


{—) measurcment

{18)hssumine that the length of the Aay wniformly
increases by C.001 8 in a contury, ecalcoulate the
cunulative ( %’ %Y ) offcet on the measure ¢f tine
over twenty centuries. Such a slovinz down of the
earth's (rotation) is indicated by observations of
the oceurrenco (};?g' 7“’) of solar eclipses ( 4 ’5;{ ]
during this period. (answer: 2.3 O)hours)

{Z) vectcrs »”L% T26

(4) i car is driven east for a distance of 50 Km, then
north for 30 Km, and thon in a direction 20 . eass
of north (>¥4& 49 for 25 Km. Draw the vector
Aia~ram and determine the total displacemeant of
the car from its starting point. (answer: 81.0 Tnm.

§ =.79.6 north of east)

]

e s -— =3
{(T4)Three vectors are givan by a Ji +3j’- 2k,

—t -~ -4 —¥ —% — —3 ~=3 -3
b= -i -4 + 2K and ¢ = 21 + 2} + K. Pird (a) =a.

\*—-%-—v}«

N - 5 - -
oy bxe)s (M) a. (b+e), [c) A

_)\
(b + e¢) (answer:
" > -
{(a) =21, (b)="9y (c) 51 - 11] - 9K)
‘%) moticn in one dimension-—ﬁi;i«;ﬁ‘ PAG

(9, An electron, starting from rest, has an accelera-

tion that increase linearly with shin tize, that is,
1.




a = Xts the chancse in acceleration heing ¥ =.{1.5 m/sg)

. {a) plct (J2) a vorsue (prep %§ ) t during the
first 10.9 interval { ZRIE ), (b) From the ecirve (
We¥) of prat (a} plot the corresponding (¥ Re )V .

versue t curve and.ostinnte the electron’'s wicclty

f
b

5.08 after its motion starts. (c¢) Frem the T versus

$ curve .of part (d) plot the correspondinzg X .
versus t curve and estimate how far the electron,
moved durins the first 5.0s of its motion. (answer: -

(b):v =19 m/s, (g)_ X =21n)

(10) The position of a particle mowing &lbng thet

¥-axis depends on the time, accoreding to the relation

\(r
*0 -kt
X = ~—— (1 - y

ic which V 4 ad K sre constants. {a) plot a curve = -

of X versus t. Notice that X .= 0 at t = 0 and that
' PR ' ' B
(7 =v_, /K) atathat is. the total distance through

which the particle moves is V__ / X, (b) Show that ' /

the Veloclity Vx g givon‘by _ ‘ ; B

2




sc that the Velocity decreanses exponentially ('?égiﬂﬂ
with time from its initial (JRAWAY ) Valuo ot v, ,

coming to rest only in infinito time. (c) show that
T the acceleration ax is given by

= amt. X
‘%’ 1 ax h.\rx

g0 that the gcceleration 1z directed opposite to the

velocity and has a magnitude vroportional to the speod.

(@) This particular metion is one with variable scce-
leration, Give & plawsible (43 %A ) rhysicenl
«argument (%i?t}) explaining how 1t can take an- infi- ]

nite time to bring to rest a particle that travels a

finite distance. . _59

() motion in a plane Fdpd 34 P67

{2) A particle moves so that its position as a fune-

: ping P 27 =
. ticn of time is v (&) =1 + 4t7j + t K

(a) write expressions for its velocity and accele—

- . P
; [ O T S A
. Lo s L
1 v i ks AL, i Aniiiin

ration as functions of tine.

SPIYTCI

() what 18 the shape of the particle's trajectory?

{enswer: {(a) J6452 + 1 , 8. (b) y = 452 -?
(30){a) write an expression for the position veetor J‘fj
-* »

feg T
St p kg

T for a particle describing uniform circular




motions uSinz rectangular coordinates( W% ).
and the wiit vectérs 1 and 3*-
(b) From (2) derive vector nxnression for the
veloeity V and ths accsleration # . (e) prove
that the scceleration is directed toword the center
of the eircular motion. (mswer: (a) ¥X= rcoswr, y
= rainwt (h) Vx = - rusinwt ﬁ.’}; = ywsinwt -
{c) . -.‘-;ﬁ'- -1-.*2?)

(31)(a) Bxpress the wnit vecters U snd 0§ in -torms
of TV T and kho anzle € in Fig 4 - 31.(b) write
an expression, using the wnit veotor Eﬁi and ap. for

the position veetor T

A —
] Yo - -
for a particle descri~ /‘>(u,a y
bing wniform cireular . .- i (SRR

. motion and from it _ , \\/ Lo

derive Bg. -

-} -~
V A V‘ i1 Q e \ T . -
Fizgure 4 - ‘ 31

(33)A porticle moves in a

CE

!

plane according to ¥ --R_ginwt; I@J'Ht

Y = Beoswt + R

Y

whore w and R are constants. This curvel cenlled =a
cycloir‘i (ﬁgi ) 18 the path traced (&}% ) out by

4



( 39)

a yoint on the rim of a wheel which rolls without
slipoing alensg thr x ;'nxis. {a) Sketch (!g!i] )
the path. (b) Calenlate the inctantaneous velocity
and acceleration when tic particle is at its

-

maxinum a4 ninimum value of y.

( answer: (b) at maximm Vy = 2whR> Vy =0, ax =0
Ay = — RuF

(r) At minimun v, = 0 V. =0 ax =0 ay-= sz)

An airplasne has a spoed of 135 mi/n ( 1mi =1.61Km)
in still air. It is flyins straisht north so that

1t is at all times directly above a northsouth

highway. A ground cbserver tells the pilot by .+'is

radio that a 70 ni/n wind is blowing, but negl%eté
to tell him the wind direction. The pilot observes
thet in gpite‘of the wind ke can travel 135 miles
alcng the highway in one hour. In other words,

his ground speed is the seme as if there were mo
wind. (a) what is the dersotion of wind? {(v) what
is the heading of the plane, that is, the angle
between 1ts axie and the highway?

(ansver: (a) From 75 B oTo.  (b) 20 R of M.

substituting (1< % ) w for B gives a second

et

L

A o B 1 =

Y P ST
N - RN
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solution)

particle dmanics - (I)'fﬁﬁtp;}%— - (1) = F92

=

—
(4]
[

et

Termiinal veloeltye Tha resistance of the air to
the mction of bodins in free fall depends on
many facters. such as the s;ze of the‘body and
its shape, the deasity and temperaturs of the
air, and the veloecity of the body through the
air,. A useful agsswipiion, only nppr&ximafely
true, is that the resisting forece f; ié propor-
tional to the velocity and oppositgly:direc;edﬁ
that is ?% = - Kﬁﬁ,where K is a constant whose
value in any particular case is_deternined by
factor other than velocity, consider free fall
of an object from rest through the alr- .

(ﬁ} show that Newion's second law gives

- 2

. ay a2y
my ~ KV =ma or (mg-K =n“"‘"“52')

at. 4t

(H) Show that the body ceazes ( fIik ) to accelerate
whon it reachesa velocity VT = mg /K, called the
terninal velocity (dXEAE ) )

I(c) prove, by substituting (B ) 1% in the equation

of motion of part (a)s, that the velocity varies

with time as



(&)

(35) |

(a)
(b)
(e}

(&)

(e)
(2)

< (R)

(36)

ar.d plot V versust.

Sketch ( ¥ [8) ) qualitativeoly curves of y versus
t and a versus + for the notion, noting that

the initial acceleraticn is g and the final
acceleration is zero. |

A block, mass m, slides down a fricticnless
ineline (ﬁﬂ. ) makinz an angle Q with an ele-
vator (-#F%fﬂj ) floor, Find it acceleration

relative to the incline in the followinz cases.

Tlevator descends at constant speed V.
Elevetor ascends at constant spead V.
Elevetor descends with acceleration a.
Flevator descends with deceleretlon a .
Tlavator cable breaks.

Ir part (c¢) above, what is the. force exerted on

tre hlock by the incline °

(rnswer: (a) g singd down the incline. (b) g sin&'

fown the incline. (c) (g - a) sing down the
incline. (d) (g+a) sin & down the incline. ]
(e) Zere. () n{z-a) cos@®.)

particle dynanics \§¥adA%g- ( II) I 141

Tecruse of the rotation of the earth, a plunb
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tab (’fﬁzﬁa‘ii ) may not hang e:iacfly along the
direction of the earth's gravitational pull (its
“whi sht) but .devia{;e‘ (.ﬁ *jhu_-) slightly from the
direction. Calculate the devietion (a) at 40°
v lmtitu&e.(ﬁ;@;.), (b) at the poles, and (c) at
the aquator ) |
(answers () sin® = 1.71% 107 - @=6'. &}
{(p} @=0 (c) O=0}) "n vl
(38) & very asmall cube of mass m.is.Pplaced on the
inside of afunnel (Fig 6«2%1) rotating mbout a
vertical axis at & - . . . o 07

constant rate of ¥

rev/s. The wall of
the funnel makes. an
angle € with thel
‘horizontal. If the
coefficient (R30)

“of statie friction betwesn the .cuhse and the

- Phanmel s p end the conter of the cube is = dis-
_tance r from: the.azis of rotation, what are (a)
The largest-and (b} the snalless values of vy for
vhich the cube will hot.move.with respect to (%
F ) ~the funhels . - R



T

(<)

(answer : Y == jg(sing-pcosg) )
2R N Y(cos@+ psing@) )

Work and energy Jh5#g P 130

A ‘single force ‘acts on a body in rectilinear ( j_
% ) wotion. A plot of velocity versus time for
the bocy is shown in  mF

Fig 7-10. Find the - =

slgn (positive or \“n ot

" negative ) of the A \
.

4o,

and its pesition TN
"{® such that the ‘Jm””“"'M

work done by the
forcé on the body Fig 7-10
in.each of the intervals ( (%) J§ ) AB. BC. OD
and DE. | |

The block of mass M shown in Fig 7«12 initially
has a velocity

Va te the right

A ST

spring exerts no
force on it, thet ~ figure 112

18, the spring is not stretched or cempressed.

' Phe blcck moves to the risht a distance f before




29.

10

stoppinz in the dotted (K £% ) position shown.
Tha spr;n;, bé’hl;-’;-mt -I'is K md the coeffieient of
Kinetic frlctinr bothneﬂ hlock and the table is
jke 15 the block movey the dtstance £ .+ (a) what
is the work done on it by the friction force 7
{b) what is the work dong on it by the sPrinn
force 9 (c) Are there other {orqeg qqting on
the tlock, and; if so, what work do they do ?

(@) what is the total work_dnﬁg on the b;@ck ?
(ei Use the work - ener A4 theorem to find the K
value oflf in terms of M, fq,ﬂik, gﬁ %?ﬁnk'
(answyer: (a) - pk mzl. (b) ~kf2/2. (c) q;avity

-

and the vertical tarust of the table, whlch do
: 3

no work. () -(jikﬂgl + K12/2\

Y (S + v, 2K - piMe) ke oo Lo e

& forée acts on a 30Kg particle in such a 'way

1

thet tho position of the particle hs a furetion
3

of 4ime+is given by x = 3 t -wﬂt + t7- 'y 'Wwhere

X is in meters and t is in seconds.

(a) Piﬂd the work don@ by thé Torce durihe the
firat 4.08. (n) At what instantsneous raté is
the: fored. doing work oh the particle at the

jnstapt = 1.08%



s Ancwars . (8) 5300, -.{b) 12v. . .
31 A body of masg m aceglerates unifornly from rost

t¢..n speed Vo in time to. . (a) show that the work

-dong.on the body as.a funection of time %, in termr

vf’- _
o ey 1 _.....,__ eI
of Vp and tpr 18 pmo— t ) . (b) As @
£ - FEARIR LR
" Puncticn of time %y what is the instantaneous j

power delivered “to thé bbdy'é" (oj*ﬁhét ig the

{n8tantaneous bovwer A% .the end of 5208 delivered

;o030 8 104 Dody which accelerates to 76 km/h in 105 ?
Coxs CAnSwart - o{am) ¥, =iat,. - ) m(mvftj$f ) \E
o) ’?0"-hp' (BA der -7 el j
e . . : j
(:}\:) :the conservatlon of energ-y ﬁ“%‘j’ .}1'} I‘ 159
MT, HY hoﬁy novinﬁ alonp the x-ax1s iz squect to a :
'force mpollinp‘ 1t from the orlﬂ'in, given by I,:
.4F = kx. (a) Flnd the notentifil everm* flilnctn.on ‘
IU(x) for the nction and wrlta Aown the ;énservation\.
of energy condition. (b) ﬁeséfibe the motion of
the SySter and show that this is $he Kind of

motion we would exnoct nédar a point of unstable
equilibrium ( ?’fﬁ )

Answer: (a) —EX /2 L




16

17

12

A 2halm i3 Leld on a frictionless table with one-
vt o2 {43 length hanging over the edge. If

t o oondt has a length 1 and a mass m, how much
werk 18 required to pull the hanging part hart
baeck on the tahle ?

ANSWeTS mgl/50

whnt force corresponds to 8 potential enersy?

U (x) = —ax® + bxy + T
L Angwer: ~ {=-2ax * hy)‘? + biﬁ?*ﬁi?

The poténtial energy corresponding to a certaln

two-dimensional force field is given by U(x,y)=

-%-k( x° + yg)- -(a) TMerive Px and Fy and
deseribe the vector force 2t each point in terms
of its ésdrdinétes x and y. (b) Derive Fr and
F0 and describe the vector force at each point

in terms of the polar coordinates r and 0 of

" the vpiont. (c) Can you think of a physieal model

of sﬁch a force®?
answer: (a) Px = -kx, Fy = -ky, 7
points toward the origin
(b) Fr =-kry 70 =0

(e) Herbvp



13: The so-called Yukawa potential (}ﬁhl’;‘ )

r
U(r) = - —;Q-err/ro

i

gives a fairly accurate description of the inte- o
rection hetween nucleons (i.e neutrons and protons,
the constituents of the nuclens), The constant ro
15 about 1.5% 10715 neter and the constant U  is 4
about 50 Mev. (2) Find the corresponding expre-
ssion-for the force of attraction. (b) To show
the short range of this force (%343 ? ) compute
the ratio (Kb?'f: ) of the force at r = 21'0 s 41‘0 g

and 10r0 to the force at r = ro .

e

r
6

1 ]
onagwer: (a) F = -~ 5 er-r/ro (1 + o ) .

{(b) 0.162, 0.0078, 6.7X 10"

26, TThe particle m in Fig 8-13 is moving in a vertical
circle of radius k inside a track, There is no

friction. When m is at

Ju—
its lowest positions its /@ﬁ -
, RNy
sreed i3 Vv . (a) what "4"""4"“';,"“ o
O } \n s “—
is the ninimun value Vm ~FEL _ _

cf VO for which m will "igure 5-13




(L)

4\.

2o dorivletely around the eircle without To®ing
conta e vith the track °?

(o) Supnose v is Q. ??5 Vm. The particle will
rnove up the track to some pp;nt at p at which it

will lo®e contact with the track and travel along

a path shown roushly by the dashed line. Find the

angulay position O of point, F..

answer: (a) Vaoin .= ;f53g= (b} O = 19.5°
Corservation of  linear momentum*i'ﬂ‘i%’!i - 7181

The n4sses and coordinates of. four particle are

. as follows: 5.0Kkg x ="y F 0.0cn; 50k x = y =

3.0 cm} . 2.0kz x = H.0cmy 7 = 0+0cms "6.0k7 x =

—-2.0cm y = ~6.0cm. Wind the noordinﬁtes of the

center of Mass of this "ollertion of’ partlﬁles.
answegr: X, =, 0375cm, . Vo = C«T5cTe

Find the cen*er of nass of = homoqeneous ﬁ%**ﬁﬁ

a) semiclrcular plate- Let a ve the radiue of

22

the cir“le.
answer: Y = —p= Yo = O

4 very flexible (a.X%%7&Y ) wiforn chain of
mass M aﬁé-lenqth L i3 suspended from one end

so tiat it hanzs wertically, the lower end just



-

e

I M

. touching the surface of .a table. The upper end is '

- suduenly reledsed sc that the chain falls onto

. . the fteble and coils yp in a small heap. each. j
| ., link ecpipg to rest the ingtant -.(n.‘ﬁﬁ’fﬂ’l ) it * :
ptr;kesﬁthg‘tablgélFinq the force exerted by tho f
tgﬁlg:op,phe-cpqin at many instant, in teras of i

'y tye;ygigh;wqf'chﬁin_al;eaﬁy Oﬁhtﬁe téblg at that é
v ’m?m?ﬁ¢?~‘., T T e e o JuWE;“'v - j

PP T B -
s oAt P TR

answers: P=2

IR=3

BX = 2w
i S LI

N a

23l ;‘-11'
29. & blcck of mass m rests on’a Wedwe (FE 'x18)of

mass M which, in.furn, rests on g horizontal t

) .
tables a8 show in Fig 9 - 19 « All surface are y
frictionless: Tf the system $terts at rest-with

L ] - ~ }

fig 9 - 19

TN B

pcint T of the bleek a distauce h above tho table, -
find. tue velocity of the wedse the ingtant point
¥ .touches the table.

.15
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answvers V/éngn'coszq /{M+m) (M+n sinZel )

31. A rocket is roving away from the golar system at
2 speed of 6-0X 10° nfs. It fires 1ts rockat
engines which sjects (?fﬁk ) exhaust ﬁith a re
relative velocilty of 3.0 >(103 m/s. Thé mass of
tho rockot at this time is 4.0X 10% kg, end it
experiences an acceleration of 2.0m/$2. (2) what
is the velocity of the exhaust ;elatiVe.ﬁo the
golar system ? (b) At what rate was exhaust

ejected during the firing? - -
Ansvwer: (a) u=3.0x103m,’s. ' .

dn
(b) - = 27 kg/s.

335 A 6000-kg vocket is set for vertical firing . If
the exhaust sSpeed is 1000m/s, how much #as must be
ejected each second to supply the thrust (3 Vt) -
needed (2) to -overcome the weight of the rocket,
and (b) to give the rocket an initial upward
acceleration of 20m/32 ?

answer: (a) 5%sg/s (b) 180kg /s.
(4+) Collisions gﬁ%ﬁ P 208

7. Thae force on a 10-kz object increases unifornly
16



