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CHAPTER 1lI

MOTION IN A PLANE
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SIMILPhysics

VECTOR ALGEBRA

Physical quantities, in general, may be divided into two main classes. (1) Scalar quan-
tities (2) Vector quantities. -

Scalar quantities

These quantities have only magnitude and no direction. They are completely specified
by a number and a unit. They obey the ordinary rules of algebra. Ex: Speed, distance,

electric current, temperature, work etc.

Vector quantities

These quanti ties possess both magnitude and direction. They are added and subtracted
ecial laws such as parallelogram law of addition, triangle law of addition et

according to SP , L
leration, current density, intensity of electric field, angle, angul®

Ex: Force, velocity, acce
velocity etc.
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Note: It is to be noted that all physical quantities having both magnitude and direction
are not necessarily vectors. All vectors obey the laws of vector algebra. For example, the
electric current and time have both magnitude and direction; but they are scalars, because

they do not obey the laws of vector algebra.

Vectors associated with a linear directional effect are called polar vectors. Ex: Linear
displacement, linear velocity, linear acceleration, force, linear momentum etc. The vectors
associated with rotation about an axis are called axial vectors. Ex: Angular velocity, angular

acceleration, torque, angular momentum etc.

Representation of a vector
' (aLIn print In print, a vectcll; quantity is represented by a bold letter such as A or a and in
‘writing it is represented by A.
| /(b) Graphical

f A \?éctor 1S repre elfl Mjﬁp it = K
| head: the length of theMirle!répresentihg-its maghi STCE S —p
ig.

\arrow head indicating its direction.

v

-

Some important definitions about vectors

Equal vectors
. — i
Two vectors are said to be equal when they are identical A B
both in magnitude and direction. Let A and B be two paral-
lel vectors of equal magnitudes. Although they are situated at
Fig. 6

different places in space they are equal.

Co-planar vectors

N
Vectors which are confined to the same plane are called co-planar vectors.

Position vector

A vector representing the position of a point with respect to
an arbitrary origin is called position vector.

Let O be an arbitrary origin and P a point in space. The
position vector of P with respect to O is represented by O P

Negative vector

A vector having the same magnitude but direction opposite  p > Q
to that of a given vector is called negative vector of the given —
vector (fig. 4). P -A

Modulus of a vector

Modulus of a vector is the magni -
Y gnitude of th the vector A
Teépresented as |A| or A. e vector, The modulus of r Ais
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Unit vector

drawn in the direction of a given veclor, A unit veelor
It is used to specify a given direction, Thus we have

A= Ifi.l(i

ates 1, j and £ are unit vectors along X, ¥ and

It is a vector of unit magnitude
in the direction of A is written as A.

In cartesian coordin 7 axes respectively,
They are called orthogonal unit vectors.

Zero vector

It is that vector which has zero magnitude and an arbitrary direction, A zero vector is

represented by 0. It is also called a null vector,

The main properties of a zero vector
1. Zero or null vectors are taken to be equal and their directions

indeed quite immigt TM“ Ph y w g
The result of adﬁ* t ny ye t¥$el\@(85clf. A+40=A

3. The result of multiplication of a real number with zero vector is a zero vector itself
and the result of multiplication of 0 and a vector A gives a zero vector.
nx0=0and0x A=0
4. The result of addition of a vector to its own negative vector is a zero vector.
.‘I + (—-‘:{) — 6

are quite arbitrary and

1

Examples of zero vector

1. The velocity vector of a stationary object is a zero vector.
2. The acceleration of an object moving with uniform velocity is a zero vector.

3. The displacement of a stationary object is a zero vector.
4. The position vector of the origin of co-ordinate axes is a zero vector.

Addition of two vectors
1. When vectors are acting in the same direction

The magnitude of the resultant vector is equal to the sum of the magnitudes of the two
vectors and the direction is the same as that of the two given vectors.

R=A+B;|Rl =1A| +|B|
2. When two vectors are acting in opposite directions

The magnitude of resultant vector is the difference in magnitude between the two vec:
tors and the direction is that of the bigger vector.

R= A+ (-B):|R| = |A| - |B]
3. When two vectors are inclined at an angle

The sum of two vectors can be determined either by (i) the law of triangle of vectors
or (ii) the law of parallelogram of vectors,
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(i) Triangle law of vectors

If two sides of a triangle represent two given vectors in magnitude and direction and in
the same order, then the third side of the triangle in the reverse order represents the vector

sum of the vectors.

Fig.9

If OA represents vector P and AB represents vector 0 in the anticlockwise order,
then OB in the clockwise order represents the vector sum R of £ and Q.

R=P+Q
(ii) Parallelogram law of vectors S I M I I_ P h yS i C S

If two adjacent sides of a parallelogram represent two vectors in magnitude and di-
rection, then the diagonal of the parallelogram starting from the point of intersection of the

two vectors represents the vector sum of the two vectors..

C

B e

A J

—
P

Fig. 10

If OA represents P and OB represents 0, then the vector sum R is represented by the
diagonal OC of the parallelogram OACB.

e

Analytical method of vector addition
Draw CD perpendicular to OA produced.
Let a be the angle which the resultant makes
with the direction of P.
Jlﬂ-the triangle OCD (fig. 7), we have,
0C*= 0D?+ CD? =(0OA + AD)* + CD?
= 0A?+20A x AD + AD* +CD?

= 0A>+ AC? +20A x AD
‘ le, R*=P*+ Q? +2PQcosd

[Since AD = AC cosf)] o)
R=\/P2+Q2+2PQCOSG A O
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Direction of vector sum R

If « is the angle between the directions of the vector sum R and the vector P,
CcD CcD Qsinf
tano = = -~
OD OA+4+AD P+ Qcosé

Also from the triangle OAC (by the Law of sines)

s = 0 = ,P ,'.sina=gsin9
sinf sine  sinf R
When two vectors are at right angles (fig. 8) B £
Here, & = 90. Then, R = /P2 + Q? and tanax = = R
/P Q1
Q
a -
Laws of vector addition ) I?} A
1. Vector addition is commutative: A + B = B + A Fig. 12
+C)=B+(C+ -

- 2. Vector addition is associative; 4 +
Ay =C 4 (A4B) I M
3. Vector addition is distributive: m(A + B) = mA +#

(m + n)E =mA +nA
Multiplication of a vector by real numbers

Multiplication of a vector A by a positive number X gives a vector whose magnitude is
changed by the factor A; but the direction is the same as that of A

LA =A|A|  if A>0

For example if A is multiplied by 2 the resultant vector 2A is in the same direction as A and

has magnitu‘de |2A). If the vector A is multiplied by a negative number A the direction of
the product is opposite to the direction of A but magnitude is |AA|

Examples

IIL.1. T;le resultant of two vectors P and O is equal to R. On reversing the direction
of O, the resultant becomes S. Prove that R?+ 82 =2(P2 + 0%
Let 6 be the angle between the directions of P and Q.
2
R*=P*+ 02 4 2P cos B
2
| $°=P*+ 02 _2PQcosh
A Adding R? + §*=2(P2% 4 0?)
I11.2. i and j are unit vectors along the ¥

5 , and Y
nitude and direction of the vector ; axes

+ j?
2 .li Hil=vVie = 2

If 6 is the angle which (i + j) makes with X-axis

then, tan§ = 1/1 = 1.6 = 45° with the directio'n of X

respectively. What is the mag

-axis,
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111.3.

L4

|
[LS5.

T e g

R g s s 35 TL SR L M-flean‘r‘.. T
: a

- beits speed and direction while crossing the stream? If 3|

Esmbl_ish the following vector inequalities. (i) |a + b| < |@|+ |b| and (ii) la+ 5| >
jal — 1bl_ -
() 1a + b| = Va’ + b* + 2abcos0; |a + b| is maximum when cos 8 = |

|E+E|=\/a3+b3+2flb::a+b — 15|+IB|
o la@ + bl <|dl + 1|

(i) |la + I;I = Ja> + b* +2abcos; |la + b| is minimum when, cos 6 = —1.
Then,

@ + b|=va? + b + —2ab = a — b = |a| — |b|
o.a+bl=lal - |b]
The resultant of two vectors acting at an angle of 120° is perpendicular to the

smaller vector. If the larger vector is of magnitude 10 units, find the resultant
and the smaller vector.

Let R be the resultant and P the smaller vector. B

Then,

R
Cos 30 = T . R = 10cos 30 = 8.66 units

Sin30 = % . P =10 sin30 = 5 units

Fig. 13
On a certain rainy day, rain was falling vertically with a speed of 30ms™'. A
wind started blowing after some time with a speed of 10 ms~! in the east to
west direction. In which direction should a boy waiting at a bus stop hold his

umbrella? [NCERT]
The resultant velocity of the rain makes ?
an angle o with the vertical in the vertical _q‘_.,.--"
plane containing the east-west direction such y 101315'1 LA -
that, Al .&,O
10 ] r : ‘

ane = 35 = 0.3333 -, a = 18°21 ST AR 30ms™
The boy should hold his umbrella in the ver-
tical plane making an angle of about 18° with c B
the vertical towards east. Fig. 14

. *A boat moving at a speed of 4km/h is required to «— 0.5 km —!

cross a stream flowing at a speed of 3 km/h. (a) If the 4 A
boat is pointed directly to the opposite bank, what will ' D

<

the width of the stream is 0.5 km, how far downstream B ,
will the boat reach the opposite bank? (b) If the boatis v E
‘? reach directly to the opposite bank in which direc-
tion should the boat be pointed? ' Fig. 15
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Sides OA and O B of the parallelogram O ACB represent the velocity of the
boat and the stream. The resultant velocity (speed) of the boat, v = /42 + 32 -
5km/h is along OC, the diagonal of the parallelogram. If v makes an angle o wit,
OA, then, tana = 3/4 .. « = 36°54". Hence the boat moves downstream at angle,
90 — 36°54’ = 53°6' with the bank of the river.

The boat reaches the opposite bank at the point E downstream at a distance DE

From the figure, tana = DE/OD;
-.DE=0D x tana = 0.5 x (3/4) =0.37Skm

(b) The resultant velocity of the boat and the current must be along OC’. If « is the
angle which the direction of the boat makes with the normal to the bank.

The boat should be pointed along O A’ upstream making an angle a with OD i
order to reach directly the opposite bank at D. From the figure (12),

Sina = 3/4 . o = 48°36

The resultant velocity in this case is

V42 — 32 = /7 km/hr

In this case the boat takes a longer time to reach the op-
posite bank than in the first case.

Subtraction of two vectors

-

Subtraction of a vector é from vector P is defined as the addition of vector —(
(negative of vector Q) to the vector P.

The laws of vector addition are applicable to the process of subtraction of vectors as
well. To subtract vector Q from vector P, we add to vector P the negative of vector 0

P-0Q=FP+(-0)
The magnitude of Ris given by

IR|=|P—0|=+P2+ Q2 —2PQcosh
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tan @ = -l . Q o
P — Qcos6 o 0 A
Triangle method 3
Fig. 18

If O A represents ﬁ_ﬁ]d O B represents Q, then (P — Q) is
represented by the side BA

RELATIVE VELOCITY

We consider a body to be at rest when its position does not change with respect to fixed
objects in its surrounding. Usually we refer to the state of rest or motion with respect to
the earth. But earth is moving with respect to the sun. Thus we cannot say a body to be at
absolute rest or in a state of absolute motion.

Consider two trains moving on parallel tracks in the same direction with same speed.
To an observer standing on the ground both the trains are moving with reasonable speed.
But to an observer in one train, the other train appears to be not moving at all. The relative
velocity of the train with respect to an observer in the other train is zero.

Consider two bodies A and B moving along a straight line with constant velocities V4
and Vj in the same direction. Then the velocity of A with respect to B is equal to V, — V5.
If B is moving in the opposite direction, the relative velocity of A with respect to B is equal

to Va + Vs.

The relative velocity of B with respect to A is the velocity with which B appears to
move when A is imagined to be at rest.

If ‘:’,, and I_/"B are the velocities of the bodies A and B, then the relative velocity of A
with respect to B, B . .
VAB‘ = VA - VB.
The relative velocity of B with respect to A, Vga = Vg — Va

Relative velocity in one dimensional motion

Consider two objects A and B moving with uniform velocity along a straight line with
velocities v, and vy along parallel straight tracks in the same direction. Let x4 (0) and xg(0)
be the position co-ordinates of the particles at 7 = 0. At =1, let the position coordinates

be x,(r) and xp(¢) respectively.

t=0 t=0 t=t t=t
- o— —8- & &
0 x,(0)  xp(0) x4(t) xp(t)
Fig. 19

Consider the equation, S = vt; ie, x(t) —x(0) = vr.
coxa(t) = xa(0) = vat L xa (1) = x4(0) 4 val
Similarly, xg(t) = xp(0) + vpt
Eqns: (i) — (i), xp(t) — xa(t) = [x5(0) — x4 (0)] + (vg — va)!

(1)
(it)
(111)
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e

(vg — VA) is vga, the relative velocity of B with respect to A. x5(0) — x4 (0) is the distang,
petween A and B at the instant, 7 = 0. This is a constant. x5(r) — x,(7) is the distanc,
between A and B at the instant ¢ = r. This changes with time.

Thus the distance between A and B changes at a uniform rate of (vp — v,), the relatiy,
velocity of B with respect to A.

If A just overtakes B at an instant ¢, xg(t) — x4(z) = 0. Then,
xg(0) —x4(0) + (vg —va)t =0

Position - time graphs - one dimensional relative motion
(i) Two bodies moving with same velocities
Consider two bodies A and B moving in the same

B
direction with same velocities; B ahead of A. / A
x5(0)
xg(t) — x4(1) = x5(0) — x4(0) + - t B /
B A B( A0) + (vp — vy) JL'A(O)

Since v4 = vg, xg(t) — x4(1) = x5(0) — x4(0), is
a constant. Hence position-time graphs are parallel T

(fig. 16). Fig.20

xt

(ii) Two bodies moving with different velocities

Here we can consider two cases. xt

Case (a): The body B moving ahead of A with vg > v A ©)
Xp

xg(t) — xa(r) = xp(0) — x4(0) + (vg — vo)1. x,(0)

Since vg > w4, x5(t) — x4(1) increases with time. The
graphs are straight lines with increasing separation between
them with time (fig. 17).

Case (b): The body B moving ahead of Awithvy, > vg

Since vy > vg, v — v, is negative. So the distance between x5(0)
A and B decreases with time, becomes zero when they meet; x4(0) i
and then A overtakes B and moves ahead of B (fig. 18). -

Examples

I11.7. Ko_chi is at a distance of 200km from Trivandrum.,
Tnvandrm.n at a speed of 30km/h and another bus B s
from Kochi at a speed of 20 kmh~". When wil] they me

' Let us take Trivandrum as the origin and Trivandrum
tion.

A bus A sets out from
ets out at the same time
et each other?

to Kochi as positive dire¢

x4(0) = 0; x5(0) = 200km; v4 = 30km/h; vy = —20km/h;

Let the buses meet at the instant I; Le., atthe instant 1, x5 (7) — x4(t) = 0. But,

xp(t) —xa(t) = xp(0) — Xa(0) + (vg — vu)t
0=(200--0)+(—50>< 1) .t =4hr
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The buses A and B meet after 4 h from the siart.
I11.8. A police van moving on a highway with a speed of 30kmh~' fires a bullet at a

thief’s car speeding away in the same direction with a speed of 192 kmh~'. If the

muzzle speed of the bullet is 150 ms™', with what speed does the bullet hit the
thief’s car? [NCERT]

Muzzle velocity of the bullet = 150 ms™' = 540 kmh™!
Effective velocity of bullet = 540 4 3Q = 570 kmh™'
Speed of the bullet w.r.t the theif’s car = 570 — 192 = 378 kmh™!

II1.9. A jet aeroplane travelling at the speed of 500 km/h ejects the product of com-
bustion at the speed of 1200 km/h relative to the plane. What is the speed of the
latter with respect to an observer on ground? [NCERT]

Let v, be the velocity of the gas and v, that of the plane. v, = 500 km/h;
Vgp = Vg — ¥, = —1200 km/h (it is negative since it moves opposite to the direction
of motion of the plane).
v, — 500 = —1200; v, = —1200 + 500 = —700km/h

I1I.10: On a two lane road, car A is travelling with a speed of 36 km/h. Two cars B and
C approach the car A in opposite directions with speed of 54 km/h each. At a
certain instant the distance AB = AC = 1 km, B decides to overtake A before
C does. What minimum acceleration of car B is required to avoid an accident?

[NCERT]
15ms’! 10ms’! 15ms™!
................................... O T “ERRINESHEIREP AT
B A C
Fig. 23

Relative velocity of B with respectto A = 15— 10=5=5ms""'

Relative velocity of C with respect to A = 15 + 10 =25 ms™'

1000
Time taken by C to cross A = T 40 s.

To avoid an accident B should cover a distance of 1000 m in less than 40 s. Hence

B should be accelerated.
Consider the motion of B with respect to A.

S = 1000 m; u=5ms"'; t=40s; a =?
S = ut + (1/2)at* 1000 =5 x 40+ (1/2) x a x 40*
1000 = 200 + 800a; 800a = 800 ..a = 1 ms™2

The minimum acceleration of car B=1m s>

—
———

Relative velocity: Two dimensional motion

l Consider two objects A and B moving in different directions. Let v4 and v be the ve-
Ocities of the two objects and 8 the angle between the two directions. The relative velocity
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respect to B is the vector difference of the velocities of A and B

of A with
Q R Q
Va Vap  [Va
a
0 . y 2
0 v, P P’ o 3 P
Fig. 24

Relative velocity of A with respect to B,
- i;AB = aA - -U.B

This is obtained by subtracting the velocity of B from velocity of A. In magnitude, the
relative velocity of A with respect to B, :

Vg = \/vi 4 v3 — 2v v cos b

If @ is the angle which the direction of V. p makes with the direction of A, then,

vgsinf
tana = A
vy — vgcost
Also .
VAB vp X vp sin@
e T e sina =
sinf  sin« VAB
Examples

I11.11. Two cars A and B are moving due east and due north directions with velocities
8 ms~! and 6 ms~! respectively. Calculate the relative velocity of B with respect
to A. |

Relative velocity of B with respect to A C B NE
Ly s = L 4“
Vea=Vp =V, %
Vs =8 + 62 =10ms™!,

8
Tan a = = 1.33 - a=53°

VB

> v

A Va0 vy
Fig.25

I1L.12. To a person going due east in a car with velocity 25km/h, a train appears 0

move due north with velocity 25+/3 km/h, What is the actual velocity and direc
tion of the train?

Relative velocity of the train w.r.t the car = 25
velocity of the train-velocity of the car. O B N
Relative velocity of the train 25+/3 km/hr must be +E
the resultant of the actual velocity of the train and figt. J
reverse velocity of the car, A Qe ¥
Let v be the velocity of the train and ¢ the angle o 1B
which the actual direction of the train makes with A' 25 0 25 A
the direction of the car. Fig. 26
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25 1
253 /3’
v= J(25J§)2 + 252 = 25+/3 + 1 = 50 km/h

The velocity of the train is 50 km/h in a direction 60° north of east.

Tana = =30 _60=60°

Resolution of a vector into two components along given directions

Let the vector R is to be resolved into two components in the directions of A and B

Q
R - "
A 0 s —p

Fig. 27

Draw O Q to represent Rin magnitude and direction. From the point O draw a line parallel
to the vector A and from Q draw a line parallel to B. The two lines intersect at P. From

triangle law of vector addition,
OQ=0P+PQ

Therefore O P and P ( are two component vectors of R in the directions of A and B.

Let 5—15 = AA and ?Q = ,uﬁ; where A and u are real numbers
Therefore, R = AA + uE’

Rectangular components of a vector in a plane Y
Consider a vector A which is to be resolved in the di- @) e ———
rections of unit vectors 7 and j along the X, Y axes. i 3 wgef
Let OR represents A. From R, drop perpendiculars J "
RP and RQ to OX and OY respectively. From parallelo- 8
&ram law of addition of vectors, O "l‘ P X
o - — - - — .1"
OR=0P+0Q; ThenA=A,+A,; K Fig. 28

:fhere Ay and A, are the components of A along X and ¥
Xes, '

A=A+ A,j; Also A, = Acosf; and Ay, = Asing

Al = /A2 + A? and tanf = A,/A,
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Rectangular components of a vector in three dimensions Y|
Let A,, A,, A, be the rectangular components ER
of a vector in the X and Y and Z directions. Then, x5 z '
Y
j=t{r+z‘i.y+1‘i-z: E=Ax?+ij+Azk AX? X
Pl
|A| = A2+ A2+ A? Ak
Z

Multiplication of vectors Fig. 29

The product of two vectors is not necessarily a vector quantity. It may be a scalar o
a vector depending on the nature of the product. Accordingly there are two types of vector

products.

(i) Scalar product of two vectors (dot product)

It is defined as the product of the magnitude of the two vectors and the cosine of the
angle berween them

If A and B are two vectors and 6 the angle between them, the scalar product is given

by,

- -

A-B = ABcos#; read as A dot B equals AB cosé.
The scalar product can be expressed in two ways.
A-B = A(Bcosf) = magnitude of A x resolved component of B along A

= B(Acosf) = magnitude of B x resolved component of A along B

Fig.30

« Characteristics
1. Since A- B = B _- A, the scalar product is commutative
2. If A- B =0, then the two vectors are at right angles
3. If two vectors are parallel A - B = AB
4. {-if=.i¢'1;=ﬁ"§= 1; sinced =0 and
i-j=Jj-k=k-i=0; since = 90°
5. In Cartesian co-ordinates
= AIBX + AyBy + Asz
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(i) Vector product (Cross product) of two vectors

The vector product of two vectors A and B is written as A x B (read as A cross B) and
is a vector whose magnitude is equal to the product of the magnitudes of the given vectors
and the sine of the angle between them.

A x B= ABsin6

The direction of the product is perpendicular to the plane 1 2B
containing A and B and is given by the right hand screw rule. *
Right hand screw rule B
Imagine the rotation of a right handed screw 0 j
whose axis is perpendicular to the plane containing A <L
the vectors A and B. If we turn the screw from A to e
B then the direction of advancement of the screw is H BxA
the direction of A x B. Fig. 31
Characteristics of vector product
1. The vector product of two vectors does not obey
commutative law. L L
A x B # B x A. But, AxB=—-(BxA)
2. The vector product of two collinear vectors is zero. AxB=0,ifd=0o0rm
3.ixi=jxf=l?xk=0;Alsofxf=§; fxfé:f; I?xf:f

4. The vector product of two perpendicular vectors is given by AxX B=ABA, 6 =90°
5. In Cartesian coordinates A x B = (A_,? + A_vf + AZJ?) X (B_rE + Byf e BZI?)
In determinant form,
.. i j k
AxB=|A,A A, =i(AyB,— A;By) — j(AcB. — A;Bx) + k(A:B, — A, By)
B, B, B,

Examples

I1L.13. Show that the scalar product of two vectors is equal to the sum of the products
of their corresponding x, y, z components.
Let A=A,i+A,j+ Akand B = B.i + B,j + Bk be the two vectors.
Their scalar product,
A-B=(Asi+ Ayj+ Ak).(Byi + Byj + B.k)
= AxBx + A,By + A;B,
Sincei-i=j-j=k-k=landi-j=j.k=k.;i=0)

IIL14, "
14. The force F and displacement d of a particle are given by F = (2i +3j +5k)N

and d = (i 4+ 2j +-3k)m. Evaluate the work done.
Work done, W = F -d = (2i +3j +5k) . (i +2j + 3k)

=2+6+ 15 = 23 joules
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[11.15. What is the angle between the vectors, A=203f+4kand i - —2i +5) =3
Since A- B = ABcosf ', ¢osf = A-8
|AB|

Cosf = (2 = 3j 4+ 4k) - (=2i + 5) = 3k)

V22 + (=3)2 + 42 x /(=2)2 + 5% + (—3)*
—4—-15-12 =31
= = —0,9340
/29 x 38 29 x 38

0 = 159°6¢' -. (Since cos(180 — 8) = —cos0)

I1.16. A x B =0and A - B = 0, does it imply that one of the vectors A or B must be
a null vector?

Ax B=|ABsin0| =0 ie,A=0, B=0 or sind=0

A.B=ABcos6 =0 ie, A=0 B=0 or cosf=0

Since it is_not possible to have both sin® and cosé zero, it is obvious that either

A=0orB=0
I11A17. Show that the vectors A=2i-3j- k and B = —6i + 9] + 3k are parallel

If vectors A and B are parallel then Ax B=ABsing =0
R A 2 . .
‘ AxB=|2 =3-1|=i(-9+9) —j6—-6)+k(18—-18) =0
—-6+9+3
Therefore A and B are parallel.
I11.18. Determme the unit vector perpendicular to both A=21+j+ k and

B=1i- j+ 2k
Let C be pcrpendlcular to both A and B, then C can be taken as the cross

product of Aand B

C

Il

>-1

D::l
—_

Gl = V3T + (SB)2 + (-3)F = V2T =3V
C 3:-3)-—u |
Cl 33 - /3

_§; — 1)) m. Compute

(-j-b

Unit vector along (-f' = C =

111.19. COﬂSi.dEI' two vectors F = (4; — ](Jj) newton and 7 = (
(F x F) and state what physical quantity does it represent?

i
x F=|=5 =3 0| =§0-0)=j0—0)+ks0+ 1 624
4 —10 0

The physical quantity represents a torque.
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PROJECTILES

CProjectile is the name given to a body which after having been given an initial velocity
is allowed to move under the influence of gravity alone. )

Body projected horizontally from a height

/ Consider a body projected horizontally from a
height & with uniform velocity u. When it is released
it has uniform velocity in the forward direction and ac-
celeration in the downward direction. The two motions
are physically independent. Hence the time taken by the

particle to reach the ground level is the same as time for
free fall.

i.e., For the vertical displacement, u =0; a=g; S = h-

Time for free fall, t = /2h/g
During this time the particle has been displaced horizontally with constant velocity u.

Hence,
| Range,R:uxt:u\ﬁh/g
If P is the position of the particle 1 seconds after projection, Y

velocity atP = /2 4 (g2 ) o A
. ' -E'JL
fjdy projected at an angle with the horizontal 3 u e, ucosd
: ; _ ~ H
_ CO_“S‘der a particle projected with a velocity u in B} -
a direction making an angl : i - O o '
; g ngle 6 with the horizontal. The ucos@ B X
velocity can be resolved in horizontal and vertical directions Fig.35

Horizontal component,

Uy =ucosé
Vertical component, y y = using
Horizontal displacement intime 1, x, =y ¢

Vertical displacement intime #, .y, = u,t — (1/2)gs?

v
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The horizontal component remains constant throughout the motion. The vertical component
alone is affected by gravity.

Variation of vertical and horizontal components of velocities

A projectile motion is a two dimensional motion with acceleration, a = g, only in one
. L ] . .
direction, ie., vertically downwards. Since g has no component in the horizontal direction,
horizontal component of velocity u, = « cos 6 remains uniform throughout the fight.

Since g acts vertically down, vertical component of velocity u, = u sin @ continuously
changes. As the projectile moves form O to A (Fig. 31), the vertical component of velocity
decreases from u sin6 to 0. At the maximum height, i.e., at the point A, the vertical com-
ponent of velocity becomes zero. As the projectile moves along AB, v, increases from 0 to
usiné. '

Since v, is zero at the maximum height, resultant velocity at the maximum height is
v, = ucosé

At any instant 7, vy = u, — gt = usin — gt. Resultant velocity at any instant ¢,

v =/v2+ v2. If it makes an angle o with the horizontal@ - <
'

{Expressions for maximum height, time of flight and range of a projectile

<

P ‘——-—-—._..-—A-
(1) Maximum height reached (H)

At the maximum height, vertical component of velocity is zero.
Initial vertical velocity, u, = usin
Acceleration, a = —g
Final vertical velocity, v, = 0
Vertical displacement, S = H
v =u?42aS; 0=u?sin’6 —2gH

26inZ@
g 4osin
2g
It may be noted that at maximum height, the particle has a horizontal velocity,
Ux = ucos@, '
Time of flight (T)

Itis the time taken by the projectile to return to the same horizontal level as the point
of projection, - -

Initial vertica] velocity, uy = u sinf
Vertical displacement =0

Acceleration, a = —g
Time of flight, r,,.=. T
S=ut 4+ (1/2)ar?: O=using x T — (1/2)72 w ZET0E
. I - ﬁ ‘ g
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Horizontal Range (R) " ©

It is the horizontal displacement of the particle through the point of projection. Throug,
— out the time of flight the particle was moving horizontally with constant velocity u cos#.
/
!

ucos® x 2usin®  2u’siné cosf

g 8

Range, R =ucosd x T =

/; juz sin ZG'H‘ ‘

Maximum Range (Ruax) for a given velocity

For a given velocity of projection the range is maximum when sin26 = 1; 26 = o
orf =45° - Rmf—-uzfg. -

Two angles of projéc@n for the same horizontal range Pl

For a given velocity of projection, in general, there
are two angles of projection to obtain the same range 4,9 "gz
and these angles are equally inclined to the direction of 0O :
maximum range.

Fig. 36
Let 6, and 8, be the two angles of projection to obtain the same range

u*sin26, u®sin26,

g g
-, sin20, =sin26,; 26, + 26, = 180° .6, + 6, =90°

Thus 6 and (90 — 6) are the two angles of projection to obtain the same range. These
directions are equally inclined to the angle for maximum range, i.e., 45°.

*To show that the path of a projectile is a parabola

Let u be initial velocity of projection and 6 angle of projection.
Initial vertical component = u sin6

Horizontal component = u cos 6
After t seconds, the vertical displacement,
y=usin® x t — (1/2)gt> (1
The horizontal displacement,

x=ucosl xt - p=_2 2
ucos@
, x 2
_-'y_-zuSll'lQX 9-_.1_3)( X
e :u:cms2 2 u? cos2 89
9 gx
1 y==x tan 2u? Cos2 0

— 2 .
This is of the form y = bX — ¢x” and is the equation of a parabola. Hence the path of 3
projectile is 2 parabola.
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Examples ‘ — A f . _‘.. J

[11.20. A particle is projected with a velocity 49 ms~' at an angle of 30° to the hori-
zontal. Calculate the maximum height, time of flight and the horizontal range.

u=49ms™': =30°% H =2 T =2 R=?
1 el
Maximum height, H = o g e & 30 = 30.625 m
2g 2x9.8
Time of flight, T = 2usin@ i 2 x 49 x sin 30 _ 5
g 9.8
2 . 2 -
Horizontal range, R = sl = s =212.17 m
g 9.8
[11.21. A shot is fired from a gun on the top of a hill J
90m high with a velocity 80ms~' at an angle r >
30° with the horizontal. Find the horizontal dis- s
tance between the vertical line through the gun- o 3%
and the point where the shot strikes the ground. T
g=98ms2 90m
Att = 0, let O be the position of the shot. The l
horizontal and vertical components of velocities are . A R B
ucos @ and u sin 8. Let ¢ be the time taken by the shot Fig. 37

to reach the ground.

To find the time taken by the shot to reach the ground:

Consider the vertical displacement, § = —h = —90 m.

a=—g=-9.8ms"% u, =usind = 80sin 30;

Consider the equation, S = ut + (1/2)gt>.
ie. —90=80sin30 x 7 —49% —90=40r —4.9¢>
4912 — 400t — 900 =0; =105
To find the horizontal displacement:

During this time, the shot moves horizontally with a uniform velocity.

.. Displacement = velocity x time.
Horizontal displacement = 80cos 30 x 10 = 692.8 m

ML22. The ceiling of a long hall is 25m high. What is the maximum horizontal dis-
tance that a ball thrown with a speed of 40 ms~! can go without hitting the
ceiling of the hall? [NCERT]
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H=25m; u=40ms™'; g=98ms™? 6=7 R=?

u®sin* @ 40%sin% @
A= Gy P g
) 25 x2x9.8 o gt
SIH9=‘/ 10 = 0.5534 .6 =33°36
2 i 2 in 67°12/
R= u*sin 26 _ 40°sin 67°12 — 1505 m
g 9.8

IIL.23. A plane flying horizontally at 100 ms~' at a
height of 1000 m releases a bomb from it. Find
the (a) time taken by the bomb to reach the
ground (b) the velocity with which it hits the
target on the ground (c) distance of the target.

Atr = 0, let the bomb be at O just released
from the plane. Then it has the same horizontal
velocity as the plane.

(a) Time taken by the bomb to reach the ground:-
It is the same as time for free fall

< 1000m o

u=0;, a=+98ms% S=4+1000m: =2
S=ut+(1/2)at’; 1000 = 4.9¢>

t =,/1000/4.9 = 14.28 s
(b) To calculate the velocity of the bomb on hitting the target
Horizontal component of velocity at A, v, = 100 ms™!

(Since the horizontal velocity remains uniform throughout the flight)

Vertical component of velocity, v, =0+49.8 = 9.8 x 1428
= 140 ms™!
Resultant velocity, v = /12 4 v2 = /1002 + 1402 = 172.1 ms™!

Let v be at angle « with the horizontal,

140
Tana=ﬁ=——m‘" o= 54°28
5. = Jog = 14 .. @ = 54°28
(c) Horizontal displacemen; (Horizont

) al distance of the target A
Since the horizontal component of the f get A from Y)

velocity 100 ms=! remains uniform,

Horizonta] displacement = 100 x 14.28 = 1428 m

I1L.24. Prove that the time of flight 7 5,

ected by the equation g 72 _ d the horizontal range R of a prc:._]ectilozi
conn =

2R tan 6; where 6 is the angle of projectio”
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Let u be the velocity of projection.

2u sin 6 . u?sin26 5 2u?sin @ cos 6

T= and R = e
g 8
2 a2 2 . 3
LHS: 372=gxﬂu_f_n_§=4u sin? 9
g? g
Zsi i - B
RHS; 2Rtanf =2 x 2u”sin6 cos g y sin@ _ 4u° sin“ @
8 cos @ g

. gT* =2R tan@

I11.25. A bomb is released from an aeroplane when it was at a height of 1960 m above
a point A on the ground and was moving horizontally at a speed of 100 ms~'.

Find the distance from A to the point where the bomb strikes the ground. g =

9.8 ms2
At the point of dropping, the bomb has the same velocity as the aeroplane.

Horizontal velocity of the bomb at the time of release = 100 ms™"
Time taken by the bomb to reach the ground

u=0 a=498ms™% §=1960m; ="
S=ut+ (1/2)ar*; 1960 =4.91% (2=400; 1=20s

Horizontal distance covered in 20's = 100 x 20 = 2000 m

II1.26. A fighter plane flying horizontally at an altitude of
1.5 km with a speed of 720 km/h passes directly over
an anti-aircraft gun. At what angle from the vertical 1.5km
should the gun be fired, for the shell with muzzle speed 600cos6
600 ms~!, to hit the plane? At what minimum altitude
should the pilot fly the plane to avoid being hit?
[NCERT] O 600sind

Fig. 39

Veele¢ity of the plane = 720 km/h = 200 ms™"
Let the shell be fired at an angle 6 with the vertical.
Horizontal component of the velocity of the shell = 600 sin8
Vertical component of the velocity of the shell = 600 cos 6

For the shell to hit the plane, the horizontal distance covered by the shell and the
Plane must be same in the same time ¢

_ 200
.. 600sin® xr=200xt; Sin@ = 200 =0.3333 - -. 0 = 19°28’

Tl':)avoid hitting, the plane should fly above the maximum height reached by the
shell. |

Maximum vertical height that can be reached by the shell.

Initial vertical velocity, « = 600cos 19°28':  Final vertical velocity, v = 0;
a=-98ms7%; §=9
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Consider the equation of motion, v? — 2 = 245.

i.e., 0~ (600 x cos 19°28')2 = -2 x 9.8 x §
- 8§ = 600? cos? 19°28'/2 x 9.8
= 16320 m = 16.32 km

The plane should fly at an altitude greater than 16.32 km to avoid being hit.

CIRCULAR MOTION

We are familiar with objects moving in a circular path. Familiar examples are motion
of the earth round the sun, motion of moon round the earth etc.

Angular displacement (6)

The angle swept over by the radius vector in a given interval of time is called angular
displacement. It is measured in radian and is a vector qguantity provided 6 is small.

The direction of the displacement is perpendicular to the plane of rotation and along
the axis and is given by Right hand grip rule. If the curvature of the fingers of the right
hand represents the sense of rotation of the object, the thumb represents the direction of the
angular displacement vector. Angular displacement is an axial vector.

Angular velocity (v)

It is the time rate of change of angular displacement. If A8 is the angle described in

time A ¢, then,
A6

At
Angular velocity is measured in radians/second (rad.s™') and is a vector quantity. Its di-
rection is same as that of A#.

* Angular velocity o =

Instantaneous angular velocity
It is the angular velocity of the particle at an instant
Instantaneous angular velocity, @ = Lta,_,o(A6/Al) = dz?-
Uniform circular motion

When a point object moves round a circle with const: : .
i i : ant speed, the mo ect
is said to be uniform circular motion. pe tion of the obj

Time period (T)

It is the time taken by the particle 1o describe pne complete revolution.
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Frequency (v)

It is defined as the number of revolutions made by the object inone second; v =1/7
Relation connecting w, T and v

Angular velocity, © = 0/t =2n/T = 2nv

Relation between linear velocity and angular velocity

Consider a particle moving round a circle of centre O and Q
radius r with uniform angular velocity w and uniform speed v. &
At any instant ¢ let the particle be at P where position vector is £) P

r and at t + At, the particle is at Q where position vector is 7.
Letangle ZPOQ = A6 and PQ = Ar and the arc PQ = Al.

Angular velocity, w = (A6/At); when At — 0. Fig. 40
A0 =wx At 2 (i)
But, A6 = Al/r. Since At is very small Al = |Ar| = Ar
. A8 = Ar/r = w x At [from equation (i)]
(Ar/At) = rw (ii)

Ar
But, when At — 0, T = Uy the velocity at that instant ¢ (iii)
From egns. (iii) and (ii), v = rw

Angular acceleration ()

It is the time rate of change of angular velocity. If Aw is the change in angular velocity
in a time interval At, the angular acceleration, & = Lta,o(Aw/At) = (dw/dt).

Unit: rad/s?; Dimensions: 772
Relation between linear and angular acceleration

We know that the linear velocity is related to angular velocity as,

vV=ro
Differentiating we have,
dv d dw -
dr d G d

Centripeta] acceleration

When a particle moves round a circle with uniform speed, the direction of the velocity
vector changes with time. Hence it experiences an acceleration. The direction of the accel-
€ration is towards the centre of the circle. So it is called central acceleration or centripetal

acceleration.
The acceleration acting on an object undergoing uniform circular motion is called
“entripetal acceleration.
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Expression for centripetal acceleration

Consider a particle executing uniform circular motion along the circumference of
circle of centre O and radius r with uniform speed v and angular velocity w.

At any instant ¢, let the particle be at P.
Its velocity v(¢) is along the tangent PA and
position vector 7(¢) is along O P. After a small

T A
: . . |~ p M
interval of time At, let the particle be at Q. The %
velocity at that instant is 3(z + At) along the !P N Y
tangent QB and position vector is F(r + Ar) VIS
along 0 Q. The displacement A7 of the particle L

during the interval of time Ar is given by F&
U v ig. 41
|5(¢t)| = |v(t + At)| = v, and Fig
IF(O) = |F(t + AD)| =r,

If At is very small, Ag is very small. Then the arc P Q becomes equal to the displacement.
ie, PQ = Ar.

On a vector diagram, let LM and LN represent the two velocities v(f) and v(r + Ar)
in magnitude and direction. Then MN = AU, represents the change in velocity in time A,

Triangles LM N and O P Q are similar.

—}
A v :
" MN/PQ=LM/OP; ie, = =2 - Av="x5r (0
Ar T r
Dividing the equation (i) with At, we get, |
(Av/At) = (v/r) x (Ar/A1) (il

Limit when At — 0, (Av/At) = a, the instantaneous acceleration at the instant ¢ and
(Ar/At) = v, the instantaneous velocity at the instant ¢. Then the equation (ii) becomes,

a=v/r; Also,a = vo = rw’(- v = rw)

The acceleration acts in the direction of Ay i. e., along MN. As At decreases, AB also
decreases and Av becomes smaller and smaller. Then A7 becomes more perpendicular
to velocity vector v(t) along PA and in the limiting case when Ar approaches zero, Al
becomes perpendicular to the velocity vector. Since the velocity vector at any point is

tangential to the path at that point, the acceleration vector acts along the radius of the circle
at that point and is directed towards the centre.

\

Examples

I11.27. A stone tied to the end of a string 80 cm long is whirled in a horizontal circl
with a constant speed. If the stone makes 14 revolutions in 25 seconds, what IS
the acceleration? [NCERT]
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ro 08 m;

Central acceleration, ¢

w4 x 3,147 » (-'4
25

f'm)

14
H : 7
2'5
rox(2nmn)’ o anny
y
% 0.8~ 9894 ms ?

111.28. An alrcraft executes o horizontal loop of radius | km with a steady speed of
900 kmvh. Compare Its centripetal ncceleration with aceeleration due to gravity,

[NCERT]

re=1000m; v

Centripetal acceleration a =

Acceleration due to gravity, g =

a

iy’
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- '(}-.—H"" .

250ms ' a =
p? - 250°

ro 1000
9.8 ms

62.5

—= 62,5 my ?
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IMPORTANT POINTS

Scalar quantity has only magnitude and no direcrion
Vector quantity has both magnitude and direction

A null vector is a vector with zero magnitude. It has properties

A+O0=4 20=0, 6.i=6.
Addition 01" two -vecto.rs by law of parallelogram or triangle of vectors, If A and B are two
veclors acting at a point at an angle 6, the sum R = /A2 + B? + 2AB sin 6 and direction

is at.an angle o with the direction of A such that tan o — 28ng

_ . . A+ Bcosf_
The subtraction of a vector B and A is defined as the sum of A and — B

Unit vector is associated with a vector A and has magnitude one and is along the vector

A.

. . A
unit vector n = —
Al

i, f k are unit vectors along the x, y and z axes.
I_{esoluti?n of a vector. A vector in a plane can be resolved in two directions x and y as
A= Ai+ A)j | '
In three dimensions A = A,i + Ayj + Ak
Vector multiplication
Scalar product z:_l: ‘B = AB cos 8 and the product is a scalar.
IfA- B =0then A and B are at right angles
I . ;;zf_;:Eff:l, ;_;=_;E=£;=0
Vector product. IK X f:‘l = AB sin6. The direction of the product is perpendicular to the
plane containing A and B and given by right hand screw rule

- ~
.

1
oo 11

Angle between two vectors . cosf = m
Projectiles A particle projected with a velocity u at angle 6 with the horizontal.

25in2 6 2u sin 0
Maximum height H = kL Time of flight = .

| 28
u?sin20 u?

) Rmax =

Range —

; 8 . ;
Velociry of the projectile at maximum height = u cos 6.
Tff obtain the same range there are two angles of projection for a given velociry.
Circular motion, A particle moving round a circle of radius r with uniform speed v, the

v
Central acceleration = — towards the centre.
r
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B. Very short answer questions

1. Distinguish between a scalar quantity and a vector quantity.
2. Pick out the only scalar quantity from the followin
(i) Velocity (i) Torque (iii) Area (iv) Ele

3. Pick out the only vector quantity from the foliow
(i) Time (i1) Work  (iil) Temperatyre (iv)

g physical quantities
ctric current

ing physical quantities
Power (v) Impulse,
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4. What are orthogonal unit vectors?

5. What are the angles between two vectors A and B when (i) A- B =0and

(i)Ax B=0

6. What do you understand by scalar product and vector product of two vectors?

C. Short answer questions

L.

11,
12,

13.

18

14,
1.
16.

17,

If A and B are two vectors, show that the magnitude of their sum A + B is given by
|A 4+ B| = ~/A? + B2 + 2AB cos 6, where 6 is the angle between them.

Can two vectors of different magnitudes be combined to give a zero resultant. Can
three?

Does it make any sense to call a quantity a vector when its magnitude is zero?

. There is a sense of time distinguishing past, present and future. Is time a vector

therefore? If not, explain why?
How will you obtain the sum of two vectors by triangle method?

i and j are unit vectors along X and Y axes respectively. What is the magnitude and
direction of the vectors i + j and i — j?
[Ans: +/2 at £45° with the X-axis]

A vector has magnitude and direction. Does it have a location in space? Can it vary
with time? Will two equal vectors a and b at different locations in space necessarily
have identical physical effects? Give examples in support of your answer.

Ans. A vector has location in space. It can vary with time eg. velocity of a gas
molecule is a function of time. Effects may not be the same. Eg. two equal forces
acting at different points may not produce the same turning effects.

What is meant by horizontal range and time of flight?

. Can there be motion in two dimensions with acceleration only in one dimension’

10.

A projectile fired from the ground follows a parabolic path. Where will the speed of

the projectile be minimum and why?
Why does the direction of motion of a
point on the projectile path?

Explain how the vertical and horizontal component

during the time of flight. _ ,
If the greatest height reached by a projectile is 124t the barizontal range, whatis

projectile become horizontal at the highest
s of the velocity of projection vary

the

angle of projection?
A person can throw a b
distance he can throw it?

Show that there are two angles of proj ;
tions are equally inclined to the direction of maximum range.

A ball is dropped gently from the top of a tower and ﬂﬂother ball is thrown horizontally
at the same time. Which ball will hit the ground earlier? Explain why?

A boy sitting in a train moving at constant speed throws a ball straight up in air. Where
will the ball fall?

What is the angular velocity of the minute-hand of a clock?

all to a maximum height h. What is the maximum horizontal

ection to obtain a certain range and these direc-
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19. If a small can filled with water is rapidly swung in a vertical circle, the water does noy

fall down. Why?

20. A athlete can throw a ball to a maximum horizontal distance of 100 m. How high can
he throw the same ball?

21. A vector has both magnitude and direction. Doe
tude and direction is necessarily a vector? The rotatio
the direction of the axis of rotation and the angle of ro
make any rotation a vector?

22. Can three vectors not in one plane give

s this mean anything that has'magni.
n of a body can be specified by
tation about the axis. Does that

a zero resultant? Can four vectors?

D. Essays
1. A particle is projecte
izontal. Find (1) the maximum
plane through the point of projection.
2. A particle moves round a circle with const
centripetal acceleration.

d with a velocity x ina direction making an angle 6 with llllc hor-
height (2) time of flight and (3) range on a horizontal

ant speed. Derive an expression for the

E. Problems
Vectors
1. Establish the following vector inequalities.
(a) la — b| < la] + 18|
(b) la —b| = |a| - |b|
2. A particle has displacements 12 m towards east, 5 m towards north and 6 m vertically
upwards. Find the magnitude of the sum of the displacements.

[NCERT]

[Ans: 14.32 m]

3. The resultant of two vectors « and v is perpendicular to u and its magnitude is half
that of v. Find out the angle between u and v.
[Ans: 150°]
4. A ship is steaming due east at a speed of 12 ms~!, A passenger runs across the deck
at a speed of 5 ms™' towards north. What is the resultant velocity of the passenger
relative to the sea?
[Ans: 13 ms~! in direction 22°37’ north of east]
5. A motor launch takes 30 s to travel 120 m upstream and 20 s to travel the same
distance downstream. Calculate the speed of the current and the launch.
o [Ans: 1 ms~!: 5 ms™']
6. A train is running on horizontal rails at the rate of 60 km/h and the rain drops are
falling vertically with a velocity 30 km/h. Find the apparent velocity and direction of
the rain relative to a passenger in the train.
[Ans: 30+/5 km/h at an angle tan™! 2 with the verticall
7. A boatman rows wi.th a speed of 10 km/h in still water. If the river flows steadily &
5 km/h, in which direction should the boatman row in order to reach a point on the
other bank directly opposite the point from where he started?
[60° with the bank of the river upstream)
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8. In a harbour, wind is blowing at a speed of 72 km/h and the flag on the mast of a boat
anchored in the harbour flutters along N.E. direction. If the boat starts moving in the

N. direction with a speed of 51 kmv/h, what is the apparent direction of the flag on the
mast of the boat? [NCERT]

Hint: The ﬂag. is ajcted upon by two velocities (i) velocity 72 km/h of the wind
along nonl}—easl direction (ii) velocity 51 kmv/h of the wind towards south produced
by the motion of the ship towards north. P =20 ms='; Q = 14.17 ms~': § = 135°:

a =?
[Ans 7" south of east)
9. A motor boat is racing towards north at 25 km/h and water current in that region is
10 km/h in the direction of 60° east of south. Find the resultant velocity of the boat.
[NCERT]
Hint: P =25km/h; Q = 10km/h; 6 = 120°
R =" =1 [Ans: 21.8 km/h; 23°25” east of north]
10. The position of a particle is given by 7 = 3.000 + 20:2f + 5.0k; where ¢ is in second
and r is in metre.
Find (a) v(¢) and a(r) of the particle and (b) the magnitude and direction of the
velocity att = 3.0 s. [NCERT]
Hint:

F=3.0ti +20r%] + 5.0k
5(1) = (dr/dt) = 3.0i +4.0tj; a(r) = (dv/dr) = 4.0
At t=3.0s;0 =30 + 120/
5] =32 + 122 = 12.4 ms~'; tand = v, /v, = 12/3 = 4
6 = 76° with the X-axis
Relative velocity

-11. Two trains A and B of length 400 m each are moving on two parallel tracks in the
same direction with same velocities with A ahead of B. The driver of B decides to
overtake A and accelerates by 1 ms=2. If after 50 seconds the guard of B just breaks

past the driver of A what was the original distance between them? [NCERT]
Hint: u = vgs = 0;a = 1 ms™%, 71 =505; § = x + 800; x =? [Ans: 450 m]
Projectile

12. To obtain a horizontal range of 2000 m, what is the least velocity of projection?
. [Ans: 140 ms™']
13. Find the angle of projection for which the maximum height is equal to one-fourth the

horizontal range.
[Ans: 45°]
14. A shot fired horizontally from the top of a tower 176.4 m high hits the ground at a
distance of 1200 m from the foot of the tower. Find the velocity of projection.
[Ans: 200 ms™']
IS. The maximum height attained by a shell is 80 m and the horizontal range is 320 m.
Find the velocity and angle of projection.
[Ans: 56 ms™'; 45°)
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16. :::“W tl'hmi a gun will shoot three times as high when elevated at an angle of 60° as
\ » o l‘ ; u‘ ) J * . ¥ .
wen fired atan angle of 30°, but will carry the same distance on a horizontal plane.

17. Two ba.lls are projected from the same point at angles of projection 60° and 30° to
the 'horlzonml. If they attain the same height, what is the ratio of the velocities of
projection? What is the ratio of the velocities, if they have the same horizontal range?

[Ans: 1: V3, 1:1]

18. A particle rests on the top of a hemisphere of radius K. Find the smallest horizontal

velocity that must be imparted to the particle, if it is (0 leave the hemisphere without

shiding down. JRe/2
[Ans: v/ Rg/2]

ff 50 m above a beach and throws a stone horizontally
-1 How long after being released does the stone
t speed and angle of impact does it hit land?
[Ans: 3.19 s; 36.1 ms™'; 60.1°]

20. A player kicks a football atan angle of 45° with an initial speed of 20 ms~'. A second
player on the goal line 60 m away in the direction of kick, starts running to receive

the ball at that instant. Find the speed of the second player with which he should run

to catch the ball before it hits the ground. g = 10 ms™2.

19. A boy stands at the edge of acli
over the edge with a speed of 18 ms
strike the beach below the cliff? With wha

[Ans: 542 ms™']

21. A bullet fired at an angle of 30° with the horizontal hits the ground 3 km away. By
adjusting its angle of projection, can one hope to hit the target 5 km away? Assume

the muzzle speed to be unchanged. [NCERT]
Hint: Ry is only 3464 m. So the bullet will not hit the target.

Circular motion
29. Earth revolves around the sun with a speed of 30 km/s in an approximate circular path.
How much acceleration does it have directed towards the sun? Orbital radius of the
earth is 1.5 x 10® km.
[Ans: 6 x 1073 ms™?
23. Compare the velocities of the extremities of the hour, minute and second hands of a

watch, their lengths being in the ratio 6 : 10 : 3.
: [Ans: 1 : 20 : 360]
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