Class 11 Physics-Ch 3: Motion in a Plane

Part - 1: Scalars, Vectors and Introduction to Motion in
Two Dimensions

Learning Objectives

S YN & 3T & dlG HTU:

Plane Motion 1 GHHRUHWWI

Scalar g Vector JRMAT § 3R FdT a1l |

Vector @1 [ARIVAT3M ol THST Gl |

Position Vector Td Displacement Vector T 3T B |
Vector Representation siecall

1. Introduction
fUSd o1 § 89 ad TP HIL ¥WT (One Dimension) T T BT 3719 fopar T
R Sita- H ST ey & a1 o famrsii & 7ifd =t ]
R{AFRRLUE
gal H Sgr vefl
fhde P Tig
T 7 gt A1g
SHIRT H I [dHH
. Hgb WS g3 PR
29 941 &1 71fd Plane Motion (Two Dimensional Motion) Hedl gl

2. Plane Motion
Definition
Od Pls 9% U 1 THAd (Plane) H & TR¥UR Traad fRmaf (x 9uTy) & 7Ifd et 8, a1 39
Motion in a Plane Eh??f%l
Examples
o Projectile Motion
Circular Motion
Boat Crossing a River
Motion of an Aeroplane

3. Scalar Quantities
Definition
3 Wi JRET S=H Hao afATOT (Magnitude) 81aT 8, fE=IT (Direction) &1 g, 37
Scalar Quantities El'%?f %I
Examples
e Distance
e Speed
e Time
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Class 11 Physics-Ch 3: Motion in a Plane

Mass
Temperature
Energy
Work

Power
Density
Volume

Characteristics

. WMagnitude'é’l?lT%l
o IIYR SSATOIG (Algebra) § SS! AT UeTs St 3|
. feen oo ve@ T8l gl

4. Vector Quantities
Definition
3 Wifae RTS8 afATur (Magnitude) T f=IT (Direction) H1 814 8, 3= Vector
Quantities Eb_s’?r?{l
Examples

o Displacement
Velocity
Acceleration
Force
Momentum
Weight
Electric Field
Magnetic Field

Characteristics
o Magnitude d¥T Direction FRIkGE]
« Vector Algebra & FHaH @ gd § |
e Arrow (H)WWWW%I

5. Difference Between Scalar and Vector

Scalar Quantity Vector Quantity
Only magnitude Magnitude and direction

Added by ordinary algebra Added by vector algebra
Represented by a number  Represented by an arrow
Direction is not required Direction is essential

6. Representation of a Vector
f3eit Vector ®1 TH Arrow GRT GRITAT ST 5 |

o Arrow P Length — Magnitude
e Arrow Head — Direction
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Class 11 Physics-Ch 3: Motion in a Plane

ZI'%WVectorﬁﬂWA%,?ﬁBﬁ

I UeRid ad g |
gfe IqHT Magnitude INECEIRE

| Al orA

7. Equal Vectors
3l Vectors TH HaTd & Tfe:

« 371 Magnitude FHTH 811
« 3! Direction THH 811

8. Negative Vectors

Tfd &l Vectors &1 Magnitude HHI 81 i Directions fausid &1, dl 9 Negative Vectors
HEad gl

JalgXUr:

p
Il

|
w

9. Zero (Null) Vector
ST Vector &T Magnitude RIG 81, 39 Zero Vector HEd g
w
[ERG|L
e Magnitude =0
« Direction 3fAf&a (Undefined)

10. Unit Vector

ST Vector &1 Magnitude 1 s‘r JY Unit Vector 8d %'I
gfe fddt Vector

[ Unit Vector ﬁW?FﬂEﬁ

>
Il
>

Pl

Unit Vector dad R &dTdl & |

11. Standard Unit Vectors

Cartesian Co-ordinate System o
Along X-axis

H
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Class 11 Physics-Ch 3: Motion in a Plane

Along Y-axis
Along Z-axis
sq?ﬂ:ﬁm Magnitude:

12. Position Vector
Origin | Wﬁl’g{ e Wil T Vector Position Vector HaaTdl & |
afe foodt ﬁgai Coordinates % (X, y), dl 3T Position Vector BRT:

F=xi+yj

13. Displacement Vector
afe B 3 foig AV B T el 8,

Displacement =1, —1;

el
« 7;= Initial Position Vector
» 7, =Final Position Vector

14. Important Solved Example
Example
A particle moves from (2,3) to (8,7). Find its displacement vector.
Solution
Initial Position: 7, = 2i + 3j
Final Position: #, = 81 + 7]
Therefore,
s=7,—7 =@8i+7))— 1+ 3)) =61+ 4]

15. Important Points to Remember

] Scalar quantities obey ordinary algebra.

1 Vector quantities obey vector algebra.

1 Unit Vector has magnitude 1 only.

"1 Position Vector always starts from the Origin.

] Displacement Vector is independent of the actual path.
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Class 11 Physics-Ch 3: Motion in a Plane

16. Representation of Vectors (Addition, Position, Displacement etc.)

== ==
A
—_— =
= —E —_—
(c) Equal Vector B

e (e) Parallel Vector
A
(b) Displacement _—

Z-axis (a) Position Position Vector ——————

Vector

B
(d) Parallel Vector

T H
—_— (g) Addition of two

(f) Vector vectors i.____B_

Representation

17. Exam Tips (e k)
1] YR TG ¥ & Distance Scalar % Sdfdb Displacement Vector %I
1 Velocity, Acceleration, Force 3R Momentum I+ Vector Quantities %I

[ Unit Vector ®T Magnitude Hed 1 8IdT 8; 8 $ad [N STl g
1] Position Vector bl Origin ) _EQI ECICIRSIG| %I
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Class 11 Physics-Ch 3: Motion in a Plane

Part - 2: Addition, Subtraction and Product of two Vectors

Learning Objectives

S U o &I o §IG AT

Vectors & Addition Td Subtraction &1 THST Th |
Triangle Law U9 Parallelogram Law T TR B b |
Resultant Vector &T Magnitude Td Direction JTd &R Tl |
Vector Resolution &1 STaRIdhdl ol JHS Fobil |

CBSE, NEET Ud JEE &R & UY 8 B b1 |

1. Addition of VVectors
e G 1 &1 T 3P Vectors BT SNSHR Th T Vector U {547 SI1aT §, @ S Resultant
Vector W%I gfe A and B &I Vectors % GIRGEARIEIE

R=A+B

2. Triangle Law of Vector Addition

Statement

Tfe &l Vectors Bl HHT: ﬁﬂjﬁ[ ey HGITGﬁ gRT (Head-to-Tail) Uaf?fﬂ foar Iy, GIREED
T Y B Rt Yol gRT UG R 8T g |

Construction
1. Ugd A §913T|
2. B &I Tail, A & Head TR IQT
3. AP Tail ¥ B & Head d& T TRIT Vector Resultant 1T |

3. Parallelogram Law of Vector Addition
Statement

e al Vectors ford! THM fog I URT g THIR Igys &1 &l Sau Yorrsil gRT uefRid g,
1 IH1 TN 39 fofg & Wiar a1 fa&uf (Diagonal) I

4. Magnitude of Resultant Vector
Tf¢ &l Vectors A Td B & &I HI0T 9 B, Al Resultant 3T Magnitude:

R = /A% + B2 4+ 24B cos 6

5. Special Cases
(i) Same Direction (8 = 0°)
R=A+B
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Class 11 Physics-Ch 3: Motion in a Plane

(ii) Opposite Direction (8 = 180°)
R=A-B

(iii) Perpendicular Vectors (6 = 90°)
R =+A2+ B2

6. Direction of Resultant
Tfe &l Vectors & &9 10T 0 B, A1 Resultant §RT A & TTY §H71AT 71T BT ¢
Bsin@
BcosO + A

tang =

7. Subtraction of Vectors
Vector Subtraction @1 Negative Vector \ﬂ\lschi [ERIKIG] %I

A-B=A+(-B)

8. Resolution of a Vector

T Vector ®I &l TRER TWIdd Components T fUTRTd AT Resolution of Vector BT
gl

TfE Vector A, X-axis T 6 I IIAT B, oY

Horizontal Component:

A =Acosd
Vertical Component:

A =Asing
9. Rectangular Components
foBaft Vector @1 feraT ST Al &

A=Ai+A]
e,

Ay = Acos6 and A, = Asin®

10. Magnitude from Components

afg Components SIGRE
A= A+ A
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Class 11 Physics-Ch 3: Motion in a Plane

11. Direction from Components

tan6?:i

12. Solved Example -1
&l Vectors & Magnitudes: A=6and B =8 eﬁ?‘m‘rww%

Resultant JTd PIfolT |

Solution

R=+A2+B2=.6%+82=136+64=+100=10

13. Solved Example — 2
TS force vector ([F]) BT Magnitude 20 N § TUT I X-axis H 30° &1 HI0T ST 5 |

Components JATd WI
Solution
Horizontal Component:

V3

F, = F cos30° = 20 X — = 10V3 N
Vertical Component:
1
E, = Fsin30° ZZOXEZ 10N

14. Important Conceptual Questions

Q1. ama‘r SIHHT Magnitude aTd Vectors BT Resultant A ﬁ Hhdl %?

Answer: -Tg1 | Resultant IR i 81T SId ST Vectors &1 Magnitude HHTT TUT Directions
faia g

Q2. HT ﬁ Vectors ®T Resultant fdt T& Vector & SRR 81 Il a7
Answer: ﬁ oy ufefeufaay H|

15. Diagram showing the subtraction, resolution and addition of two vectors

vectors: Law of
parallelogram

Fig.-c
Resolution of 3
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Class 11 Physics-Ch 3: Motion in a Plane

15. Solved Numerical Based on Vectors:
1. For what angle between 4 and B, |4 + B| = |4 — B|?
Solution:

Let the angle be 6 between 4 and B.
Since,

|A+ B| = |4 - B| 0r,/A? + B2 + 2AB cos § = y/A? + B2 — 2AB cos §
Or,
4AB cos8 = 0,0r,cos0 = 0,0r 8 = 90°

Ans. 6 = 90°

2. Find the magnitude and direction cosines of the vector: 4 = 31 — 4j + 5k
Solution:
Magnitude of vector A:

|A| = A=V(3)2+ (=42 + (5)2 =V9 + 16 + 25 = 5V2
Ans.5V2

Cosines of vector A:
Since, the given vector A can be written as:

A=A 0 +A7+Ak
Here,
Ay =3; Ay = —4; A, =5
Now, the angles made by A4 from x-axis, y-axis and z-axis are as:

A A
cos 6, = Zx; cosHy = Iy; cosf, = =
Hence,
i 6, = = cosd, = —
cosf, = ——;cos =——;c080, =——
o5zt Y sv2t T 52
3. Resolve a force F = 10 N alog x-axis and y-axis if F makes an angle of 60° from x-axis.
Solution:
F,=Fcosf and F, = Fsinf
Or,
1
F. = (10) cos 60° = (10) (E) _5N
And,

E, = (10) sin 60° = (10) (?) =5V3N
16. Dot Product of two vectors:

The The dot product of two vectors is a scalar quantity. It is also called scalar product. For
example, work is a scalar quantity and it is the product of force and displacement as given by

W=F-3§

Let two vectors A and B are acting at a point, making angle 6 with each other. Then,
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Class 11 Physics-Ch 3: Motion in a Plane

A-B = |14T||§|c059 = AB cosf

Special cases:

(1) If two vectors are perpendicular to each other then their dot product is zero. 8 = 90°, as
(cos90° = 0) and

> o

A-B=0
(2) If two vectors are parallel to each other, then 8 = 0° as (cos 0° = 1) and
A-B=AB
Angle between two vectors,
A-B
c0sl = —=—=
|A][B]

Properties of dot product of two vectors:

(1) The dot product of two vectors as,

A-B=B-A
(2) Unit vectors,
iri=jj=k-k=1
And,
i-j=j-k=k-i=0

Projection of Vector A on vector B Or, Component of A along B, itis given as,

N . A-B
Component of A along B = W

17. Cross Product of two vectors:

The cross product of two vectors is a vector itself. It is also called Vector product. For example,
torque is a vector quantity and it is the cross product of displacement and force, given as,

X F

>
T

Another example, in circular motion, velocity is a vector quantity and it is the cross product of
displacement and and angular velocity as,

Prepared By Er. Birendra Pratap Singh Page 10



Class 11 Physics-Ch 3: Motion in a Plane

V=wXT

If two vectors A and B are acting at a point and makes an angle 6 from Ato B, then

AxB = |ﬁ||§|sin6ﬁ=ABsin0ﬁ———(i)

Taking magnitude of above equation both sides, we have

|A x B| = ABsing — — — (ii)

As i =1

Unit Vecor perpendicular to both A and B:

From above two equations (i) and (ii), we get,

Special case:
(1) Two vectors are parallel if their cross product is zero. That is, when 8 = 0°, then

(2) If the angle between two bectors is 90°, then
|Ax B| = AB

Properties of Cross product of two vectors:

(3) The cross product of two vectors as,

-

AxB=-BEx4

(4) Unit vectors,

e~
X
~>
Il
~>
X
~>
Il
&9
X
&9
Il
(@]

And,
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Class 11 Physics-Ch 3: Motion in a Plane

Also,

18. Numerical Based on Dot product and Cross Product:

Numerical-1:
Find the angle between A = —jand B =7+
Solution:
5 A-B G=D-G+) 1-1 0 04
COS = = = === — —ANS.
M4l (VOr+ED2) (Y (@) V2vzo 2
Numerical-2:

Find a unit vector perpendicular to both 4 = 2i + 3j+ kand B =i —j + k
Solution:

[ﬁx§1=% _él =2 -0 Y+rf 2

=i3+1)—j@2-1)+k(-2-3)=41—j—5k
And,

|4 x B| = J(4)? + (=1)% + (=5)% = V42
Therefore, unit vector perpendicular to both as
AxB 4

41— -5k
[AxB| Va2

Answer

fl =

19. Exam Tips (e k)
1 Triangle Law 3R Parallelogram Law P1 Statement + Diagram 3{d¥yJ g 9 |
11 90° aTl Ui § 1Y Pythagoras Theorem &1 AN &1 |

'] Components f&Ted THT:;
o X-direction — Cos
e Y-direction — Sin

(@l DI X-axis W &A1)
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Class 11 Physics-Ch 3: Motion in a Plane

Part - 3: Position Vector, Motion in a Plane, Velocity and
Acceleration in Two Dimensions

Learning Objectives
S U o &I o §lG AT
« Two-Dimensional Motion &I Vector Form H gHA |
« Position Vector Td Displacement Vector BT ITINT HR bl |
e Average T4 Instantaneous Velocity in Plane G A |
« Acceleration in Two Dimensions T 00T T |
« Motion & Vector Equations BT TANRT HRAT SR |

1. Motion in Two Dimensions
OTq DI a%d X-axis qUT Y-axis Q1 (GRS & T A1 1 Fall ©, df 3§ Two-Dimensional
Motion Ul Plane Motion %ﬁ%‘l

Examples
o Projectile Motion
e Circular Motion
o Boat Crossing a River
e Motion of an Aircraft

2. Cartesian Coordinate System
Two-dimensional motion 1 T BT & f%ﬂl Cartesian Coordinate System I TN fohan
ST g

e Horizontal Axis — X-axis

e Vertical Axis — Y-axis

. aﬁﬁa{&ﬁmmﬁr—gﬁ Origin (O)
1Cﬁ?mﬁ{iP%Coordinatesﬁ?f: (%, y)?ﬁBﬂ?ﬁ@ﬁ%f{UTﬁ: ﬁﬂfﬁﬁ%ﬁﬁﬁ%l

3. Position Vector
Origin | Wﬁg P b T TR Vector Position Vector HEaTdT & |
e ﬁg P & Coordinates %, y) %‘ dl

2~

F=Xi+ VY]

&

uigl,
e I — X-axis dI Unit Vector
e ] — Y-axis Pl Unit Vector

4. Magnitude of Position Vector
a7 = xt +yj I,
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Class 11 Physics-Ch 3: Motion in a Plane

|Fl= % +y?

5. Displacement Vector
ﬁﬁéaﬁﬁg A @fﬁg B d® WGl 8, O ST Displacement:

Ar =1, -t

T‘Iﬁfl = x1f+y1f Gﬁq?z = xZ\i+y2j\(_-n-,
AF = (%, —X)i +(Y, - Y)) ]

6. Average Velocity in a Plane
Average Velocity:

. AF
Yag At

Yg U Vector Quantity % I
SI Unit: m/s

7. Instantaneous Velocity
ol favy T R Velocity P Instantaneous Velocity Wﬁ%l

_dr
V=—
dt
If 7 = x1 + yj then,
=, Wy
dt dt
Or,
V=Vli+V ]

8. Magnitude of Velocity
i Velocity & Components v, and v, % then,

_ 2 2
V= Vi+V

9. Direction of Velocity
Velocity GRT X-axis & |1 ST 79T HI0T:

Vv
tang =L
v

X
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Class 11 Physics-Ch 3: Motion in a Plane

10. Average Acceleration
Acceleration = Velocity & TRad" &I &3

s _AV
29T At
11. Instantaneous Acceleration
_dv
a=—
dt
gfe
U = vl + vyf
d,
_ dv, . dv .
a= I+— ]
dt  dt
T,
d=al+a,]

12. Magnitude of Acceleration

a=.a+a

13. Direction of Acceleration

a
tang=—2L

Q

14. Motion Equations in Vector Form

T Acceleration Constant &, dl
First Equation

Second Equation

Third Equation
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Class 11 Physics-Ch 3: Motion in a Plane

e I Equation T Dot Product (Scalar Product) CIR° BN I % SRED Ira%qCI HEHYq
M & eardl | fasa e |

15. Solved Example - 1
Udh Particle I Position Vector %: 7 = 41 + 3}, Magnitude WWI

Solution
7| =V4%2+32=5

16. Solved Example — 2
e v, = 12m/s 3R v, =5m/s, dl Velocity &T Magnitude JTd IS |

Solution
v= |v,2+v,2=122+52=13m/s

17. Important Conceptual Questions

Q1. T Position Vector 3R Displacement Vector JHIA B-ﬁ %'?
Answer:

ol
Position Vector "s’ﬁ}fﬂ Origin AT ST % e Displacement Gl Positions o §TF & 3R

BT gl

Q2. AT Velocity & Components ¥4 (Independent) Eﬁ?f ??
Answer:

:&l
X T Y fE=maff # Motion Teh-g¥R ¥ WA (Independent) BT B |

Q3. &I E:T-dimensional Motion &1 ﬁ@-dimensional Motions § faurfora faan
ST gl 87

Answer:

=l

a'é’r ﬁl?s{l?f Projectile Motion Td River Crossing Problems T GH?J'IT%I

18. Exam Tips (G % % %k %)

7] Position Vector Eﬂ'Q'IT Origin | P= Eﬁ?ﬂ %I

1 Magnitude e & fam Pythagoras Theorem 1 O 3|
7] Plane Motion T X TYT v TGRS BT f[ARATUT S T- 3T X |
1 Velocity Q‘d’ Acceleration Eﬁ*ﬁ Vector Quantities %I
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Class 11 Physics-Ch 3: Motion in a Plane

Part -4: Projectile Motion (Introduction, Equations and
Trajectory)

g Chapter 3 BT JaH HE@YU! YNT 8 | CBSE Board, NEET 4T JEE Main H Projectile
Motion I TTH Y& oY UY I ofd g |

Learning Objectives

U YN & T & dlG 3HTU:

Projectile Motion @1 S{@&TRUN THE HahH! |

Horizontal Td Vertical Motion T Wd3 fa<ayur 3 Il |

Time of Flight, Maximum Height Td Horizontal Range %%WWWI
Projectile P Trajectory I JH B0 qH b |

Numerical Problems §¢f Y b |

1. Projectile Motion

Definition

o foraft o &Y &fAST (Horizontal) & farlt Y07 O\thetad TR URRYE AT uuu & T1Y BT
ST € 9T S9S 916 39 W Had YSATPYUI §6 (Gravity) BT BT §, Al STD! T Bl
Projectile Motion W%I

Examples
. TPdc®iflg
el ol fhd
HTET (Javelin) Tep-T
qg I ISl /™7 Trar
TR (Fountain) ¥ fead Sia

2. Assumptions of Projectile Motion
IR faayor & fag fg Aran «f S g

1. EITQEI,EIﬁR-T‘EI (Air Resistance) 70y gl

2. TH@ @Rl g Fad gl

3. Q1 Iohal Bt IULT BT ST B

4. Motion av_CIF'[QH?Vertical PIaneﬁEﬂ?lT%l

3. Velocity Components
gfe YRR 9T u, Horizontal § 0 HIVT §IGT 7, A

Horizontal Component:

u, =ucoséd
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Class 11 Physics-Ch 3: Motion in a Plane

Vertical Component:

u, =usiné

4. Motion along X-axis
Horizontal ﬁmﬁﬁ% Acceleration TGQIE-’I?ITI
a, =0
3Hd:,
Velocity:

vV, =ucosé

Displacement:

|sx = ucosf xt|

S. Motion along Y-axis
Vertical fG=IT & Acceleration:

ay =—g
Velocity:

v, =using—gt

Displacement:

— usind x ¢ — 2 gt?
Sy = usin zg

6.Deriving Time of Flight,Maximum Height, Horizontal
Range and Equation of Trajectory:

|
~ |
1

Figure-(a) Projectiel Motion

Since,
Ve = Uy + @t — — — (0)

vy, = U, +a,t —— — (ii)

Prepared By Er. Birendra Pratap Singh Page 18



Class 11 Physics-Ch 3: Motion in a Plane

1
Sy = Uyt + Eaxt2 — — — (iiD)
Sy = uyt + antz — — — (iv)
Also,
a,=0; a, =—g; uy =ucosf; u, =usinf — — — —(v)
(a) Time of Flight

Projectile &% T: 4l TR 3 & T $d IHT Time of Flight FEATdT 5 |
Derive it:

At the highest point vertical velocity (vy) = 0. Let time taken to reach maximum height is t in

first part and then to reach on ground from highest point to ground is also t because of symmetry.
Therefore, Time of Flight=2t=T
Using equation (ii) and (v) we have,

v, = Uy +ayt

We get,
0 =usinf — gt
Or,
; usinf i)
= ———(vi
g

Hence, time of flight = 2 x t, so, Time of Flight is,

2usinf  2u,, 3
T = = — — — (vii)
g g
Derived
(b) Maximum Height
Projectile gIRT UTtd 3fHad 3 \’ndl‘é

Derive it:
At the highest point, H = s,,
Using equation (iv) and (v) and (vi), we have

Sy = Uyt + antz
Then,
o= s e(usine) 1 (usin9>2
= usin 2‘9 7
Or,

u?sin®6 u?sin’0 u’sin®6

g 29 2g

Hence, maximum height ism
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Class 11 Physics-Ch 3: Motion in a Plane

u?sin?0  uy,?

H=— =g, — =~ Wi
Derived
(¢) Horizontal Range
Projectile GRT 4 &1 5 $d %ﬁﬁgﬁ:
Derive it:

Since s, = R as it is the horizontal distance from the point of throw to the point of fall.

Using equation (iii) and (v) and (vii), we have,

1 2
Sy = Uyt + = a,t

2
Then,
2usin@\ u?(2sinfcosf) u?sin26
R=(ucos¢9)><T=(ucosH)( )= ( )=
g ) g
Hence, horizontal range is,
u?sin20  2u,u
R= =—2— ——(ix)
g g
ICRINKGER
Od 9 = 45° dd
2
Rmax = u_
g

(d) Equation of Trajectory
Projectile &1 UY (Trajectory) UXdeid (Parabola) gral %’ I
Trajectory I :

Derive the equation of Trajectory which is a parabole-
Lets, = x and s, =y, then using equation (iii), (iv) and (v), we have,

1 2
Sy = Uyt +za,t

2
Then,
X =ucosf Xt

Or,

X

" ucos6 €
Now,

Sy = uyt + antz — — — (xi)

Putting the value of t from equation (x) and s,, = y, we get from equation (xi) as
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Class 11 Physics-Ch 3: Motion in a Plane

2

y=(usin6)( ad )—%g( ad )

ucoséo ucosé@
Or,
— xtang - %
y=xlan 2u?cos?6 (i)
Or,

y=xtan0(1—%)

Derived

s Projectile @7 Path W@ Parabolic BldT g |

7. Angle for Maximum Range
Maximum Range W@?ﬂ%ﬁl—d

8. Complementary Angles
& 6, + 6, = 90° I
Rg = Rggo_g

3ryfd Complementary Angles UX JHIH IR AT & feTT Horizontal Range THIH gral % I

9. Solved Examples

Examples-1
TH Tg BT u = 20 m/s BT T F 30° & HIVT TR BT ST 8| g =10 m/s?, what is the time of
flight?
Solution
1
_ 2usin@ _40X§_2
B g 10 S
Example — 2
IWRIFd Y H Maximum Height?ﬂﬂﬁﬁlﬁl
Solution
u’sin?9 400 X%
29 2x10
Example-3

Tfe u =20 m/s 3R 0 = 450 A Horizontal Range I B g =10 m/s®
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Class 11 Physics-Ch 3: Motion in a Plane

Solution

u?sin260 400 x 1
R = = =40m
g 10

10. Important Conceptual Questions

Q1. Projectile Motion H Horizontal Acceleration WFIT@?IT%’?
ANswer:zero

Q2. Vertical Acceleration fd=T gidT 82

Answer: -g

Q3. f" P TR Maximum Range UTe Bl 82

Answer: 45°

Q4. &I Projectile T Path Circular 8YdT 82
Answer: =|Tﬁl gg Parabolic Eﬁ?ﬂ%l

Q5. Complementary Angles UX Range HHIA 1 gt %’?
F1f, sin20 = sin (1800-20)
3a: o fufoar o Rangeﬂﬂﬁ@?ﬁ%l

11. Exam Tips (k% k%)

'] Horizontal Motion 3R Vertical Motion &7 faSaiyUT 3IeTiT-3eT X |
"1 Horizontal Velocity ﬂaa R W_Cﬁ % |

1 Vertical Velocity JTHT & 1Y daadt % I

] Maximum Height UX &Hdd Vertical Velocity X[ gIdl 8, Horizontal Velocity gl |
[ 450 TR Range 3fddd gid g
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Class 11 Physics-Ch 3: Motion in a Plane

Part — 5: Uniform Circular Motion

g HTT CBSE Board, NEET ¥d JEE Main & fIT 3reid Wgeayul 81 fa=iy &9 ¥ Uniform
Circular Motion ¥ fafiid ©0 9 7% q@ A § |

Learning Objectives

U YT & LTI & §IG 31U:
« Uniform Circular Motion (UCM) 1 3{dYURUN IHY T |
« Angular Displacement, Angular Velocity d¥dT Time Period &1 ST D |
« Centripetal Acceleration CARICESER ] Qﬁﬁ"x’ﬂ gHA Tl |

1. Uniform Circular Motion (UCM)
Definition
d DI a%] TPR Y (Circular Path) TR THH T (Constant Speed) I T &Rt €, @t
3! TTfd BT Uniform Circular Motion Eb??r%l
Examples
o YT YT G gHAT TR
« Ud (Fan) & IS &1 AT
. Qo IRI 3R YA IUUE (ARl fRufa)
. USl DIyl

2. Characteristics of UCM

« Path JATHR BT |
. Speedﬁﬂﬁ?ﬁ?ﬁ%l

«  Velocity 3T Magnitude TH 38T §, OR Direction fA¥aR dgad! B
. ST 9% &1 Acceleration T g1 gidT|

3. Circular Motion Diagrams:

Y
b i
ax

Fig.3-b Fig.3-c Fig.3-d
Constant Speed Increasing speed decreasing speed

Fig.3-e
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Class 11 Physics-Ch 3: Motion in a Plane

4. Important Definitions:

In circular motion, a particle has two velocities.
(@) Angular velocity
(b) Linear velocity

Angular Velocity (w)
Angular Displacement &1 THY & HTU& URAcH &

do
~dr

w

SI Unit: rad/s

Angular Displacement (8)

g & Pb% UR §1 DI Angular Displacement HEATAT & |
Sl Unit: radian

5. Relation between Linear and Angular Velocity

Since,
ds =rdo
Or,
ds _ df
dt | dt
Or,
V=T1Tw
In vector form,
V=wWXT
6. Time Period (T)
TS YUl Fah T H T 98
2T
T=—
w
7. Frequency (f)
Ufd TS TITT 71T TIadh| b TBT:
1
f= T
3R
w = 2nf

8. Acceleration (a)

A particle in circular motion has two accelerations.
(a) Angular acceleration
(b) Linear Acceleration
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Class 11 Physics-Ch 3: Motion in a Plane

Angular Acceleration(a):
The time rate of change in angular velocity is called angular acceleration.
dw

—dt

a

e Itisa vector quantity.

e Direction of angular acceleration is perpendicular to the plane of circle and it is either
parallel or antiparallel to the angular velocity.

e |If a and w are parallel to each other, speed of the particle increases.

e |If a and w are anti-parallel to each other, speed of the particle decreases

Linear Acceleration(a):
It has two components:
(a) Centripetal acceleration and
(b) Tangential acceleration

Centripetal Acceleration Or Radial Acceleration
Uniform Circular Motion & @R U 9¢d &% &1 &ﬁTEﬁ?ﬂ%I

UZ

a.0Ora,=—=rw
r

2

A4

. fe=n9da o= @ SR

« Magnitude RR I8 T&Har g

« Direction TR Scad Igd! ¢
Tangential Acceleration(a,):
It is defined as rate of change in speed.

d|v|
ag = W
This tangential component is responsible for change in speed in circular motion.
e |If a, is zero, no change in speed.
e |f tangential acceleration and linear velocity both are in same direction, speed increases.
e If both are in opposite direction, speed decreases.
Relation between tangential acceleration, angular acceleration and

radius of the circle:
Since,

r

v
_da)_d(7)_1<dv>_at
R P T

Or,

=
a=+a2+a?

Net Acceleration
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Class 11 Physics-Ch 3: Motion in a Plane

The direction of net acceleration from a,,

a’C
tang = —
a;

9. Numerical

Numerical-1:

A particle is moving in a circle of radius 1 m at uniformly increasing speed. Calculate the
angular acceleration of the particle if its speed changes from 2 m/sto 3 m/sin 2 s.
Solution:

Since,

a; =ra
Or,

dv B

ac ¢
Or,

—1(3_2)05 ds? A
. a = 1 > oraa s ns.

Numerical-2:

The speed of a particle varies with time as: v = 2t.The particle is moving on a circula path of
radius 1 m. Find the followingsatt=1s.

(a) radial acceleration

(b) tangential acceleration and

(c) net acceleration
Solution:

(a) Radial acceleration,

v
a, = T
Att=1s,r=1m,v=2x1=2m/s,then
4
ar =7 = 4ms™? — — — —Ans.
(b) Tangential acceleration,
_dv d(2t) N 2
_ at—dt— FT ms ns.
(c) Net acceleration,
a=+a,2+a?=vV16+4=2V5ms™2 — — — —Ans.

10. Why is Acceleration Present in UCM?
TR Speed fUd I8l 8, AfB Velocity &1 = fFRaR geerd! |t B
i Acceleration, Velocity & URad- o1 &R g, STl
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11. Solved Examples

Example — 1
TS HUT 5 m o0 91 G WR 10 m/s 1 a1 I gH T |
Centripetal Acceleration Td PIT|

Solution

2100

a,=—=—=20ms"?
5

Example — 2
TS T BT Angular Velocity 4z rad/s 81 Time Period JTd SIfTT |
Solution

2n 27w

T=—=—=05s
w 4n

12. Important Conceptual Questions

Q1. T Uniform Circular Motion A Acceleration Q]Fqﬁ?ﬂ%'?
Answer: T8l | @RV ¢ Hg &I 3R ST |

Q2. Centripetal Acceleration &I fezm e ﬁ?ﬁ %?
Answer: ﬂ%ﬂ‘q’ﬁ%ﬁﬁ 3R

Q3. AT Speed 3R Velocity ﬁ TJHTA 13?[ %’?
Answer: Speed JHIT gl g, Velocity ®1 [T Sgard! e gl

Q4. Angular Velocity ®T SI Unit ERJT%’?
Answer: rad/s

13. Exam Tips (¢ % %)

1 UCM ¥ Speed fRIR &< 8, | Velocity Igerdt Tgdt gl
1 Centripetal Acceleration ﬂé_d %oTs{ aﬁ Gﬁ? Eﬁ_cﬁ %I

v = ro dd Agaqul T ||
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