Motion in 1-D

Observer & Frame of Reference:-

o Observer — who takes observation and
fromm where it takes is called frame of
reference.

o Observer always assume to be at rest.

o Nothing is at absolute rest or in absolute
motion.

o Agar koi Gadhe pr baitha hai toh

Gadha: - Frame of Ref. Uske upar joh
baitha hoga woh observer!

Distance Displacement
o Total Path | o Shortest Path b/w
length initial ~ and final
position

o Scalar, Struggle | o Always straight line

o Can't decrease| o Vector, success

with time
o Always positive | o Direction - From
initial to  final
position
o Depends on| o Can decrease with
path taken time
o Both have | o May be +ve or —ve
same unit and
dimension

o Does not depends on
path

o If we know only initial and final position
then we can't calculate distance but can
find displacement.

o If initial position (X, Y,, z;) and final
position (X,, Y,, 2z,) then displacement

= J(Xz_xl)z +(Y,=Y,)" + (2-2,)
= distance > |displacement]|

DISTANCE & DISPLACEMENT ON
CIRCULAR PATH

oo = arsin (-] (o)
Dis = 2Rsin |—— Q
7 <i>p m<?—

o Arc = dist" = RO ,%

ItPUIE Disp™  Disp™  If disp™ If disp™
ment must  may or s zero IS not
(2nd be  wmay not equal
floor) zero  be zero to zero

then: -
f f Y Y

IS POV If dist” If dist”  Dist" Dist”

€3 H([JTP is zero (S not  wmay or  must

equal may not
to zero not be equal to
then zevro zero

CHALLENGER QUESTION:-

There is a cubical room. One insect is moving
from ‘one corner to other body. Diagonal,
then find minimum distance

o Can Fly: ~ Body Diagonal
=\3L ,

o Can't Fly:- Vst

2L

AVERAGE SPEED (HOW FAST IN AN
INTERVAL NOT AT INSTANT):-

Total dist”

Vavg = :
Y9 = Total time
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Time interval Distance interval

V,+V, 2V, V,
Spg=———— Sy =
avg 2 avg V:L + V2
Ctlzt?_:t x1:x2:x>

Vit + VLt _ X+ Xy

an tl + tz an Xl Xz
+

Vi Va

SPEED ((How Fast) Scalar, unit:
m/s, only magnitude.): -

O Inst. o Average
dx [s. dt
Zinst = Savg = fdt
g. dt
0=
J [dt

Inst.

VELOCITY (How fast and where): -

Hum kitna Tez bhag rahe hai and kis
direction me bhag rhe hai !

For Uniform motion:-'S, . = S,

Inst. Average
. dx ~ fv.dt
Vinst, = I Vavg - fdt

= Rate of change in position

= Slope of position time graph

= Inst. speed x direction

= How fast x where

. _ Vsin (6/2)
On cireular path, V, . = —
|Avg speed| > |Avg Velocity|

Inst speed = |Inst Velocity|

UNIFORM MOTION:-

o Body moving with constant speed in fixed
direction

o Uniform velocity

Motion in 1-D

o Acceleration zero
o Avg. velocity = Inst. velocity
o Must be straight line

NON-UNIFORM MOTION:-
o Velocity non-uniform
o Acceleration non-zero

o Velocity can be change by changing speed
only or direction only or both

o In non-uniform speed may constant
Dimag me set feel ke sath.

o If velocity is uniform then — speed must
be uniform.

o Velocity = Speed + Direction = Constant

o If velocity is variable - Speed may or may
not be variable

o Velocity ko sirf direction change kar ke
vary kar sakte hai

o If speed is uniform — then velocity may
uniform

o Direction ka nahi pata.

o If speed is variable = then velocity must
be variable

o If avg. velocity is zero then avg. speed may
or may not be zero.

o If avg. speed s zero, then avg. velocity
must be zero.

ACCELERATION:-

Ye Motion Ka Feel Nai Hai ! Ye velocity me
change ka feel hai.

o Accl™ opposite to motion is retardation.

o Negative acceleration does not mean
retardation, retardation may be positive
or negative.

o Per-sec velocity inject to body or per-
sec velocity extract from body ka feel
hai.

o Vector - direction of acceleration along

change in velocity.
(€S )



2 L v _vdv d*x
inst = gt dx dt*
— —
> Vam Vi fams dt
avg At Jdt
dv
d_ The rate of change in velocity
- -
av. [ l = Magnitude of acc”, 4l Rate
dt dt
of change in speed.
—> U —> U 5 u
«a —>a 90
6 = 180° 6=o0° a
a.u= -ve a.v=+ve |O=24
speed| speed? a.v 0
retardation at this instant
Tangential | Tangential ~|only direction
acc” acc” will change
normal or
centripetal
acc”
MR*
= fvdt
= Area of v/t

Area of x/t

et

Slope of x/t
dx

Vi T At

inst.

Q. Which of the following is corvect for
velocity and acceleration?

(a) Velocity increasing, acceleration
decreasing

(b) Velocity decreasing, acceleration
increasing

(¢) Both increasing

@

.
G S—— X
S~

Slope of v/t

a inst. ~

MR*

Bade aaram se

Uniform or constant non-zero acceleration.
Position (x) o« t*

Velocity (v) < t

Velocity v o« VX

If acceleration zero then velocity must be
non zero constant

MR*

approach to solve question

a=o0 a = non a = variable
zero
constant
V= Equation Eq" of

constant  of motion  motion is not
uniform  applicable  applicable do

motion integration or
S=vt differentiation

= [adt

= Area of a/t graph

dv
dt

(d) Both decreasing

(e) All of these
Ans. (e)

Q. If position x = at” — bt>. Find the time
when acceleration (s zero ?

Ans. x = at” — bt>

dx
V=L = 2at — 3bt?

Physics



a=2a—-6bt=0

2a = 6bt
r= 2
T3

Q. |If velocity v « VX then which of the
following function is correct for position
time relation.

(a) x ct
(b) x «t?
(c) x ocVE
(d) X o 372

Ans. MR* question wme acc” constant then
option me acceleration constant option

(b)

Q. [Ifacceleration a = Bt then find velocity
after time t if intial velocity isiu.

Ans. Equation of motion is not valid

_dv s
a= i Bt
[ldv = Bt dt

- ) BtS/Z
M2

Q. If acceleration of object a =.px" then
find velocity after x displacementswif
initial velocity was zero.

d
Ans. a = v = Bx*

dx
[ vdv = [¥ Bxdx
v B
2 3
v |28
3

MR SPECIAL *
Majduri se duri MR hai jaruri

Position Ke Formula Mein Time ke dono
term ko dekho agar dono term

Motion in 1-D

+ve/+ve ya —ve/—ve sign rakhta hai toh
woh U-turn Nai lenge ya dist” = |disp™|
agar sign +ve/-ve Rahi toh U-turn lenge
aur distance # [ dispw‘[

# yaad rahe 1-D mein U-turn keliye
rukhna hoga (v = o) .. dist”, # disp"

Note: To calculate dist”, disp™ from x-t eq" :

Ex. x = t* — 4t + 8 then take v-t graph,

plot it using "v' eq" which we'll get by

differentiating "x" eq" & then put time given

from t, & t, & see graph calculate dist"/

disp™.

o0 Moving Frame se body ko drop/release
karne pr frame ka velocity share hojata
hai but accl”™ na'

MOTION WITH CONSTANT

ACCELERATION :-

V SRt

A\ &) o

S =R, —R, = @dt+ izrtz
vV +u U+ v

VAVg 2 S— 2 Xt

1
Snth=u+z(2n—1)

Q. Object starts from rest and constant
acceleration attained velocity 32 m/s in
10 sec. then find displacement in next
10 sec.

u+v O+ 32
xt =S = 2

S =160 m in 1% 10 sec.

Ans. S = x 10

Hence in next 10 sec.
itis3 x 160 = 480 m

&



Q. If velocity of object V = V25 — 8x then
find velocity and acceleration.

Ans. Acceleration is constant then compare

velocity with 3 equation of motion

V=25 -8 or V5=u*+2ax
u = 25 —8Xx = 2ax
u=5m/s 2a = -8
a= -4 m/s*
Note:-
un'd
| | |
[ | |
U S \V4
V4 U* + V2

Stopping Distance:-

__>U<’i_,__>u
+
mm X

“—d, t

(rxn)

2
2a

Reaction tume

Rest To Rest Motion:-

| o X, t, | Bx,t, |
U=o0 Vo V=0
xp |T
X t = Btz vmax:[o( + BJ
2
1 [ «p JT
X x, = Bx s= —
2 = B 2 [o( + B
u=o0 a =const” U=o
L | | |
[ ] ] 1
l— t, 5 t, alei t, =l

Ratio of time for equal dist” interval: -

St : S
Ratio of displacement in time t and next
same time intraval t, where motion starts
from rest and constant acceleration

extt = 113 orx:3x

S;iS,, =14 o0rx:4x
displacement in time t total time (2t)
Q. Object starts constant

acceleration moves 80 m In 7 sec. then
find displacement in next 7 sec.

from and

Ans. Displacement in next 7 sec = 3x

=3 X 80 = 240 m

MOTION -UNDER GRAVITY:-

(a = const™)
¥ SR
Sm lxls 4x
H2 | | "Nz T E
15m ng
- ax
+ |HT l
25m _| S)és 16x
H/2 ¥ —BT‘ 35m | lﬂgs
45m J,q)és

7777777777777 7777777777777
Sit Sopd Ssq= 1305
SlS:SZS: Sz = X:4x: ax

Note:-

1 Ti : - [zr
Time of Fight (T;) = | :
2. Velocity at ground :- v = \[2gH

Physics



Graphs:-
v a
v=gt
a=g
t t
S v
2gH
t H

MOTION UNDER GRAVAITY FROM
GROUND TO GROUND:-

o Non-uniform motion (velocity = variable)
with constant acceleration (g).

o At maximum height velocity zero and a = g.

v 2U
Moo =2g  Ti%7g

) u

TMP = ? Tdouiy\: ?

i = 60 W\/si

' 60
1. Total time of flight T = 2 -2 ;O
= 12 sec. zg

2. Maximum Height H = L -180m
3. Velocity at t = 7 sec.

v=u+gt

=60 — 10x7 = -10 m/s
4. Displacement in 8 sec.

1
S=ut+zat2=160m
5. Distance In 8 sec.

at t = & sec. body comes to at rest and
takes u-turn hence calculate distance ©
to & sec. them 6 to 8 sec

S =180+ 20 = 200 m

Motion in 1-D

6. Distance in a™ sec. downward journey
ka 3™ sec = 25 m. Use ratio.

7. Distance in {ast sec of upward Journey =
distance in 1 sec of downward journey
= 5 m (always)

Q. A stone with weight W is thrown
vertically upward into the air with initial
velocity v,,. If a constant force, due to air
drag acts on the stone throughout the
Aight & if the maximum height attain
by stone is h and velocity when it strikes
to the ground is u. Which one is correct?

f
h=v?|1+—|/2g, v=
(a) Vo{ +wj g V=V,

(b) h=v? /29[1+VF\/}, v = zero

. f o w-f
(¢) hvo/zg(1+wj, R v
(d) h—vi/:Zg(1+\f\/j) v=v, xti
Ans.
MR*
If f = O then

H=—andv=v,
29

The MR*
Iff £0

H<—=andv<v,
29

Kam karne ke liye niche +ve hoga.

MR TABLE

m In dono ko add
- —t)_;v krke

I i t; nikal sakte !

Object is at same height at t, and t,.

That height |h =3 gt t,

@



o Ball is projected up with speed "U"
graphs: -

v 1(Speed)

o If air friction in not ignored then:-
t

w_ - /g -a
tdoww gta

Q tup < tdown
Q Vprojection ’ Vcol(isiom

MOTION UNDER GRAVITY FROM
HEIGHT TO GROUND:-

7/

c
>,

U* 2H
— +
2

g 9

u
t—g"'

AR R—

— = —

MR*
If u =0 then it is like drop from height H
then

MR*

If H = O then it is like ground to ground
motion

_2u

g

t

Q. Ball is projected up with speed "u" from
height H. Then time of fight T,. With
same speed "u'" it is projected downward
then time of fight is T,. find time of
fight "T" when object is dropped from

same height.
Graph:-
1. Position - Time Graph:-
X At Rest X v = +ve
const”
t t

vV =+ve
a=-ve

t
2. Velocity - Time Graph:-

v v

Physics
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Area

slope

acceleration

but distance = A, + A,

v

displacement = A, -A,

v = const” v
a=o0
t
v VT
vl al
al
I t I t
3. Velocity - Position Graph:-
\4
_a
m =y
X
4. Acceleration time graph:-
Aa
+A,
>t

Slope = et (Jurk)
Area = Change in velocity = A, — A,

AV

20 m/s

_A2

4s

—10 m/s— 2s

Distance = total area = 40 + 20 + 20 = 80 m
Displacement = 40 + 20 — 20 = 40 m

Motion in 1-D

_.A2

Q.

A

If initial velocity of object is 10 m/s
then find velocity at 10 sec
Aa

| | | 8 10
I I I I >
2 4 6 \J #(s)
-10-—T

ns. Area = change in velocity

— — 1 1
VF—VI~=—><12><:LO——><:LOx2
2 2

V, - V,= 60 — 10 = 50
V,= 50 + V, = 50 + 10 = 60 m/s

Relative Motion in 1-D

(o)

4—(A—>

Observer khud ko hamesa rest me assume
karta hai, or uska pas jo bhi velocity,
acceleration hota hai, ulta kar ke jisko
dekhta hai usme chipka deta hai.

- Y . - —
X g = Position of A w.rt. B = x, — Xg
— . - -
Xpa = Position of B w.rt. A = x5 — x,
differentiation w.r.t. time
— gy - — = —
VAB_VA_VB VBA_VB—VA
— — - > —
Ap = 4p T 4p Aa = 4p — 4,
— \ T — -
Vag = ~Vaa A8 = “4Ba
A B
— oﬁv

V B

A

_»V

O

O

A
© © ©E
Time taken to overtake = (—A+—{B—

Va~ VB
If they are moving opposite to each other
_lat g
Vat+ Vg

&



AB ~

If V, > Vg Vg = +ve

decrease then increase

1l

X AB

/

If V, < Vg Vg = —Ve N
Viga = +Vve X A = Increasing —
¢

Motion of Object on the Moving Surface | Ans. V., ., = 40 m/s

1. Man is running on the surface of train =0 =89
. . . . . are(atzve 2 sec
with V,, in the direction of train (Vo) S - 20 o
_ relative ~
Vg = Vo + V-

Q. A ballthrown downward with speed 20

. . .y . m/s and 30 m/s simultaneously, then
I man is running B SPREEEIS " S find welative velocity and separation

then, Vy; = Vo = Vy b/w thew after 4 sec
. ) , N ! ANS. A,n = O Vo, = 10 m/s (const w.r.t bus
2. River is flowing with Vi, and man is & = (con )

swimming with V,, in downstream then Spa = Vpal = 10 x 4 =40 m

Vg = Velocity of man w.nt groundyor ["Q. A bus starts from rest moving with an
- : _ accelevation of 2 m/sz. A cyclist, 6 m

effective velocity of man = Vjy + Vg behind the bus (starts simultaneously

In upstream Vi, = Vip = Viy towards the bus at’20 m/s. After what

. . timewill he be able to overtake the bus: -
3. Same as above in stair case.

. . . Ans.
o Motion under gravity of one object w.r.t
other which is also in motion under
gravity is uniform relative motion.

—>U, = 20 m/’s

<
a3 = O Vg = Cost” agg = 2 w/s" <=6 m> (o) (o)
Sag = Increasing or decreasing linear S = ut 4+ 12 (cyclist w.r.t bus)
. .. S 1
Time of collision = ZAE 6 =20t -=2t*
. Vas . £ _20t+a6%=0 t=12sandt= 8 sec
Q. A ball is drop from 80 m height and

another ball is projected with speed 40 at 8 sec cyclist overtake bus and at 12
m/s then they will collide. sec bus will again cross cyclist.

@ Physics



