}  What 42 the maximum veleocity u of any particle in the medium!

4y At £ = 1 seccond what will be the valuea of = for which the
particle velocity wus iz a maxioum (um or :um??

) At € = 1 second whatt is the phase difference between particles
in the medium located at By = -2.0 meters and %, = =3.4 meters
respectively. 3
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whe displacement of the air molecules in an open pipe of lemgth 60.0
centimetera s given as a function of positien x (in centimeters) and
time £ (in secends) by the following expression: .

vy =y ©08 §%§ sin 1600 At

2

whexe = i mecasured from Q;C of the open ends of the tubs.

a) What 1z the wavelength of the wave?

hY  What 4s the speed of the sound wavé in this medium?

o) is this wvibration one of the haté@nica of the tub@é Lf so, which?

) How many pressure nodes are present in the tube and where are they
' lecated? Use a dlagram fie illustrate your answer.

A tube, 1,10 metexs leng, i3 clesed at one end.
A stretiched wire is placed meay the open end. o= 0
The wive is .22 meters long and has a total mass “
nf .0096 kg. 1t is fixed at both ends and vibrate i}
transversely in its fundsmental mode. It sets the Pv
aty column in the tube Into vibraticon at its funda-
mental frequency by resonance. The velecity of 2
o 5 Yy y 7 )
sound in air is 340 meters/sec. Calculate ‘@%;kb
5 :

>
&
3
©

a) the freguency of ogcillation of the V 0
alr column. 5~

A

b} the tensicn in the wire. } ===y
ke
)

A tube closed at both ends is 4 meters in length. ?%

{swe figure)} The tube is fllled with hydregen

zaz at 0°C temperature and 1 atm-pressure. A small :
: (3 P r 3 ﬁAﬁ‘gﬁ‘

vibrateor is located within the tube at point V va
(therefore making it a displacement anti-node) 3 te o
meters from cne end. This vibrater cap be made to

asacillate at controlled frgquencies.

a) What 4s the lowest applied frequency for which a resenance cendition
may b2 achieved in the tube?

by What is the maximum pressure variation that will be experienced in the
tube if the displacemsnt amplitude of the standing wave is 1 x 1076 motere
when resonance ie first achieved {for the applied fraquency found in parf

oy At what positions in the tube will these maximum pressure vibrations be
encountered?

dj What is the next applied frequency for which & resenance candition
may he achleved in the tube?
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56 An analyais of changinrg electiric and magnetic flelds in a
fo1lowing differential equation for the electric field E

W’ ¥ - i L €. L

vhere 4 ie the permeability and . the permitivity of the medium. From
this equaticn. what would you say is the velocity of electromagnetic waves
moving through the medium?

=7 Jwe vielin stvings of the same length and same lingar density are adjusated
until the first string has a tension of 20 gmf and the second string has a
sension of 500 gmf. When the first string vibretes in 12 segments (11 nodes
nlus one at each fixed end) and the second string vibrates in two segments
{on2 nede plus ope at each fixed end), the twe sounds give vise to 25 bearg
per sgeend. Calculate the frequencies of the twe stringe.

[#Y

The piloture represents a string, practically fixed at both ends, vibrating
in the manner indiceted by the stamding wave. The data:

length of string = 2 moters

linear density = .01 kg/meter
tension = 9 newtons
amplitude s 4 x 1073 meters

a) colculate the wave velecity, the frequency, the wave number, the
angular frequency, and the wavelength.

b)Y Write down the equaticn for the standing wave putting in the
aumerical data.

¢} Calgulate the maximum sarticle velecity.

4} Find the maximm pesitive value of the slepe of the string at
ite midpeint:.

2) Write equations for the progressive vaves of which the standing
vave is composed.
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A pair of charges, each +gq coulombs, are fixed at y = +8 and y = =8.
A particle of mess m, buaring charge -q, is free to move back and forth

along the x axis. The eifects of gravitation, friction and radiation Ry .

damping are to be neglecied.

a; Find % as a funcrion of x and the parameters q, %, m, and s.

b) Find the peried of the wotion for the case where the maximua
value of x 1s much less than s.

¢) WYsing the formula derived in b), compute the period for the case

where 8 = 1 Angstvom, m = elactronlc mass, + q = proton charge,
and ~q = electroyr. charge.

30,

Civen 4 spherical, concentric, nen-conductor sheils having radii by 2b, 3b, and
4b.  These shells have wniformly distributed charges of +q, ~Zg, +3q, and
vegpect ively. Find the electric field strength, -E, as a function of .

Plot it <= carefully =- fromr = 0 te r = go.

"zq @

bag
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A slectron beam (q = =1.6 X 10‘19 cowl, m = 9.1 x 10‘31kg) is prejectsd

with a velocity of 40" meters/sec between the deflecting plates ¢f ap

2

wocnlluscune botwien which there i am 2lectrie field of 194 velts/meter.
The plates are 5 cm long and are lacated 20 cm from the flucrescent
goreen  what is the deflection of the spot on the screen’ (neglect
gvaview) What iz the kinetic energy of the individual electroms upon
entering the electric field? What is their kinetic energy after they
have pageed through the field?

(Note: Eelativistic effects ave negligible in this problem. )

62 An #nsulated metal sphere "A" of

— radfus b and excess chagcge of &g is
concentric with an insulated metal
epherical shell "BY of inner radius
2b and outer radiug Ib. The spherigal-.
ehell has an excess charge of ~3q.

Determine the clectric potential and

the electric fileld intenslcy vector

as a function of distance from the
centex. Plot these from v = 0 to

r = 4b, Deacribe the charge distributiun
on both "A" and "B, '
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PHYSICS 1 - 1965-66 1.
PROBLEM BOOK I.

Problem 1:

TRUE OR FALSE (T or F)

a. Bodies in equilibrium are always at rest.

bo x.‘ﬁ A 10-1b. force may preoduce a greater torque about an axis
than a 50~1b. force about the same axis.

When the vector sum of the forces aciting upon an extended
body is zere, the object is necessarily in equilibrium.

-
—
g
d. el Three forces of 3, 4, and 10 lbs. act through a single
peint. 1t is possible to arrange their directions go that
they will produce equilibrium.
e. E ix koj =1
[__. = -The vector ~=— where , M4/ ;200 is a wnit vectox.
| Al '

If the gcalar {(dot) pred:ct of two wumit vectors is 1, then

.go
! the vectors are mutually pevpendicular. -
he L;Ei,g Tf the cross product of 40 non-zero vectors.is zere, then
' the vectors are mutually perpendicular. -
F_ %« 23
) - )
) AxB+8x2=20x%x8

(24 + 37 < 4K) = (20 ~ k) = ~31 + 6] ~ 6k.

A uniform door, 6' wide and 3' high,
welghs 60 1lbs. and is hinged at A and
B3

hinge, 2 wire €U is comnected as

]

o relieve the strain on the top

indicated. The tension in €D is in-

creased until the horizontsl component

0of the force exerted by hinge A is
y 18

zexro. When this dis the case, the force

exerted by hinge B has no vertical
companent..
Find the magnitudes of the forces exerted by the wire B, the hinge at A and

the hinge st R.
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0P i a 15 ft. pole of negligible weight held in a vertical pesition by the
forces Fl” ?,, 3 and A ?1 and ?2 are tensions supplied by cables attachéd
at P and having the indicated divections. The force ﬁ acts at Q, the
midpoint of the pole, and has a magnitude of 800 lbs. The horizontal com=
ponent of Q makes an angle of 30° with a line drawn through the polum: Q
parallel to the X axis, and 5 iteelf 1s 450 above its horizontal com-
ponent. Nothing 1s known about A except that it is applied at the origin

of coordinates.

Find !ﬁl!, ]fél, and A, Write veour answer fov X 4in the i, 3}, k ‘orm.
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Problem 5:

v3n

The uniform square plate OABC is held

in a horizontal position by hinges at O
and A and by wire 3D. CA = O = 2
meters and the weight of the plate is

1000 newtons. Xt is known that the y-
component of the force exerted on/théjplate
by the hinge at 0 is equal to zero.

Find the tension in the wire and the

forces exerted by the hinges.

Given two vectors, A o= 51 4 6j-k, aud B =21 + 23 + 4k, perform the indicated

operationg below and express your answers in terms of unit vectors where

applicable:
i
ab &
b. A
e A
a. A

Problem 6:

%

B

]

€

ol WA
B

A =2 4 .8
Given 2 coplanar forces, F,, ¥., and §, acting on
‘ 1 2 3
the point P as shown. What are the magnitude

and divection of the resultant vectox

"1

P = 2?1 = B + fé +-§g if ‘ﬁzl = 10 newtons = ]ﬁé‘

@)
and |F,l= 20 newtons.
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Problem 7:
_ A carpenter's "square” 1a wade of a uniform
f;7ﬁjt§;;\ material, and consists of a 3" arm and a 4
//, S arm forming a right angle. The device ip

Nail :
hung over a nail (no friction) as indicated

and comes to rest when the 4" arm makes an

- e —— -

angle € with the verticle. Calculate €.

Preblem 8:

A homogencous rectangular bar of
length L and mass M is sus-
pended horizontally by a string at
one end O, and by a frictionless
hinge ac H (with an axis perpendi-

cular to the plane of the paper) at

the other, The string goes over a

frictionlesa, massless pulley at P.

a. Find an expression for the mass, m, which should be atitached to the
string in order to keep the rod in staiic equilibrium in terms of
h, L, M and g (g ia the acceleration due to gravity).

b. Find an expression for the magnitude of the force which the hinge

exerts on the rod.

Problem 9:
A block of msss m dis pulled along a

rough horizontal surface (coefficient of

N
T (vertical Pleac ) Erictiogﬁgg} at a constaut speed by
\\\\\\\ _ ' mzang of a string of fized length. The
\\\\ free end of the string moves vertically,
™ as indicated, se that the angle ©
- ?___ S increases as the block slides toward the
ézzga wall, Find T, the tension in the stywing,

as a funection of €, (The constenkts m, g
aanéz, as well ag the variable 8, will

appear in your answer,)
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Problem 10:

z Units: feet.

(es) (0‘8,“‘)

a! A weigbht of 64 lbs. is suspended
' in a hox as shown. The coordinates
of the weight are {6, 2, 1), and the
three strings are tied to the box at
(2 10 (6, 0, 1) (0, 8, 18) and (12, 12, 16).

//// Find the teugions in the strings.
The reference system is inertial,

by If the box were on an elevator
which was descending at 4 ft/sec.,
what would the tensions bel

Eaian ¢

(")o) “)

Problem 11:

==

//
o . /l
== yd
>
el
\/.,
N
h Y
N
NP
459,
4
) S
=
R

AB, AC, AD arxe the vigid legs of a tyiped. They have negligible weight. The ends
B, C, D are in ball and sacket joints so that the forces exerted at these points
are in the directions of the legs. A 1000-1b. force is applied at A, in a direc-
tion parallel to the =x axis. Calculate the forces at B, €, and P. (Vote: peints
B, C, D are 6 ft. from 0, and point A is on the z axis 8 feet above 0. xy 1s a
horizontal plane, and the coocrdinate system indicated is rectangular.)
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Problem 12:

The coefficient of kinetic friction for both blocks is .200. A = 1.02 kg,
B = .98 kgo The pulley is the usual massless and frictlonless one. Compute
the acceleration of A and the tension in the string. (Use g = 9.80 mfse¢2,)

Problem 13:

¢ ey e e £

When a motorboat heads north at 20 mph, the apparent wind is from 30° east of
north. Whem if turng west, the appavent wind is from 60° west of south., Find
the true wind velocity.

Note: the wind hag no effect on the velocity of the motorboeat,

and.thexe i3 no current.
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Problem 14:

70

Point P, moves around 2 circle of 2 ft. radius with a speed of 6 ft/sec.
Point P is comnected to P by the & ft. rod, PP", so that P! moves along the

X axis from X = 6 to X = 2 and back.

What is the veleeity of ?1 when8 = /67
8 = n/ﬁ?

Problem 13:

| Pa

o

N

What 1s the acceleration of P1 when

i QF r;c\r*’n’g\Q

T

o
gyt

e
X

at & constani: speed V.
answer will include the pavameters

e

e

=0

Find its velocity as
and

¥y

/f

A particle wmoves along the spiral 2" g;» starting at the ovigin and proceeding

ag a function of . gygur
and ® , but

v, the unit vectors T

will not contain sny reference to 9 or £.)
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Problem 16:
\(

(/j 400.300 melers

( veerical  Plane)
q = L% m/secl

o - S

8.

1t is desired to project a particle from the origin sc as to strike the point
(400,300) (meters). Many parabolic trajectories are possible, depending on
the cheoice of proj@cgiéh angle @, and initial speed Vi Find the projection

angle ¢! such that v, is a minimum. Neglect sir vesistance.

Problem 17:

angular spged (J radians/sec.

.40 @,  Compute LuJ.

relative to the cone.

(.) Problem 18

g = 32.0 £t/sec” o)

Tndicated is an inverted conme rotating
about a vertieal axis with constant

A particle
ig at rest on the inside of the conical
purface at P. There is no friction be-
tween the particle and the cone.
given that the cone half angle, o% s
equal to 30, g = 9.8 w/seec”, and OF = § =

It ds

The block has mass 1 slug. The coefficient
] of kinetic friction is .200. The magnitude
of the applied force T is 32,0 lbs, Find

the acceleration of the block. (Use

L
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Problem 19:

p— —
i
1
|
|
|
|
!

P

9.

A rod of length 2 and negligible mass is
hinged at 0 so that it is free to rotate
in the vertical plane between P and S
A mass m is attached to the upper end of
the rod. The rod ls held in the vertical

position and released.

Wear the start of the motiom, ik is evident

that the rod exerts a thrust (a force in the % direction) on m. At a

certain value of ¢ , this thrust is reduced to zero. Find this value of

¢ , assuming that, when ¢ = 0, $ = 0.

Problem 20:

|
Y!

,{.‘__——- A metevs
1

|
éi\

A charged particle is injected into

am evacusted box at peint © with

Ae
oA

o

)

velocity v = 107 (1 cos @ + j sin Q)
in meters/sec where O = SQQQ Tk
emerges from the box at the peint

2

x = 2 metexrs, J = 1 meter with the

v@locity-ﬁo—: U (i cos B + § sin BJ,
=27

where p = 10° and U is not known. The mass of the particle is 1.67 x 10 kg

Faroughout the time it is in the box, the particle is subject to a force having

congtant but unknown direction and magnitude. The effect of gravity on the

particle is negligible.

Find the magnitude and direction of the unknown force.

The initial conditions for the motion

Problem 21;
Y i
R >
]
o A '
) = i
o \;

. o
are given by Ve = 1000 fr/sec, ¢ = 2.0,

.4\
VY\‘J

X The forces to which the projectile is

subjected in flight are its own welght and a force of F = ~i(-10) 1b. Calculate
Note: 8in 2000 = .035, cos 2.0° = .999, tan 2.0% = .035.

the range.
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Froblem 22:

With reference to the dlagram M = 10 kg and
m = 1,0 kg. The coefficient of static friction

T between m and M ia .40, and the coefilclent
m of kinetic friction between M and the floor
T ig .20. Find the maximum horizontal force T
™ which may be applied to M if m ig not te
slip.

Note: in this problem it is assumed that M is already in motion with respect
to the floor, se that the coefficient of static friction between M and the
flooz does not enter the problem.

Problem 23:

A Mass m starts sliding at point A. At point B
its speed is 7 meters/sec. AC = 3 meters,
BC = 4 meters, AB = 5 meters.
1t is known that for some intervals em AB, the
coefficient kinetic friction 1s zero, amd that
(o - B for other regions it {8 .7.

Calling the sum of the first type of intervael X, and the sum of the second
type 5-X, calculate the ratio

.5
2-X
Problem 24:
v A To this picture mass m (4 lbs. ) starting at
o | rest in the horizontal position at the end of
4 ‘;\\ a light rod of length § , swings downward and
sy collides with mass M (100 1bs.} which was
// \ ipitially at rest. M swings up to the position
: ‘ indicated by ¢ = 2%, and m rebounds to the
position specified by €. Calculste 8.
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Problem 25:
% I
GO B /;:}':(‘*')

£ =k (~iy % ix)

S
Y
>
\‘( \

é{ al (x)
foo 100 *

A force T 1is described by T e k (-iy 4 jx) where k = 3 newtons/meter and
the units of x and y are meters, A body moves from the origin te the point
{1,1) while this force acts on it. The problem is to calculate the work done
by the force according to the path taken.

a) the straight line path;

b) along the x axia to 1,0 and thence by a straight line te 1,1;
¢) along the y axis to (0,1) and then by a straight line to (L,1):
d) along the parabola y = xza and

e) along the parabola y2 = Xo

RProblem 26
Mass m, with velocity i along the

/’ﬂ' X axis, strikes M which is at rest
> "7;‘ at the origin before the cellisziocn.
=] ..\.;26._. o Mags M breaks into two pleces,
\\1 Ml and Mzg which go in directions el
M2 and '92? while m 1s left at rest

at the ovigin. Measurement glves the following data:
B, =157, @, « 36°,

m= 1 gram, M = 10 grams, M, = 8 grams, O,
Calculate the ratie ef the final kinetic energy of the system to the kinetic

energy it had before the collision occurads

Problem 275

A projectile of mass m is fired with veleocity U at a putty ball of mass M
which ig initially at rest om a frictionless hovizontal table. The projectile
passes through the ball and EWETRES with velocity W/2. What fraction of the
initial kinetlc energy of the system was lost or transformed? Assume that

M/m = 4.
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Problem 28¢

v
(e

1 'M. Ma

s s A g R SN N i A SN g P IR mm.,), y‘_

The picture indicates twe boats vesting on the surface of a lake, thelr masses
being and , including passengers, but excluding a ball of mass m held
by the passenger in the first boat. Thls passenger tosses the ball to the pas<
senger in the second boat, who catches i, The horizental component of the
velocity of the ball is 4iu, and the vertical component is not relevant to this
problem. In answering the following questions, you may assume that m, M, ",
and u are known.

a) What is the momentum of the first boat while the ball is in translt?
b) What is the momentum of the second boat after the ball is caught?

c) What is the kinetic energy of the systen (consisting of beth beats
and the ball) before the ball is thrown?

d) What is the kinetic energy of the system while the ball is in transit?

e) What is the kinetic energy of the system after the ball is caught?

N

rd

r

A point mass m can move without friction
on a fixed eircular track of radius R.
The plane of the track is vertical. A
weightless spring, having force congtant
'k, 1is attached o m, the other end being
attached to a frictionless pivet which is

iy

fixed at a disxance‘g‘ab@va the center of

the track. The natural length of the

spring is 50 80 that it ig in its relaxed

state when” m is ac the top of the track.

a) What is the &eaﬂc speed the particle can have at the top of the track
and still go all the way arcund the circle?

Bb) if the particle has this speed, what force does the track exert on it
at the top of the track?
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Problem 30:

A car of mass m is constrained to mave ecn a hovizontal frictionless track.

A spring, constant Kk and natural langth,l?, is attached to the car, the other
end of the spring being fixed at a distance_R from the track. Let r be the
(variable) distance of the car from this fixed point, as indicated in the
diagram.

The car 1s released from a point T = T . ¥ind its speed as a function of <
and the specified parameters.

Problem 31:

b 4

2008200 087908.4

it M

PIL 20 T ORI 2 Ll ol (ALl LT L VISt VIFIIPI DD 2PV 07777777 7777777

A compressed weightless spring 1s placed between two masses which are tied
together with a string. The spring ig attached to M, but not to m. The
joined masses are then projected along a straight horizontal frictionless
track with speed v . Suddenly the string breaks. When the spring ig ne
longer.in contact with m, M is found to be traveling in the original
direction with speed v. It is given that

Py = 3.0 meters/sec- M= 10 kg.

v = 4.0 meters/sec. m = 2.0 kg.
a) Determine the final speed and direction of m.

b)  Determine the emexgy U that: was stored in the spring before
o
the string broke.
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Fraoblem 32: /

Sand drops from a hopper at a constant rate of Akg/sec ontc a conveyer belt
which hag mass M. Find a formula for the veloeity, v, of the belt. The
assumptions are that F_ = const, yhat, vhen t « 0, v = 0, and that sand stacks
to pour when & = O. Your answer should give v as a function of & and
involve the parameters M, ) and Fon

Problem 33:

A particle of mass my, initially at

rest at the top of a frictionless
circular track, slides down the track
and makes a perfectly inelastic col=
lision with a particle of mass o, which

had been at rest at the bottom of the
track. The twe particles then slide
on teogether and reach a maximum height
h, as indicated in the dlagram. The
radius of the track is b.

o

#ind a formula for h in terms of b,

ﬂﬁ andg Kbn

— e ——

Problem 34:

A "
_ % car, starting at A, coagts down the track,
\\\ AB, arriving at B with speed V. it com-~
presses the indicated spring €D 2 ft. befere
it is stopped. The data is
h
h = 0A = 40 feet
mzss of car = 10. slugs
.Nx*m a2 = 32 frisec”
" x\\\m spring constant = 640 lbs/fit

Mo friction along BCD
Calculate:

a) The energy expended in overcoming friction between points A and B.

b) The speed of the cax when it is at point B.




O
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Problem 35¢

/0
: \\{’\
: 6 \
" —-nw%———x.——. — ’(‘ iy, e ___.['\l}b. ——— i (e,

The plane of the indicated frictionless track 1s verticel, and the latter part
of it is a semi-circle of radius b centered at 0. A particle of mass wm
starts sliding at Q with zero initial velocity. At a point indicated by ©
on the diagram, the normal force emerted by the track on the particie is re-
duced to zero. Find 8, given that H/b = 53/4,

i
- e

- :
A particle of mass m 1s comstraiped to move on a frictionless civcular track
with center at O and radiug b. The plane of the track is horizontal. The
particle is attached to point R by a spring, whose netural length is 3b/2
and whose force constant is k. The particle is started at Q with %Zero
speed and allowed to slide around the track uader the action of the spring.
Find the speed V of the particle as s function of € and the paveaweters k,
m, and b,

Problem 37:

Tn the collision plctured in the
figure, mwass m impinges on mass M,
which was initially at rest. The
combined mase, M 4+ m, breaks into
two pieces of unequel masses. Ml

and Mz, which preceed ai unequal

i Dy =

vy i ol e speeds, in the directions indicated.

it is also koown that the difference
betwesn the initiel and final kinetic
epergy of the system is negligible and
that. Ml ig greater than Hz. Given

that m = L gvam, M = 7 grams, calculate
M! and M.
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Problem 38:
R ssssnins >
=
> M :.“.,il

A magsless and frictionless pulley is attached to mass M. A massless string is

attached to massee m, and , a8 indicated. There is nc friction between M and
the floor, or between M and , or between M and w,. A force T ois applied,
as shown, which is guch that m, and ™, do not “ move relative te M. Find

F, given oy Wy M and -

Problem 39:

inclined plame., After a projectile is fired
horizontally, the cannon slides up the plane.
L 2 The mass of the cannon alone is 100 slugs and
that of the projectile is 1.0 slugs. The
veloeity of the projectile (relative to the
earth, not the cannen), is 2000 ft/sec. Find
the distance the canncn slides up the plane
/// el before starting back teo the stop.

Problem 40:

“L.
| e K
(Vkr'\”'cu\ Xn § \\
P‘fw\& ) I K
i e
e ]

SR
j ! T
§

v e # =
‘ i

Mass M = 2 kg 18 on a frictionless hovizontal track. The wass is attached to a
spring, whese natural length 4g 1 = 1 meter and whose constant k is 8 newcons/
meter. | The mass ig pulled to the peint where x = 2 metexs and then res
leased, )
a) Write a first erder differential equatlion which gives the speed of
the mags as a function of =

oint x = 0.

2

b) Find the speed of the mass as it passes the

A cannmen cests agalnst a stop on a frictionless
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Problem 41:

TP' A mass m is suspended Evom the cailing\of an elevatox
| of mass M. (M does not include m. The total mass is
m+ M.) The elevator is being accelerated upvward by 2
known conatant force ¥. The distance of m from the

\

lm § floor is 8.
\
\

L
L~}
L
A
A
=
A
P

7r a) Find the accelerxaticn of the elevator.
S

TﬁLT"TTT”C
¢y 1If the string suddenly breaks, what is the

(Verdical acceleration of the elevator immediately
Plane ) afterwardi ;

d) How long after the break does it take m to
hit the bottom of the elevator?

b) What is the temsion in the string connecting
m to the slevator?

S T

Problem 423

True-Falgse., Put a T or an F in the space provided. In grading this A
question one-half of the number wrong will be subtracted from the number correct:
For example, 7 right, 3 wrong, would score 11 out of 20 polnts.

a) It is impossible for an inertial reference frame to be rotating
with respect to a non-inertial frame.

- h) The measured aceelereticngdyith respest to a pag;icular inextial
frame, of a particle is 3. Jt will alse be a in any other
inertial frame.

¢) The formula for the acceleraticn of a particle in polar coordinates,
namely

-

1 2\ y ‘ Lo s
2=% (r-z8) + 8 (218 & 9
is true only in inertial frames.

d) If one reference frame moves with constant veloecity with respect to
another, and one of them is inertial, the other one is also inertial.

B i

e) A space ship completes one orbit aboui the earth each Z4 hours.
Experiments conducted inside the ship will disclosg that ¥ = ﬁ39
where a is calculated relative to the walls of the ship, 18 as
accurate as it is on the surface of the earth, in spite of the
phenomenon of "waightlessness' .
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Problem 42, continued:

£) The kinetic energy of a particle, moving along a curve in two
dimensicns, is always a scalav quantity.

=Tzt

. g) It is impossible for the kinetic enexrgy of a particle to be a
constant, if the particle is accelerated.

h) In the space ship of (2] mees m 8 attached to a string of
length J? and revolved in a circle of radius% with angulaxv
velocity & . On the earth, a mass m is attached to a string
of l@ngth_gﬁ , placed on a frictionless horizontal platform, and
revolved in a circle of radius ¢ . The tengion in the string
is the same 1in the twe cases.

T

1) . The picture vefers to a projectile with
g mass m, the initial velocity being Vo“
= No air friction. Conservation of
Vo energy shows that
J -_— T T - =T 1, 1. .
- . N B o = ~
w?g.ﬁ“ mgyv.;zmvv 2mﬁ;ifo
%

(Verkical  Plaae) where ¥V is the velocity of the projectile

when its altitude is y.

. J) With reference to the picture and notation of question i),
io'vo = o7 throughout the motion. i, of course, is a unit vecter

in the positive x direction.

Problem 43: _
I Y (,8)
(Verkieal Plone)

(";\) | ke m

o - V¥

The mass m = 2 kg is held at the point (1,3} by strings anchored at QQ&l) and
{4;5) as indicated. The whole system is moving horizontally with comstant
veleeity iv.

a) Find the tensicon in both strings.

b) gp@ whole system is moving horizentally with constant acceleration
A guch that theﬂtenaian in the string anchorved at (0.1) is reduced
to zero. Find A and the tension in the string anchored at (43530
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A projectile of mass m has initial apeed LA and a projection angle of 60°.

When the prejectile reaches its maximum elevation it explodes, dividing into
three pieces each with mass m/3. Ome plece goes horizontally to the left with
initial speed u = 3 Ve The second plece goes straight down and hes the same
initial speed. The third takes off with unknown speed v im unknown
direction ©. Find v and & L is given.

.1.’3.;9-.

A bomb, which may be considered at vest
in an in