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PHYSICAL QUANTITIES

A physical quantity is a property of a material or system that
can be quantified by measurement. A physical quantity can be
expressed as the combination of a magnitude and a unit.

Ex: Length, Mass, Time, Velocity, Force, etc..

Physical quantities are mainly classified into three types.
a) Scalars b) Vectors ¢) Tensors

Scalar quantities are those which have only magnitude.
Example : mass, time, distance, speed, area, volume, density,
work, power, energy, frequency, temperature, electric charge,
electric current, potential, resistance, capacity, velocity of
light, intensity of sound, etc..

Vectors are physical quantities which have both magnitude
and direction and obey laws of addition of vectors. Example:
velocity, force, displacement, acceleration, impulse, angular
displacement, angular velocity, angular acceleration, moment
of a force, torque, magnetic moment, magnetic induction field,
intensity of electric field, etc..

Tensors are those quantities with one magnitude in any
directions. These do not obey the law of vector addition.
Example: Moment of inertia stress and strain etc..

VECTORS
Definition

Phyical quantities that have magnitude as well as a sense of
direction, and follow vector law of addition, are called vector
quantities. Examples are displacement, force, velocity etc.

Representation of a vector:

Avector is represented by a line segment headed with an arrow.
Its length is proportional to its magnitude. 4 is a vector.

A= PQ Magnitude of A =| A |or A=| PQ| /

Magnitude of a vector is always positive.

Types of Vector

1. Equal vectors : Two vectors 4 and B are said to
be equal when they have equal magnitudes and have
same direction.

2. Parallel vector : Two vectors 4 and B are said to be
parallel when

(/) Both have same direction.
(if) One vector is scalar (positive) non-zero multiple
of another vector.

3. Anti-parallel vectors : Two vectors 4 and p are
said to be anti-parallel when
(/) Both have opposite direction.

(i) One vector is scalar non-zero negative multiple of
another vector.

4. Collinear vectors: Two vectors are collinear if they
have the same direction or are parallel or anti-parallel.
They can be expressed in the form @ = Kb where a and
b are vectors and ‘K’ is a scalar quantity.

5. Zero vector ((): A vector having zero magnitude and
arbitrary direction (not known to us) is a zero vector.

6. Unit vector : A vector divided by its magnitude is a
unit vector. Unit vector for 4 is A (read as 4 cap / 4

. ~ A - A
hat). Since, 4 = = = A=AA.
Thus, we can say that unit vector gives us the direction.

7. Orthogonal unit vectors : i,; and  are called
orthogonal unit vectors. These vectors must form a
Right Handed Triad (It is a coordinate system such that
when we Curl the fingers of right hand from x to y then
we must get the direction of z along thumb). Then

A

l:ﬁ’jzz’k/\:
X Y

fzxf,fzy},?zzlg

NNy

8. Axial Vectors : These represent rotational effects and
are always along the axis of rotation in accordance
with right hand screw rule. Angular velocity, torque
and angular momentum, etc., are example of physical
quantities of this type.

Axial vector Axial vector

‘Anticlock w1se rotatio Clock wise rotation

Ax1a1 vector Ax1al vector

9. Coplanar vector : Three (or more) vectors are called
coplanar vector if they lie in the same plane. Two (free)
vectors are always coplanar.

Triangle Law of Vector Addition of Two Vectors

If two non zero vectors are represented by the two sides of a
triangle taken in same order then the resultant is given by the
closing side of triangle in opposite order. i.e. R = 4+ B

OB =04+ AB

(1) Magnitude of resultant vector

AN
In AABN, cos© = - AN =B cos 0

sinO=—— .. BN=Bsin9




In AOBN, we have OB? = ON? + BN?
= R?>=(4 + B cos 0)> + (B sin 0)*

= R?>= A%+ B? (cos? 0 + sin® 0) + 24B cos 0

=R2=42+B*+24B cos 8 = R=\/A2+Bz+2ABcose
(2) Direction of resultant vectors:

If 0 is angle between 4 and B then

| A+ B|=~ 4%+ B> +24Bcos6

If R makes an angle o with A, then in AOBN,

BN
tano = =
ON OA+ AN
Bsin6
tanog = ———
A+ Bcos0

Parallelogram Law of Vector Addition of Two
Vectors

If two non zero vector are represented by the two adjacent
sides of a parallelogram then the resultant is given by the
diagonal of the parallelogram passing through the point of
intersection of the two vectors.

(1) Magnitude

Since, R? = ON? + CN?

B C
- Sreivs_— 1]
B A :
B Bsin©
VS !
o A 4 N
l&——B cos g —>

= R?>=(0A4 + AN)*> + CN?

= R2=4%2+ B>+ 24B cos 0

. R=|R|=| A+ B|= 4%+ B> +24Bcos®
Special cases : R =A + B when 6 = (°

R=A— B when 0=180°

R=+A>+B? when 0 =90°
(2) Direction

CN _ Bsin0

tanf = =
ON A+ BcosO

Polygon Law of Vector Addition

If a number of non zero vectors are represented by the (n — 1)
sides of an n-sided polygon then the resultant is given by the
closing side or the n™ side of the polygon taken in opposite
order. So,

R=A+B+C+D+E

OA+ 4B+ BC +CD+ DE = OF

& KEY NOTE
¢ Resultant of two unequal vectors can not be zero.

¢ Resultant of three co-planar vectors may or may not be
Zero

¢ Resultant of three non co-planar vectors can not be zero

Subtraction of Vectors

Since A~ B=A+(-B) and | 4+ B|=y 4> + B> +2A4Bcos®

= | A= B|=4>+ B? +24Bcos (180 —0)

Since, cos (180°— 0) =—cos 0

= | A—B|=v 4%+ B> ~24Bcos®

_ Bsin(180-0)
A+ Bcos(180—0)

R,,=A+B

[° !

Edg//‘ =A+ (—B)

But sin (180° — 6) = sin 0 and cos(180°—0) =—cos 0
Bsin6

= tano, =——
A—Bcos0



Resolution of Vector Into Components

Consider a vector R in x-y plane as shown in fig. If we draw
orthogonal vectors Rx and Ry along x and y axes respectively,

by law of vector addition, R=R, +R,

Now as for any vector A=A# so, ﬁ’x = fRX and ﬁy =JjR

¥
so R=iR.+jR, L. )
But from fig R, =Rcos6 .. (i1)
and R,=R sm6 . (i)

Since R and 0 are usually known, Equation (ii) and (iii) give
the magnitude of the components of 7 along x and y-axes
respectively.

Here it is worthy to note once a vector is resolved into its
components, the components themselves can be used to
specify the vector as —
(1) The magnitude of the vector g is obtained by squaring
and adding equation (ii) and (iii), i.e.

R=\|R2+R?

(2) The direction of the vector is obtained by dividing
equation (iii) by (ii), i.e.
tan 0= (R /R ) or 0= tan™! (R/R)

=== TRAIN YOUR BRAIN ==

Q. A particle moves in xy plane with a velocity given by
V= (8t - 2)i +2j. If it passes through the point (0, 0) at
t =0 sec., then give equation of the path.

(@) y(y -1 =x (b) yx-1)=y
(c) x(y—D=x (@) x(x-1)=y
Sol (a) v, = 8t — 2 integrating 0 to X, we have displacement
as: x = 462 - 2t
v, = 2 integrating from 0 to y, we have displacement
as:y =2t

s, x=y*—y=y(y-1)
Rectangular Components of 3-D Vector
R=R +R,+R or R=Ri+R j+Rk
If g makes an angle o with x axis, § with y axis and y with

z axis, then
R

R
= cosoo=—r=—n—oL___=]

JRI+R2+R?

=WV

ol

where I, m, n are called Direction Cosines of the vector R
2 p2, p2
Ry + R, +R:

R
R} +R} +R’

P+ m?+n?=cos? o+ cos? B+ cos? y =

or (1 —sin? a) + (1 —sin? B) + (1 —sin?y) =1

or 3 — (sin? o + sin® B + sin? y ) = 1 or sin? o + sin? B + sin®

y=2

@=== TRAIN YOUR BRAIN ===
Q. A particle of mass m moves along a curve y = x>. When

particle has x —co—ordinate as 1/2 and x—component of
velocity as 4m/s. Then pick the incorrect statements:

(a) The position coordinate of particle are (1/2,
1/4).

(b) The velocity of particle will be along the line 4x — 4y
-1=0.

(¢) The magnitude of velocity at that instant is 42 s

(d) The magnitude of angular momentum of particle
about origin at that position is 0.

Sol (d) y =x2
t _1 _1 SO position is (l lj
a X_2’y_47 p 2:4
VX:4,g:2x§
dt dt
Vy:2xVx
at V. =4
Vy:2(lj4
2
V =4



Scalar Product of Two Vectors

(1) Definition:

The scalar product (or dot product) of two vectors is defined
as the product of the magnitude of two vectors with cosine of
angle between them.

Thus if there are two vectors 4 and B having angle 0
between them, then their scalar product written as A-B is
defined as A-B = AB cos 0

(2) Properties:

(7)) Ttisalways ascalar which is positive if angle between
the vectors is acute (i.e., O < 90°) and negative if
angle between them is obtuse (i.e. 90°< 0 < 180°).

(i) Ttis commutative, i.e. A-B=B-A
(éii) It is distributive, i.e. 4-(B+C)=A-B+ A-C
(iv) As by definition 4-B = ABcos0
| A-B
The angle between the vectors 0 = cos B

(v) cos ® =max =1, 1i.e. 0=0° i.e., vectors are parallel

(;1 E)max =A4B
(vi) Scalar product of two vectors will be minimum when
lcos 8] =min=0, i.e. 6 =90° (4-B) . =0

(vif) The scalar product of a vector by itself is
termed as self dot product and is given by

(A =A-A=AAcos®= A" ie., A=\ A-A

(viii) In case of unit vector 7 n-n=1x1xcos0=1

min

S0 A-h=i-i=j-j=k-k=1

(ix) In case ofA orthogonal unit vectors i, and
i-j=j-k=k-i =1x1cos90=0

(x) Interms of components _ - -
A.B=(iAd, + jA, +kA,).(iB, + jB, +kB,)

=[AB +AB +AB]
XX oy zZ z

(3) Application :
(i) Work (W): In physics for constant force work is
defined as,
W= F-5=FscosO i.e. work is the scalar product
of force with displacement.
(ii) Power (P):As W =F-s
aw - ds

or = =F.Z2[As F is constant]
dt dt

or P=F.y ie., power is the scalar product of force

with velocity. Asd—W = Pand ds =v
dt dt

Vector Product of Two Vector

(1) Definition:

The vector product or cross product of two vectors is defined
as a vector having a magnitude equal to the product of the

magnitudes of two vectors with the sine of angle between
them, and direction perpendicular to the plane containing
the two vectors in accordance with right hand screw rule.
C=AxB

Thus, if 4 & B aretwo vectors, thentheir vector product written
as Ax B isavector ¢ definedby C=AxB = ABsin0#

The direction of Ax B ie. C is perpendicular to the plane
containing both vectors A4 and B and in the sense of advance
of a right handed screw rotated from 4 (first vector) to B
(second vector) through the smaller angle between them.
Thus, if a right handed screw whose axis is perpendicular
to the plane framed by A and B is rotated from A to B
through the smaller angle between them, then the direction of
advancement of the screw gives the direction of Ax B i.e. C
(2) Properties:
(7) Vector product of any two vectors is always a vector
perpendicular to the plane containing these two vectors,
i.e., orthogonal to both the vectors A and B though
the vectors 4 and B may or may not be orthogonal.
(if) Vector product of two vectors is not commutative,
i, AxB#BxA [but= —Bx 4]
Here it is worthy to note that
|Ax B|=|Bx A|=ABsin0
i.e., in case of vector Ax B and Bx A magnitudes
are equal but directions are opposite.
(éii) The vector product is distributive when the order of
the vectors is strictly maintained, i.e.
Ax(B+C)=AxB+AxC
(iv) As by definition of vector product of two vectors
Ax B =ABsin 04

- = s -1 P AxB q

So | AxB|= ABsin0 i.e. 0=sin —

| A[|B|

(v) The vector product of two vectors will be maximum
when sin 6 =max =1, i.e., 0 =90°
[AxB),,, = AB#A
i.e., vector product is maximum if the vectors are
orthogonal.

(vi) The vector product of two non-zero vectors will be
minimum when |sin0|= minimum = 0, i.e., 6 = 0°
or 180°
[AxB],i, =0
i.e. if the vector product of two non-zero vectors
vanishes, the vectors are collinear.



(vii) Theselfcrossproduct,i.e., productofavector by itself
vanishes, i.e., null vector Ax 4= AAsin0 A=0
(viii) In case of unit vector jxj=(Q so that
ixi=jxj=kxk =0
(ix) In case of orthogonal unit vectors, i ,]’,IQ in
accordance with right hand screw rule :

J ]‘\

: N

ij':]:r, ]A'xl€=f and ]gxf:j'
And as cross product is not commutative,
j‘xf:—lé l:tx}':—f and fxlé:_j

(x) Interms of components

PJ ok
‘ZXE: Ax Ay Az :;(Asz_Asz)+}(Asz_Asz)
B, By B,

+k(4,B, - A4,B,)

=== TRAIN YOUR BRAIN ==

Q. The vector i+ xj +3k is rotated through an angle 6 and
doubled inmagnitude, thenitbecomes 4i + (4x —2)] + 2k-
The values of x is

2 1
-z b) —
(a) 3 ()3

© 2 (d) None
3

Sol (a) /4 +(4x -2 +2* =2 + X’ + 3

5+(2x-1)2=10+x?

2
X=——,2

(3) Application:

Since vector product of two vectors is a vector, some of the
vector physical quantities (particularly representing rotational
effects) like torque, angular momentum, velocity and force
on a moving charge in a magnetic field can be expressed as
the vector product of two vectors. It is well - established in
physics that:
(i) Torque T=7x F
(ii) Angular momentum L =7x p
(iii) Velocity V=0xr
(iv) Force on a charged particle ¢ moving with velocity
¥V in a magnetic field B is given by F =¢g(¥ x B)
(v) Torque on a dipole in a field E =pxE and
o =M xB

PROJECTILES

A body which is moving under the influence of gravity in air
in two dimensions is called a projectile. It is of two types

(1) Oblique projectile (2) Horizontal projectile
Oblique Projectile:

Any body projected into air with some velocity at angle of
‘0’ [6 = 90° and 0°] with the horizontal is called an oblique
projectile.

Horizontal component of velocity u, = u cos 0, remains
constant throughout the journey.

Vertical component of velocity u,=u sin 0, varies at the rate
of ‘g’.

y Vv,
¢
v
usin O 0oL
X >
V.
u ' H
y
0 I
x
< N
u sin O

At the Point of Projection
(@) Horizontal component of velocity u = u cos 0
(b) Vertical component of velocity u,=u sin 0
(c) Velocity vector i =ucos0i +usin® j
(d) Angle between Velocity and acceleration is (90 + 0)
(e) Horizontal acceleration, a, = 0
(f) vertical acceleration a,=-g

At an instant “t’

(@) Horizontal acceleration, a, =0

(b) Vertical acceleration a,=-g

(c¢) Horizontal component of velocity
v, =ucos 0

(d) Vertical component of velocity
vy:uy+ayt:usin9—gt

(e) Resultant Velocity

v=\vi+v] =\/(ucos6)2 +(usin(9—gt)2

(f) Direction of velocity is given by

v _1( usin®— gt
()L:tan1 2 :tan1 usmo- &t
v ucoso

X

(g) Horizontal displacement during a time ¢
x=u t=(ucos0)
(h) Vertical displacement during a time ¢

1 , . 1 ,
=u t——gt° = (usin )t ——gt
y=uit--g ( ) 58



(i) displacement § = xi + yj

E‘:\/xz +y°

Net displacement of the body,
(/) Equation of a projectile y

g
= (tan 0) x— (—
2u?cos’ 0
Where A and B are constants
_ g
2u’ cos’ 0
From the above equation 0 = tan! (A)

DERIVE THE EQUATION OF THE PATH OF A
PROJECTILE.

Before deriving the equation of the path of a projectile, let’s
discuss projectile motion in brief. A motion where the body
travels in an arc when thrown with a certain velocity at a given
angle to the horizontal is known as projectile motion. The
projectile motion can be said to be the sum of two different
types of motion, where in the vertical component of the motion
is an accelerated motion but the horizontal component of the
motion is a motion with uniform velocity. Let us proceed with
the derivation of the path of the projectile.

sz = Ax — Bx?

A=tan0,B =

1
Formula Used: s =ut + Eat2 , displacement = velocity X time

__vcos X

»
<« '

Since the acceleration is acting along the y-axis, we’ll apply
the second equation of motion to find the displacement.

1
The second equation of motion is given as s = ut + Eat2
. 1
Y = vsin0(t) + 5(—g)t2

2
:>Y=VSin9t—% ..................... (1)

The motion along x-axis is a motion with constant velocity so
displacement can be given as

displacement = velocity x time

Substituting the values, we get

X=vcosOxt—
Now we have to eliminate the time variable from the two
equations. This is done by substituting the value of time from
the second equation into the first equation. The equation can
now be given as

2
szsine[ X ]—lg( X j
vcosO/) 2 \vcosO

gX’
2v* cos’ 0
This is the required equation of projectile motion.

=Y =Xtan0 -

Note: The equation of projectile motion is the equation of
its trajectory. So if we know the x-component of the position
of an object, we can find the y-component of the position by
using the equation of the projectile motion. All the quantities
involved in projectile motion can be directly or indirectly
obtained from the equation of the trajectory of projectile motion.

usin©

Time of ascent (¢,) = Time of descent (¢,) =

Time of flight T =1, +1, = 24$i19
g
2 .2
Maximum height H = uszl—ne
g

At the maximum height

(a) The vertical component of velocity becomes zero.

(b) The velocity of the projectile is minimum at the
highest point and equal to « cos 0.

(c¢) Acceleration is equal to acceleration due to gravity
‘g’, and it always acts vertically downwards.

(d) The angle between minimum velocity and
acceleration is 90°.

Horizontal range R = (u cos 0)T
2usin® 2w,

g g
_ u’sin20

R =ucos0x

g
(a) Range is maximum when 6 = 45°

2
. u
(b) Maximum range, R\, = —

2
RMax:u

s - ) B
(¢) When ‘R’ is maximum, H,,, =

4 4g
2 2
@ p—_8T" andifo=45°then g=&L_ 7 |2R
2tan 2 g
Relation between H, T and R

H g
a) —==
(@) 7?8

H tan©
by L=
®) R 4

R g
c J—
© 7> 2tan®

Complimentary angles of projection
(a) When two bodies are projected with same initial
velocity but at two different angles of projection 0
and (90 — ) then range is same.
(b) If T, are T, the times of flight for complimentary
angles of projection then

) I ano
) I, an

2R
(i) NI, Z? = T|T, aR



c an are maximum heights for complimenta
IfH, and H, i heights f pli ry
angles of projection then

0) i =tan’ 0
H, ,
(ii) Hy+H,=2—
2g

(iiiy R=4H H,

() R, =2(H, +H,)

Relation between range and maximum height is 44 = R tan 0
and if R = H then 0 = tan™! (4) = 76°
If a man throws a body to a maximum distance ‘R’ then he can
project the body to maximum vertical height R/2.
(a) The angle between velocity and acceleration during
the rise of projectile is 180° > 0 > 90°
(b) The angle between velocity and acceleration during
the fall of projectile is 0° < 0 < 90°

In terms of range, equation of trajectory is given by

X
=xtanO|1—-—
g ( R)

At the point of striking the ground

(a) Horizontal component of velocity = u cos 6
(b) Vertical component of velocity =— u sin 0
(c) Velocity of projection is equal to striking velocity of
projectile in magnitude.
(d) Angle of projection is equal to the striking angle of
projectile
(e) Direction between velocity and acceleration is (90 — 0)
(f) If the angle of projection with the horizontal is 6
then angle of deviation is 2 0
(g) Change in the velocity of the projectile along
horizontal direction, Av_ = 0 and along vertical
direction,
Av =v—v,=u sin O — (— u sin 0) = 2u sin 6
(h) Change in momentum of the projectile along
horizontal direction, Ap. = 0 and along vertical
direction, Ap,=2mu sin 0
The projectile crosses the points 4, D in ¢, seconds and B, C
in ¢, then
8h
g

-t =

v

If a body is projected with a velocity # making an angle 0 with
the horizontal, the time after which direction of velocity is
. L o ucoseco u
perpendicular to the initial velocity is t= ——— = ——
g gsin0

and its velocity at that time is v =u cot 0

=== TRAIN YOUR BRAIN ==

Q. A ball is projected so as to pass a wall at a distance a
from the point of projection at an angle of 45° and falls
at a distance b on the other side of the wall. If / is height
of wall then:

(@) h=ay2 () h=b2
2 ab ab
h: h:
(0 h=""2 @ h=—"
Sol (d) tano + tanp = tan@ m
o|h
E+E:tan45° 45
a < a > < b >
b= ab
a+b

Projectile As Seen From Another Projectile :

Suppose two bodies 4 and B are projected simltancously from
same point with initial velocities u, and u, at angles 0, and 0,
with horizontal.

The instantaneous positions of the two bodies are given by
Body A : x; =u, cos 0,,
. |
V) =u, sin 91f—5gf
Body B : x, = u, cos 0, ¢,
. |
Vo =1, sin0,¢ —Egt
Ax = (u, cos 0, —u, cos 0,)¢
Ay = (u, sin 0, — u, sin 0,)t

Ay u;sin0, —u,sin0,
slope=——-=
Ax  ujcosO, —u, cos0,

(i) Ifu, sin O, = u, sin 0,. (initial vertical components)

then slope Q =0
Ax

Ay

Ax
The path is a horizontal straight line

(if) Ifu, cos0,=u,cos0, (initial horizontal components)

Then slope . o0
Ax



Ay

The path is a vertical straight line
(@if) 1fu, sin©,>u, sin 0,, u, cos 0, > u, cos 0,
Then the path. is a straight line with +Ve slope
(iv) Ifu, sin 0, > u, sin 0,, u, cos 0, > u, cos 0,
(or)
u, sin 0, <u,sin 0,, u, cos 0,>u, cos 0,
The path is straight line with - ve slope.
For a projectile, ‘y’ component of velocity at half the maximum

height i usin©O
eight is
RN}

/ 2
at maximum height, resultant velocity v =y w

& KEY NOTE

¢ For a projectile, w.r.t stationary frame path or trajectory
is parabola

¢ Path of projectile w.r.t frame of another projectile is a
straight line

¢ Acceleration of a projectile relative to another projectile
is zero

A body is projected vertically up from a topless car relative to
the car which is moving horizontally relative to earth

(a) If car velocity is constant, ball will be caught by the
thrower.

(b) If car velocity is constant, path of ball relative to
the ground is a parabola and relative to this car is
straight up and then straight down

(¢) If the car accelerates, ball falls back relative to the
car

(d) If the car retards ball falls forward relative to the car

=== TRAIN YOUR BRAIN ===

Q. A projectile can have the same range R for two angles
of projection 0 and (90° — 0). If t, and t, be the times of
flights in the two cases, then the ratio of the two times of

flights is
(a) (.‘«OS2 9 (b) w
2g
(c) cosH (d) tan©
Sol (@) R = 2u’sinOcos 0
2usin® .
t, = .(7)
g
And t, = 2usin(90° - 0) _ 2ucos6 (i)

g g

0

5]90° — 0

(0]
From Egs. (i) and (ii), we get

t, sin®
t, cos6
=tan0

The physical quantities which remains constant during
projectile motion are
(i) acceleration due to gravity
1
(ii) Total energy E, :Emu2
(iif) The horizontal component of the velocity ‘u cos 6’

The physical quantities which change during projectile motion
are

(if) velocity

(iv)K.E.

(i) speed
(iii) linear momentum
(v) PE.

If E is the energy of the body when it is projected at an angle
0 with horizontal then, the KE of the body at maximum height
E cos” 0 and PE is sin® O

A particle is projected up from a point at an angle ‘0’ with the
horizontal. At any time ‘¢’ if p = linear momentum, y = vertical
displacement x = horizontal displacement, then the K.E. of the
particle (K) plotted against these parameters can be

() K-y graph
K=K,—mgy

It is a straight line

| y
(ii) K-t graph
K=K, —mg(uyt—%gtzj
vy=u t—lgt2
)
It is a parabola

K

N




(iii) K —x graph

2
K=K, —mg[xtan@—%j

2u;
g |.2
y=(tan0)x—| == |x
(o= 5
It is also a parabola
K

\/

(iv) K—p? graph
OP?>=2mK.
proK

2

ol P

It is a straight line passing through origin.

A particle is projected with a velocity i = a;+b}' then the
radius of curvature of the trajectory of the particle at the

3/2
(a2 +b? )

ga

(7) point of projection is ; —

2
(if) Highest point is » = 4
g

HORIZONTAL PROJECTILE

When a body is projected horizontally with a velocity from
a point above the ground level, it is called a Horizontal
Projectile. When a stone is projected horizontally with a
velocity ‘u’ from the top of a tower of height ‘%’ it describes
a parabolic path as shown in figure.

T

o
<——R—>

S
7

(a) Time of descent ¢ = ,Z_h (independent of u)
g

(b) The horizontal displacement (or) range R =u /%
g

(¢) The velocity with which it hits the ground

V= \/u2 +2gh = \/u2 -i—gzt2
(d) The angle at which it strikes the ground
\J2gh
0 =tan"' [gj =tan" (—gJ
u u
(e) If a is angle of elevation of point of projection

from the point where body hits the ground then

_ﬁ_gtz/Z_ét
ut 2u

tan o

tan O

= tano=

Case (7) : If the body is projected at an angle 6 in upward
direction from the top of the tower, then

u

v

v

< X
(@) h= (—usine)t+%gt2

() x=ucosOxt
(¢) The velocity with which it strikes the ground

v=yu? +2gh

(d) The angle at which

_1| —usin®+ gt
o = tan"! usin®+g
ucoso

2 5.2
N 0+2gh
(or) o= tarfl [M]

it strikes the ground

ucosd

Case (ii) : If the body is projected at angle 6 from top of the
tower in the downward direction, then

N

v

v

< X

(@ h =(usin6)t+%gt2



(b) x=ucos Ot
(¢) The velocity with which it strikes the ground
V= \/uz +2gh
(d) The angle at which it strikes the ground
o - tan”! «/uz sin? 0 + 2gh
ucos6
When an object is dropped from an aeroplane
moving horizontally with constant velocity
(a) Path of the object relative to the earth is parabola

(b) Path of the object relative to pilot is a straight line
vertically down.

Two tall towers having heights 4, and %, are separated by a
distance d. A person throws a ball horizontally with velocity
u from the top of the first tower to reach the top of the second
tower then

Z ”
hi—h
é}( 1 2)
Az >
Z ’
/ é h,
d
(a) Time taken ¢ = M
8

(b) Horizontal distance traveled d = ut

A ball rolls off from the top of a stair case with a horizontal
velocity u. If each step has a height ‘4’ and width ‘b’ then the
ball will just hit the n™ step if # equal to

u
h
b
1 1
nb = ut and nh = — gt*
2 2
2hu* 7
n=-—s;
gb R

Motion of a Projected Body on an Inclined Plane:

A body is projected up the inclined plane from the point O
with an initial velocity v, at an angle 6 with horizontal.
X

(@) Acceleration along x — axis a, = —g sin a
(b) Acceleration along y — axis a,=-gcosa
(¢) Component of velocity along x —axis = v, cos (0 —a.)
(d) Component of velocity along y — axis u,=v, sin (0 —a)
2vysin(6—a)

gcoso

(e) Time of flight 7T =
(f) Range of projectile
2
R= —Oz[sin(29 —a)—sin a] . (or)
gcos” o
R 2v; sin(0—at)cos®

gcos®a
For maximum range (29 - OL) =

T
, 2
2 Y (I-sina)

max 2
gcos“ o

(g) T’g=2R .
RELATIVE VELOCITY

Consider two bodies 4 & B and 4 is moving with a velocity V,
w.r.t. ground and B is moving with velocity V' w.r.t. ground

Relative velocity of body ‘A’ w.r.t. ‘B’is givenby p, =
Relative velocity of body ‘B’ w.rt. ‘A’is givenby Vy =V, —V,

Vai-Vgand Vg —V 4 are equal in magnitude but opposite
in direction.

el =7~ V| = V.2 4752 — 20 -cos®

For two bodies moving in the same direction,magnitude of
relative velocity is equal to the difference of magnitude of
velocities.

(0=0°%cos0=1) |I7R|= V,~Vy
For two bodies moving in opposite direction, magnitude of

relative velocity is equal to the sum of the magnitude of their
velocities.

(6=180°; cos 180°=—1) .| V| =V +7V;
Relative displacement 4 w.r.t. Bis X ,, = X, — X g
Where X ,. = displacement of ‘4> w.r.t ground and X 6
displacement of ‘B’ w.r.t ground

Relative velocity 4 w.r.t. Bis V., =V, — Ve
Relative acceleration of A w.r.t. B is

A4p =446 ~4BG
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Q. A particle starts with initial velocity of (21-1-3) m/s.
Uniform acceleration —i+3} m/s>. What is y

component of velocity at the instant when x component
of velocity becomes zero?

(a) Sm/s

(c¢) 6 m/s

Sol. (b) At any instant ‘t’
v, =2t

vy = 1+3t

when v, =

(b) 7 m/s
@ 10 m/s

0,t=2
v, = 7 m/s
Rain umbrella Concept:
If the rain is fallmg with a velocity V and a man moves with

a velocity VM relative to ground, he will observe the rain
falling with a velocity V,,, =V, -V,,.

Case — I : If rain is falhng vertically with a velocity I7R and
an observer is moving horizontally with velocity VM the
velocity of rain relative to observer will be:

Vi _
V) P
i ) a
L} _VM VM
I7RM =Vr =Vy

The magnitude of velocity of rain relative to man is
Vs = V2 +V3

If a is the angle made by the umbrella with horizontal, than,
tano = 3
M

If B is the angle made by the umbrella with vertical, then,

tanf = —-
R

Case — II: If a man is moving with a velocity V), relative to
ground towards east(positive x-axis), and the rain is falling

with a velocity ¥, relative to ground by making an angle
0 with vertical(negative z-axis). Then the velocity of rain

relative to man Vg, is as shown in figure.

I7R = Vin_VRyle; I71\/1'1 = VMI;

VRM 1
\ Va

> Vm

VRr —Vy,

and tan 3 = T -(2)

Case — III :
I7M2, the rain will appear to fall vertically with VRM , then
Veu, = =V, - VM as shown in figure.

If the man speeds up, at a particular velocity

Veu,

Viu, Vi

Vi,
P, Vu,

Case - IV : If the man increases his speed further, he will see
the rain falling with a velocity as shown in figure.

> Vin

Motion of a Boat in the River

Boat motion is classified into three categories based on the
angle between V. and V,
1. For down stream: 6 = 0°

[\/\/v—> Ve
Resultant velocity of the boat =
2. For Up stream: 6 = 180°
Resultant velocity of the boat =V, — V|

R
3. For Cross stream 0 = 90°

Suppose the boat starts at point 4 on one bank with velocity
V3 and reaches the other bank at point D

Ver T Vi

C % B D
N
V. cosO
\
d 7,
o
4
V.. sinf 4

The component of velocity of boat parallel to the flow of water
is Vyp sin O



The component of velocity of boat perpendicular to the flow
of water is V, cos 0

d
The time taken by the boat to cross the riveris, { =—————
Vg cosO

Along the flow of water, distance travelled by the boat or drift is
= (Vg —Vpp sin O)t

d
=V, —Vzpsin@Q)| ———
x= (Ve =Vppsin )|:VBRCOSOj|

(@) The boat reaches the other end of the river to the
right of B if V},> ¥V, sin 0

(b) Theboatreachestheotherendoftherivertotheleftof Bif
Ve<Vgesin0

(c¢) The boat reaches the exactly opposite point on the
bank if V=V, sin 0

A Boat Crossing the River in Shortest Distance

|
|

C 7k B

A
(/) Theboatistoberowed upstream making some angle 6

with normal to the bank ofthe river which is given by 0

-0 = sin! [ﬁj
Vir

(it) The angle made by boat with the river flow (or) bank is
=90°+6
(7ii) Velocity of boat wrt ground has a magnitude of

Vg = N VBR2 - VR2

= KEY NOTE

d
The time taken to cross the riveris { = —————
BR R

V3 = Relative velocity of the boat w.r.t river (or) velocity
of boat in still water.

A Boat Crossing the River in Shortest Time:

B " C

If Vg, Vi are the velocities of a boat and river flow
respectively then to cross the river in shortest time, the boat
is to be rowed across the river i.e., along normal to the banks
of the river.

. . d
(/) Time taken to cross the river, f=—— where d
BR

= width of the river. This time is independent of

velocity of the river flow
(if) Velocity of boat w.r:t ground has a magnitude of

[, 2 2
Ve =\Vgr™ +Vi

(iii) The direction of the resultant velocity is
0 =tan"! (&j with the normal.
Ver
(iv) The distance (BC) traveled downstream =V, x—
VBR
CIRCULAR MOTION

Radius Vector: Consider a particle moving along a circular
path. The line joining the centre of circle to position of particle
is called radius vector

Angular displacement: The angle turned by the radius vector
in a given time interval is called angular displacement o
40 2rc length

radius

SI unit radian

Small angular displacements are vectors

Large angular displacements are scalar as it does not obey
commutative law

The direction of angular displacement is along the axis of
rotation and it is given by right hand screw rule.

When a particle completes one revolution the angular
displacement is 6 = 27 radian

When a particle completes N revolutions in a circle the angular
displacement is 6 = 2t N

When an object moves in circular path at a constant speed, the
motion is in uniform circular motion

In uniform circular motion, uniform means constant speed.
But direction of velocity remains changing

Angular Velocity o:

The time rate of angular displacement of particle is called
angular velocity

If AD is angular displacement in small interval of time Az then
AB

Average angular velocity o, = A
t

Instant 1 l't'oo—LtA—e—ﬁ
nstantancous angu ar veloct y 1S - Pt At - dt
SI Unit rad S!

Dimensional Formula 7+



Angular velocity is a axial vector.

Its direction is given by right hand screw rule
Its direction is along axis of rotation

& KEY NOTE

¢ When a body makes ‘N’ revolutions in ‘¢’ sec’s then its
average angular velocity is
oo 27N

t
* If a particle makes ‘n’ rotations per sec its angular
velocity is

m=2—n=2nn
T

=== TRAIN YOUR BRAIN ==

Q. An insect trapped in a circular groove of radius
14 cm moves along the groove steadily and completes 10
revolutions in 100 s. The linear speed of the insect is

(a) 43 cms! (b) 8.8cms!
(c) 6.3cms! (d) 73 cms!
Sol (b) Here, r =14 cm

Frequency, v = in

100 [
B
The angular speed of the insect is

A

co=27w=27r><£:2n><0.1
100

The linear speed of the insect is
v=or=2rx0.1x14=88cms!
Angular velocity of hands of a clock:

2n 2n W

i o=""=""=—rad s
Angular velocity of seconds hand T 6030
Angul locity of minutes hand ® = m__ -
ngular velocity of minutes han 60x60 1800

2n T 4

— = rad
12x3600 21600
In case of self rotation of earth about its own axis

2n
0o=—
24 x 60 x 60

In the below fig. Let the angular velocity of particle (P) about
the point ‘O’ is w,, Let the angular velocity of particle about
Alis o, then o, =2,

Angular velocity of hours hand ®=

rad / sec

In the below fig. if two particles 4 and B are moving in same
circular path in the same direction, for a person at the centre
of the circle w,, = 0, - o,

Oy

Time taken by one particle to complete one rotation with

. . 27 27 T7,T,
respect to another particle is 7'=——= =48
®, -0, T,-Tp

If two particles 4 and B are moving in concentric circles as
shown in the fig., if they are nearer to each other.

7

el "B Vel TV

B—V

A

v Vp—V
_rel _ "B A
Oy =— =———

Trel Tp =Ty

= KEY NOTE

¢ In general the relative angular velocity of 4 with respect
to B is determine by using the formula

relative velocity of 4 w.rt B

B (VAB ) | perpendicular toline AB
* (DAB = =

"AB Seperation between 4 & B

——— TRAIN YOUR BRAIN ™F

Q. What is the magnitude of average velocity after half
rotation, if a particle is moving with constant speed v in

a circle?
(@) 2v ) 2%
s
© ~ ()
2 21
Sol (b) The time taken to cover the complete circle would be

2nr
equalto T=—,
A%
Hence the time taken to cover half the rotation would
2nr  Tr

beequalto T, =—=—.
v v

Hence the magnitude of average velocity after half
. 2 2
rotation would be equal to v, = R AL
r T

Angular acceleration (a)

The time rate of change of angular velocity of a particle is
called angular acceleration

If Ao be the change in angular velocity of the particle in time
interval ‘¢’ to t + At, while moving on a circular path, then
Ao

Average angular acceleration o, =
At



. Ao do
Instantaneous angular acceleration o, = —=—
A0 At dt
do _d’0_ do
dg=—= —2 =mN—
dt  dt do

S.I. units rad. sec2

Dimensional of angular acceleration [7"2]

Its direction is in the direction of change in angular velocity
and it is given by right hand screw rule. When angular
velocity increases the direction of angular acceleration is in
the direction of angular velocity

When angular velocity decreases the direction of angular
acceleration is in the opposite direction of angular velocity.

If a particle rotates with uniform angular velocity then oo = 0
If the particle has constant angular acceleration that is if
o = constant , in this case we use following equations of
motion

1
O =0, + o, 0= wyf +—ar’
2

2

o? — 0, =200

& KEY NOTE

¢ In general we can also use the following equations to
solve the problems

AB Ao
Oy =504, =——
At At

do do d*0 do
m:—’a = — = =n—
dt dt  dr? do

jd@:jmdt,jdm:jadz, j adG:j odo

Relation between linear and angular variables

Relation between linear and angular displacement is ds = rd0

Relation between linear and angular velocities is v = rm,
V=mxF

Relation between tangential and angular acceleration is

a,=ra, a instead of alpha = dax7

Linear acceleration of a particle moving in a circle

we know v =@ x7

diff. w.r.t time, we get

but 6 x7 = a, it is tangential acceleration
OXV=a,, it is centripetal acceleration

Due to change in direction of velocity there is an acceleration
and is always directed towards the centre. This is called
centripetal or radical acceleration and the corresponding force
acting towards the centre is called centripetal force

Centripetal Acceleration (a, or a,)

If v is the linear velocity and o is angular velocity then
V=0OXF &v=ro.

When a paticle is moving along a circle of radius » with a
uniform speed v, then the centripetal acceleration is a,.

d, =®xvV=0x(®xF)

Position vector is always perpendicular to velocity vector. i.e,
Fxv=0
The directions of d,,and Vv are mutually perpendicular.

Velocity vector is always perpendicular to the centripetal
acceleration vectoris v-d, =0

Position vector (7#) and centripetal acceleration (a,) are
always antiparallel.

Momentum goes on changing in direction but its magnitude
is constant.

Due to change in magnitude of velocity (speed) of a particle
in circular motion, it has tangential acceleration and the
corresponding force is called tangential force

dv L
a,=— also a, =ro. (4, =axF)
dt
v
F,=ma, =m—=mra
d

Net linear acceleration of particle in circular motion is

(2.2
a=+la; +a;
™ )
Sp

a
If ¢ is the angle made by ‘a’ with a, then tan ¢ = a_t

c
Net force F=1/Fcz+th

Uniform circular motion:
In the above case if a, = 0, @, = 0, , then the particle under go
uniform circular motion

or
When a particle moves in a circular path with constant speed
then it is said be in uniform circular motion. in this case the

acceleration of the particle is a = v(w) = v*/r = rw?,

In uniform circular motion
(a) magnitude of velocity does not change
(b) velocity changes
(c) direction of velocity changes
(d) angular velocity is constant
(e) centripetal acceleration changes (only in direction)
(f) linear momentum changes
(¢) angular momentum w.r.t to center does not change



Non Uniform Circular motion:

In a circular motion if @, # 0, a, # 0 then the particle undergo
non uniform circular motion , in this case the acceleration of

particle is given by g =/a’ + a}

If ¢ is the angle made by ‘a’ with a_ then tan¢ = G

a
. . . . . C
For a particle in non uniform circular motion, the resultant

force on the particle is F =/ F + F?

In non uniform circular motion
(a) both magnitude and direction of velocity changes
(b) angular velocity o changes
(c) linear momentum and angular momentum are not

conserved

Note: In circular motion

a, — is towards centre

v, a, — are along tangential direction

db, ®, oo — are along axis of rotation

=== TRAIN YOUR BRAIN ==

Q. A projectile is projected at an angle 60° with horizontal
with speed 10 ms~!. The minimum radius of curvature of
trajectory is:
(a) 2.55m
(¢) 10m

(b) 2m
(d) None of these

Sol (@) The radius of curvature is given by

mv’ mv’ mv’

P= |Fxv| " Fysind mgvsin 0

(- F=mg) V =ucos o

mg

2
\%

ngsin@

2

V .
“Puin = m [For p,;,» 0 should be maximum]

P =Vi/g  [(sin®),, =1]

i.e. 6 = 90° is possible only when the projectile is at
the maximum height.

At the maximum height the velocity,
v=ucos o= 10 cos 60°=5ms!

=E =2.55m
9.8

. pmin

—
ILLUSTRATIONS

1. There are N coplanar vectors each of magnitude V. Each

. . 2n
vector is inclined to the preceding vector at angle — .
What is the magnitude of their resultant? N

@ 2 (b) V
N

(c) Zero (d) N
vV

Sol. (¢) Zero. As each vector cancels out the opposite vector
i.e. opposite in direction.

2. Rain is falling vertically with a speed of 35 ms™!. Winds
starts blowing after sometime with a speed of 12 ms™!
in east to west direction. At what angle with the critical
should a boy waiting at a bus stop hold his umbrella to
protect himself from rain?

(12
(a) sin™! (E)

12
(c) tan'! =
35

(b) cos™! 12

12
cot! =
(d) v

Sol. (¢) W =12m/s Umbrella
00
70
5 W R =35m/s

12 12)
tan9 =—=, 0 =tan!| —
an 35 an (35

3. Ariver is flowing from west to east with a speed 5 ms™'.
A swimmer can swim in still water at speed of 10 ms™'.
If he wants to start from point A on south bank and reach
opposite point B on north bank, in what direction should
he swim?
(a) 30° east of north

(b) 60° east of north
(c) 30° west of north
(d) 60° west of north



B
V
Sol. (¢) cosf=—2 = i = l V = Sm/s Vo
Vmw 10 2 " A10m/s
)
6 =60° A

.. Angle is 90° — 60° west of north.
4. A unit vector in the direction of resultant vector of

A=-2i+3j-k and B=1i+2j—4kis:

72§73'+1A< 2i+i+k
(a) J6 () J6

—i+5j-5k 2i—j+k
(0 — (d) 75

Sol. (¢) A=-2i+3j-k, B=i+2j-4k
R=-i+5]-5k
R -i+5j-5k -i+5j-5k

ﬁ: =

IR| J1+25+25 51

5. If R and H represent horizontal range and maximum
height of the projectile, then the angle of projection with

the horizontal is:
2H
b) tan!| =—
(D) tan (Rj

(a) tan’! (I}:]

4H 4R
t —1 I t -1 -
(o) an[R] (d) tan [Hj
2 2 2
Sol. (¢) H:u sin G’R:u sin 20
2g g
R - u’sin20  2u’sinOcos O
g g
E_ sin O
R 2x2cos0
H tan6 4H
—= tan @ =—
R R

6. Two constant Force, F, = 2?—33+3f{ and F, = i+3—212
acts on a body and displace it from the position

r= f+2j—212 to r2:7f+103+5f< . Find the work done:
(a) 9] (b) 41
(c) 31 (d) 8]

Sol. (@) W =(F, +F,).(, -7)

= (31-2j+k) . (61 +8]+7k)
W=18-16+7=91]

7. If the vectors A =1+ 2] +4k and B=5i represents the
two sides of a triangle, then the third side of the triangle
has length?

(@) /56
(c) 5

(b) 21
(d) 6

Sol. (@) R =+/A2 +B? + 2ABcos0
|Al=+21,|BJ=5
A.B=|A| |B| cosb
5=x/ﬁx 5cosO .. cosezi

5V21
R:J21+25+2x5x\/ﬁxL

J21
R =+/21+25+10 =+/56

8. A ball is thrown at angle of 45° with horizontal with
kinetic energy E. The kinetic energy at the highest point
during the flight is:

(a) Zero (b) %
(c) E (d) 2°E
Sol. (b) V=V cosb =V cos45° = v
' V2

g 1 (VY_E
22) 2

9. It is raining vertically downward with velocity of 3 km/
hr. A man walks in the rain with a velocity of 4 km/hr.
The rain drop will fall on the man with a relative velocity
of:

(@) 1 km/hr (b) 3 kmv/hr
() 4 km/hr (d) 5 kmv/hr
Sol. v,
ol. (d) B | C
V.4 Vi
(0]

Vi =41 -3]

|V|=+4”+3* =5 km/hr

10. An arrow is shot into air. Its range is 200 m and time of
flight is 5 sec. Horizontal component of velocity of the
arrow is:

(a) 12.5m/s
(b) 25.0 m/s
(c) 31.25 m/s
(d) 40 m/s



2 .
Sol. (d) R =45120 109
g

T:2u sin9:5

8
R 200 2u’sinOcos6
T 5  2usin®
40 =ucosh =u,
sou, =40 m/s

11. A boat takes 2 hr to travel 8 km and back in still water.
If velocity of water is 4 km/hr, the time taken for going
upstream 8 km and coming back is:

(a) 2 hr (b) 2 hr 40 min
(¢) 1hr20 min (d) None of the above
Sol. (b) Total Distance travel =8 + 8 = 16 km in 2 hr in still
water

.:Vbz%zéﬁkm/hr

Effective velocity of boat in upstream =V, -V =8 -4

=4 km/hr
". Time taken to travel upstream, v = % =2 hrs
Effective velocity downstream = 8 + 4 = 12 km/s

Time taken downstream = % =40min
*. Total Time = 2 hr 40 min.

12. A ship ‘A’ moving towards west with a speed of 10 km/hr
and ship ‘B’ 100 km south of ‘A’ is moving northward
with a speed of 10 km/hr. The time after which the
distance between them is shortest and the shortest
distance between them are:
(a) Oh, 100 km

(¢) 502h,50 km N

(b) 5hr, 50v/2km
(d) 105/2h, 505/2km

V, =10km/hr | A

D
Sol. (b)) W - H
V,=10 4
km/hr ¢
Bl V, = -10k
Vi =V, =V +V2 =310° +10° =102 km / hr
along BC
Shortest distance f=AC = AB sin 45°
100
— = SOx/Ekm
V2
d 50
Shortest time, t= 2 =5hr

Vo102

13. Two stones are projected with same velocity v at an angle
0 and (90°— 0). If / and /| are the greatest height in the
two paths, what is the relation between R, H and H,?

(a) R=4HH, (b) R=.[HH,

(¢) R=HH, (d) None of these
2 .2 222 o_
Sol. (a) H, = u’sin 9,H2 _u’sin (90°-0)
2g 2g

For H & H, to be max 6 = 45°

H, =H="
4g
R = u s1n29 4\/ﬁ
g

14. A car travels 6 km towards north at an angle of 45° to the
east and then travels distance of 4 km towards north at an
angle 135°to east. How far is the point from the starting
point? What angle does the straight line joining its initial
and final positions makes with the east?

(@) /50 km and tan"'10  (b) 10 km and tan"' (/)
(¢) V52 km and tan"'(5)  (d) /52 km and tan"! (/)
Sol. 2 10
0 (34

/4 100 _ /ﬁ

r=+/52 km
10 2
tnO——><—=5:>9 tan~!(5
N ©)

15. A fighter plane is flying horizontally at an altitude of
1.5 km with speed 720 km/hr. At what angle of sight
(w.r.t. horizontal) when the target is seen, should
the pilot drop the bomb in order to attack the target?
(Take g = 10 m 52, tan23° = 0.43)

(a) 23° (b) 32°
(c) 12° (d) 42°
Sol. (@) 720 Km/hr
1.5 Km
=1500m
0

M S >
Time taken by bomb to reach the ground



16. A stone is thrown from the top of a tower of height of
50 m with a velocity of 30 m/s at angle of 30° above
horizontal. Find the time during which the stone will be
in air and the distance from the tower base to where the

[ [2x1500
g 10
t = /300= +/3x10 s

Now, for horizontal motion
V =720 km/hr = 200 m/s i
S = 200x 10+/3 = 200073

Stanf=——= =
S 200043 4

1500

1500 3

0=tan™ (?J ~ =23°

stone will hit the ground:

(a) 3 sec, 50m

(¢) 5sec, 130 m
Sol. (c) For vertical motion.
Vy =Vsin0=15m/s

17. A fighter plane flying horizontally at an altitude of 1.5
km with speed 720 km h™! passes directly overhead an
anti-aircraft gun. At what angle from the vertical should
the gun be fired for the shell with muzzle speed 600 m s!

S=ut+1aif2
2

(b) 4 sec, 60 m
(d) None of these

S=+ve, u=-ve, y=-+ve

[
50=—-15t+—gt
2g

t2-3t-10=0

Lt=5,-2 .. t=S5sec

R=15V/3xt [V, =Vcosh =153 m/s]
=75x+/3 =130m

to hit the plane:
(Take g= 10 m s72)

-1 l

(a) sin (3]
a1

(¢) cos (3)

Sol. ()

1500 m

200 m/s

(2

(b) sin (3)
a2

(d) cos (3)

V.=V cosd

vV, =V sinf
Time taken by gun to reach 500 m
1500 5

- 600sin 6 - 2sin@
Distance travelled horizontally by gun

S =600cosOx—
2sin 0
Distance travelled by plane in same time
S=200x—>—m
2sin®
.. Since horizontal distance are equal

600080 X —>— = 200 x —>
2sin© 2sin®

cosf = %
~B=cos™ %

~ ~ T = os' I —gin 1
With vertical —)2 6—2 cos A sin A

18. A ball rolls off the top of a stair case with a horizontal
velocity of u m/s. If the steps are h m high and b m wide,
the ball will hit the edge of the n'" step where n is:

2hu 2hu®

(a) 2 (b) 2
gb 8b
2hu® hu?

C —

() o (d) o

Sol. (b) Vertical distance travelled by ball = nh = %gtz
nh =A gt’ .(7)
Horizontal distance traveled by ball = nb = ut
,_nb ..(ii)
U [nbjz 2u’h
Sonh=—g| — or n=—--
27\ u gb

19. A projectile is given an initial velocity of (i+23)m/s .
If g = 10 m/s%. Find the equation of Trajectory:
(@) Y=X-5X? (b) Y =2X-5X?
(c) 4Y =2X - 5X2 (d) 4Y =2X —25X>

Sol. (b) u=f+2}
|u|:\/1+4:x/§m/s

2

Y:Xtan@—iX (1+tan26’) [tan&:zz%:2:|

u? X
2
yzxxz-&z[uzz]
24(+F)
2
y —ox 10X [5]1=2X-5X?

10
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Topicwise Questions

INTRODUCTION OF VECTORS, VECTORS
ADDITION & SUBTRACTION

1.

Two equal forces have their resultant equal to either of
the force, at what angle are they inclined?

(a) 120° (b) 360°
(c) 90° (d) 60°

. A particle starting from the origin (0,0) moves in a

straight line in the (x,y) plane. Its coordinates at a later
time are (\/5 ,3) . The path the particle makes with x-axis,
is inclined at an angle of:
(a) 45°
(c) 30°

(b) 60°
(d) 90°

. A unit vector parallel to the resultant of the vectors

K:4f+33+6f< and §=—1+83—81A<

3i+11j-2k LYk
(a) 272X (b) 1t2i-3k

2 J166
3i+11j-2k 4i+6]+8k
(0) ——— (d) ———=—=—
Vi34 N

. Two forces whose magnitude are in the ratio 9 : 11 give

a resultant of 38 N. If the angle of their inclination is
60° then what will be the magnitude of each force?

(a) 19.8N,24.2N (b) 20N, 24N
(¢) 25N,30N (d) None of these

LI A=4i- 33 and B=5i+ 183’ then magnitude and

direction of A + B will be:
(a) 17.49, tan™' (2)
(c) 20, tan"! (4/5)

(b) 15, tan™! (4/3)
(d) 17.49, tan™! (5/3)

. Two equal forces act at a point inclined to each other at

an angle of 60°. The magnitude of their resultant is:
(@) 3A (b) 2A
(c) 3A @ 2A

. The resultant of two vectors P and Q is R. If Q is

doubled; the new resultant is perpendicular to P, then R
equals to:
(a) P

(c) P+Q

(b Q
(d) P-Q

. If vectors i— 3} +5k andi— 33' —ak are equal vectors

then the value of a is:

(a) 5
(c) 4

(b) 4
(d) =5

9.

10.

If the magnitudes of vectors A, B and C are 4 , 3 and
5 units respectively and A+B=C, the angle between
vectors AandB is:

5
90° b) cos™'| —
(a) (b) (1 6)
(c) tan"'(5) (d) tan™' (%)
At what angle the two vectors of magnitudes (A+B) and
(A-B) must act, so that resultant is VA + B> ?
2 2

(a) cos™ (A+B) (b) cos™ %

A-B 2(B"-A%)

2 2

(c) cos™ (iz hi BB2 j (d) None of these

VECTOR PRODUCTS & RESOLUTION

11.

12.

13.

14.

15.

The vector projection of a vector 3i+ 5k on y-axis is:
(a) 5 (b) 4
(c) 3 (d) Zero

If A =3i +5j— 7k, the direction of cosines of the vector A are:

(a)

@) =, L

V/837\/8374/83
The component of a vector is:
(a) Always less than its magnitude
(b) Always greater than its magnitude
(c) Always equal to its magnitude
(d) None of the above

If ‘KXE‘=@ then the value of angle between
RN €]
A and B is:
(a) 0° (b) ™
T T
o) = -
() 5 (d) .

If a vector 2i+ 4} +6Kk s perpendicular to the vector
5i+6j-ak . Then the value of a is:

(a) 14/3 (b) 17/9
(c) 14/5 (d) 17/3



16

17.

18.

19.

20.

21.

22.

23.

. A particle moves from position 3i+ 53 -8k to
151-20j+8k due to uniform force of (3i+j+4k)N.
If the displacement is in metre then work done will be:
(a) 701 (b) 7517
(c) 721 (d) 801J

Consider two vectors 1?l =2i+5k and 1?2 = 33 +4Kk .
The magnitude of the scalar product of these vectors is:
(a) 26 (b) 28

(c) 30 (d) 20

The linear velocity of a rotating bodﬂy is gAivenA by 12 =OXF .
The angular velocity of body is = 5i-4j+9k and the
radius vector T = 8i— 63 +3k then M is:

(a) 70.8 units (b) 90 units

(c) /149 units (d) 2017 units

Let A= fAcosOJr}AsinO , be any vector. Another
vector B which is normal to A is:

(@) iBcosO+ jBsin0 (b) iBsin0+ jBcos®
(c) iBsin6—jBcos0 (d) iAcosO—jAsin6
What is the angle between i+ j+k and i?

(@) b) T
4

() (d) None of these

If the angle between the vector AandB is 0, the value of

the product (Bx A).(A) is equal to:

(a) BA%cos0 ) 1

(¢) A’Bcosb (d) Zero

The value of P, so that the vectors 2i-j+k,i+2j-3k and
3i+Pj+ 5k are coplanar should be

(a) 16 b) —4

(c) 4 (d) -8

A variable force given by the two - dimgnsignal vector
3i+2j+k acting at the point r=38i+2j+3k . What is

the torque? .

(a) 14i-38j+16k

(c) —4i+j+10k

w3 a3

(b) 4i-j-10k
(d) 4i+7j+10k

HORIZONTAL PROJECTILE, OBLIQUE PROJECTION
FROM HEIGHT

24

. Abody of mass m is projected horizontally with a velocity
v from the top of a tower of height h and it reaches the
ground at a distance x from the foot of the tower. If a
second body of mass 4 m is projected horizontally from
the top of a tower of height 4 h, it reaches the ground at
a distance 4x from the foot of the tower. The horizontal
velocity of the second body is:

(a) 6V (b) 2v
(c) 2v (d) 5v

25.

26.

27.

28.

29.

30.

31.

Two tall buildings are 100 m apart. With what speed must
a ball be thrown horizontally from the window 500 m
above the ground in one building, so that it will enter a
window 100 m above the ground in the other?

(a) 11 m/s (h) 11.2 m/s
(c) 34 m/s (d) 15m/s
A stone is dropped from the window of a bus moving at 80

km/h. If the window is 150 cm high, find the distance along
the track which the stone moves before striking the ground.

(a) 1526 m (h) 13 m
(¢) 14.16 m (d) 12m
A circular disc of radius r = 5m is rotating in horizontal

plane about y-axis. Y-axis is vertical axis passing
through the centre of disc and x-z is the horizontal plane
at ground. The height of disc above ground is h = 5m.
Small particles are ejecting from disc in horizontal
direction with speed 12 m/s from the circumference of
disc then the distance of these particles from origin when
they hits the x-z plane is -

(@) 12m (b) 13m
(¢) 5m (d) None of these
A ball is projected upwards from the top of the tower

with a velocity 50 ms™! making an angle 30° with the
horizontal. The height of tower is 70 m. After how many
seconds the ball will strike the ground ?

(a) 3 sec (b) 5 sec
(c) 7 sec (d) 9 sec
A particle starts with an initial velocity 2.5 m/s along the

positive x-direction and it accelerates uniformly at the
rate 0.50 m/s%. Time taken to reach the velocity 7.5 m/s
will be-

(a) 5s (b) 2s
(c) 10s (d) 15s
A stuntman plans to run across a roof top and then

horizontally of it to land on the roof of the next building.
The roof of the next building is 4.9 m below the first one
and 6.2 m away from it. The minimum roof top speed for

successful jump is -

(@) 6.2ms! (b) 8.7ms!
(c) 9.8ms! (d) 10ms™!
The relation between the time of flight of a projectile,

T, and time to reach the maximum height, t_ is
(a) T, =2t, (b) T, =t,

© T, =t7m (d) T, =2(t,)



GROUND TO GROUND PROJECTILE

32.

33.

34.

35.

36.

37.

38.

39.

The maximum range of a gun on horizontal terrain is

15 km. If g = 10 m/s>. What must be the muzzle velocity
of the shell?

(a) 387.2 m/s (b) 390 m/s

(c) 380 m/s (d) 350 m/s

Ratio between maximum range and square of time of
flight in projectile motion is:

(a) 1 (b) 2

(c) 4 ()5

A man projects a coin upwards from the gate of a

uniformly moving train. The path of coin for the man
will be:

(a) Parabolic
(¢) Vertical straight line

(b) Inclined straight line
(d) Horizontal straight line

A person can throw a stone to a maximum distance of
500 m. The greatest height to which he can throw the
stone 1s:

(a) 50 m (b) 250 m

(¢) 260 m (d) 1000 m

In a projectile motion, where is the angular momentum
minimum?

(a) At the starting point

(b) On the landing point

(¢) Highest point of projectile

(d) As no such position

Two particles A and B are projected with same speed
so that the ratio of their maximum heights reached is
3 : 1. If the speed of A is tripled without altering other

parameters, the ratio of the horizontal ranges attained by
A and B is:

(a) 10:1 b)9:1

(c) 2:5 (d) 6:13

A bullet is fired with a velocity u making an angle of
30° with the horizontal plane. The horizontal component
of the velocity of the bullet when it reaches the maximum
height is:
(a) M
V2
(©) uV3 (@

A man standing on the edge of a cliff throws a stone
straight up with initial speed u and then throws another
stone straight down with the same initial speed and from
the same position. Find the ratio of the speed the stones
would have attained when they hit the ground at the base
of the cliff.:
(a) 4:1

() 1:1

b)) u

3

—u
2

(b)1:3
@1:2

40.

A gun fires two bullets at 60° and 30° with the horizontal.
The bullets strikes at some horizontal distance. The ratio
of maximum heights for the two bullets is in the ratio:

(a) 1/4 (b) 3/4
(©) 3 d) 2

RAIN-MAN, RIVER-BOAT PROBLEMS, RELATIVE
MOTION IN 2D

41.

42.

43.

44.

45.

46.

Suppose that two objects A and B are moving with
velocities \TAand\TB (each with respect to some
common frame of reference). Let V—AB represents the
velocity of A with respect to B then:

(@) Vas+Via =0

(b) Vas—Vea =0

(¢) Vas#Va+Vs

@ [Vao

The speed of boat is 18 km/h in still water. It crosses a
river of width 2 km along the shortest path in 7 minutes.
The velocity of the river is:

Via

+

(a) 5.5 km/h (b) 6 km/h
(¢) 7km/h (d) 10 km/h
An aeroplane is flying with the speed of 100 m/s towards

east. If the wind is blowing with the velocity 25 m/s w.r.t
ground southwards total speed of the plane is:
(a) V>100 m/s () V=101 m/s
(¢) V=100 m/s (d) V=125m/s

A boat man could row his boat with a speed 10m/sec. He
wants to take his boat from P to a point Q just opposite
on the other bank of the river flowing at a speed 4m/sec.
He should row his boat:

(a) Atright angle to the stream

(b) Atan angle of sin~! (2/5) with PQ up the stream

(c¢) Atan angle sin"! (2/5) with PQ down the stream

(d) Atan angle cos™! (2/5) with PQ down the stream

A boat moves relative to water with a velocity which
is 1/n times the river flow velocity. At what angle to
the stream direction must the boat move to minimize
drifting?
(@) ©/2 (b) sin! (1/n)

(d) g—sin’1 (1/n)

A man standing on a road has to hold his umbrella at 30°
with the vertical to keep the rain away. He thrown the
umbrella and starts running at 10 km/h. He finds that rain
drop are hitting his head vertically. Find the speed of rain
w.r.t. road:

(a) 10 km/s
(¢) 1043 km/s

(¢ g+ sin” (1/n)

(b) 20 km/h
(d) 2033 km /s



47.

48.

A particle is projected from a point A with velocity w2
at an angle of 45° with horizontal as shown in figure.
It strikes the plane BC at right angles. The velocity of the
particle at the time of collision is :

u«/E C
45° A 60’
A B

\/Eu u

bh) =

(@) 5 (b) 5
(0) —\2/% (d) u

The path of one projectile in motion as seen from another
moving projectile is -
(a) A straight line
(c) Ancellipse

(b) Acircle
(d) A parabola

CIRCULAR MOTION KINEMATICS

49.

50.

51.

1.

In a two dimensional motion, instantaneous speed V,, is
a positive constant. Then which of the following are
necessarily true?

(a) The average velocity is not zero at any time

(b) Average acceleration must always vanish

(c) Displacement in equal time intervals are equal

(d) Equal path lengths are traversed in equal intervals
In a ground, a cyclist follows a track that turn to his right
by an angle of 60° after every 100 m. The displacement
of the cyclist from the starting point to the fourth turn:

(@) 200410 (b) 10043
() 242 @ 46

If a body is moving in a circle of radius r with a constant
speed v, its angular velocity is:

(a) V—z (b) vr
r

© X
T

@ =
A\

52.

53.

54.

5S.

56.

57.

A particle moving on a circular path with constant speed
then its acceleration will be:

(a) Zero

(b) External radial acceleration
(¢) Internal radial acceleration
(d) Constant acceleration

The angular speed of seconds needle in a mechanical
watch is:

(a) mwrad/s (b) m = 30 rad/s
(©Zrad/s (d) Z-rad/s

2 30
Ifa_and a_represents radial and tangential accelerations,

the motion of a particle will be uniformly circular if:
(@) a.=0anda =0
(b)) a.=0anda #0
() a.#0anda =0

(d) ar;éOandat#O

The earth moves round the sun in a near circular orbit of
radius 1.8 x 10'! m. Its centripetal acceleration is:

(a) 6 x 107 m/s?
(b) 10 x 103 m/s?
(¢) 12 x 1073 m/s?

(d) 1073 m/s?

Which of the following statements is not correct in
uniform circular motion?
(a) The speed of the particle remains constant

(b) The linear velocity remains constant

(c) The acceleration always points towards the centre
(d) The angular speed remains constant

The angle turned by a body undergoing circular motion
depends on time as 6 =0+ 0,t + 0,t> + 6,t>. The angular

acceleration will be proportional to:
(a) 0, (b) Oyand t

(o) t (d) 6,and 1/t

—

Learning Plus

The vector sum of two forces is perpendicular to their
vector differences. In that case, the forces:

(a) Cannot be predicted
(b) Are perpendicular to each other
(c) Are equal to each other in magnitude

(d) Are not equal to each other in magnitude

2.

Two vectors AandB  have equal magnitudes. If

magnitudes of A+B is equal to n times the magnitude

of A-B , then the angle between AandB is:
2
(a) cos™ (n al n2 J
n—n

21
cos | 2
© [nz +1




. A ball is thrown horizontally from the top of a tower
of height 8 m. It touches the ground at a distance of 90
m from the foot of the tower. The initial velocity of the
body is:

(a) 60 m/s (b) 80 m/s

(c¢) 70 m/s (d) 60 m/s

. A body is thrown horizontally with a velocity \/E
from the top of a tower of height h. It strikes the level
ground through the foot of the tower at a distance x from
the tower. The value of x is -

(@) h b I
2

(c) 2h (d) %

. A projectile fired with initial velocity u at some angle
0 has a range R. If the initial velocity be doubled at the
same angle of projection, then the range will be:

(a) 4R (b) 8R
(c) R/4 (d R
. For an object thrown at 30° to horizontal, the maximum

height (H) and horizontal range (R) are related as:
(a) R=16H

(h) R=43H
(¢) R=22H
(d) R=2H

. Two projectiles A and B thrown with speeds in the ratio

1:42 acquired the same heights. If A is thrown at an
angle of 60° with the horizontal, the angle of projection
of B will be:

(B
(a) sin (mj

(c) 45°

(b) 30°

(d) 90°

. Rain is falling vertically with speed of 35 m/s. A
woman rides a bicycle with a speed of 15 m/s in East
to West direction. What is the direction in which she
should hold her umbrella?

(a) tan™' (%J with the vertical towards west

(b) tan™ (%) with the vertical towards east

(¢) tan™ (%) with the vertical towards east

(d) Towards North downward

9.

10.

11.

12.

13.

14.

A man walks in rain with a velocity of 10 km/h. The rain
drops strikes at him at an angle of 45° with the horizontal.
What will be the downward velocity of the raindrops and
relative velocity of rain w.r.t man?

(@) V, =10km/h, V_ =10 m/s

(b) V. =20 km/h, v =10v2km/h

(©) V. =10km/h, V_ =10y2km/h

(d) V. =1km/h, V.. =1km/h

Aboat which has a speed of 5 km/hr in still water crosses

a river of width 1 km along the shortest possible path in
15 minutes. The velocity of the river water in km/hr is:

(a) 1 (b) 3
() 4 (@ 41
A swimmer crosses a river of width d flowing at velocity

V while swimming he heads himself always at an angle
of 120° with the river flow and on reaching the other end

he find a drift of gin the direction of flow of river. The

speed of the swimmer with respect to river is:

(@) (2-+3)v (b) 2(2-V3)v
() 4(2—@)\/ (d) a1

A swimmer can swim in still water with speed v and
the river flowing with velocity v/2. To cross the river in
shortest distance, he should swim making angle 6 with
the upstream. What is the ratio of the time taken to swim
across in the shortest time to that in swimming across
over shortest distance?

(a) cos O (b) sin O
(c) tan 0 (d) cot®
From an inclined plane two particles are projected with

samespeedatsameangle,oneupandotherdowntheplane
as shown in figure. Which of the following statement is
correct ?

0
0

(a) The particles will collide the plane with same speed

(b) The times of flight of each particle are same
(c) Both particles strikes the plane perpendicularly
(d) None of these

A point P moves in counterclockwise direction on a
circular path as shown in figure. The movement of P is
such that it sweeps out a length S = t3 + 8, where S in

metre and t is in seconds. The radius of the path is 60 m.

The acceleration of P when t = 4s is nearby:



15.

16.

17.

18.

19.

y
B
P (x,y)
0 A
(a) 45.28 m/s? (b) 60 m/s>
(¢) 50.2 m/s> (d) 30 m/s>

A car is travelling with linear velocity v on a circular
road of radius R. If its speed is increasing at the rate of a

m/s2, net acceleration of the car, is
2 2

(@) VE+a (b) %—a

2\2 2
NE
R R
A proton in a cyclotron changes its velocity from 30 kmh™!
north to 45 kmh! east in 20 s. What is the magnitude of
average acceleration during the same?
(a) 2.5 kms2 (b) 12.5 kms 2
(c) 22.5kms2 (d) 32.5 kms 2
Raindrops are falling vertically with a velocity of
10 m/s. To a cyclist moving on a straight road the

raindrops appear to be coming with a velocity of 20 m/s.
The velocity of cyclist is:

(a) 10 m/s (b) 10+31vs
(c) 20 m/s (d) 20:3ms

A man starts running along a straight road with uniform

velocity Ui observes that the rain is falling vertically
downward. Ifhe doubles his speed, he finds that the rain
is coming at an angle 0 to the vertical. The velocity of
rain with respect to the ground is :

(a) ui - utan 93 (b) ui—ucot 93

(¢) ui+ucotd] @ L i-4j

tan 0

A 2 m wide truck is moving with a uniform speed of 8
m/s along a straight horizontal road. A pedestrian starts
crossing the road at an instant when the truck is 4 m away
from him. The minimum constant velocity with which he

should run to avoid an accident is:

x
2mi | Truck o)
v X
T
(@) 1.63/5m/s (b) 1.24/5m/s
(©) 1247 mss (d) 1.6J7 /s

20.

21.

22.

23.

24,

A particle starts with velocity v, at time t = 0 and is
decelerated at a rate proportional to the square root of
its speed at time t with constant of proportionality o. The
total time for which it will move before coming to rest is

7
(@ Vo (k) Yo~
o
7
(0 2% @ 2
o o
Velocity of a particle changes with position according to
following curve. Acceleration of the particle at S =1 m
30
o
(m/s)
10
S (m)—/™>10
(a) 24 m/s? (b) 2 m/s?
(c) 20 m/s? (d) 3 m/s?
A particle is dropped from a tower in a uniform

gravitational field at t = 0. The particle is blown over
by horizontal wind with constant velocity. Slope of
trajectory of particle (tan 0) with horizontal varies
according to

tan0 tan 0
(a) (b)
X X
tan 0 tand
() (d) }
t t

A body falling freely from a given height H hits an
inclined plane in its path at a height ‘h’. As a result of this
impact the direction of the velocity of the body becomes
horizontal. Find the total time the body will take to reach
the ground.

(@) \E(x/Eh/H—h)
(b) 2gh
(©) E(M)

(d) None of the above

Two bodies fall freely from the same height, but the
second body starts falling T seconds after the first.
The time (after which the first body begins to fall) when
the distance between the bodies equals L is:

(@) ®) L

\/g_h 2gh

(o) 1 (d) None of these
gh



25.

26.

1.

A particle rotates along a circle of radius R = V2m with

. T .
an angular acceleration o = Zrad /s’ starting from
rest. Calculate the magnitude of average velocity of the

particle over the time it rotates a quarter circle.

(a) 0.5 )1
(o) 2 (d) 1.5
The velocity-time graph of a particle in one dimensional

motion is shown in the figure. Which of the following
formula is correct for describing the motion of the
particle over the time interval t, to t,?

27.

28.

@ x(tz):x(t1)+v(t1)(t2—t1)+(%ja(t2—tl)2

(b) V(t2)=V(t)+a(t -1)
[x(t)+x(1)]

(C) Vaverage - ( t])

[v(t)-v(t)]

() Aperage = =
2 1

A radius vector of point A relative to the origin varies
with time t as T = ati — bt”j where a and b are constants.
The equation of point’s trajectory is

__b5 b _sz
@ y= ®) y=—

2

(@) y="73%
A car is moving with speed 40 m/s on a circular path of

radius 500 m. Its speed is increasing at the rate of 4 m/s.
What is the acceleration of the car:

(a) 6.12 m/s? (b) 4 % 10> m/s?
(c) 5.122 m/s? (d) 3.9 m/s>

__2b
(©y a2

—

Multiconcept MCQs

A cricket ball thrown across a field is at heights 4, and h,
from the point of projection at times ¢, and ¢, respectively.
After the throw. The ball is caught by a fielder at the
same height as that of projection. The time of flight of the

ball in this journey is
(b) (hltg _h2t12 ]
hltl _hztz

(a) hlté —h2t12

hltz _hztl

© (hltg + hzth @ (h]tﬁ - hztfj
h,t, +ht, h,t, —ht,

. A body is projected with an angle 6. The maximum

height reached is h. If the time of flight is 4s and g is
10 m/s?, then value of h is

(a) 40 m () 20 m
(¢) Sm (d) 10m
. The equation of trajectory of a projectile is

y=10x —(gsz. If we assume g = 10 ms2. What will
be the range of projectile?
(a) 36 m
(¢) 18 m

(h) 24 m
(d) 9m

4.

Abody is projected with a speed u m/s at an angle B with
the horizontal. The kinetic energy at the highest point is

%th of the initial kinetic energy. The value of § is

(a) 30°
(c) 60°

(b) 45°
(d) 120°

. A particle is projected with a velocity v such that its

range on the horizontal plane is twice the greatest height
attained by it. What is the range of the projectile ?

a 4g
@ %, ®) 25
v L
© = @ =

. A ball is projected from the ground at angle 6 with

horizontal. After 1 s it is moving at angle 45° with the
horizontal and after 2 s it is moving horizontally. What is
the velocity of projection of the ball?

(a) 10y3ms™
(b) 20+3ms™
(¢) 103/5ms™
(d) 202ms™!



7.

10.

11.

12.

A boy playing on the roof of a 10 m high building
throws a ball with a speed of 10 ms™! at an angle of 30°
with the horizontal. How far from the throwing point
will the ball be at the height of 10 m from the ground?
(take, g = 10 ms 2, sin 30° = %, cos 30° = /3/2)

(a) 520 m (b) 433 m

(c) 2.60 m (d) 8.66 m

. A body moving along a circular path of radius R with

velocity v, has centripetal acceleration a. If its velocity
is made equal to 2v. What will be the centripetal
acceleration ?

(a) 4a
a
(c) Z

(b) 2a
a
(d) 5

. A projectile is projected at an angle (o0 > 45°) with an

initial velocity u. The time t, at which its magnitude of
horizontal velocity will equal the magnitude of vertical
velocity is :

(a) t=§(cosa—sina) (b) t:E(cosoHsinoc)
g

(c) tzg(sina—cosa) (d) tzg(sinzoc—cos2 a)
A U-shaped smooth wire has a semicircular bending
between A and B as shown in the figure. A bead of mass
m moving with uniform speed v through the wire enters
the semicircular bend at A and leaves at B. The average
force, exerted by the bead on the part AB of the wire is:

<
A
B d
2
@ 0 (b) AV
nd
2
(o) 2my (d) None of these
nd
A particle moves along the positive part of the curve

2 2
y= o where x = % What will be velocity of particle

att =2 sec.
(a) 2i-4j
() 4i+2]

(b) 2i+4]
(d) 4-2j
The horizontal range and maximum height attained by a
projectile are R and H respectively. Ifa constant horizontal
acceleration a = g/4 is imparted to the projectile due

to wind, then its horizontal range and maximum height
will be

(a) (R+H),% (b) (R+%j,2H

(¢) (R+2H),H (d) R+H),H

13.

14.

15.

16.

17.

18.

A point moves along a circle with a velocity v = at, where
a = 0.50 m/s?. Find the total acceleration of the point
at the moment when it has covered the n™ (n = 0.10)
fraction of the circle after beginning of the motion.

(a) 0.8 (b) 0.6
(c) 0.7 (d) 0.9

Two towns A and B are connected by a regular bus
service with a bus leaving in either direction every T
minutes. A man cycling with a speed of 20 kmh™' in the
direction A to B notices that a bus goes past him every 18
min in the direction of his motion, and every 6 min in the
opposite direction. The period T of the bus service is:

(a) 4.5 min (b) 9 min
(¢) 12 min (d) 24 min

Three vectors as shown in the fig have magnitudes
|a|=3,|b|=4and |¢| = 10. Find the numbers p and q
such that c =pa+qb.

.
C“'-.‘
-
90° .
-
20 543 20 543
@ -2 ) 2053
372 32
(c) _E’ﬁ (d) None
3°2

Find a unit vector perpendicular to both the vectors
(2f+3j+f<) and (f—3+2f<).

@ laie3iosk) ) (75 sk)

(c) %(41 +37+ lk) (d) None of these
Rain water is falling vertically downwards with velocity
v, when the velocity of wind is zero, water is collected
at a rate R. When the wind starts blowing horizontally
at a speed u, the rate of collection of water in the same

vessel is:

(@) Yo +Vv'R b) ER
(0 R (@) R
\%

The magnitude of the displacement of a particle moving
in a circle of radius a with constant angular speed ®
varies with time t as :

(a) asin ot (b) 2a sinw?t

(c) acos mt (d) 2a cos%t



—

NEET Past 10 Years Questions

1. A particle moving in a circle of radius R with a uniform

speed takes a time T to complete one revolution.

If this particle were projected with the same speed at an
angle 0 to the horizontal, the maximum height attained by
it equals 4R. The angle of projection, 0 is then given by:

(2021)
(7R b
a) 0=cos”
(a) cos [gsz
1
() 0=sin'[ =R §
g’
b
i 2eT?
(¢) B=sin 1[ R j

2\
gl
(d) ©=cos (TCZRJ

. A car starts from rest and accelerates at 5 m/s2. Att=4s,
a ball is dropped out of a window by a person sitting in
the car.

What is the velocity and acceleration of the ball at t = 6s?
(2021

(@) 20 m/s, 0 (h) 2052m/s,0
(¢) 203/2m/s,10m/s> (d) 20 m/s, 5 m/s?

. A ball is thrown vertically downward with a velocity of
20 m/s from the top of a tower. It hits the ground after some
time with a velocity of 80m/s. The height of the tower is :

(g=10m/s?) (2020)
(a) 340 m (b) 320 m
(¢) 300 m (d) 360 m

. A person sitting in the ground floor of a building notices
through the window, of height 1.5 m, a ball dropped
from the roof of the building crosses the window in 0.1 s.
What is the velocity of the ball when it is at the topmost
point of the window? (g = 10 m/s?) (2020 Covid Re-NEET)

(a) 14.5m/s (b) 4.5 m/s
(c) 20 m/s (d) 15.5m/s

. The speed of a swimmer in still water is 20 m/s. The
speed of river water is 10 m/s and is flowing due east.
If he is standing on the south bank and wishes to cross
the river along the shortest path, the angle at which he

should make his strokes w.r.t. north is given by :  (2019)
(a) 30° west (b) 0°
(c) 60° west (d) 45° west

6. Two particles A and B are moving in uniform circular

10.

11.

12.

motion in concentric circles of radii r, and ry with speed
v, and vy respectively. Their time period of rotation is
the same. The ratio of angular speed of A to that of B

will be : (2019)
(@) 1,1y (D) v,: vy
(c) gty d1:1

. When an object is shot from the bottom of a long smooth

inclined plane kept at an angle 60° with horizontal, it
can travel a distance x, along the plane. But when the
inclination is decreased to 30° and the same object is
shot with the same velocity, it can travel x, distance.

Then x,: x, will be: (2019)
(a) 1:42 (b) V2:1
(©) 1:\3 (d) 1:243

. The angle between A —B and A*xB s (A # B):
(2017-Gujarat)
(a) 60° (b) 90°
(c) 120° (d) 45°
. A ball of mass 1 kg is thrown vertically upwards and

returns to the ground after 3 seconds. Another ball,
thrown at 60° with vertical also stays in air for the same
time before it touches the ground. The ratio of the two
heights are: (2017-Gujarat)

(@) 1:3 (b) 1:2

() 1:1 d2:1

If the magnitude of sum of two vectors is equal to the
magnitude of difference of the two vectors, the angle
between these vectors is: (2016-1)
(a) 1° (b) 90°

(c) 45° (d) 180°

A particle moves so that its position vector is given by

T =cos®tX +sinmty where o is a constant Which of the

following is true? (2016-1)

(a) Velocity and acceleration both are perpendicular to 7

(h) Velocity and acceleration both are parallel to 7

(c) Velocity is perpendicular to ¥ and acceleration
is directed towards the origin

(d) Velocity is perpendicular to T and acceleration is
directed away from the origin

A uniform circular disc of radius 50 cm at rest is free

to turn about an axis which is perpendicular to its plane

and passes through its center. It is subjected to a torque

which produces a constant angular acceleration of
2.0 rad s72. Its net acceleration in ms~ at the end of 2.0 s

is approximately: (2016 -1
(a) 8.0 (b) 7.0
(¢) 6.0 (d) 3.0



13.

14.

15.

A ship A is moving Westwards with a speed of
10 km/h and a ship B 100 km South of A, is moving
Northwards with a speed of 10 km/h. The time after
which the distance between them becomes shortest, is:

(2015)
(@) Sh (b) 52h
(¢) 10\2h (d) 0h
The position vector of a particle R as a function of time

is given by:
R= 4sin(2nt)i + 4cos(21tt)j

Where R is in metres, tis in seconds and i and} denote
unit vectors along x and y-direction, respectively. Which
one of the following statements is wrong for the motion
of particle? (2015)
(a) Path of the particle is a circle of radius 4 metre

(b) Acceleration vectors is along -R
2

(c¢) Magnitude of acceleration vector is V—where v is
the velocity of particle. R
(d) Magnitude of the velocity of particle is 8 metre/

second

A particle is moving such that its position coordinates
(x,y) are:

(2m, 3 m)attimet=0,

(6 m, 7m) at time t=2 s and

(13m, 14m)attimet=>5s

Average velocity vector (V,,)fromt=0tot=5s is:

2014)
(a) é(wi +14)) () g(hj)

(©) 2(i+}) @ S(i+))

16. A projectile is fired from the surface of the earth with a
velocity of 5 ms™! and angle 0 with the horizontal. Another
projectile fired from another planet with a velocity of
3 ms! at the same angle follows a trajectory which is
identical with the trajectory of the projectile fired from the
earth. The value of the acceleration due to gravity on the
planet is (in ms2) is:

(given g=9.8 ms2) (2014)
(@) 3.5 (b) 5.9
(©) 163 (d) 1108

17. The velocity of a projectile at the initial point A
(2{+3}) m/s. Its velocity (in m/s) at point B is:  (2013)

Y
A
B
(@) 2i+3] (b) —2i-3j
() —2i+3] (d) 2i-3j

18. A particle has initial velocity (2i+33) and acceleration

(0.3? + 0.2}). The magnitude of velocity after 10 sec will be:
(2012 Pre)

(a) 9/2 units (b) 52 units

(¢) 5 units (d) 9 units

19. The horizontal range and the maximum height of a
projectile are equal. The angle of projection of the
projectiles is:

(2012 Pre)

(a) 6=tan™ Gj (b) 0=tan"! (4)

(¢) 0=tan"! (2) (d) 0 =45°
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Solution

-,
Topicwise Questions

1. (a) As we know that-
R = A’ + B’ +2ABcos 6

A =R =B=F (according to question)

F=+F* + F2 + 2F% cos 0
F2 =2F? + 2F? cos0 F2 =2F? (1 + cos0)

l—120089 —lZCOSO = 0=120°
2 2

2. (b) Position vector of a particle r=3i+ 3}

Angle with x-axis = (ﬁ’3)
|
B o3 |
0 = tan 1(Zj:tan 1[—} - T
X ﬁ r i y
|
0=tan"' (3 | l
an (f ) / |
0=60° : X g

3. (c) Resultant of vectors Aand B
So, R=A+B
R =4i+3j+6k—i+8j—8k

R=3i+11j-2k

‘ﬁ‘ =B+ +(-2)

3i+11j-2k  3i+11j-2k

Jor121+4 134

ﬁ:

4. (a) Let the two forces A and B

A=9x,B=11x0=60° .22
X, X . B 11

R = \/A> + B’ +2ABcos 0

38:\/(9x)2+(11x)2+2x9xx11xx%

38 = V/81x> +121x* +99x 38 =+/301x°

38=173x =x :i:2.19 =22
17.34

Thus=A=9xx=9x22=19.8N
B=11x=11x22=242N

5. (d) ‘K+§‘=4§-3}+5§+18}=9§+15}
| A+BI=4/(9)" +(15)" =+/81+225 =+/306 =17.49
tanezgzéjeztan'(éj
9 3 3

6. (a) Let the two forces each of magnitude A then the
resultant is

R=\/A2+A2+2A><A><%:\/2A2-|-A2 =+/3A°
R =+3A

Bsin©0 0 Qsin6
7. (b) tanp=—o-— tan 90" = ———
®) b A +BcosO P +2Qcos0

Qsind 1 Qsin6
o0 = - — =
P+2Qcos® 0 P+2Qcos6

P+2Qcos(9:cos€)=i
2Q

R = /(P) +(Q)’ +2PQxcosd = Q



8. (d) Vectors are equal
i-3j+5k =i-3j—ak

S0,

9. (a) Given condition is that
C=A+B
5 1s the resultant or modulus of a vector ‘K + E‘

2

\azz\mﬁ

25=16+9+2x4x3cosb

=25-25=24cos0 =cosH=0 =0=90°

10. (b) R =/P* +Q* +2PQcos 6
R=VA’+B’> , P=(A+B) , Q=(A-B)
JVA? +B?

= J(A+B) +(A>~B*)+2(A+B)(A-B)cos0

Squaring both sides

A2+ B?=(A+B)>+ (A-B)?>+2 (A>—B?) cos0
A?2+B?=A2+B2+2AB+A%+B2—2AB+2 (A2—B?cos
~A?-B?>=2(A%-B?) cosd

—(A%2+B?) =2 (A>-B?) cos0

Multiply by (-)

A%+ B?=2(B*-A?) cosd

L A*+B?
cos” | ————+|=0
2(B*-A%)
11. (d) There is no y-component in the vector.

12. (d) A=3i+5j-7k

The direction cosines are

A A
cosa=—= , cosfp=—

A A

AZ N 2 2 2
ST =TT A=A+ (A +(A,)

=\9+25+49 =/83
3 cospe—— yo—L
NCE V83’ 83

13. (d) Magnitude of vector depends upon the magnitudes
of component vectors and their orientations with
respect to each other, so that’s why we can say the
components of vectors may be equal to or less than or
greater than the magnitude of vector.

cosa = COoS

14. (d) ‘Kxﬁ‘:@
ABsin(—)zAB%;)S6

sin0 1

a1 T
= O=tan'| —=| = 0=—
cos® 3 [ﬁj 6

15. (d) When the vectors are perpendicular to each other then
their dot product is equal to zero

(2i+4j+6Kk).(5i+6]—ak)=0

17
10+24-6a=0 =34=6a = a=?

16. (b) Displacement of particle = 15i — 20] + 8k — (3i + 5] — 8k)
AS =151 -20]+8k —3i—5]+8k
AS =12i-25j+16k
Work done =F . AS
= (3i+j+4k)(12i—25]+16k)
=36-25+64="75 Joule

17. (d) For the scalar product, £.F, = (2i + 512)(33 + 412)

|
|

20

)

18. (a) As, V=oxr , then

i ] k
V=5 -4 +9
8 -6 3

v =i(—12— (=54)—j(15-72) + 12(—30—(—32)))
V =42i-57j+2k
V] =\J(42)" +(57) +(2)

= \\7\ = /5017 =70.8 unit

19. (¢) For perpendicular condition, AB=0
A.B = (iA cos 0 + jA sin 0)(iBsin 6 — B cos 0)
= Acosb Bsinf — Asinf Bcosf

= ABsin6 cos6 — ABsinf cos6 =0
A .B =0 (condition satisfied)



20. (d) Let A bei+j+k and B be i

According to the relation g =cos0
418
C Gtk 1
B RN EIE eI RN )
cosO = % =None of these
BxA).(A
21. (d) COS@ :w

BxAl[4]
(BxA).(A) = |BxA[A]cos90°
(BxA).(A)=0

22. (b) For three vectors to be coplanar,

2 -1 1
1 2 -3=0
3 P 5

=2(10+3P)+1(5+9)+1(P-6)=0
=20+6P+5+9+P-6=0=7P+28=0

:P=—§=—4
7
23.(c) T=7xF T=—4i+j+10k

24. (c) For the first body, h = % gt’ (u=0)

X2

= — h=_ i 1
t » 2g(v2] (1

X2 L—X_zx V‘z
hOCF 4h V2 (4X)2
4v? =y 2v=y

25. (b) W X
|1: u
500 m
W50 100 m
100 m

Height of W, = 500 m
Height of W, =100 m
Net vertical height which attains by ball = 500— 100 =400 m

Time taken by the ball to enter W, is

S= ut+%gt2 = 400=0+%><10t2

%:t2 =t =/80 = 8.9sec.

Motion of the ball from W, to W,
S= uxt+%axt2 100 = ux8.9+%x(0)x(8.9)2

u=112m/s
Short trick: Horizontal Range = 100 m
Vertical height = 500 — 100 =400 m

R=u 2h —Su=R|>
g 2h

u=100x 10 :@:II.Zm/s
2x400 8.9

26. (d) As we know the relation,

u:80><i=22.22m/s R=u &
18 g

h=150x102=15m

R=2222x |23 _ 0000 |3 Z 2220054
V" 10 V10

=11.99=~ 12
27.(b) R=u ’&=12\/E=12m S~ S=+R*+1* =13m
g 10
~ 30"
Z
28. (¢) %
Z
Z
1
\
G - 1_ ,
Y—Vyt+ant
oy, 1 2
70:—(50 sin 30 )t+—><10><t
2

= 70=-25t+5t>

or t>— 5t—14 =0 = t=—2sec (~ve time is not possible)
or t = 7sec.

29. (¢c) Wehavev=u+ator7.5=25+050t=t=10s
Hence correct answer is (c)

2(4.9
30.(a) x=u 2,6.2 = uJM =u=62ms"!
g 9.8



31. (a) Time of flight is 2 times that of time taken to reach the
maximum height, i.e., T,=2t
2
32. (a) Maximum range = v 10 x 15000 = u?
g

150000 = u? = 1004/15 = 387.2m/s

2 2 R e
o kv £ R g
g

> —— =49
4u’sin* 0 T 2sin©

34. (¢) Relative horizontal displacement will be zero because
horizontal component of velocity of coin is same for
coil & observer/person. No angular projection has
given to coin so no parabolic path.

2

35. (b) According to the relation, H = ll

2g
2
R="_500 = u=500g H=22_550m
g 2g

36. (a) Angular momentum = mvr

at starting point r = 0
37. (b) H, = u’sin® 0, o, - u’sin’ 0,

2g 2g

H, sin’0, 3 sin®,  cosh, 1

T oaia O T an Cma TR

H, sin“6, 1 sin®, cosB, 43

We know that:

R, _ (3u2)sin 28, 9sin@, cosO, 9

R, u’sin26,

sin@, cosO, 1

R, 9
—L == other parameters are same (0 =0y
2

38. (d) Horizontal component of the velocity does not change
in over all motion of projectile.

So, at highest point it will be.
uy3
2

u cosd =u cos 30° =

39. (¢) As the stone thrown vertically up will come back
to the point of projection with same speed, both
the stones will move downward with same initial
velocity, so both will hit the ground with velocity.

vi=u’+2gh ie,v= (u2 + 2gh)

So, the ratio of speeds attained when they hit the
ground is 1 :1

Hence correct answer is (c).

2 =2
40. () H="910 . p o dinto
2g
H, sin’60° 3 4  H,

= —X— —:3

H, sin®30° 4 1  H,

41. (a) Velocity of object A relative to that of object B is
vAB = VA - VB
Velocity of object B relative to that of A is

VBA = VB — {;A VBA = _VAB and‘VAB

= ‘vBA

42. (a) When a boat tends to cross a river of width along a
shortest path, relative velocity of boat is-

Vi =y Vs =V/
. . 2km
Resultant velocity of the boat and river = -
—hr
60
_2X00 1714
7

VZ=V 2 - V2= V2=V 2o V,2

V2=V, = V2 = J(18) —(17.14)°

=324-293.7 =303 =5.5km/h
43. (a) Vp =100 m/s V,=25m/s

Total speed of the plane V =, [sz +V, °
V = J(100) +(25)* = /10000 + 625

= V>100m/s

44. (b) He should row his boat at an angle 0 such that

sinB:X:izg A Yy Q
10 5
i
9=sin‘l(§] 0
P

45. (¢) Let width of the river be d speed of stream be v and
the speed of the boat relative to water be u and the
angle with the verticle at which the boat must move
for minimum drifting is 0.

d
ucosO

Time taken to cross the river =

Drift of the boat is (v — usin®) (d/ucosf)

Differentiating this w.r.t time and equating to zero we
- s . v
get the angle 0 for minimum drifting as sin™ (—j
u
Angle with the direction of the stream is

90° +sin ™ (lj
u

Here u=— . Angle = T isin (lj
n 2

n



vsin30°

46. (b)
30°

vcos30°

Rain drop will hit vertical when
v sin30° = 10 km/h = v =20 km/h

47. (c¢) Let v be the velocity at the time of collision.

Then, uv2 cos45° = v sin 60°

v sin 60’

, Vvcos 60°
60

48. (a) Since relative acceleration is zero, therefore relative

velocity will be constant.

49. (d) If instantaneous speed is constant that means motion
is uniform such that equal path length / distance are
covered in equal time intervals.

50. (b) Cyclist starts from A and reaches a point E

So their displacement is AE

v
SoO=—
T

51. (¢) As we know that, v =ro

52. (¢) In uniform circular motion, acceleration is produce
due to change in direction, and in circular motion
direction changes. Acceleration is
internally radial due to centripetal acceleration
because centripetal force act towards centre.

continues

53 d)m—z—n—zxn—irad/s
- T 60 30

54. (¢) In a uniform circular motion radial acceleration

remains constant and tangential acceleration remains
Zero.

55. (@) Centripetal acceleration, a, = o’R

(2m)" xR 4x(3.14)" x1.8x10"

T (365x24x60x60)’
11
:4><10><1.8x102 = 6x10° m/s?
(31536x10°)

56. (b) In uniform circular motion speed and angular speed
remains constant. Centripetal acceleration acts
towards the center (centre seeking) because centripetal
force acts towards the centre but velocity does not
remains constant because direction is continuously
changing.

2

57. (b) Angular acceleration o = e

2
azé%(eo+at+egz+e¢ﬂ

=20, +6 0t

.
Learning Plus

1. (¢) Let the two vectors A =F, +F, andB=F, —F,

As two vectors are perpendicular to each other so-

AB=0 (E+E)(E—E)=O
(£ () =0 =[FT - -0

—2 =2 =

El =K D‘E‘ze

2. (¢) According to the question
K+B=nfA-5
Squaring both side
A%+ B2+ 2AB cosd = n? (A% + B2 — 2AB cosb)
AZ+B?+2AB cosd = n®A2 + n?B? —n? x 2AB cosf
2A2% +2A% cosh = 2nA% — 2n%A? cos
2A2 (1 + cos0) = 2nA? (1 — cosb)



1 + cosd =n%—n? cosd

1 + cos® + n? cosd = n?

‘K+§‘ = \/Az +B”* +2ABcos0

‘K—E‘=\/A2+B2—2ABCOS9 ‘K =‘§

2_ 2_
cosezn2 ! 0=cos™ nz !
n”+1 n-+1

3. (¢) According to the relation

R=u &:qu‘/iﬂo 10
g oh \2x8

10 90 90
290,/ = u =10 = u=—"x3.1
R IT R Ty

= u=069.75
4.(c) x=vV /é:JZghx /&:2}1
g g
u’ sin 20

5. (@) Range(R) =

2
> LR _uw
R' 4u?

6. (b) According to the relations

Range o u = R'=4R

R:uzsinZO’H:uzsinze
g 2g
2 .2 0 2 2 o 2

Hmaxzu sin” 30 _w R=u sin 60 =1l\/§

2g 8g g 2g

2

JHow 2% R4

R 82 w3

u,’sin® 60°
2g
2 102

_ Uy sin 0

2g

7. (a) For projectile A, Max. Height H, =

For projectile B H,

u,’sin’ 60° u,’sin’ 0
2g 2g

According to question

2 s a2
u, sin” 0

27 a2
u,”  sin” 60°

2

:(TJ(T]

3 1
= x—=sin’0
42

=sinf= ﬁ
22
NE)
f=sin"'| —
(2«5
N
_R\
Vv, \\ 0 .
8. () y__B o % C o
\Tr 0 Vi
¥ D
S
V. =35m/s V, =15m/s
A
tan9=£:>tan9=:"=£=§:0.4285
OA V. 35 7
0= tan' (0.4285) = 23.19°
9. (¢) Velocity of man in rain = 10 km/h
N
N A
W A Vm O 7Vm C E
NV
2
B D
S

As we know that the following relation

V. =V +V,>+2V,V, cos90°

V. =relative velocity of rain w.r.t the man

Y . BD V,
Vi = velocity of man tanf=—=—"2
OB V.
0 is the angle which V__ makes with the vertical
direction

tan 45° =i/—0 =V, =10km/h

r

relative velocity of rain w.r.t the man

vV, = J(10)’ +(10)* = V100+100 = 102 km/h



A Vkm/h o

10. (b) 4 km/h 5 km/h

¢
S
Velocity of the river is along AO

By applying triangle law of vector addition, value of
AB comes to be 3 km/hr.

d 2d

1. (¢) t=——— =——
V_cos30 \/§Vr

d \Y% 2d
ift—=(V-Vsi =|V-—
Now, drift 5 (V—V,sin30)t { > }{\EVT
Vv,
30°
v
BV =4v-2v,

V. ={2+4\/§}V:4(2—«/§)V

12. (b) d = width of the river
6 = angle made with upstream

90 — 8 = angle made with normal to the stream.
i d
Shortest time t = —
v

d

Time of shortest distance =t'= m

. . . t
Ratio of time in two cases —=—+

13. (b) Apply formula of time of flight on inclined plane.
14. (a) S=t3+8

dv
a= =

=—=06t
dt

-.speed, v = ds_ 3t
dt
tangential acceleration a, = 6 x 4 = 24 m/s?

2
> (3t 4
Centripetal acceleration a, = Y _ u = o
R R R

A = 9x16x16 3x16x16
¢ 60 20

~.Netacceleration a =4/a +a> =4/(38.4)" +(24)’

a=+/1474.56+576 =/2050.56 = a =45.28 m/s?

a, =384 m/s?

15. (c) Tangential acceleration = a, = a
. . v
radial acceleration = a, = r

v Y

net acceleration =./a; +a’ =, [a’ + (EJ

16. (a) Change in velocity =+/(40)* +(30)” = 50kms™'

Average acceleration = % =2.5kms™

17. (b) By using addition of vector in vector form

Vi = 20

Vi

V., =4/(20)" =(10)° =+400-100 =+/300

18. (¢) Velocity of rain along x-axis is v,

u
‘V/&lie

u

\'A =u§+ucot9}
19. (a) (vsin0) t=2 4

(8 —vcosb) t=4 vsin®

o0
P
<

vsin O _l
8—vcosO 2

0

ro>

» vcosO

2vsin =8 —vcos 6

2v sin O + v cosd = 8
8
vVe—
2sin0+cos0O

8
A—

8 85

Vi == —1.6J5m/s
NEIRVANG]



20.(d) u:VQ: a:_a‘\/;
dv ¢ 1 ot 2,v
SO’E__OL\/;:;[ﬁ dV—IO—adt :>t:£

[0

21. (a) From the graph VI%S+10:>V=25+10

a=V.%=2V=4S+20 = a=24m/s?

S

22. (b) Let v be the horizontal speed provided by wind then
at any instant ‘t’.

t
tanezg—alsz=Vt
%

24. (d) Separation between two bodies after T seconds

1
=—gT
> g
Relative velocity = gT 1
L-—gT’
so time when separation becomes ‘L’ is 2T
g

(7))

= =2s v_=1m/s
T av
i

26. (d) In the given interval the slope of v-t graph (i.e.
acceleration) neither constant nor uniform. Therefore
relations (a), (b) and (c) are incorrect but (d) is correct.

2R
25' (b) Vav :(T

27. (a) T =ati —bt’]
2
:tz(ij and y=—b[§j = y=_—?x2
a a a

28. (c) Net acceleration of the car a =4/(a,)’ +(a,)’

x =at and y = — bt?

4
a= 16+% = a=+16+10.24 =5.122m/s’
X

Multiconcept MCQs

1. (@) For motion along vertical axis,

h, = usin0t, —%gtf (forh))

1

= t,=——=— ¢
: usin6 @

= h, =usin0t, —%gtﬁ (for h,)

h, +lgt§
= t,=— 2 (i)
usin®

On dividing Eq. (i) by Eq. (ii), we get

. (hl +;gtfj/usin9

R B
t

(h2+;gt§)/usin9

= hltz _hztl :%(tlti _tlztz)

The time of flight of the ball

2usi 2 .
T= usin® =—(usin0)
g g
h, + 1gt2
20 1Ty 2(h 2 .
=52 =—[—‘+t—‘] [from Eq. (i)]
g 4 tlg 2
2 2
:£x£+tl =£x[—t1t2 —hh j+t1
tl g tl hltZ _h2t1
— hltltg _hlt12t2 + hltlztz _h2t13 _ hlti _hztlz
t](hltz _th]) (hltz _hztl)

2. (b) The projectile is shown below

t_2usin9 _ 2usin®

=4 ..(1)
g g
Also, v> =u? + 2as = 0% = u? sin’0 — 2gh
2 202
u“sin” 0 _h
2g



From equation (i)

usin9:2 4
g 2g
h=2g = h=20m

. . 5).2
3. (¢) Equation of projectile, y=10x- [gjx

Equation of trajectory is give by

g 2
=xtan®-—=>—.
Y 2u’cos’0 s
: g
On comparing, tan0=10and —=——=—
paring 2u’cos’® 9
or 10u? cos?0 = 9g u*cos’0=9

Range of projectile,
_ 2u’sinOcos® _ 2u’tanOcos’ O
g g

(- sin® =tanOcos0)

R

_ 2(u’cos’0).tan®
g

_2x9x10
10

18m

4. (a) The kinetic energy at the highest point would be
equal to %m(ucosB)2 :%mu2 cos’B (as the vertical
component of the velocity is zero).

usinB| qu
A

p

ucos 3

The initial kinetic energy is the maximum kinetic energy.

So,(KE),, = (KE), cos? where, (KE), = %mvz

B

Thus, KE, cos’B = %(KE)i = cosp=-— = B=30°

2
5. (a) Given, R =2H u sind .
‘We know that, R =4H cot 6
2H = 4H cot6
1
cot0= 2 0 u cosf

2 1
=sinf0=—and cosb =—
\/g \/g

.. Range of projectile,

R - 2v?sinOcosO v 2 1 4v?

= X—X—==—
g g V5 5 sg

6. (¢) Let the angle made by the instantaneous velocity with
the horizontal be a. Then,
A 1 —
D usin6 — gt
v, ucos

Given, o =45°, whent=1s
(i.e.,tan45°=1)

This givesucos 6 =usin 0 — g ...(1)
a=0° whent=2s (i.e. tan 6° = 0)
Andusin6—-2g=0 ... (ii)

On solving Egs. (i) and (ii), we have
usinf=2g=ucosf=g

squaring and adding

= u=\/§g=10\/§ms’l

7. (d) Say, the ball is at point P when it is at a height of
10 m from the ground. So, we have to find distance
OP, which can be calculated direct considering it
is a projectile on a level OX at a height h from the
horizontal level.

2.
Op =R = sin 20
g
10 ms’'
0
P
0,30 X
10 m
Ground
2 . o
N R:10 XSln(2X30)=8.66m
10
8. (@) We know that centripetal acceleration is given by
V2
a=—
R
VZ
For constant R. aoc V2 or 2= —L
aZ V2
a_ v _1
a, (2v)° 4
a,=4a ora,=4a (-a,=a)




V.=V
xVy
ie. ¢ =45°

v, u,+ait usinf-gt
tanp=—L=—"—"= £

v, v, ucos0

t t
tan ¢ = tanf — —2 tan45° = tan o — —2
ucoso ucoso

sin o _(gt)
- u

. gt
= cosal =Ssino—=—
cosal u

gt

= =(sina—cosa) t:E(sina—cosa)
u

g
10. (») Change in momentum is 2 mv, time taken to go around

(%)

change in momentum

tyg=—"" Force -
A time
dx» dy~
11. (b)) v=—i+—
(b) T
3 ~ ~
%:t, d_y:X'd_x:t_ s0, v=2i+4j
dt dt dt 2

12. (d) There will be no impact on maximum height & time
?{fﬂlght.'u i by = l(ngz ast=Lg(T)
ange will increase by = 2\ 4 ) g )
So, new range =R + H

13.(@) S=—(2m) =2 (0.5)¢ == (2m)

1
2

Qep =%
T r r
ae, =027
_ a2 2
a, =05 ay, =+ac +ar 0.8

14. (b) Let v km h™! be the constant speed with which the
buses ply between the towns A and B.

Relative velocity of the bus from A to B with respect
to the cyclist = (v —20) km h!

Relative velocity of the bus from B to A with respect
to the cyclist = (v +20) km h!

Distance travelled by the bus in time T (minutes) = vT
As per question

vT ~13
v—20
orvI=18v-18x20 .. (1)
and VT =6
v+20

or vI=6v+20x6
Equating (i) and (ii), we get

(i)

15. (a)

16. (b)

17. (d)

18v—18x20=6v+20x6

or 12v=20x6+18x20=480 or v=40kmh!
Putting this value of v in (i), we get

40T=18 x40-18 x20=18 x 20

18x20

or T 9 min
5:3f,l;=xf+yi
a.b=|a||b|cosG

i=31 b=231+2]

¢ =p(3f)+q(2«/§f+2j)

:(3p+q2\/§)i+2qj

2
1Sl \/(3p+2q\/§) ~(2q)" =10
only (1) satisfying it.
Let A=2i+3j+12 and Bzf—j+2f( unit vector

perpendicular to both A and B is

AxB

n=-— =

|AxB]|
ik
AxB=[2 3 1
1-1 2

A A

=i(6+1)—j(4-1)+k(-2-3) =7i-3j-5k

| AxBl= 7 +(=3)" +(=5)" = /83 unit

1
V83

Rate of collection (R) = vA cosb (8 is the angle between
the velocity of the rain and area of vessel)

R = VA cos0’ = VA

When the wind blows R = v'A cosf, (v is the new
velocity of rain)

vi=Jvi+u?

A=

(7i —3}—512)

Vv
Vv +u?

S R=v'AcosO=vA=R

cos0 =



18. () In time t, particle has rotated an angle,
0=ot

s=PQ =+/QR’ + PR?

Q=1

a/

0 i
R

P (t=0)

®

or s= \/(asinwt)2 +(a—acosoot)2

. ot
or s=2asin—
2

NEET Past 10 Years Questions

_ 4n’R%sin’ 0
T’2g

_8RT’g
4n*R*

4R

sin’ 0

2Tg
T°R

P 1/2
0 =sin" (ZTZ_gJ
'R

2. (c)u=0

a=75m/s?

sin® =

t=4 sec
V=u+at
V=0+5x%x4
V'=20m/s

g=10
V. =20 m/sec
Vy:u+gt [ t=6-4=2sec]
=10x2m/s

V;:20m/sec

v=2012

and a = 10 m/sec?

lZOm/s

3.¢) h !

l 80m/s

v2=u?+2gh
802=202+2 x 10h
h=300m

4. (a) From equation of motion
1 5
S=ut+—at
2
here S=15m t=0.1s
15= u(0.1)+%(10)(0.1)(0.1)
=u=145m/s
5. (a) Vg = 20m/s
Vig = 10m/s

For shortest path

VSG + \7RG = \7511
N

Vra

\ 4 Vsr
W- E
VSG \2

S

From vector triangle :-

Veo

sin® =

SG



sin6 = B
20

sin@ = 5 =0=30°west

6. (d)
T,=Tg=T
o, = 21
\ =
Ty
o = 2n
5= —
Ty
oy _Tg _T_
og Ty, T
7. (¢)
u
60°
v 7/ / / / /
g sin60°
u
30°
v 7/ / / / /
g sin30°
u2
Stopping distance) x; = ———
(Stopping )% 2gsin 60°
u?
Stopping dist X, =——
(Stopping distance) X, 2gsin30°

:ﬁ:s.in30° 1x2 :1:\/5
X, sin60° 2x+f3

8. (b) A-B will give us a new vector whose direction will
be in the plane of A and B.

AxB will give us a new vector whose direction will

be perpendicular to A and B.

Then the angle between A —B and A xB will be 90°

9.()T,=T,
Vy = Same for both cases

2

— VY

H=—X
2g

H, = H, since all are same for both cases
10. (b) | A+B|=|A-B|
A2+ B2+2ABcosO=A2+B2—-2AB cos 6

4AB cos 0=0
cos0=0
0=90°
11. (¢) T =costX +sin oty
¥ = —msin otx + ®cos oty

o)
Il

—0’ cos otk + o’ (—sinwt)y
=-f

Tv=0 hencer LV

12. (a) Particle at periphery will have both radial and
tangential acceleration

a,=Ra=0.5x2=1ms”

0=0,+ot

®=0+2x2=4rad/sec

a, =R =(4)"x0.5=16x0.5 =8ms™

_ (.2 2 _ 12 2 -2
Qm =A@ +a, =V1I"+8 =~ 8ms

45°

B¥ v,, =102 kmph

| Vx| = V107 +10* =10v2 kmph

Distance OB =100 cos45° = 50,/2 km

Time taken to reach the shortest distance between

50V2 _sov2
[Vaa| 1042

A&B =



14. = . 2 A 17. (d) In a projectile vertical component of velocity keeps
@ g - 4sin(2nt)i+4cos(2mt) ] 9 on cl?ang;ing with time. P v Keep

- R 2 . A ‘While horizontal velocity component remains constant
v =d— =8mcos2mti —8msin 27t N Y P
t

[v|= \/[87t cos(27rt)]2 + [—8nsin(2nt):|2

=37
=641’ ) A
=8m m/s A 0 ‘ gi
o . 23 B[ Jo
.. statement in option (d) is wrong X “y
15. @ L AF (13-2)i+(14-3)] 11(¢+A.) = Velocity is 2i-3j
av == =_ 1 -] ~ ~ ~ A A~ A
At 5-0 18. (b) V=T+t=(2i+3])+(031+0.2])(10) =51 + 5]
16. (a) As Range = u’sin’ 0 S0, g oc u? HencelV| = 5+/2 units
19. (b % si % sin’
(b) RoH_ = 2u’sin0 cos® _u’sin’ 0

g 2g
=tan0=4 = O=tan" (4)

2
Therefore g ;... = E%) (9.8 ms’z) =35ms”
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