— g B A ¥ S e Vs =y = ==
ol

DAMPED AND FORCED
0SCILLATOR

RESISTED MOTION

b
A Ae~ amt

~

\\\\/
AT AN

ERRANARYVA /-
; VARVAR 2 cas

.—“'/ - .
~ ’
>

Ak

-1 Damped Harmonic Oscillator

e ————

The simple harmonic oscillator is one of the central problems ir! pr!ysn_:s. It is
useful in understanding springs, small amplitude pendulums, electrdnic circuits, and
Qantum mechanics, Furthermore, many problems can be considered the sum of a
*I%e number, or infinite number, of harmonic oscillators.

.. Aimost everyone has an intuitive understanding of the playground swing, and so
tis a goog first example. If the person in the swing is neither “pumping" nor being
ﬁ“shed, and if frictional losses are small, one has a simple harmonic oscillator, at
“atfor smal| amplitudes. If the rider drags his or her feet then there is damping.
o) thle consider the case when the damping force is proportional to (the first power

& velocity. " _ _

"UPPose a particle of mass m, moving in a straight line is subject to . '

() a restorative force —ma?x , where x Is the distance of the particle at time ¢

from a fixed paint O in the line and
") a damping fo‘:-ce —mkx, where kis a positive constant.
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The auxiliary equatio” p? +kp+t o =0 Wfy)
e
5.3 :'__’:./
p= 2
2 !
—p= =0 ‘/fw? 4 |
P=5 V4 |

I . . . . <

Case-l: Small Damped Case: . :
2 _#?*<0
When 7

_n?, then putting this value in (4); we have

p=151: —n? =—'§’1ini

k?
Let — -0 =
¢ 4

Therefore, the general solution of the differential equation (2) is
Kt ‘ ! .
| VO3 TERIL ‘ ,5
- x=ae 2sin(nt+a) | | - A9
where a and a are constants. | e 350 t 4
. o 4 ¢ ( ' i A . " i lo
n tzh;s case the motion is oscillatory and periodic, the period of an oscill
being =~ 1o priansiaehow avitiving s esnl ONdY™=oE
n
But SRR a
e amplitude ge 2 g ¢
the amplitude slowl o
Yy decrea :
Therefore, ultimately x pegy oo

| vtarng S22 emah
onger constant. Since K is supposed 1o be vs;zn;ro.
htime. As t - o, the amplitude approach®

hat t:e motion decays with times apd permanently remains zero. We, therefOTV_,
& constant k js called cogffin Al privor Y e
Case 2l
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Let 2
~K —
p=‘§'iﬂf2_’=~,—;’5:z
2

re, the general solution of the differential equation (2) is

Therefo
K {
vl lf - d.
v A +Be ' 2/ .(8)
yhere A and B are constants. "
The motion is aperiodic (non-periodic) and non-oscilatory. It is cafied 2 dezd
peat. Both the exponentials decay with time. (In the second exponential the exponent
’ (L2 i L
s negative. Therefore, it tends to zero as t — . Also ;'-!21 =1"‘£4-—c;‘ k_ 2
Z

negative nUMDET. Hence the first exponential also —» 0 25 t —=).
This is the case of large damping as k is supposed to be large.

case-lll: Critically Damped Case:

, [
When 'I—{-4— - (1)2 =0
The auxiliary equation has equal roots
k
= e = =)y )
p 2 2 ) - "

Therefore, the general solution of the differential equation (2) is

x = (Ct +Dyp™ A7)
where C and D are constants.
In this case also the motion is aperiodic and non-oscillatory.

Heo 50 a5t~ w, i.€. the motion de@ys with time.
In this case the system is said to be critically damped.

o 11-2 Damped Forced Oscillator

i ied force, called
In order to overcome the damping offect of a medium an appli ,

Uiing force, is generally applied. In such @ G456 the system is calied damped forced
Ostillator, R pe s it "

i 06 applied force
,'fd damping force dese
"atnitude me cospt (F
7 e its eqtation of

n of increase of
A
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s ¥ + kx + @°x = Fcos pt

n of this differential equation consists of two partg the ¢, ‘
The solution © . integral. mplem '-(1}
function and the particular | 8

oy ion of the equation Mg,
h is the solution O 1
The st prt Wi o 4 kD07 ) =0 |
i in the first article. We have noj
ad been_obtalned above - ) Ced thg. ~f
?ha: t?::ze gases fhat arise, the complamentary function decays with timt § Sy,
ason this part of the solution IS called the transient solution, €. For A
" The particular integral, on the other hand, generally does not die oyt |
the ultimate motion of the system depends upon that part of the Solutioy v?rr]%e'
called the steady state solution. , o
1 1 ipt . Int
Pl = Fcospt =FRe — 50 =FR9&
D? +kD+* D +kD+w® (ip)? k)
ipt Ipt
=FRe—;———— =FRe ——
-p° +ikpt+ o @ —p* +ikp
“FRe— O (@ P’ oikp) oo (cOSpt+isinpt)(? -p? ik
(@® - p? +ikp)(w? - p? —ikp) 27 2 —— %)
p* +ikp)(o® - p* - ikp) (0? 2 p’ )z_(l.kp)2
_ g (@® ~ p?)cospt + ikpsin pt
(@ - p?)? + k22
-_— F H
=R sin(pt + )
where R = /(CTZ_pz)z ApER Sinc; _@?—p? kb
' Wi ’ COSa =—
Thus the steady state solution is i R
F . .
X= ESln(pt + a) : .(2)
where R= (2 _ p2ve 5 .
~-P ) +k2p2 s|na @ __p2 k
] - _ p
The steady state solution 5 —,Cosq =P

€O is the ¢
@ frequenc; €ndenc
R qz NCies than ato Y of g

e
gl

+k2p2 = p* . e



K .
a7 R‘ W'l’l bc ini
(o> ! be minimum, when p? _(m, -ﬂ)

Xy
= p=Jw? K

when this condition is satisfied, the am '
' plitude is iaximum co
and the corresponding

iroquency of the steady state, P,
om is called the resonance frequency.

ZTITAEE A particle of mass m oscillates in a line with natural period 2* . If an
w

applied force F cos pt now, acts in the line so that the particle is instantaneously at
rqsf al zoero lime al a dlsta'nce d from the centre of oscillation, prove that the
dgisplacement of the particle from the centre at subsequent time t is
F(cospt — cosat)

(0" -ph)m

TIMITY Natural period means ‘period of a pure SHM." The equation of motion of
the particle is

dcosal +

mX =-mw?Xx+mFcospt  (Note that there Is

= R + ma?x = Fcospl no damping force)

= F
e X+d)2x = ’—H-COSpl

= (D? +&* )X = -;-cospl (1)
~F. = asin(at +a), & a are constants
o F ﬂ: F cospt _ F cospt
"y _F_1 _cospt=——",_ 7 "mat-p*
Pl=t = e
The general solution of (1) is s -
xzasin(el + )" g2 - p*
.(3)

D*ﬁefentiating w.r.t. f,
X=

Wiy, when = 0, x = ¢



X

i have
putting these values mF(Z)’ we . - ( )l ”) F cosp t
o .__,__—/-T‘ Sin « e — B 2
x=|d m(mz——p‘)J 2] mao*-p
i : : 2
x=|d-—3 57) coswt + /cospt
m(@?=P")) m(w® =P %)
which is the required result.
der the action of the forcos

Em@ A particle of mass M ijs moving un |
F, =-ma 2y, F, =mFot, F3 = —2muX - Assuming that damping IS small, set up and
% ‘

solve the equation of motion.
.
m The equation of motion is
mk = —2myx—ma® X + mFot
 §=-2ux - x+Fot '
X+2uk+a’x=Ft
(1)

(D? + 24D +@* )x = Fyt
The auxiliary equation for th of Y 203 s
e complementary function i
e ry ;Jnctnon is

24+ ~
=>p=—2/1i\/4ﬂ2'*.4f0.2 / 21
For small dampi 2 2 e B .”(2)
pPing, u —a)z <0, so let #2 a2 2 . Lt . .
o? =-n?, putting this in (2)

P=-ut4- 20 M2 6
pEN-n? =Lyt ni

Therefore
i C.F.:ae-ﬂ .
Pl=—_ 1 wnig. K . X 3 -l
DZ+2 . 0 L * o ‘_1
"Dfﬂ’zi ‘ D — t= +Dz+2/’DJ t
2




1ho @ R
X =ae™ sin(nt + a)+fp_(t 2”)

|t
An oscillator moves under the forcea;

restorative force = —kx
damping force = -2
driving force = Fye™

ch force peing per unit mass. Set up and solye the o

W The equation of motion is
' X——Z;,D'(—kx.l.,:oe—at |

X+ 2p% + kx = Fye~

quation of motion completely.

D2 42 o
(D* +2uD + k)x = Fye™ _

he auxiliary equation for the complementary function i is
p%+2up+k=0
—2ut \/ 4% -4k
=>p= > = —ptp? - o
ransient Y1l Case-l: Small Damped Case:
hen 4% —k <0, let u? —k =—n?, then putting this value in (2), we o

—/;:t\/—n =—puxni

Therefore, the solution of the dlfferentlal equation (1) is
x = ae~# sin(nt + )

| ghere aand ¢ are constants.
%e-ll: Large Damped Case: -

we have
42 —k>0, let 42—k = i

42, then putting this value in (2
=—pxtl

2
_...__”j:\/z—
P on (1))IS

|
her&f‘)’e the solution of the differential equat'_(_
x = Ae (-u+2) 4 Be

| Wher
eA and B are constants.

(3)



where C and D aré constants.

Steady State Solution: Steady state solution is given by particular integra) ;
y Foe-a! _ Foe—al e,

Foo™ = oy + 2u- " a? (ine
(—a)? +2u(-a)+k @ -2pua+k ach cage,

Pl=——"",
D2 +2uD+k

Complete Solution: _ _
Complete soluticn = Transient solution + Steady state solutigy,

BETaLE An oscillator moves under
k.

restorative force =KX

damping force = 2.

driving force = Fe ™™ cosi |

each force being bér“il;?;'t'mé'ss'.lrFind the stezdy state solution.
The equation_of motion is‘

) %= -2k — kx+Fye™ cos ot

5(‘;'2;2*+RX=F09_“ COSaJt
(Dz +2,uD+k)x=Foe‘.t cos ot

the forces.

Steady state solution is

L 1
X= F,e™ cosat = gnyy
Dz+2p'D+k ’ FORaDZ+2yD+ke e
= F,Re — 1 ook _ F, g-(a-la)t
=F°e-llRe e’d
a’ - w? -2iaw - 2ua + 2iuw + k
=Fpe™Re cosaf +isinat
at-0®-2 e
#a +k + 2ipw - 2iaw
=Fe™ Re cosat + i sin at
F2pa k) +2(u-a)w
=F,e™"Re " cosat +jsinat 2
(8% —0® - 248 +k)-2i(u-8)0

(a® - w? -2, ,
ra+k)+2i(p-a)o (a? - w? -
=F,6™ Re (Coswt+isina,t)[(‘2 -2 -2#3_,_(k) 21“2 "2})@]+ k)-.ZI(l‘—a)w
2 -2i(u-a)w
il (@° -0® - 248 + k) 472 (4 — a)2 o2
=F,0 = “22m+k)coswt+2(#_a)wsinwt
Example-5. =0 -2+ k) 4 4(y—aY p?
A il Yo
N oscillator moyes . _
restorative force :::;:r:ﬂu forces:
damping force = _o &

!

A1)
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VR (- maximum value of sinptis 1)
=

= V(k-mp?)=pF
= kV -mp?V = pF
= kV = pF + mp*V

= k = L&’Vm;vle
Angular frequency of free oscillation is

J' J(F+mpV)p 5

o
m An undamped oscillator is subject to the restora t
an applied force mF,

whel
oSinet . Find the mObon assum,ng that mmaﬁ)'
and x=0. =




" ’ = D =xig,

NJ‘; ) :
A he Compiementary function is
e,gfore, = Acosa,t + Bsin ot
' mtegral is given by {2}
ar 1 .
;:rbv Xp = D2 2 Fy sinak F ?‘n(’-‘f _Fusingt
g 2" P z 2
+ )y - + )y o_;g_ajc (\.j
. - — +
p!ete solution IS X=X+ X,
rar
& . -
:>X:Acosa)0t+83ln@at+l:g Sinct |
o - o A4
ngt=0x=01 (4), we have A=0. Putting this value of 4 in (4), we have
ot ! )
. F, sinet
x=Bsinoyt + ——— e
- oF, cosat ~
= X = 008 COS @at +2—2- .“::}
oF;
a5ng t=0,x=01n (6), we have 0=a,B —:?-7
B of
@, (03 - o)
“Zng this value of B in (5), we have F .
5
X=- 2 g sina; t+ O
B 1-
(e —@ ?) a
X = Fo (@, sinet—osn a.t)
- 7 _mZ)
@@

is refé-’i‘ﬁ-%Ci from - ol to the SqUE

CIIITTRE A particle of mass 11 2 oq to be 1
T e Sround. The resistance of air is a@ss ]
. Let us discuss its motion- me tbe Xa1

o Sstance fallen through by M 17
*Squation of motion is ) i N

‘f
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2gx

.(4)

:>(k+v)_(k“V)=e k -1
(k+v)+(k-v) 2¢
ek +1
g_t gt
k+v_k+V_ek _e—?
k+v+k-v 9 -
9 ek +e—7
v t
:>———=tanh-g—
2k k
:>v=ktanhgt-
K
ngive sv n terms of &.
cbtamx n terms of twe eliminate v between i
. s of /from (4)n (3), we have equations (3) and (4), so putting the
ng

K tanh’ %—k2(1 e *)

.9
*mem when:

Tt 5
' bove equation of motion (in either form

nal Velocity or Limitin
de moving in a resisting medium is

_29x

ity: Terminal
the maximu

& _o

dt

Velogity
ity in the case discussed above:

N(E
chd ”
Jar fthe

Suppose a particle

Al
S0 suppose that the air
velogity.

is projecteq \

resistance

e ¥ =cosh? = gt

gx

2
ek’ =cosh

K
k2

x=—1In coshg1

g
this gives X

velocity or li
m velocity it

pefore.

X
g_z =In cosh:q—t—

ertically upwa
prop

k

gt

k

k

k
in terms of .

miting velocity of a
can attain. v will be

) gives V= k= \/% which gives the

ward Wth



. of motion LV - t|
Again consider equation 1 tan™" 7(. k2 l 0
av _9, (kz - V2 ) K Vo gt
— == K2 Vo). L
& 1(iant Y —tan™ — k2
—| tan K k
_dv __ I dt K\
2 2 k? v P _‘i
o , gt _tgn~ Lo —tan” o
T L od
vo k2 -~‘:-V2 k - e Veo
k ' cally upward with ;n/tlalhow fhal
A small stone of mass m is thrown vertically {s

A : itive constant
V. If the air resistance at speed Vv IS mkv,_ where K is @ [')OSrl,tl"J/y
the stone will return to the starting point with a speed U give

g-kU =(Q+kV)eXp{- kU ; V)

is
Up . stone
mdu ward Motion: For upward motion, equation of motion of the
14
V=
ax 9 kv

vay N ks kv _ _/Q,k,‘;)d\/
m = —dx i e e "-*-"f g+ kV’ g"l: :
‘ .—:‘_,“!,;g "J’fi'.'l5 P A T - g
DN e
—|dx = .1_. L
Jax=21
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tlal conditions when x = .,
in Ov=Viy (1

o
Appyymg 1
O = — V _g
( k In(g+kV))+A

v
o Y—-_4
P '“(9+kV)

79 ihis valué of Ain (1), we hava
g 1
—x=—|v-Z| v
" k( K n(g+kv)J__E+%ln(g+kv).
eight, it i
m height, it is obtained at v=0, so putting x = A,y =0 in ( (2)
=hVv=01n(2), we have

maximu
1
k\ Kk (9+0) _T’—kgz'n(gMV)

fhis

vV g g -
= —+-—=1In
k k%2 (g+kV) ~(3)
For downward motion, equ

Downward Motion: ation of motion of the stone is

dv 1.(9 -k
e __f[2—=+1|d
il x== kg )
vdv
— = 1
g-kv dx ’ x=-—’;(=z—ln(g kv)+V +B .(4)
do_ ] —kvdv When x =0,V =050 putting these n (4)
kg-k
i __;,1 gln(g—O)+OJ+B
de=__1 - kvdv k k
k
g-kv B:%Ing
Xso I(-g+g —kv)av K nave
f g —kv putting this " (4),W . 5
o) B0
( (g ) L=y n®

.(6)




\\\ ' R 4 \\'-’ I
U +V
QKU = (D «+ K\ \a\p{é_(_u—"_\.).}
Q
STUTUSE 4 aariR oF Mass m & orofacted vertically wpward with initial spe

Th & NN T e T - -t i . 3 .
T RENEAE R 00207008 0 the veloelly (mkv). Determine the time tak

§ TSR R aring alihe highast point of the path. Find also the energy whit

.:'-‘4‘\\ Py

s Dudhe v madium during this time. (Neglect squares of k).
ST SUSNaR F Mation of he particle is (ea ! )
1,
M = =g ~ Tk = lln(g 4 kV)—"ln(g"'kv)
o k k
o 1 1 W)
— --\: < an B - — “!"’In(g+
5=k t==in(g +hv)ro
.. o 1 V)-In(g +4)
oty & =Fﬂn(9"‘k )= r
> N Ak kV "
“‘3.:-—5“_‘_"“1‘ t:lln—g;{“—‘
K~ owkw ko g+kv
1 To find the time t0 reach ° i
IRl GRS G B R oty =0
K - heighest point, put
. ' t= -‘I—In—‘q——i = ’
U=hig+kv)s 4 g
1 (I PO
A=——higsk = —Inf 1+—=
T R (s
Aang tisvalootdingy -l 4fkv
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297
ne parlicle POSsessog Kinat SQuargg of
8 \“: ll polul“”' onerg Only, l::noerh? Qnmgy Only a |
n height attained by the Particlq Nding tj)q lalter oo At the highest 1.
mn ric Neequation rfonmgy Q a?/ Q?t ot i
—— 4 0 ‘ 0 ' ’
- *\\ ~mg = mky When X =, :\‘/Ohon “aNalso bgwr]i(tjtet::('
f‘ k ) Ot-\i\‘Q\I
.: . (g +kv k k2 N(g tkV)yp
¢ -~ 9
[—_ BNF'”(QWWV%K
a4 kv Ing thi )
T4 kvdv Putting g Value of gjj, " (3),wehayg
-Jdl""fjngkv "X“%* gz |n(9+kv)+ | v
1I(g+ kv-g)av v ’; n(g+kV)7
-X== X=——yd
k g+kv k' 2 In(9*‘k")‘kilﬂ(gﬂcvw~
aed[[ g )y, e x =y 0,56 ‘
Ck\g+kv g+kv h
-T|n9-~—ln(g+kV)+v
-X:l,[ 1—‘i~ av y “ ‘
k g+kv h—!
+ = 2 [Ing—ln(g +kV))
a=Y_9
x-k P ln(g+kv)+B «(3) h=~4-g~ln g
kK k2 gikv
lh:refore, energy dissipated during the whole path is
mV ~mgh 1mv2 V g g 1 2 V g g+kV]
= —— -m —+—<n =—mV*-m —=—==In
2 AP b T
1 FV g kV)
=—mV?_pm ——=In[1+—
2 o ( g
1 F kV k2v2 k V3 R
=omvZ_mglY _ 9 2 3
2 k k(g 28* 3
1 V Vv V2 kW J
=-‘mv2_ ___+___.——- see
1 kV?
=smv2_1 2, 3

der terms)
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vacirum. Show th

P e sl
velocity in a time 0.
r -
DU

= —qualion O

o i
required fora

r=Vim _glk _1
g g k
:>k=-1—
=

F_ut’dng this value of kin (1), we have 0=-Thg+A
—:=g—§ A=Tlng
df _ .

dvl Rutting this value of Ain (2),wets
dt:

—K t:—-TIn( —-K Tl

g T g T =1 ing

- . d
= vv t=Th—9 _ 3

g‘? g-vIT

g 1
= ( v When V=—E—gT
t-—Tln‘Q—F}-yA (2) - 2k 2
When { - Putting this in (3), w ehave
ni=0Q, ‘./-:0.SOffOl"I'](Z)IWehave g 6931

m t=TIn—/2=Tln2=0-

av : g ! : :
r limiting velocity, put —?=0, i.e. Viim =% Using the equation e
g e :

¢ motion of the par‘icxe is

mg",—,=mg—mkv

tizining this velocity in vacuum is

>
(%)
|
2
o
3.
<
o)
q'
S
o
7]
7
=
*
«Q
I
Q
?
y

Scanned with CamScanner

r LRSS
-




V”lll” “' /\ “‘ ( ')' VIS h“;/‘,

(his
pullin L [ J
;. IH../_;Izv‘ 1 1 (.
Kooy IwJ K ‘//f/m' ;; :/
{ ( /:

1 Ju 1 hy -

: | I[][ ' i [ /’[ ?}’.‘/4, I

T W R |

1 m[(Ju»kV)(Ju b, )
Y)Y/
2k Jy (Ju - k) kvf,)J

ity put =
for limiting yelocity put - i

Examplo=12: A particle is firo
nsistance is proportional to tho squa
v the point of projection with a spoe

the particle in the medium.

(M Upward Motio
dv :
V— = - — 2
dx gi kv
vdv
g+ kv?

vdv

= —0X

‘dX:

g +kv?

. Jy
= Vim = ’!E"

d upward with a vl
ro of the velocity.

uV . - -
, where \/ i the limiting yelocity of

d ——==—
e

Ju? +V?

n: For upward motion,

d
- () in (1); I.U: f]- k'lv'/ 0

2011 &

equation o motionis
| y=0,y=Uin (1), wenaie

0=In(g+ku')+ A
4= In(g +ku’)
putting this valug

_okx=In(g+FY
g +ku’ {2

of Ain(1)

ety u in a medium wWhosk
Show that the partics retusms

2)_1n(g~kU2)




g Applyingintizl condition. -
o - -2) v =0,v =0irn(4),wet o
V_g:{.:g-»kV“ X = )1/"" ' .7)5//:.’(|7;'[f’.
dx 0= In g+ B
ax = ﬂ? B=-logyg
~ kv , ' ' ‘

g o Putting this value of Bin (4),_” a
o= a-kv? ~2kx=In(g-kv*)~Ing g
- 2kvdv 2kx =Ing —In(g — kv?)

—2kjdx= ’7(_5_
. 2V 4) 2kx=ln—g—? .
_Zk)(:]n(g—kv )"'B "‘( g_.,kv ~I3)

he particle with which it returns to point of projection frm

Let v' bathe speed of t ‘
height h, so putting v =v', X = h in (5), we have

g
2kh=In - (-~
g- erZ ~&
Equating (3) and (6), we have i
2 z
n ivlz =mg-:gku k,/.z:g_g QPUZ
g- + K
g _g+ki kv,zzgz+gku2—gz
g-hkv'* g g+ ku*
Z 2
gP > — g _.kvr?. V’z _ L‘ ."(7)
g+ku g + ku*

S: ‘S ) . g
nce Vis the limiting velocity and for limiting velocity, -c;t—v-=0, so puling 7=

valuesin (a), we have g— k2 - 0

- | =g=kV?
Putting this valye of gin (7), we have

2,,2
v _KVad gy
2 —
kv + ku? U2+Vz
V= uv

|
r " A . », .
in & M
7 ' o~

offering a resistance 2 - Vertically upyard with velocity u

Scanned with CamScanner



ll“"’ —— 149 Ml >
@// 2 isted Motion \e
¥ _a-kv T |

& =-g R4 Al Rosisarey * 33
\\'

dt :
2
v _ ,k(f +V J
= k
Codv_ - —kdt

//

Q+V2
k
T
J2+v2
k

1 tan”’ Y - kt+ A

i

k
\/E tan™ Fv =-kt+A (1)
g g

putting £ =0,v =uin (1), wehave

K tan-! JEUEO+A
g g

—Uu
g
1
b= ——tan [K
kg gu -(2)
1
fy=—aqa
' ke ©
k
wheretana =u |- ..(4)
g

Tofind maximum height, we consider the equation
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(ix)
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s (b) mg —MmAV (c) mg —-may3 (d)
(a) mg—-mav ebg“@ Ofg )
le of mass m is released from rest at an Nitjg| heiqr, © %
' pimﬁz:inq the resistance of air proportional tg thg Cube cg)P tt g, 4
round assuming - A
s""’ . - stion of motion IS MX = . he Vg F%
then its equati . 3 U
9 r2 (b) mg —mAiv (c) Mg —mav d) K
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The maximum velocity of @ particle moving in a resisting medium© S@
velocity. . S oy,
(a) inttial (b) escape (€) terminal (d) fing ‘
For imiting velocity, the acceleration of the particle is ® © 0
(2) negative (b) zero (¢) positive (d) none
T ~0 theS
:
I 2 particle of mass m is projected vertically upwarg with Som? initi© 9
assuming the resistance mf_alr Proportional to the Square of the Velocal \W
£s squation of mation is mx = 1y, they
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One of these )
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