1. (¢): A-B'=|A||B|cos6 = cos®= AB
|AIB |
The component of A in the direction of B’
A-B 243 5 —
Al cosB=|A =——=-—— along B .
= A |A = A 2 %
2. (d): cosezmvﬂ)2 -1
P+ +F 3
3. (b): m=M=£ rad/sec
60 sec 30
2sin’ 0 25in20
4, (d): H 2USNT0 g o uTsin
Since H=R
u?sin’® u?x2sinBcosO
29 g
or tan®=4or0=tan"'(4)
5. (b): Using, v=u + at, we get
O=u—-gToru=gT
Futher, v = u + 2as or 0 = u*> — 2gH
2 2 2
or H= v_9t T’ L (1)
Zg 29 2

Let h be the distance travelled in time t then
_ T .2 T 2
h—ut—zgt =gT xt—zgt (i)
Subtracting (i) from (ii), we get
2
h—H =gtT —1gt2—%=—g(t Ty

h=H - g( Ty
6. (d): Range of projection, R = u’sin26
Range will be maximum for which sﬁ]ze is maximum i.e.,
sin26=1 = 0O =45°,
7. (d):

Refer figure,
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200
200 =ut or t =T

Also,
u

On solving, we get u=700ms"

4_0 98 (zoo)
100

8. (d): Taking west to east as positive, then
u=9m/sand a =-2 m/s?

As S =u+3(2n-1) W————¢
2 — > +ve
2
551h=9—§(2><5—1)=9—9=0
9. (b)
10. (c) : The magnitude of centripetal acceleration is
v2
a=—=ro’.
r

11. (c) : When P and Q are equal, act at angle > 90°, their
resultant R = \/|P|2 +|Q +2|P||Q|cos®

= J|PR+|PR+2|PR(—\3/2) =052P<P.
Thus magnitude of resultant is smaller than two vector.
12. (c) : Since vector addition is commutative, therefore
A+B=B+A
13. (b): According to triangle law of vector addition, if three
vectors A, B and C are represented by three sides of a triangle
taken in the same order, then their resultant is zero. The resultant
of three non-coplanar vectors can never be zero.
14. (i) (b) : Givenu=i+2]=uyi+uy ]
Then uy=1=ucosb and uy =2 = usind

an6= usin® =g=2
ucosd 1
The equation of trajectory of a projectile motion is
2 2
y=xtan9—% =xtan6—L2
2u“ cos” 0 2(ucosB)
2
y = ><2—10X)2( = 2x— 5%
20D

(ii) (b):Here,0=45° T=1s5s



2
Let u be the initial velocity of the particle
T:2u5|n6 of U ng
g 2sin®
_9.8x1

=492 m/s = 6.93 m/s

U=

25in45°
(iii) (a) : At point B, X component
component of velocity remains
unchanged while Y component
reverses its direction.

The velocity of the projectile becomes (27—37) m/s

A

15. Unity. For example, /- = (1) (1) cos 0° = 1.
16. Aa=-a-a=-2a
|AQ |=2a
2 .
u“sin20 ie. Ao 2
g

When u is doubled, the horizontal range become four times the
original horizontal range.

18. Yes, a body in projectile motion possesses both horizontal
and vertical velocities.

17. AsR=

OR
Work and current are the scalar quantities in the given list.
19. |A+B |yp=|A | +|B | (For 6 = 0°)
|A+B |nin=|A|-|B | (For 6 = 180°)
|A =B |nax=|A|+[B | (For @ = 180°)
|A~B |nn=|A|~|B | (For 6 = 0°)

20. When 6 = 15°,

2. om0 2 2
Hz—u sin30 =u—x1=1.50ru—=3km
g g 2 g
u?sin90°  u?
When 0 = 45°, =—— " =— =3km
9 9

21. Centripetal acceleration : When a body is in uniform circular
motion, its speed remains constant but its velocity changes
continuously due to the change in its direction. Hence the motion
is accelerated. A body undergoing uniform circular motion is
acted upon by an acceleration which is directed along the radius
towards the centre of the circular path. This acceleration is called
centripetal (centre seeking) acceleration.

22. In one circular lap, the displacement = zero
The distance covered = 2R = 2 x 3.14 x 100 m
Displacement 0

Average velocity = Tmetaken ~ 628 0
Average speed = Distance travelled
Time taken
2%3.14x100 m _
=—F=5-——=10ms

62.8 s
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23. 'ﬂ .Ba _AB cgse =cot9=cot60°=i.
|AxB| ABsin® NE]
24. In uniform circular motion, the speed of v

the body remains same but the direction of
motion changes at every point. Fig. shows 0
the different velocity vectors at different

positions of the particle. At each position,

the velocity vector v is perpendicular to the

radius vector r. Thus, the velocity of the

body changes continuously due to the continuous change in the
direction of motion of the body. As the rate of change of velocity is
acceleration, so a uniform circular motion is an accelerated motion.

OR

Relation between linear acceleration and angular acceleration:
We know that linear velocity v is related with angular velocity
w by the relation, v = or.

. .. . av d dow
Differentiating it w.r.t. time, we have I—E(mr)—(y)r
where a is linear acceleration and o is angular acceleration
a=ar.

25. (i) 2.5 m due west. (i) 1.25 due east.

(iii) 6.25 m due west. (iv) 10 m due east.

OR
Work done is equal to the dot product of force and displacement vectors.
W=F.S.

The SI unit of work is joule.

26. Position vector for uniform acceleration: Consider a particle
moving with uniform acceleration a. Let ryandr be its
position vectors at times 0 and  and let the velocities at these
instants be v and v". Now

Displacement = Average velocity x time interval
o F-f :v"O;v" ot _Vo +(v;o+a7)><

=vit +%a‘t2

t

I
or =RVt +d t?
This equation gives position of a uniformly accelerated particle

at time t. Writing the above equation in terms of rectangular
components, we get

~

Xi+yj=xol +yof +Woyi +vo, )t +%(axf+ay i’
Equating the coefficients of / and j on both sides, we get
X=X+ Voot + %axt2 and y =y + Vot + %ayz‘2

The above two equations show that the motions in x and y
directions can be treated independently of each other. Thus, the
motion in a plane with uniform acceleration can be treated as



Motion in a Plane

the superposition of two separate simultaneous one-dimensional
motions along two perpendicular directions.

27. Consider a particle moving along a circular path of radius r.
As shown in Fig., suppose the particle moves from A to B in time
At covering distance As along the arc AB. Hence the angular

displacement of the particle is B
As \As
o Q
r A
Dividing both sides by At, we get A
40 _14s
At ) rAt Velocity in uniform
Taking the limit At — 0 on both sides, octty .
circular motion
. A 1 . As
im —=— lim —
At—0 At r At—0 At
But lim A6 _d6_

=—=0
at—0 At dt
is the instantaneous angular velocity

. As ds
and Iim —=—=v,
At—0 At dt

is the instantaneous linear velocity.

1
W= —v or V=wr

r
28. Here m =10 kg
r=020m,v= 1000 (-
60
Angular speed
o = 21V
= anmzwrad/sec
60 3

Linear velocity,

v=rm =020 x mzzo—ﬂms‘1

Centripetal acceleration,

1007

2 2
a=rm2=0.20x(T) _ 2000” -

ms
9

29. (i) Initial K.E. = %mvz

K.E. at the top = T2 cos?
1mv2 cos’ @
2

T 5

=— or coszezi
Ly 4 4
2

u’sin’o
29

(i) Maximum height attained on earth, H =

acceleration due to gravity on moon, ¢’ = g/6
maximum height attained on moon,

,_u’sin’@ 6u’sin’@

= = g -

So one can jump on moon six times as high as on earth.

6H

30. Attime t =0, the position vector of the particle is
- N 7
n=2i+3j
At time t =5 s, the position vector of the particle is
- N iy
H=131+14]
Displacement from 7, to 5, is
N A
N =F—F=(131 +14)) =7 +37) =117 +11J
Average velocity,
N /
YRS EVERY

N A
Va= 3= 59— )
Total distance covered by bird = vyt = 36 x 0.8 = 28.8 km
31. (a) In one dimensional motion, the displacement of the
particle in periodic motion must be linked with sine or cosine
function. The particle will be moving along +ve x-direction only
if t> sin t. Hence,

x(t) = t—sin t

Velocity, «t) = dxd—t(t)=1—cost

. a ‘
and acceleration, a(t)= % =sint

Wt) = 0, when t =0 or 27t and a(t) = 0.

When t = m, displacement, x(t) = © — sin m = 7 (positive)
When t = 2m, displacement, x(t) = 2m = 27 (positive)

(b) In one dimensional motion, where a particle moving
along positive x-direction comes to rest periodically and moves
backward can be represented by x(f) = sin t.

Here, v =di:cost
at

. av .
acceleration, a= — = -sin t
at

When t =0, x=0, vV = positive, a=0
When t=m/2, x= +ve, v=0, a=-ve
When t = m, x=0, V=-ve, a=0
When t = 3m/2, x = —ve, v=0, a=-+ve
When t=2mn, x=0, V= +ve, a=0.

32. (a) Here, initial velocity, v, =10.0f ms™'

Acceleration, & = (8.0 +2.0f) ms™?
The position of the particle at any instant t will be

Sy = 1. 2 ~ 1 ~ )
r(t)—vot+§at —(10.0])1‘-!—5(8.01 +2.05 )t

~

or Xt +y(t)] =4.0t% +(10.0t +1.0t2)]

x(t) = 4.0 or yt) = 10.0t + 1.0¢?
Given x(t) = 16 m, t=2 or 40> =16 = t=2s.
Att=2s y=100x2+1.0x22=24m.

~

aur d A~
b) Velocity, v =—=—[4.0t >/ +(10.0t +1.0t?
(b) Velocity, i dt[ ( )j ]

~

=8.0t1 +(10.0+2.0t )]
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Att=2s v =160 +14.0]

Speed, v =\/vf +v§ =167 +142
=+/256+196 =~/452 = 21.26 ms™'
OR
(a) Given : r'(t)= 3.0/ —2.0t2 / +4.0k m
V(t)zi i(3 0ti —2.0t% j +4.0k) =3.0 — 4.0t ]
dt dt
— d_’ d o N I
alt —(3.0i —4.0t j)=-4.0/.
(t)= T dt( i) J
(b) Att=2s, v =3.0i —8.0j
The magnitude of the veIocity is
v—\/v +v) =32 +(-87 =73 = 8.54 ms""!

The direction of velouty is given by

v
f=tan™ (—")ztan1 (—§)
Vy 3

=tan"! (-2.6667)

33. Projectile fired at an angle 6 with the horizontal: As shown
in figure, suppose a body is projected with initial velocity u,
making an angle © with the horizontal. The velocity u has two
rectangular components :

() The horizontal component u cos 6, which remains constant
throughout the motion.

(ii) The vertical component u sin 6, which changes with time
under the effect of gravity. This component first decreases, becomes
zero at the highest point A, after which it again increases, till the
projectile hits the ground.

Trajectory of a projectile fired at an angle © with the horizontal :

Y

= —70° with x-axis.

W
. vB ivx / Path of projectile
TR Max
usin 0 Auf height = hp,
Gi ! ¢ Vy=U cos‘e
Oucos O ENC
j R >N\
Vy=usin 0 *--

Under the combined effect of the above two components, the
body follows the parabolic path OAB as shown in the figure.
(a) Equation of trajectory of a projectile : Suppose the body
reaches the point P(x, y) after time t.

The horizontal distance covered by the body in time ¢,

X = Horizontal velocity x time = u cos 6. ¢
X

ucosh
For vertical motion : u = usin 6, a = —g, so the vertical distance

covered in time tis given by

or

s=ut+1azt2
2
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: 2
=UsinO- --g- X
or ¥ ucos® 27 uZcosi®
9 2
or U=xtan@——2—x2 or y=px— ¥’
202 cos’ @ L

where p and q are constants.
Thus y is a quadratic function of x. Hence the trajectory of a
projectile is a parabola.
(b) Time of maximum height (t) : Let t,, be the time taken by the
projectile to reach the maximum height hp,
At the highest point, vertical component of velocity = 0
usin@
g

(c) Time of flight (t,) : It is the time taken by the projectile from
the instant it is projected till it reaches a point in the horizontal
plane of its projection. The body reaches the point B after the
time of flight Ty

Net vertical displacement covered during the time of flight = 0

As v=u+at .. 0=usin®@-gty, or f,=

As s:u1‘+%az‘2 ~0=usin0-T;- %ngz

2U sin®

orT; =

Obviously, Tr= 2ty This is expected because the time of ascent is
equal to the time of descent for the symmetrical parabolic path.
(d) Maximum height of a projectile (hy) : It is the maximum
vertical distance attained by the projectile above the horizontal
plane of projection. It is denoted by hp,

At the highest point A, vertical component of velocity = 0

As vZ—u?=2as . 0%—(usin8) = 2(-g) hp
2.2
u“sin“O
or h,=——
29

(e) Horizontal range (R) : It is the horizontal distance travelled by
the projectile during its time of flight. So
Horizontal range = Horizontal velocity x Time of flight

or R —ucosOx 4 5|ne:u_ 25in0cosO
9
2 .
20 . .
or R= u s;]n [+ 2 sin O cos O = sin 20)
OR

(a) Condition for the maximum horizontal range the horizontal
range is given by
u?sin20
g
Clearly, R will be maximum when
sin 20 = 1 =sin 90°
or 20=90° or 6 =45°
Thus the horizontal range of a projectile is maximum when it is
projected an angle of 45° with the horizontal.

R =
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The maximum horizontal range is given by

2aman0 12
Rm:u sin90 _u X1 or Ry = ug
g g

(b) Two angles of projection for the same horizontal range: The
horizontal range of a projectile projected at an angle © with the
horizontal with velocity u is given by

u?sin26
(Y
Replacing 6 by (90° — 6) we get
u?sin2(90°—0) u?sin(180°~26) u’sin20
g g

R =

R’=
ie. R"=R
Hence for a given velocity of projection, a projectile has the
same horizontal range for the angles of projection 6 and
(90° — 6). As shown in fig., the horizontal range is maximum for

45°, Clearly, R is same for © = 15° and 75° but less than R,
Again R is same for 6 = 30° and 60°.

Height —»

Range—>
When the angle of projection is (90° — 6) with the horizontal,
the angle of projection with the vertical is ©. This indicates that

the horizontal range is same whether 6 is the angle of projection

with the horizontal or with the vertical, as shown in figure.
Y

Height —»>

L X
Range —

(c) Velocity of projectile at any instant : As shown in figure,

suppose the projectile has velocity v at the instant t when it is

at point P(x, y). The velocity v has two rectangular components:

Horizontal component of velocity, v, = u cos 6

Vertical component of velocity,
vy=usin 6 - gt

The resultant velocity at point P is

v =\/vf +v; = J(u cos6) +(u'sino— gt )?

[Using v=u+ at]

o v =\/u2+g2t2—2u gt sin@®
If the velocity v makes an angle § with the horizontal, then
"4 i —
tanBZ—yZUSIne gt
Vy ucoso

Velocity of projectile at the end point : At the end of flight,

2u sin@

t = total time of flight =

So the resultant velocity is

22 ,
V’=\/u2+gz.4u sin 6_2ug'2usme

- Ju?=u

-sin@

. 2U sin©
usinf—g -
Also, tanp = u cos®
. U coso
__ usin® =—tan © =tan (- 6) or B =-0.
U coso

The negative sign shows that the projectile is moving downwards.
Thus in projectile motion, a body returns in the ground at the
same angle and with the same speed at which it was projected.

34. Let the two vectors A and B  inclined to each other at

an angle 0 be represented both in magnitude and direction by

the adjacent sides OP and OQ of the parallelogram OPSQ.
Then according to the parallelogram law of vector addition, the

resultant of A and B is represented both in magnitude and
direction by the diagonal OS of the parallelogram.
Q

Magnitude of resultant R : Draw SN perpendicular to OP
produced.
Then £SPN=/Q0P=6,0P=A, PS=0Q=R 0S=R
From right angled ASNP, we have

SN . . .

PS =sin® or SN=PSsin 0 =Bsin 0
= % =cos 0 or PN=PScos©=Bcos0

Using Pythagoras theorem in right-angled AONS, we get
0S* = ON* + SN* = (OP + PN)* + SN
or  R?=(A+ Bcosb) + (Bsin 0)?
= A? + BX(c0s%0 + sin’0) + 2AB cos 0
= A’ + B’ + 2AB cos0

of  R=+JA2+B?+2AB c0s0

Direction of resultant R : Let the resultant A make angle B with
the direction of A. Then from right angled AONS, we get
SN SN B sin6
tanf=— 2>
A +B coso

= t =
ON ~op +pN O 1P

Special cases : (i) If the two vectors A and B are acting along
the same direction, © = 0°. Therefore the magnitude of the
resultant is given by



R =JA?+B2+2AB cos0° = JA’+B2+24AB
[ cos 0° = 1]

= J(A+B)" or R=(A+B)

Magnitude of the resultant vector is equal to the sum of
magnitudes of two vectors acting along the same direction and
the resultant vector also acts along that direction.

(ii) When the two vectors are acting at right angle to each other,
0 = 90° and therefore,

R =vA2+B?+2AB c0s90° = A2 +B?

[ cos 90° = 0]

B sin90° B 1 (B )
A|SO tan === . :tan R
B A +Bcos90° A P A
OR

(a) Let the two forces be P and Q and 0 be the angle between

them. Further, let P < Q. If their resultant B makes an angle o
with P,

_ Qsind

tana_P+0cose

As o = 90°, ﬂ =tan 90° = o
P+QcosO

or P+Qcos0=0 ()
We are given that P+ Q=18 (i)

R=\/P2+02+2P0c059
As R=12, P’ + @ + 2PQcos 6 = 144 ... (i)

From eqns. (i), (ii) and (iii)

P+ (18— P)?+ 2P (- P) = 144
[as Q= (18- P)and Qcos 6 =— P
As P+Q=18 Q=13
Thus, the magnitudes of two forces are 5 unit and 13 unit.
(b) If B is the angle between P and @ then

R*= P>+ @ + 2PQ cos O

Given R? = P? + @’

P2+ Q>+ 2PQcos© = P> + @ or 2PQ cos 6 = 0
or c0s0=0or 6=90°

35. The situation is shown in figure

WEG 100PERCENT Physics Class-11

u P(x, y)

0

05 X
jfe———X——><«R - x—>

If Ris the range of the particle, then from the figure we have

y y yR .
tanoi+tanB =2 + =
ano.+tanp R XA —x) (i)

Also, the trajectory of the particle is
2

1 gx
y=xtanb--g ———=x tane[1——]
Zguzcosze 2u? cos’ Otan®
=xtane[1— Zg x:lzxtane[ki] (D
u“sin20 R
h:xtanO(H —X) hR o

=
R X(R —x)
From equation (i) and (i), we get tan 6 = tan o + tan .

OR
(a) Given, R=nh (0
where R is horizontal range and h is maximum height

2. 2.2
or U'sin20 _ ,u"sin"6

¢ X
2C0s 0= 5 sin ©
tano=2 or 0=tan" (ﬂ) (i)
n n
(b) Maximum height, h=39.2 m
Range, R=1784m
R_7184 - R=)n
h 392

Using equation (i) and (i), n = 2
and 0 = tan™ (ﬂ) =tan"'(2) = 63.43°

2
Now, h= Usin’®
29
7 39.2%x2x9.8
u- = 2—
sin 63.43°

W =960.4 or u=31mls
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