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KINEMATICS

Motion in one dimension

1.

Basic definitions

%
a) Displacement AB=f, -, =F

oo o S
b) Average velocity (V) = m
average speed when two
equal distances traveled with speed v: and 2, (V) = 2o,
v+,
. . . v, +0,
distances traveled for equal time with speed v: and vy, (V) = 5
. - AV V,-V,
c) Average acceleration (@) =— = Y

. Equations of motion (valid only for uniform acceleration)

a) v=u+at

b) s=ut+at?
2

c) v’=u’+2as

d) <v>=u;U

€) S, =u+ %a(Qn -1)

. Graphs

a) area under velocity-time graph gives total displacement

b) slope of tangent in velocity-time graph gives instantaneous acceleration

c) slope of tangent in displacement-time graph gives instantaneous velocity

d) area under acceleration-time graph gives change in velocity

e) distance-time graph is a monotonically increasing graph and when displacement-
time graph goes down its mirror image about horizontal line gives distance time
graph

. Vector form of equations of motion

a) v=u+at
b) s=ut+ % at?

c) v.v=uu+2a.s ( here all the three terms are scalar)
v=u-+ at s = ut +%at?
A oat
u ut

. Whether initial velocity is zero or final velocity is zero the shape of equations of

motion remain same
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If initial velocity is zero, then the | The same is true if final velocity is zero and
equation of motion can be written | initial velocities is wu. (thus then the
as: acceleration = —q)
v=at v=0=u-at = u=at
1 1 1 1
s= —at’ s=ut- —at’= a2 - ~at’ = s= -at’
2 2 2 2
V2 =2as 12=0=u?-2as = u?=2as
% O+u u u
> W) =—"=7 W)=

Motion in Two dimensions

1. Projectile (on horizontal plane)

y
A Uy
Uy = u siné U
H
/ l
Ux = u cosd "X
o GeTucoss

a) Time of flight T = 2using
2 .
b) Range of projectile R = w sin26
g
— u2 1 —
R .. = A when projected at an angle 6 = %
2 (31442
c) Height of projectile H = wsin' 0
29
H_. = u%g when projected at an angle 6 = %
D Ry = R
e) If the particle is projected at § =tan'(4) then R= H
f) The expression y = (tan H)x —( g 3 sec? Hsz is called equation of trajectory
u

The two roots of this equation represent those x-positions where y is same.

2. Projectile from an elevated point

2 y
srlvqs.l‘qvq S SCO 18, 2nd Floor, Sec. 20 D, CHANDIGARH.
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Yy
. u
usiné
K\ '
> X
T ucosé g
h
—

Yy

+ usin6?+\/u2 sin® 0+ 2gh
g

a) time of journey t=

. 2 . 2 h
b) Range on horizontal plane R = ucosé’{usmg - \/u sin’ 0+ 29 }

g

3. Projectile on inclined plane

2usin S
gcosa

a) Time of flight T=

2u’ sin Bcos(a + f)

b) Range along the incline R =

gcos®a
c) For range to be maximum particle must be projected along the angular bisector of
angle between plane and incline.

a+2f ="/

2

d) Maximum range up the incline R = u—
g(1+sina)
2
e) Maximum range down the incline R, = u—
g(1-sina)

f) Condition for the object to strike the incline plane perpendicular to it
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tanatanf = %

g) Condition for the object to strike the incline plane horizontally

Sil’lﬂ _1
cos a sin(a + f) - /2

4. Circular motion
i S
a) Angular displacement 6 = 4.\)

b) Fundamental equations
i) average angular velocity (o) = %

ii) instantaneous angular velocity o = %

ooy . do do
iii) instantaneous angular acceleration ¢ = — =

a)_
dt de
c) Equations of motion (valid only for uniform angular acceleration)
) o, =0 +at

ii) 0= a)it+lat2
2
i) o, =0, +2a6

W)@m=@+%@n—n

V) (@) = o, + @,
YT
d) Relation between linear and angular quantities
i) s=R0
ii) v=Rw
iii) a = Ra

e) Component of instantaneous acceleration along the instantaneous velocity is
tangential acceleration and component of instantaneous acceleration
perpendicular to instantaneous velocity is normal acceleration.

d . . s
a, =—| | an = asind /
dt a
a _v
" TR - a,= acosf

2 y
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Relative velocity

1.

v = vobject - vobservr

+ v

or

v =v

object rel observr

River swimmer problem
a) Time taken to cross the river is always calculated by component of swimmer’s

velocity perpendicular to river flow
l

r=
vcosa
b) To cross the river in minimum time one should swim perpendicular to river
flow
l

Tmin

c) Crossing the river in minimum distant
when v (swimmer velocity) > u (river flow velocity)

sina = uv ,

drift = 0 and
d

IT=———
Vu? —u?

when v (swimmer velocity) < u (river flow velocity)

sina =Y o
. dvu® -v?
drift s, =Y 7V and

v
ud

T=——
vdu® —-v?

Facts :
1. Distance traveled from A to B is always greater than or at least equal to the

displacement of object from A to B.

Magnitude of instantaneous velocity is equal to instantaneous speed but magnitude
of average velocity is less than the average speed for object moving with non-uniform
velocity and magnitude of average velocity is equal to the average speed for object
moving with uniform velocity.

8. If vt or vo+/s acceleration of the object is uniform.

2.
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