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Iy dhe  bvanch

we Amd{{ the

b‘(Lf 't&kfng into considenation  the
comse  i.e., dfwfce which P}rocmcos
the  matien .

Fasice

Lasice A an  exlestnal  ceuse in
m

the {G.H %F puAh o puﬂ ;
whuch produces ay  Ddes 18 pot-
at

oduce madtion £n a bo

wesl , et slops / bues W T step a
msuin(?r bo Iy chcm(?&s / Teies 1o
Cﬁange the = clineliom of molion gf

the boo%/ .

The  .inhestent 0 . wih  which
a  bo sealsts a %Ty chan(?e dn 5
Alate Bf motion 48 called Jne-




Na '6:

= (1+dat)T-Y% A-YUp-HT o, '
> Do L Sl —
2. R P / 0 TR ) ’-.":3 = s w — Zv‘f,

S TOJ0INHUNKARBATCH (€3 CALL 9818434684 B

stbie . Heamdess “the bOd{f' ‘the wnesdia B
mere  and. ,ughfe)r ‘he bodéf , desser
the  ithesdita. .

Low of netia  stales that o body
has  the inabili-b(f to change P4 ata-
te  of siest ax wufesim  medien (i-e.,
o motien  wuth comstant veioultg) OH
dutection sf médion bE'f JiAQLf ;

Newtons fiul Lew of Madion

A boda wil  stemain ot osrest 031 com-

tnue o meve  with uniftﬂoim wiou',tg

unless  an  extesinal fostce  ds applied (s
. Ak

wa low saL matien iy alse  srefen-
sed  to at the ' Law Gf dnestia’, It
def_inejs ' f&}fce and dneqtial jMame of

Mcfe}-;eh ce .

I hee i al,wagzs @ pneed sf 'fHa-
me @f stefesience’ o descsvbe and  und.-
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sutond  the malien of pasticle . Ih
simplest * fxame of MEfCHChCE  used ose
khewn os the dnextial frames.

A fsame of oteforent e s known
ah an Jdneqtial fHame it , within 4t

all  accelestalions @f pcwttc(e e
caured by the action ef ‘seal foriced’

m that posdicle
When” we talk abeut accele -

stations  pstoduced bﬂ « Juctitiows” ot
‘preudp’  fosices . dhe {same of Sefe-

MHehee 48 o nen- Jneditial ene.

Newlms_Second Lews of Mation

When an  exfesnal femce s applied
o a bod{f of costant  mars the
fostee psioduces an  accelestation . which

2 diHecﬂj( p}fopaxﬂm. which 14 clwe-
ctly  popartional o the fosice and
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Investaely pioposttional to the mass of
the badﬁ ;
Newtons Thisd Law of Mation

"73 ew)%; aclion heqe U4 e%ual and.
opposite  steaction fosce'. When a body
A exoils a feice on  anather bocly B,

B exeils an egual and opposite fovrce
on A

Lineasr Momentum

The  Ldineay momeritum @Jf a bodtﬂ( 48
deftned ar  the pstoduct sf the masa

E}Jt ‘the bodld and 3 Mou,f(t]a y

Lineax memeritum = mass X V\efod%a

)

P =
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p  Js the vdi)ai\lf of the body and
F lineayt mementum . Mementum 4 @
vectau q/uardd{f haw'né; the some dur-
ecdion  as  Jhe velocity (v). Jts SI
unit i kg mst,

Imptdz.e

Fastces adm for ahasd  duation ovte
called Jmpul,srve fosrces . Impulke i

dejf..uled as  the pstoduct ef fosice
and  the  amall  time  inleyval Sou

which & acls. Tt U given by

I=(F dt

Tmpul,&e B)f a f&HCe AL o vectowy

ci/wfdiry and &SI wunit s 1 Nm.

I Uf&HCE of an impuibe A3 Changling
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ey

with  time , then the (mpulse 5 mea-
Awted, b.av Offndjn(? the oaHea bound
b_d fosice - Ume a)mph foyr that foice.

Impdse  of a Jasce for a guven time
N e@uai o the totoel chcm(?e 4n mem-
entum 57(' the boda/ cbwu'ng the 3ulreh

-b' e . ‘E{UA, e hm

| :f,l? dt =4‘_3;_—Pj (Inpuue~rnmenhun%ewfﬂn)

i

Consenvation of Mementum

The  tetal  momentum Gf' an Jsolgted
/_\,&ATE!I’I Gf poriieles 8 conserwed .

In athetr waerdt , when hns  exlesnal
foswce 8 applied o the  Ayslem |

@& total momentum Memaing constont .

n
If Fe)d =O.E Pi = constoat ay = constant

(=1




_— - aQ D SR,
;{_ Na o(1+dat) 1= % ~Yp-HT d
\ —s __n_';_”_ —
| E—— —_— T eg ) e slOo= QE-f
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Recuiiing of o gun. flght of srockels
and  jet  planes  ave  seme simple
opplications of e law of consesi-
vation of  Lnear momerntum .

hen a  bullek csf matg m, A4 £ired
- W.’loa‘i(f vy, the qun of mass mg
will “acquire o velocity Ty which A
Jiveh by

=y

Vo = —
d m

bhe  negative  sign shous that dlivec-
ten of vy .4 opposite Ao the dlirec-
tion of U (.e., the gun tecalls.

7‘];@ Mockel  sent up in Apace caill acgu-
&He  a v‘efodbd (V) which W 3Mh ba

D= Vgt u J_D?e Mo ( Irutantaneows uefoulty of the
m HocKkel )
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U/Suaﬂﬁ ,indial deiﬂf ef-’ the stockel at

T =0 J8 Zevo (.e.,vy=0

TFU}.-, U=

u [939 -g—ﬂ

[ it speed. () of ~the gasek

Log of the wsatio of initial mass (m) of
the  stockel o s mars (m) of that an-
stant of tme .

Speed af the Mocket ot aryf Anatant

depenct  upon these hwo factesd disas -
sed obewve .

whexe, my= titial mass e]l’ the MHocket anel
{uel .
Vp = (nitial veﬁoul\tf of stocket
m = mats s]f the Mocket ot any
instant T dw-rfné* 07, Zjlx(?hi
=veﬂodi:f GC?}LL'HCd 6@' the Mockit

-
Vv
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af that dnstant w.r.f.aﬂwnd.

TRe  dnstantonecus acceleation ef the
Meckel U Fweh bff

q = _ w_dm

m dt

wheye ij 4 the wafe af which the fuel

43 cenAumed. .

F%mkbmwn of _a Pascticle

A 3H0up ef fascer  which axe ac'b’n(?

at  one Pm‘ni ase called conawststent

7fa'_cf}fce;&. g

Concwetent  fostces are  said 1o be
(i equilibyuum  uf  thewe Ut no change
i the position of sest oy the atale
of wuform matien of the bod{j on
which  these conusirent fovices are ac’b‘n(?.
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fos  concwprent Josices to be  un
equiibsium ,  thel stegwiant  Josce
must  be zexs. In cake af Hutee
concutirent fosces ac'b_'n(? An pla.nc,
the boohtf will  be un equilibsuwm if
thene farces may be completily  Hep-
Mesentec L‘ud thsiee  sides of a
’bu'a.n(?le Tlaken  in  asdu. If  num-
bet  of concwuvrent forces s made
than  Yuee , theh these  Jovices muut
be  epsiesented b.a! Aleles

Aed polldgg-n tn &der of

Ha:fﬁemaﬁcaﬂ(?r
1 ZF‘:O (‘.C.F;',' Fz +F3+-.‘...zo : i

_T][ Usee  concwotent  Hostces F; , F’g and.
Fe at af a paint  and ape in

equilibsuum , ‘then

] e ol g o
Lsinq sin B




y

Na .6: 0(’?**0(41‘: - % 5 ‘%_‘k qrt_ ' .
Qm LD = Z-H_‘f

“T0J0IN HUNKAR BATCH &z CALL 9518434684

k4

Commen (ﬁwccd dh _Mechanick

Cmfnmsmlﬁ Wed Fosices

(1) Weight of a bocly -

Tt s the Jorce with which eath
atbracts a bod-b( Towarcdr a2 cen-
bre. ¥ ™M i mass of body and
g 44 acceleration odue to Prowidy .
weight of the body 8 Mg in ves-
ﬂcaﬂg dewnwastd  cdivection .

i) Normal Fasce
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Mo b= Lollrdat) 1=t ANe-5 d( )
— e L = zvf
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o two bodies ave dn contact a con-
tact  Jawce aruset, -Jf +he Swgfa_ce i
smeoth  the  dutection ef fosice 14 o-
smal  To  the plane of comlact . We
call thus fd}fce a5 Nesimal fame.

TN

[ ]

AT TR TR
v
™4

Example

[t wr  comsider o besk &ws’a'nc? on
the Table. Tt 48 acled Upen b# s
weight  Jn wtiicaﬂ.(rf dewrnwastd  clixec-
ton and & abt west . B meant

thete Jf  anethwy JfGlHt”e adin(? o the

olock un  opposile disection, which bala-
hees  Jil8 weight - Thif  fasce s po-
wicled b-b' the table and we call it
a5 naymal fance .
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(i) Tersion in Abiing
Su,bpwse a block ws hang.m foem a
A’D—un(? h)u(?hi ef the block 48 acti-
ng vettically dewnward  but L M
hot maving hence s wejght J5 bola-

neced. b(zj a (fm{ce due 1o ATHinﬁ.
This fosice ds  called “ Tengion AJDﬂ'nJ’.

Tengion A8 a fowce dn a  setehed
fSTw'ng. Tt cluredion b Token along

e A’Mn(c] and awa.éf fsem  the bod(x]'
undin  congiduvation .

ELLLL LIPS L7

v
M3

Simple Pullo(ff_

Consideyt  two  bocdis  sf masses my and
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My Ted aof the ends ogﬂ ah Jn extl-
ensible zs“hund which  posses  over a
dight  and  fodclion  Less pulley . Let
mq > m, . lhe heowier bod;d will move
upwastck . et a be the commen accele

station  of  the Ag/sfem of Two bodies .
whuch U8 qiven de .
'(mr = mZ)?

m, + My

iy~

Tensiem  un the ,ﬁ)ﬁng JA (rju'»en b(7

2m;m2_ X&'

m,+ m,

T =

"—f—-\j
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praxen'f weignr and ﬁcuuu. &Jughi‘

r/’:]‘bpa}arc';rl,t wcight' tEf a bodﬁl o er&u.al. to
i Cactual wuﬁhi" .401' the bodﬁ 7
&'%C}f in a slate ﬁaf &{EAJ( O Jn @
Atate :%f’ ur%[wm madion .

Appastent weight  of a body fb vesdlt

Caﬂg LL'bu)aHd acceleMaled madion Jb

8Jmn aA

Apparent wefght = Actual wel;ghf + Ma=M
(9+a)

Appaﬂenf wu'(cfht qf a bodg Jo w)tiicaﬂﬁ

downward  accelexated modion Js {ju'wn o

Appaneni wﬂ'ghf = Actuad weighi Moa=M
(g & a )

Fsdetion

The opposiion 1o any  orelalive  mation
between T :s‘u.ybfaceA £n covlact S




A e bollidat) Tt ASUe-3d (5 g f
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M%@Mec{ o o fiction Tt axises

because sr?(’ dhe lwe swifaces dn con -
tact .

Statee  and Dﬁnamic (Kinetic) jirdc'tfm

The Oﬁu'ct'e'nal J'ance,z beliveen Lurd AuM-
facer in  conlact (1) befare and (ii ) aft!
a uvielatie mation belween them has A~
shd . are sefoved to ab  atafic and
dynamic  fydction  sespeclively . Static pd
ten g maﬁ,ﬁ a JAittle mese ‘than
d-ldnanu'c d(_nucitgn

TRe maghuiude gf Kinetic {ictional foi-
ce b alge prgpestlional  to nexmal
fartce .

Liti ﬁ”g? Fouctional Feosice

TR fsuctional foxce aclt  when bodg




- \ q D
= Na = ho(1+dat) IT= % ~8 p-tT d F_’
e € ) —€ 4 -G —
\,q\ = R+R. g . BT A (&) - ZW
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Ay absul to move. Thy Js the maxim-
um fdctional Josice that can exist of
the comlact  sunface . We caleulate B8
value u);.:'nﬁ Lapuh Gf faiction .

Laws of Fuiction

(i) The magniiude af ,Um;(,bng fw'cﬁgnai
fosice s popational  to  the nasimal
farce at  the contact  suiface.

=y

:#SN

J(Uma:Néf

lim

Hexe He 15 a constant | the value Gf
which  dependt e natwie of suifaces
in conlact and Ji  called ot "coetfi-
dent  of latic {auiction . Typical values
of W stanges fsom 0.05 1o 1.5.

(i) The  magnitude of limiting fodictional.
foree  uf independent of axea of
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conlact  between the  sunfaces .

Coefficient of chﬁ'ozn

The  coefficient of Auiction (p) between
two  swifaces U8 the sadiom of HuH
Lmutm(? joucbond fcofce 1o the novimal

fosce between ‘them, i.e.,

_ Umilin 9 Duetindal Cosme

nasmal Heactiom

£
R

When thewe 48 no seladive mplion p=pe,
the coefficient of static fydiction. phen
thete Wb a orelodive metion U =y,

the coeffucient Bf kinetic {sdction.

An&ﬂe of F&dcﬂgﬂ

T u the angle which the wegultant




Na

“T0J0IN HUNKAR BATCH . CALL 9818434684

of the fosce @f Umr‘b'n(ff Jriction F and
the posimal oseaction R makes with ‘the
disection sf the resmel eaction . Jf O
i the angle of foclon . we have

F .
%ﬂ.ﬂ eﬂ—R—'-‘—lu_

g = tan ! L

Circwdart Mation

An:}l.e of Re_po.«&e

Angle of siepse (a) b the angle of an
ihelined  plane with the hotzontal af whi-
ch a boohd placed over it Just begin 10
slide  down  without any accelestation .

Angle of sepode s gaven bg a = tan -
f(M)




./ \ (=] s A
Na L= Lo(1+dAt) T = Lo %ﬁ, qrc_ d C
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Motion en a Rpugh Inclined Plane

Suppoze a motion up ‘the plane Tak e/
place undex ‘the action of pull P actinﬁ
PﬂHaﬂef o the PlaﬂE.

(entipetal Fasice

Centiupelal {fosice us  ‘the fwrce er?/u.wed
to mee a bodﬁ UMICDHW ih a wicle.

This  fasce acts mﬂon(? the Madiws and
towarids  the cenbie of e eivele . It

B 3.11/-61’1 b([f
N=m€cos ql

Fovictional  fosce ac‘tinj down the plane,




;{. = N/\M = l:_(.’.HO(Af} I:E%Q‘R‘_‘_ & : A_@«-E_ — Z—E_f
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Fz,liN:ng cos a

AppJJJing Newton's secend  lewo For motion
1p the P(ane.

P-(mg sinatf)= ma
P-mg sin a -u mg cos @ = ma
It P=0 +he block mayf slide  downwards with

an accelevation a, The fwictional foxce
wouwld  thepn act up Yhe Pt‘me-m

mg sih a -F = ma

o, Mg sin @ — |4 Mg cos a=ma

[iction can be seduced Bg
(i) making the swifaces smooth , (i) lubsication,

(itt) Meplacm{?_ A&'dx‘n(y Tstiction by H@ﬂjn(? fotic -
tion , (iv) using ball bearings . (v) styeamlining
the shape of ‘the bocies .

Wheve ., v b the lineay uelou‘iﬂ,y L4
the Hachws of cwculan path and w 8




NA, 7 O

= Il BN T Vo ot o
\ ' —& L= — —
(e = < Wi S A z,vff’
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the  angulay velouty of the bodg.

( en't*u'-fugaf Fosice

Cenﬂu'fuf?ai fosice 45 a fosee that ard-
Aes  wheh a boda/ LA mouinﬁ ac

aion(? a cycwlan  path »b(t/ worltce  of
Teﬂdemg of the boo%( to Mega_jn B 7.

hot wial Aiua,:'ghi Line path.

The ma‘?MhLde of ceribufugal force
some ap  that  of  centsdpelad fosice .

-
m
F= —Y- = mrw?
r

The maximum speed with o vehicle can
negotiate @ cwive it v, = furg . where
u 45 the coefficient of foickiom and r it
the Hadws of  the path.

dn awder o help o vehicle swney To dui-
ve safely along a  cusved path . the outer

ed&e of the soad W Aﬁgﬁf% sated abo-
we the (nhey edge.me angJe of banbng
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0 of +he oswocad fyem hewizontal 44 guen
by

2
tan B =€(—7— or US\/kJ lan B

+JIn wm bonked cunve (8) wuith fodction,

the  xafe velocily Js given  af
t Tan 6) r*
5 :{"3(!1 cLh }
[ -]t lanB

Motion in a Vestical Ciuele

The motion of a pasiticle un a hosiz
ontal  eirele B lifferent Lwem the mot-
tm i veilical wrele . In hosdzontal
cele , the molm us  not  effected

the accelexation oue to prauly (g) whe-
sHeas in the motiom  of  vedtical wrcle,
the motiom -J/& not  effected b(y the acc-

cloration  due to grawty (9) wheseas
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\,q\ | e ’ R+R. F . Bt f (&) = 2 ﬁ
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(h ‘the mollomn O'F WAHDCQI crele . the value
of 19" plays an impasilant  vale . the mol-
iom  in this case does net siematn wnifosim
When the particle move up {310 B Aow-
el pogition P ats speed cemtinupusly dlec-
Heased LMl Ul Heaches the fughcdf point
of Jts coculay paﬁl- TR 4b due o the
wark  dlone a.(?cu'nji the fovice of jufauu{f.
When the pasiticle moves dowh the wrele,
(s Abeed would keep o7 f'nwea/sin(?.

e

Let wr considen a particle mowing (n a.
dnculay  vorlical path of ‘wadiug V and
cenbie o tide . with a Ab{inﬁ. L be the
instesitancous positton  of the pardicle such
that
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Hexe the -fo.lic)mind fastice act on ‘the poy-
ticle of mars ‘'m’

() I wu'ghi = mg ( ut}ft{calﬂ cownwaxds, )
(ii) The 1ensien tn ‘the /St‘u'nj I along LD s

The ihatantaneous w,f.oatu of e pcudmie at
L. s V a,[on(? the dwechgn of the 10!?3?-'1?‘
t  the cucle.

mV

L enTH.z'peTai fostce on ‘the pau_f,t.'dc: = ;

Voo = mg cos 8 [ Fsem F’g )]

PR

r

Lo L

\go T'*— —zn—!“ + h‘?g cos B
’.

We can lake dhe hostuxontal clivection
at the owest point ‘P as the positien
of zexio gotawlational polential enengy .
Now ok per the psunciple of consestvalion

of ehesgy -




N

A= = LU At T Y A Ofp et o, '
= U o jl="e Le-5%% d .
s R —— — i Y = z_ﬁf

S TOJOINHUNKARBATCH (€3 CALL9818434681 S

<

Rm’m u-u'ghl‘ a.hjdf’d A OML,

OM = 0L cos 6
=t ¢os B
MP =h=0P-0M
=F-r cosB
=} (1 008) (i)

SubsﬁiuUn\? dthe value of ‘h’/n e(f.{r'fj we 3€f,

v,?—_:v2+ 2qr (1 -cos )

Notw subsh’hding the value of V2 Lugm (iv) to
(f), we gei

T i spto-eso g

T _L“_’*fi_z mg(!—tosﬁﬂ' mg cos §
j.
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\,q\ | e ’ R+R. F . Bt f (&) = 2 ﬁ
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my*
- ,2m3+?_mg oS 4 m(? oS B

9
- mV= _, m3+ Smg coS B (v)
f

Fsiom  YHhis srelation , we can calwlate dhe
tension ih he fsbfjng af the lowest po:'n,tipn
mid —way point and al the highest positi-
oh of the maw’n{f paiticle

Case (i)
At the lowest point P,6 =0°

e
e e HHE :
e -2m3+3m3 cos )

mv/
s orande o
: mg ¥ 3m3

_ mﬁf_m(?

B




;{_ Na ok o(’?**o(Af"I: e sl A_ﬁn-ffr ' i
\ —_ '.‘(‘_,; = - —
ore—— — e ') e rlO= 2T ff

S T0JOINHUNKARBATCH §3) CALL9818434681 S

Hence . the Hdension in ‘the x‘sf}(fﬁj al the lowest
POfnt P (__l';'; )

e mvpl‘)
£ s oo )
! |

Case (if)
A the  point 'Q whese the Abting in hosizon-

Tﬂﬂ POS;]I-{-.QTJ ' w}lﬁ,"ff’ H = h;_r,

TR
o ey

. mY,
ha TQ - ~2mg (ifi)

The cha.nge in the lension the /ﬂ}u'na at
two position P and Q
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Caxe (iil)
At point R, the ﬁxghmf positien of the mouing
vathde l[)h@)fe e o=

Hexe

The change (h ‘the A,ttu'ng a5 the poticle
moves {yem P 5 R .
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hus we can see that dhe tension in the
Abeng @8 maximum of the Aowest  poink
P and minimum at tha highest point R
of the ciculan path .

Lo Eq. (viir) at 48 cleay that Tp may be

(a) pasitive (b) Hﬁgaﬂm (c) Zwofa’ependjng on
the value of V,. If Tp becomes a hegalive
mumbey . the Abu'ng would 391 slackened
and the particle will fall olown withoul
compliting the  chieulas path . Thewefose , to
complde the wyeulosr path, the minimum
value  of Tp must be zero.
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When the paxticle completes uts motiom
alﬂhg the vedical civele , it s siefexsr -
ed 1o a4 “ Looping the Loop " {oxt
Hhis the minimum speed al the lowest
position  mwit be +/5gr




