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Hectors

* unit vector : A vector havingMagnitude is one

is called unit rector

Ifar is a unit vector alongI

F) .

= In
Y ↓

-> unit rector

rector Magnitude longh
Y A d

p T
I

- > X

L
M
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2L

an object is located at (
Position rector = 2i+35 + i

Magnitude 101 : 5+ F =a +=Th

M

unit rector

along~
* Mulrector : A rector having Zero Magnitude is

Null rector

It's direction can't be determined.
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Triangular10 of vectoraddition

-head
tail
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* n+5+ (5) =5

+ = c -

A BC

Parallelogram law of vector +B+E = Resultant
-

rector
addition :

-
-

· --B C = Resultant

Vector

>

E=I (ow) E +5=

Polygonlawoftor addition

E n+B+c+5 =E
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angle bluvectors :

-

B T

B
fail head
·
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>
O

head
&

-

tail A E

* when two fails (o0) heads of vectors meet at a

Point. The interior angle gives angle blu vectors.

interior
ansle

-

& T

OSpot
enterior aso

T
& head

* when fail of one rector meets with head of

another rector
. the enterior angle gives

angle blu rectors.

180-0 is angle bl and B

EU : M
- B

X 15o,768 > >

T

angle bl Eand is Go angle be rectors[YB
is 38
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* Finding magnitude of Resultant rector and it's direction

*
if +B=C

magnitude of Resultant ~
rector 70( 2

+zacosa *

& with

- if I = E-3
B

-i
* Resolution of rectors
- *= Au+ Ay,]

COSO = An => Ax = A CdO, Sino = 14 I) Ay = A Sin D
A T

= ACCOY + ASinO,

-
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Fr

- Fu = FC068 = 10x] = 5 a

Fy = F Sing = 10x: N

160 ! -x
E = Fxi + Fy)

Fu F = 5 + 55j
My

2) un my = ucd68 = 12

us na un-using
> > X

=Bui+
2

an
-

⑤

i
& 10 x 10 (5) = - 1005 N

g = 10m/gr

Y

·insWa = - mgsinO

Wy = -mgC0
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* My
=AritAyStAzk

E -
-

+Ar

⑬ 3 X

CoS2 = A

Cap= AY
r A

Cos = 12
Ly A

+carp+ corr = 1

11-sinx) + 11-sinp) +(ii) = /

+simp + sinU = 2

-

product
let

#ead co

scoo product :

1 A
1

& B magnitude component of rector It dongt

I & LOO =
I

10
-> & A

Bo rector component of along

#=E#co=
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componentif it. In toA
= + r

-

=-B-

-

* = zit3jt ai =1 =5 -]=

5 = i +j -2
- T.T = Ar

T = 2 +3 - 8 = -3 .

D
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* VectorProduct (or1 crossproduct of rectors

1
-C T=x5

I 11 = Asino = Lexibl

= ABSinoplane c : /existi

is unit rector dong
It

v

It :
ExX = -xt

EB = B:A

-xi = 0

if 2 rectors de paralled to each other

Their Cross Product is Zero.↳
↑ xi = T 1X

X
M

↑
↑x = E Y ↳ E

K Y S

[xi = j C
↑
-(4)
-

XX
M-

x JK
-
-T
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if I = zi + 35 + uπ
B = i +j - m

&
t

-

·
-iii) -(ii) )
= i(- 3-u) -5) - 2 - u) + i(2 -3)

: " + 6] - E
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= -e
= e(ji)



In +3) = 4/ -3)

~ #B+2ABCO =n.-CABCO

0 = ?



5 : consider t = 151 = c

In+) = n(-

+B + 2ABGO = B-2ABCOSO

Ar+ Br + 2ABCoNO = n2 CA'+BE 2ABCOSO)

2xr + 2x Go = nV(2x- 24 GO)

(1 + 20) = n
- (1 - (0)

1 + 20 = n2- nVGs0

n
=

1 = (n+ + 1) GO

cosa=

->
cost (i]
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~

R= YE+97+ 2(2F)(3F)Ce8

3F

-
R= 13F2 + 12 FVCOO -O

- C10>
IF (2R)

=
= YF"+ 36F2+ 2(2F)(F)COO

6F
Si
2R YR = YOF+ 24F2(dO

↑ 4) (13E + 12FCOO) = 40F + 24E-COO

o> 2F

5 2 F
2

+ 48F COO = 40F" + 24F CdO

yef =
- /Co

2

CdO=
-

I

Fo



~
(2) +3) · (bi -zE2)

= (2 · 31) + (20 -2)

+ (32 · 31) + (350 -2)

I -
AE =S1.B

-

late = a + 2 a ,Acco E .Er = A ,Aro

A =

j L. H-S

-

5=M+ 25 + 2[titul
= 6x9-5x-6x25

25 = c +y5 + 2(E)
= 54 - 45 - 150

2

⑰ = 45- 22. 5- 150

2

-
- - 118. 5

-
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= +T
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=t
y= y+ a+ 200000 -0

&Y = -2PQCDO

+ =
(a) =0

Q = - 2 PCDO = -IUcG0

-

tand : higto ↑
3

->2
24 Sin &

=
~ (2) = 2n = 1
- 2460 + 2n (dO

=
= D

E
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AB = AO

AL- To +OE = 2 toT

->
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A E =
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T
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-
S .
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>
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1
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T
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= -/zi + 35 -uk)
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-
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AE = 2A0

A
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&
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S
- D
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E
F

->

E = B + 52 + D + DE

at A +AbatF + + Fit = s

- 8(2 + 35 -4)
1

= 16i + 245 -32k

- GB = - OF

->
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- ->

-> 1
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-
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to
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-



ABSin78
Acsin35

-
D

&

BiI&->

po a

A BCdTo

AcCD35 + ABCdC8 = P

AB Sinc + <Sin35 : 0

= ABSinco = -Ac Sin 359

Sinc = Sin 2(35)

-
Since

-

AB=
:35

=

-- 2 sin 358 · Ca35

=> Access - An sinfs
Tips zi

caco = P
-

Ac = ?
-



So !
-

A

↳
3ja

35o 78
S! 18 IBP = IOON 35
S

145) C

ACCS35 + ABCOSTO = P

!
A c Sin35 + ABSinT = O

Ac Sin 35 = - ABSin78

Acco35? - AccS
Acc35 -Acc

2 Acc55? - Ac(235 - Sin 35%
-P

2 (d359

Accur35 + A < Sin35 = 201359

Ac = 26359
I

S1X = 2x100 x 10 . 819)

163 = 163 . S
-

Ac = 164 N
-

--



⑧

o

Eit = /xi)
Abcao = aspsino

Ein = /
= tanO =I

= 0 = 45

/ -1 = B-2ABS = NB -AB
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Acco B
Vector component ofalong 3 :

= [B)
=Eit

=
= f

= (,)(i
+ j)

2

= ( + j)



- (i) = +c = B
E+E-3 = 0

- -
= 0· (ii) n+5 +T = 0

A +3 = T

->

(ii) T+ = A

* -I -B = 0

(iv)
·

+B =C
-

~
T- - j = 0



W

#
D

~

To =D

-
AB = To +B

-
Ac = to + od

*p = To+To
⑳

-
-1

45 + + OC

- -

AB = Au

~ +
-
CD =
t + op =-+ob

-T

+ ob = 256 : AD
-



=+
asinz8

*sucess

- B
Sin 68

asinus

&=
-

4945

* = Ja+ =

-

Ry

R Ry
tanO =

-

-Itca

Ru



11 = 11 = 12 1 = x

->

Sol ·= a384 + usin385 = (b+ 3)

-

=
acson - usings = a (i- 5])OB

>

OL = - uc45 + usin45 = ( -Y +5)

of +-of = y(Bi +Y + i -5B) - )-i +5)

= ( +1i + ( -(3)5)+
R = JA + B -E = (B+](1-E]

tano::)
O = tanl]

option it

-



B
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A

tand = #sinoe
-
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:
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C = tan [ ]

-
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Fy = 0
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- F=
Q

=> I
~

-

=
o Il =E = For = F

I
- at

FP+ F2 + 2 F, Fr(QO
,

(1 + (0) =Spar

arc()= a

I
· total ca() = sofat
2(a(0) =

5

ca(Q)=

: 30 = 01 0

-for copy = verfat
c() : E =

= 4

O = 90
-



5 +Q tanc=*g

-I:
->

tap=

& ⑧ = x +B

/
*

-

if 0 = 60

- It par

18-1= o+ar

RE = 10+at + or+a +2rooor a so

= 2 (or+ar) (1 + "2)

= 3 (pr+ar)

Ri = Sotortay

if 02 : 909 p: Felortar
both Statements are true·
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Magnitudado Vector dong B : ACRO

B
I -

B

I↳
- ↳

= Z

-



1

T
Ut

- 1- -

s = Uf-Vi

1u Y=xF

So: = = (4 -1)i + (3-2)j +f -k) = Si +j -2

E = i + 2j + 3

↑ =
xi

1

K

-- /
S II

-

= i(3 +u) -j(9 + 2) -i(6 - 1)

# =
<i - 115 -5

(i) : Na+ 21 + 25 = Nas
-



D

~

·ba
p -

S-- 7

Eig+ bla =5

~ +=
T +ba -5) =5

(1 - b) + b =5

-



solf
↑ =bl-

P

> S

&

-
P 1 >

75 Q

=
O

>

S = - + b) .

Ib
->

S = 5 +b

> -
->

R = a - p 5 = 5 + b(- )

5 = c - b) +b



2

=> - -
-

-

I= wi

B : a cout + a sinc+]

Ets = a (l + Cowe] i + a sincot

l+5 =
-

A -5 = a/1 - cwEY -
a
sincot

last:-
w = 5/6

(+3) = 5/ -5)
-



Soli
=a B = a (wti + Sinc

+ = a (i + cwt)Y tasincut]

l =ancwts2 + sint

= a costat + 2 act + sint

: ar +cent)
T-B = a C-cosut) i - a sincuty

la-1 = a Cct)2 + Sirot

- af cocot)

| +5) = b/z -31

a Feltcont) = E a icont)
2 (1 + cwE) = 3 (2(1-cewt))
I colut = 3-3 Caut

w =
↳ Coscut = 2

I 5 ,

t = y

Cowt= =
wE = /3

T = 2 sec

#



Motion in 2-D
-

- if a body is moving with uniform velocity in x-yplane.

Y

F
distance covered at any time t

o-> p x = Vut
Vu

y = Vyt

* if a body is moving with uniform acceleration

in X-Y plane

Vu = Ru + aut Vy = by +ayt

Kattta
t

c (g = 2yt +yayz
vzuy = zay -Y

= Vai +yyV# -

T

u = aui + 4y]
5 = xi +yj
= anit my

* if a body is moving in Non-uniform Motion

* = * Vy = b

* an = d + my = d



* San = Srudt *Jay : Jugdt

* Sava : Sandt * Sary = Jaydt

* Sun .dru = Sands

- Jry-dry = Jaydy

* To identify Path of Particle

equation should be in y and aRelation.

if y : x + c Stilline Path

if xr +yu = R (Constant) Path is circle

if + path is ellipse

it y = An+ BR Path in Parabola

it y = ↳ Path in rectangular hyperbola



⑳

a = 3i + 45

2 = 0 .45 + 0 .3

t = 10S ·

-

~ = u +at = (3i+ 4j) +(4i +35)

↑ = <Y+ 75

speed It==



·

x = a cobcot y = a sincot z = a cot

=d =
-ccsinct

, vyawcot,

M

v = vi + ryj + azk

M

-
W =-ocsinati + occdouts + work

Iil : rosinat + acorcarat Favor
- -

- Mortaror

1v1 : Row
-



~

&
Va Yy

V = ky Vy = kx

= ky ->0 =
kn -@

dt

we have eliminatedt term.

⑳
Sydy = Jade
y

= E + c

Z

y= a+
+ Constant

-



·

& =
1572 i + (4 - 20(2)]

= 30th - 40t]

= =
30 - 40] -> Constant

It = Thos = 50 m/g2



~

at t= o
,

x = 0
, y = 0

i = 3

un = 3
, My = 0

a = Gi + 45

au = 6 , 0y = 4

if y = 32 m

y = uyt +yayth
32 = 0 + xyxt

t= = 4

x = unt + zau+h
S

= 3x4 ++x6x
/

= 12 + 48

= Gom
-



o
a t= o

,
x = 0 , y = 0

u = 55m/s

ux = 0 , My = 5

-
= 10 + 45a

on = 10 , cy = 4

a t (20 , yo)
be ty

x = unt ++auth

20 = 0 + xxtr
(

=> t= 28e-
t = 3 : 4 --

y = uyt + tayth
2

%0
= 5x2+ x4x4

= 10 + S

= 18m
-



-

58 tanus
d

=> d = h
,I -

-

hi

S d + 2. 464d
us tan Go --

hi + h

~ 5 : dud
hz = ?

hd



~
-

= = 0 .5t + 3 tj+ 9k

at t = 25

-

v = 0 .5x4i + 3x2j + 94
-

↑
Y Va

M

T -

↓
col= 36+ &

P co=
&

X

2
I r =

tand : In
cop: = ·
tanp:

Y-chis
B = tanl /85) with



·

x = 4 Singo -wE) = 4 12t

Y = 4 Sincut

x+y =
42 circle equatio

with radius 2



-

-

·
3

x = 3t y = 5t z = 7

V=0

=d = Vy = =
15t

220
-

an = d =o ay = 30t

at= Is ay = 30

M
-
a = 30Y
-



=

~ -

⑳ ay = nantha

an = 0

a => ay = v= Im/V

y = JayEv
y = [x(x) = E

a

at to,
2= 0

, y : 0 & = x = 1m

Y = u y = xY

diff-wort time : Andt = a

=ava -

S Eto.

Vy = xv

orgin at x = 0 =>

- Vy = IXI

didd - w.rt time it' Va = I

duy
5

=+

Fan+ v
2

F
= Va

orgin A t = o
,

x = 0 ay
S -

-

② at t = o

/

x = 0 = Vy = 0

u = 1 m/s Ha = Im/X V = Um = Imb
-

it<u = 0 ·
y

= U = 1 m/gr
- -

at origin ay = 1m/gr
-

-



soll :
y=

Vy = 2nd v e

my
= nd +v.

~

x . ar + Va . Ye
-

ay = xan + v

*a s x = 0
,

y = 0 = Vy = 0

=> ve = im/ (given. V= 1 m/s)

a
y = 0 . an + m = 1m/g)

- when Particle is at origin ,
irrespective of values of an

my = 1m/

*When an = 0
& cy = Imbr for all times.

* at Is and ar = 0 => Ve = 1 m/s
#

Vy = 22 Vz = ry = x = 1 m/s

ay = nar + he" = Un= 1 m/52
&

Y : taytr = x(X) = Imm
y=

x
V

= zy = 2x
= 1 = x = im

I ·s
un



at t i
~ n = 0 y = b

~
at t:0

o -

x = a y = 0

-

X t=o
-> t=
-

x = a capt y =
b sinpt a -> b

-

I
N = capt = sinpt
a

carpt + sirpt= ellipse

v = - upsinpt vy = bpcspt

an = -ap" cospt ay : - bpsipt

o t= =-op vy = 0

an = 0 , etbpr
ot
I

-

-- I
- pr (a capti + bsinpt])

a

tocdds focus



↓
Projectile Motion

-

* ground to ground
-

Y

.
i I

B
>X

t = 0 R
t = T

Un = CCoSO an = 0

my : using ay : -g

Horizontal Range (R) : It isManimum horizontal

distance covered by the

Projectile.

#Minut= <any : Isivocos : in
ximumheight (H) usin, 7
- velocity of any time uniuntat /

# along horizontal direction velocity is Constant



* velocity long y-anis Let any time EI

Yy = Kytagt = Vy-gt
-

# along Y-cx is first bodyRetard ,
then

accelerate

# from Point of projection to Maximum height

speed decreases. Then from Man-height to

ground speed increases.

-Y
Vy Vy =O

= Use

at t= 0

= uni+uyz
⑧ A t = T

*
sum

T = uni-uy,]
-

t= 0 Un

·*
T Intro

body retards body accelerates.

time of ascent (to) : time to reach Man , height

to ==u



c = tan []
↑

ta
-

at timet = unt > t
y = uyt -19th

tanp = My
Un

I =x-
y = Standa-

EFAn-Bar-> Parabolar
-

A = tand B = 2 [un = ucdo &
zu

Trajectory equation : equation of path travelled by the
-

Projectile
have path is Parabola

# Canosa-ficorpar = utanol-ent
Ris Range R = Zul



*
A M

U U

. -
R= usinzo R - Sin2(90 -P)

2

g 9

R2 = uIn 20

G
Ri = R2 for complementry angles
-

Csum of the angles is 90
Range it Same

(10) , (45,23060,50

* Projectiv Motion fromCertainheight above the ground
& -

-

14 -Y
horizontal

I
---

I TimeprojectileMo
is

->X

ou

&thmYy =gt

O
d = tant]

A[
R-nurtoil] ,

Un = U
, Ly = 0

an = 0
, ay = -9

OB = R
-

trajectory it Palabolar
-



DentR-
-

- -
R R

Un = UCRO , an : 0 Un : UCOSO
,

an = O

ay = using , ay = -g My = -usino
, ay = -g

To find Time of Flight

use y = uyt ++ ayth

-h = yt-19th~t=?

To FindRange (R) ~ = unt at
R = x = Gut -

-

* ProjectileMotion iniclinedplace :

① the plane rY Un = uCO

My : Usin O

cy = -g(dX* an = -gsinx

uy -



To find Time of Flight (AB)y = 0

y = 0 = GyT+ayT= 0

Range (AB)x = R
Fi

x = Uni ++ ap +
2

in Unio = untant

↑Y
- Un = UCao

② Mwnthe

planeMy my = Using

an = g Sind

cy == g(d)

=usingFor
m

----

R = UnT ++ap +
2



FindingMaximum Range

-Y if you project the

Particle with

U bisecting angle

Range will be manimurs·
·it

at 0 = 45

vertical
e l

angle

bisecting
=O >X

It·
↑

2

< -> horizontal -

forBeaut: 45 for RMan

·us



- - -

~

U
com
T -
hman = E = 10 for Fron , 0 = 45

29
Prov =

up

un - = zom

=>
T

= com g
-



-
- 4

- = A Y

Manimum Area of Pathis

~ # Marina
Range

s
Y = myt # ayth

En y = Stanosa-1 .
rh

24 CO

Area of strip da = Yda
I

A = Slusino)t-+gtv) do

Adv4
Man

Es : (l)" = s
-



So x = v cot

du = v cdodt

y = USingt-19th

#Y
-- t =

t= 0 x sin
Area of Strip da = Y d

Eing
g

A = SUsinOt-Egt2) rcRodE

O

zu sind 2vsinT

A = v Sinc . Go Jedt-ygaroJedt
O

O

= usinoco in
2

- incoo. sino- i

So

3

A =2v"sin30 . Loo
-

392



# sinc Ac

For Maximum Area & = 0

(3 sinto . Go) . Go + sinofsing = o

3 sinto . Co = Sin40

3 = tano

=> tano = E

0 = 68
>

at 0 = 60 => A is maximum
-

4
Aman = v sino

. Casa

I&2
39

Amad = ·-

-



-

-

~

un
=

2018

a
gfin3o

Use

2 cd 159 an = -gsin30
Un =

My = 2 Sin15
, ay = -gas 30 *in 15 = 0 . 26

(d 15 = 0 - 96

2 x 2 sin 159
- = -

T= =

9 sin38

7
Range R : UnT + auT" = -



:

Sin 15 =. 0 .23-

ca15 = 0 .96 ·
9locaout

" 2 x 0 . 52
-

553

I o-
Sin15:

= 0 . 12 Sec

un = 2 x 1315 = 2x0 . 96 = 1 .92

My = 2 x Sin 15 = 2x 0 . 26 = 0 . 52

x = Unt + 1auth -

2

= 1 . 92x0 . 12 - (x5x(0 . 12)2

=
0 . 2304 - 0 . 036

= 0 . 194 m

= 19 . 4 cm

n - 20 cm -
--



-

-

-

#sameRasa
should be complementary

goo ti usioa
kn R -> target t2 2uCaO

T

(m =
mic00) tite =

4 Ursino . CO

-

9 ga

=> titz =

=



y = 2n - 9x2
-

~ #rictoryura) an

tano = 2
= 9

Simo=ltoo: ok doe u2 = 25

=Vo



ursinto-hi=
= 29

~ ur Sin(90-0)
hz = -

29

Da - ur coo--

- 29

U

In x. The
-

R = 242 Sing CO
-

g

Ru = ↳ u4 sinto 250
-

ga

E: 16 hiha

-

-
R = 4Thine
->

~
-

- - -

~



>

⑤
5 = uy

-Tim -
5= V

↓
5= Vy

change in momentum 5p = m[rf-ti)

50 = 5x103 ((5i - 55)- (5i +5j)

= 5x103(-55 -55)

= 5x ,53/-10])

151 = 50x10 = 5x102 la-



-

~

c . r E observer A #movingsin the plane

path of bomb is (

St . line

w. r - t observer is (on the ground) Path of bomb is

Parabolar

⑫ton: "



~

to = Ly:
My = 25sinus= I

~

u=
25 m/X tar =25X0.707

·
to= 1 . 77s↳

-
human : 15= 15. 625

t =o un = 25 au59 2g
m



-

- - -

-

·

*
&

O
R



at

- -

#iminclination It zavo

u=
25m

t

· ↑
7-

C
R/2 R/2
-

R

t = Y = Eino =
625 Sin-O
-

100

g
5

= 2x2520 x 25 Sinc
-

R :

zaly No

R = 125 CRO · Sinc

5 4

R I12 CotO

25
zr - 25

100

20 CotO

= T
CotO = r

otr]
-



⑳

# 200m/X

bullet will bit the fighter t -------/
IEnri -

~

~

-

-

I -

Same I 400-
I

200 = 400 (DO ·
↳o as o

co =I

0 = 60
-



~

Va = Un

varB= uCad = 2012 J

m/xt = 100
Vy = my-gt

V

·treun Vy = 20 Sinc-10x10

vy = 20 Sind-100 2

&

O

tap : =

ind - 100

20 CDL

= tand-10 sed

Emp
: Land-5sec



-

-

-
e

t : My
g

to : y
,
ty :

Yay
-

g

ti = 2 => My = Key

u.. singo = 42 · Sin Use

u . xt = 42xz

=E= E:



-

- -

⑤

Y = 5x - 522

Trajectory each y : Stanosa-cord) in

= 5

a

=> Un = 1 m/s

fan 0 = 5 = 5
-

= 5

ay = 54x = 5x/ = 5

-



-

-

·

17 . E at highest Point

E=Emur o uca68 = muc68

% = Ex1

-
4

>



-

-

0 = 45

R , = R = ch

⑮ G
R=

-
R/z

&

Fr = g)

=
Sinza = I

2x = 38

a = 159
-



-

-

⑳

- 20

n Vy = ay
-gt = ky - 10x2 = 4y

vE Var+ Xyr

20m/X 400 : Un+ Cy-20)
2

I no
w= 40 by
up = 40x y Sin us

"

u = 40x = 20m
H = Y

= 2x20 = zom

29 2x10 - My = zom/s -

un = 20 m/s
-



Projectile Motion - 2

-

Y condition for Collision between twoProjectiles
- -

u --

--
---

---x a,
① e

A d B

To collide, There should not be
any relative

velocity along the line perpendiculat to line
- -

joining blu intal Positions ofThe two Projectiles.

# = azy)
thy collided ineItartinprolet its, seUz

! B
B

7T In, en,

A
da

d
412x

h
, E

d



* Finding minimum separation bl two moving paticles-

-

and time for minimumSeparation ;
-- - -

M B B(fining) separation
- o O2 minimum

&:
AB = d

=>
d Y ....

6 AB8-" I
- VB :Ato

-

Fab = Va-Vi

Ital = Fvis

drop · Perpendicular line from one particle to

relative velocity line

BC line gives minimum Separation blu
two particle

separation cro=
Time chepatica => seedac

-
time for minimumseparati

sinc: Ac = d Sind



*

u)

- ⑭
· 10 O21 6

B
A d 2

↓ -Tur
C -

--

-"T
-

*
-Fi⑳

Y* Etna&

I
A ·

B(ining)

minimum separation BC = acoso

A L
Time for minimumSeparation t =

I:
In =Na+ u y



=

⑤
-

un = 10268 = 5 m/s

my = 10 sing = 55m/

Time of Flight# a

T = 22=
I

I g

lan=
- a I T= 53 Sec

&

FruiFea
a = unt +taut #

1 . 15 = 5x5 -ta(
1. 15 = 55-er

2

S = 55-1 . 15
-

5x1
- )

- 1 . 5a2 = S. 5-1 . 15
8 . 5

at =
7 . 35

T5

5



- -

-

- -

- -
-- -

- #"It
⑮ 1: 5 m/xv

->

O ↑ raised
t= 0 Teplani

t = 0 at timeE

·
t =0 -

for stone
-

for object x = 3 + zt
-

0 ⑮S
-

for Store Y = My+Nyt = 1 . 25 = uyt
-19tr-

-



in time E
distance travelled by the stone

x = unt+on th for stone

an = 0

n = unt -

stone hitting the object with angle 45 with

horizontal

tanus= : St.
gt - Hy = un

9t = ky + 4x ->⑭

t
,

un
, My u = uni + uy5

by using O,0,$ G we an find t,t



calculations
-

* x = 3 + tath
unt = 3+D5th - ① 0 +0 =

↓ 0 . 75 (un+uy)t = 4 . 25 +5.75th

- y = nyt -19th
But My = 1

5
+5.75

nyt = 1 : 25 +56r -②

Y1 25 = Kyt-5th

·

S
we have 'gt = unthy

=> Un +Hy = 10t

= 125 + 5. 25t = 10t

t

= 4. 25
= 10t - 5 .75t = 4. 257
E

=> 4 . 25 = 4. 25Eh

=> t= 1 = :Ans -

0 = unX1 = 3 + 0 . 75x) = 3. 75

=> an = 3 . 75 m/s

② => Myx1 = 1 . 25 + 5x1 = 6. 25

=> by = 6. 25 m/s

insecurity= 3. 754 +6.255
-



-

.
-

&
-

-
- ~particl

= up

ubore upbp= Upc =
ucX

Upby = Upy =
Using

Px = -gSin &

·
py =

-g(d0· ~be =
- gsin O

a by = 0

-

O N
Pbx =

- 9 SinO + gSin0 = 0

god -

for Particle apby =- g(90 - 0 = -gCO

-90
ly)

O

Range PQ M but =
u Zusinx

gCdO

Yupp ⑭



-
.
E

itt
=
T

&
&

&

gar a
Gbet &

x = ubut + abu th

- usin2L = - vo Lusind-gsinogcao

Vo = ?
-



(iiTo get zero horizontal displacement crit

ground.
box should move by urSinzk down the plane.

-

gasO
-

for that it should have initial velocity Up

x = vt +tax th t = LusinL
gCaO

- usin22 (gCdO

= - vo ·

Lush-gsinI
2

usinzd-19Sinc.yusin
= 2vou sind

= -
-

9c0
2 grcg20 9 Los OI I

=> Rain a
Sinc . Sind] = pousin
-

CdQ ogo

=> (COOCOS-Sinosin] v

=> cat =On

Aus : Is t



-

-Issie (53,
5) m)
~

-

- &

·
A I

Initial

------ lliI I
S

Is

find (0-y)

com if

&

O-

foot of hill ⑫

when both bullets meets , = 22 and Y=Dr

ballet-1 553 Bullet-2
-

4
,x =

I nau = 55 m/s

U,y = 553x3= uy = 0

· , x = 0

a
, x = 0 I any = - 10m/g

my = - 10m/y

m = urt+ x2 : We + 2
+th O

xi = 42 => 5t = 58t2 =>
9. = myt+ za / y th

2

en = unyt+GaytYet ,--=
- Clo-B) = t - 5t - (10 -y) = 0 - 5th ②



Y = by t, t aytin Y2 = My +2 +layte

- (0 - y) = 1 +, - 57,
2 I - (10-y) = 0 -5t

= Et-5t ,
r

= - 5t

=>It = 5(t ,
- ti)

=>ExCE = 5 (4tc - +2)

=> 15t2 = 15 tzh

=Dis andze ~

(i) The time interval is ti-te : Ise :I sec
-

-

-
(ii) the co-ordinate of P x = 53 t2 = 55 m ~

~
(10- y) = -5t2

=> 10 - y = 5x/

=> y = 5m -

:(2)=(, 5)



-

-

-

-

- #indon
-

-

-5

u
, a

= 10m/s
uzy =

-55

= cocaso

tanse
U2x =

=>

u , y = 0

Use = Yin - Man = 10 - 75)

412x = 15 m//

Yey =
4, y

- Uzy = 0 -755)

412y = 553m/s

Cuan
= 15 tanD = -=

4.zy

A & d
4

, 2x

& & :-rest 38
20

I = "

⑮sm
Time for collision

t=
& B

110 AB =NotLOT = com

d = 105
12):5 + (53)2 = 225t5 : 105m/

horizontal direction no Fent . => Pia = Pfu
->along

mxnin + 2maiu = (m+ 2 m) v

⑳ mioi + 2m[5i) = sm
0 = v



(i)
Uzx = kn-u2 = 10-75) : 15 m/0

Uzy = My-Uzy = 0-553) = 55m/

2m

·L

- 10

tano=
Wiz

-j--o 0:38

20 tano=
Aus : m

Actio = com d = 10x1- 732 = 17 : 32m

(ii) Time decollision = Ese
53
-

along horizontal direction no enternal forc=> P is conserved

Pi = Pf
mx10Y - 2mx5i = (m+2m)

o = 3mt = T= 0

a ter collision
.m system comes to rest

and fall vertically down word.

Collision takes place at x= 4
,xt =

10X-

-

Ans : 11 . 541 m

-
-

-



-

#us::---

-

-

rI 45↓
· g
L

---
--

-r
209
highest Point

Theycollid
42 = 1x2 = 49

1 -> 1

49m/x-- 49m/5
= Ur t==

~I
=u)

It E· t = I sec

A Hic = 49 B
-

E

>

=
H= a

--
d = 245m =

-
-

Pi = Pfu
a

->
zoxun + 40(en) = 20mu + no En

-

->

20x -40x : 20x) to a

- -

-40 = 4

& Partic Comes to rest
=> zu = 0

jus after collison

~ It fall freely



conservation of lineat momentum along horizontal disection

20xUm + 40x42a = 20 him) + 40 Vn

40412 + 4042n = 40Vr

40(9) - 40x19 = 40

-
=> Yzu = 0

so after collision and particle fall

vertically down.

# given 1st particle return back to original Projection

: 49XX/9 = koH = = -

29 2x2x

time to reach ground is = a
-

se



· --

T - -

- - -

② -

2024 - Adv (P2)

Y/y 27Y
,

↑ =
45 45-o, *

A .
] Op

(20 ,Bo
B Wiv 42u

(0 , 0) ( Vosing = v
,

sin 38

To Collide There should not be Vor =
" *I

I

Vo

anyRelative velocity
in I vi = 53Vo

M

Perpendicula line to AB
Y2x = Vo6+Vs38

Vox 1 = 8 + vox
=

= vo
-

- 2 2

L = 4 Wo

L 2

Ti = -
= 200um

-

T2:
2Vo

Cl"= C=



Soli
-

----

- Vo -

a

--
--Vo YI 8 3

-

-
-

is K
/

~-45
-

&

(01 0 L (40) L

time for collision t =gor
e

for collision there should not be relative motion to to linejoining
between their initial Positions .

is ii)

-

= => v = Vo

I
Yoy : Yy

Yo Sin Go = Y
,
Sin 38

T = 1 =
=
B = I

+ 2

=> v
,

=-Vo

Y,z =
V

,
Ca38 =Vo

=) : E Y
, x

= &
Von = VoCd6 = /

2
L L

Tr = =- -L
-()E2 Ysel se + 24

:2
=



-- - - -

-
-

- - --

-
-

-- 5 Sec
-

Va
=
loof
we/

->

r VB --
pallet

to
-

VA

7
8
-3⑳138 L

-
~

-
3

n ---
A

B

There is no relative motion dong Pedle to

live of A

100 3 = VB(138

100% : VBX = V = 200m/s

: Vissings = 2004 = 100 m/s
2

& Can reach A in time t = 200 = 50 :5
=

YI
-

t = to = 5seh
-



sali-
va =
100832//

·
I

F

--

-

~

~ev
so

at critical CaseThere should not bea relative

motion along direction ofA.

= 10

* = 200 m/s

500 = 55
-

t =

sin3d= 100
-



RelativeMotioni2

- >

* relative velocity is YAB= -Vis

Tis
· Y O

~
A

Ti = - it's ⑭

↳
River-boat Problems

-

x

M ·

-2 = velocity!
o River

+VmrCDO Th = velocity
of make

Tim= m- writ wires
-> >

=>+ Im is velocity

"my YmySin O of man .

-

taux E -
=

VmrCcO +V
Ms
-

drift - horizonal distance covered by man



= You t

(mocoo+veny) Fenty
=Vusino

condition to
- &

the

vie
in minimuminset

R

O O

-> # he should swim

=> ↓r to River flow .

V
O = 909=> -

g
tmin = it

my monimum

Ymy = Unri

#r

↓
manimum

Sino = 1

⑳
dritt

.=Vaut = Ne

-tvar %displacement Ser
-



Conditionto crossthe Riverin ShorterPath (minimum libl)

Y
to get minimum

↑ > drift
S

Y

&

Ym manshouldnisW I

- O

↓- meanin
forZerodrift (x=0)

exactly he will reach to· i
# Im = -Y

t =-- sind = t
Im

Person should swim ananglesir []
# with river flow -

this relative is Possible only when Vo < Umr

if V > Um o
O

-

it was Var

= he never Reach B ·



Rain-unbrellaProblems
"r-velocity of rain

~ It ↓Live Ym -> velocity ofman

Yum-> velocity of rain

-
w. r. t . man-

1Um

To Protect himself from rain be should umbrella

with an angle 'With verticle

-

Yum=-Tm

tano = ↳

↓tan(↓ Y

iI her , Va

manatrest man increases speed to be

tano= -tanO2 =

-

wind-aircraft problems*
-- T velocity of air craft-

-

You= Fo-Te
Y

velocity of air Craft wort To Velocity of wind

wind.



when plane in at

B-Person hear

~
soundWaveie t &

B
sound wall.

e

by sound waveed -> distance travelled ! d

up -> velocity of plane I
v -> velocity of sound

↓ eCoSec 68
->0

- -

t = V
time to sound wave Y

1 Got 689

time for plane fromAti := +

=
⑮



~

Up =
-Io
-

I

Ship-B
I

M

50

I
I

&

150km

I

↳ -
-

Ir

Ship-A

YA =- = (30 +505) - (104) = 40i +505
-

↑ B t=
VARpoli 150 170-

&

FJor
hid

T
- t =

S

-
1

------

170
A so t=-

AB =N+ 105 = 22500+ 5000 2
.Chr

= 5900 = 10km



N
=2km/hr

B

C = 90 + Simil( F2 = 90 + Sin()
S798

= 98 + 38 A

= 126 with rever flow
-



* ↳

-

~

Y

F Tit
ve
-v
- I

-

Later a pr

tango: tan45 = In = /

↓& Y(+B)

5 : I
v = v(1+B)~

V = Bv (3y =X(+ B)

=> B = 53 - 1

= 1 .732 - 1

B = 0 . 232

-



⑮

y(t) = 5- 873
x(z) =

10 + 8t - 3th

== 8 - Gt I & = y
= 24th

t= 1 => vy = 24m/s
-Es

v = 8- 6 = 2m/t Vi =- 24m/]

= 2

->
= Ta-vi = -zuj-2
*A

Itoal=+ = 500

580
-



⑤

I

W
SinO =

Uns

=
M -

a=
38

x = 10 = 5m/yXi 2

come voi onlyap Do
-

d



~

Est M
1552 km/hr = Um

west

tanus=
You =

155 Km/br

I 30 km/h
-



-

-

·

Yor= 5 km/hr

W = 1km

t = 15 min = ↳ br

I

↳
# t =

-Y-V

i I↓

5-v2
v = 9

25- V = 16 =

V= 3 km/kv



- --

-

⑳
-

:



circular kinematics-

* O is angular position
at E

B S unit is rad

Rt
t

-

R

angular displacement DO = 02-0 ,

a t
Q

- for sad anglesT
do = do-do,

angular velocity winst:

Wavg: S . I unit radl

angular acceleration &
inst

= t

I revolution : 1 rotation :In rad Carg = t:
rpm : Find 5I unit rad/gi

* for one full rot tim = (v) w=



* for second's handT= 60 sec

w= Wad/sea

* for minutes hand T = Gomin = 60x60 Sec = 3600ses

w=
Wal,we

* for 12 hr's clock T = 12hr = 12 x 3600 sec

(hour's hand)
W =

s Wad/sea-

12x3600

= for 24 ho's clock T = 24hr = 86400sea

Chour's hand)
w = ,400

rad/
Sec

* uniform Circular Motion : Particle moves inco circle

with constant speed

* velocity direction changes
-acceleration direction W

1-0

changed " W

R=Rar 1 ·
--

-

#at = 0 I

· te tangential acceleration V ↑

at =
rate of change in speed

-

:diR



~ Non-Uniform circula Motion : Speed of Particle changes
- -

* speed changes
* velocity changes

* acceleration changes

=Ran
·

main

EtBu =

do rate to change

anet

in Speed

itot
speed is

out Speedcreates
rv decreasing

* I

·
o : tan(*)

o : tanl(
-
ot and t are in

same direction at is opposite toT



Y relation blu Kinematic terms
- -

-

distance covered
B

#nsmoS=

displacement (B) = esine : a
* S = RO

diff - cort time

& = Rd
↓t

speed Erw
diff . cort time't IR is constant)

= R
&to to change in speed

=Ra



↓ equations of Motion in circular motion
- -

(i) it a particle is moving with constant angular velocity

Eat t = &
W

Titans
decora

w"- wo = 260 (w = 0 eg1)

Outh = 200 + &(2n - 1) I

(iii) In Non-uniform motion

w = do
X = detIlwodw = < do

↳ A. C . W

↓# "
T



Finding Radius of curvature
-

i
R

To
In circula Path (fixed circle)

R is constant

In Case doParabola a=

highes point Et
B

··
g & cosO =N+ It
&no =
Vu = ux Y(dC = uCdO

=> V = UCap
-

COL



if y : fu) is given

to find Radius of curvature

II
* Relative angular velocity when time periods are given

WA-WB =-TB

Cors relative Time interval IT= =w

-



~ Fo
=

↓ Sin P
R

=- sin

-



S =

3
+ 5

t = 2

~ Speed V = 342 S
V = 3(22)= 12m/x

tangent acceleration art== 6t

↓
at t = 2x

yu 12x12 -t= 6x

R 20

·met : we
= 12m/gr

N = ---

:
= 14 m/g

V



~ 10m/p = Vf

j = -Vi

lot :Motio+ 2x10x10x(d/28
.-

:Noo+ 100 + 200 (t)
- 10m/0

-Too
= 10 m/X



00

->

~

= - R
,
w YA = R

, w

= - Rewi --
&

i
* - =

- m ,
wY -frzwi) ISI L

= (R2-R , )wi
I

-

Vi = RW



o
w =

wal,

ac = 102 Aw

R= 0.1x() -
--

-

-

-
-

= 0 . 1X -10

9
= ↓

900

= 103



⑳
-

with Y L : wi
= 2 rot/sei

st = 10 Be

0 = ?

cof" - wi = 2CO

900 - 100 = 2x2 0

O = 80 = 200 rotations o

-



-

-

-

2 = 67"- 2t

~

↓ =
X

dw : Xdt
W t

Saw = S(bt" 2t)dE
10 O

w = 10+

dow

Soo : Sadt

%do = (10 + 2 +
3

- z)dt

4 O

O = 4 + 10 + + zt --
0 : E- +0



-

-

-

-
S = RO

·
60 = RX13

Isp

R = GoxIsn-

displacement= 22 since

= 2 s Sin
I 4 m

-



wi = 0

·
O = Grad ,

t : Ise(

0 = tdth
0 = 5

5 : <(1) => E = 5

=1X

↳*Ft2= 2x S
0. + 02 = Id EitEr)

N

5 + 02 = 5(24

O2 : 20-5 : 15 rad
-



-

-

I ↓

- & & speed / always the

O -
6 -

Ramo music

Ve = Ru

ro coo

(ural
y

= 0

(Ya)u = RusinO + RuSinO = 2RWSinD

16 0 : 180 v =O
if 0 = 8 Kel :O Vel = 0
-

if 0 = 28 V = - 2RW
-

ito Ve: I live :d
I
if 0=368


