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MOTION IN A PLANE (UT-04) QB
PHYSICS

The position of a particle is given by r = 9 - 0ti + 4 - 0tj + 25 - 0k where t is in seconds and
the coefficients have the proper units for r to in metres. Find a(t) of the particle is .... (m/s?)

Rain is falling vertically with a speedof 70 ms™. A woman rides a bicycle witha speed of 24 m /s.
In East to westdirection.what is the direction in which she should hold her umbrella?

A cricketer can throw a ball to a maximumhorizontal distance of 200 m. How much high above
the ground can the cricketer throw thesame ball?

A stone tied to the end of a sling 50 cmlong is whirled in a horizontal circle witha constant speed.
If the stone makes10revolutions in 20s, what is the magnitudeand direction of acceleration of the
stone ....

An aircraft executes a horizontal loop of radius 2 km with a steady speed of 1800 km/h. Compare
its centripetal acceleration with the acceleration due to gravity then ac/ g is ......

A body is projected at an angle 30°with thehorizontal with velocity V from the points. At the
same time, another body is projected vertically upwards from B with velocity V.. The point B
lies vertically below the highest point of the trajectory of body projected from point A. For both
the bodies to collide, the value of vi/v2 shouldbe .......

An insect trapped in a circular grooveof radius 10 cm moves along the groovesteadily and
completes 8 revolution in loos. What is the angular speed? ............ (rad/s)

A cricket ball is thrown ataspeedof 9.8 m/s in a direction 30° above thehorizontal. find
themaximum height is ....... (m).

The horizontal range of a projectilefired at an angle of 15° is 50 m. If itis fired with the same
speed at anangle of 45°, its range will be .......... (m)

Theangleb/wA=i+jandB=1i—jis

A person standing on an open ground hears the sound of a jet aeroplane, coming from north at
an angle 6° with ground level. But he finds the aeroplane right vertically above his position. If v
the speed of sound, speed of the plane is

v 22y 32 4
Two boys are standing at the ends A and B of a ground where AB=a. The boy at B starts

running in a direction perpendicular to AB with velocity v, The bov at A starts running
simultaneously with velocity v and catches the other in a time t, where t is

1)—= 2)-2 3) = 8 |-

_ 2_
2 4p2 v+v, V-, v2-vs

In the cube of side a shown in the figure, the vector from the central point of the face ABOD to
the central point of the face BEFO will be
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14. The trajectory of a projectile near the surface of the earth is given as y=2x-9x2. If it were
launched at an angled,with speedv, then (g=10ms~?2)

— 1 5 _ L 1 5 ~
1)8, = cos™! (E) andv, = - ms 1 2)8, = sin~? (E) and v = Zms 1
3)0 = cos™* (%) andvy = st_l 4)0, = sin™?! (%) and vy = %ms‘1

15. Two guns A and B can fire bullets at speeds 1 k/mand 2k/m respectively. From a point on a
horizontal ground, they are fired in all possible directions. The ratio of maximum areas covered
by the bullets by the two guns, on the ground is
1)1:2 2) 1:16 3)1:4 4)1:8

16. A particle is moving with a velocity v = K(yi + xj)were K is a constant. The general equation
for its path is

1)y? = x? + constant 2)y = x%+ constant  3)v? = x + constant  4)xy = constant

17. A particle moves from the point (2.0i + 4.0§) at t=0,with an initial velocity(5.0i + 4.0))ms ™1 .
itis acted upon by a constant force which produces a constant acceleration (4.0 + 4.0))ms 2.
What is the distance of the particle from the origin at times 2s
1)20v2m 2) 5m 3) 15m 4)10/2m

18. The position co-ordinates of a particle m a 3-D coordinate system is given by x=a coswt, y=a
sinwt and z=awt . The speed of the particle is
1) 2am 2)V3 aw 3) V2 aw 4) aw

19. Six particles situated at the corners of a regular hexagon of side a move at a constant speed v.
Each particle maintain a direction such that it is always directed towards the particle at the next
consecutive corner. Calculate the time after which the particles will meet each other

a 2a \Y 2V
1)— 2)— 3) — 4) —
) 2V ) \Y ) 2a ) a
20. If magnitude A+ B is equal to n times the magnitude of A— B, then the angle between Aand B
is
2 _ 2
1) 1 2)cos™ n2 1 3) sinl(n—lj 4) sin™' nz L
cos‘l(n_ n’+1 n+1 n®+1
21 Let [A] :n:ﬂ |=5and [A +A,|=5. The value of (24; + 34;) - (34; — 24;)is
1)-106.5 2)-99.5 3)-1185 4)-112.5
22. The direction cosines of i+ j + kare
1 1 1 1 1 1
11,11 2222 )= )= ==

23. The ceiling of a hall is 40m high. For maximum horizontal distance, the angle at which the ball
may be thrown with a speed of 56 m s without hitting the ceiling of the hall is
1) 25° 2) 30° 3) 45° 4) 60°
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24.  Galileo writes that for angles of projection of a projectile at angles (45° + @)and (45° — ), the
horizontal ranges described by the projectile are the ratio of (if 8 < 45°)

1) 2:12)1:2 3)1:1 4)2:3

25. A particle is projected in air at an angle B to a surface which itself is inclined at an angle a to the
horizontal. The distance L is equal to

1\2uzsin acos(a+f) 2) 2u?sin Bcos(a+pB) 3) 2u?sin Bcos(a+pB) 4) 2u?sin acos(a+f)

/ gcos? a gcos? B gcos2 a gcos? B

26. A cyclist is riding with a speed of 27 kmh™. As he approaches a circular turn on the road of
radius 80 m, he applies brakes and reduces his speed at the constant rate of 0.50 m s every
second. The net acceleration of the cycliston the circular turn is

1) 0.68ms 2 2) 0.86ms 2 3) 0.56ms ™2 4) 0.76ms 2

27. The area of the triangle formed by the adjacent sides with A=-3i+ 2j — 4k and B=—-i+
2j + ks
172 units 20 units 3)V165 units 4) V137 units

28. An aircraft is flying at a height of 3400 m above the ground. If the angle subtended at a ground
observation point by the aircraft positions 10 s apart is 30°, then the speed of the aircraft is
1)10.8ms™! 2)1963ms™?! 3)108ms™! 4) 196.3ms™!

29. A particle is moving on a circular path of radius r with uniform speed v. What is the
displacement of the particle after it has described an angle of 60° ?

Dr2 2) V3 3)r 4) 2r

30. Arriver is flowing due east with a speed 3m s*'A swimmer can swim in still water at a speed of

4 mst . If swimmer starts swimming due north, then the resultant velocity of the swimmer is

1) 3ms? 2) 5ms? 3) 7ms? 4) 2ms’
KEY
PHYSICS
1) 2) 3 |4 8) 10)
80 0343|100 |493 |® 12718 2 /D 0301 ,/55 19 100 |45

11) 4 [12) 4]13) 2|14) 1|15 2 |16) 1 |17y 1 |18) 3 19) 2 20) 2

21) 3 |22) 4|23) 2[24) 3|25) 3 |26) 2 |27y 1 |28) 4 29) 3 30) 2

SOLUTIONS

1 v(t) =5 =-(9-0tl +4- 03] + 25 - OK)

= 9.01 + 8.0¢]
t —dv— d 9.0+ 8- 0t

a =8.0]

a = 8.0ms? a long y—direction
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angules displacement

(1800 X%)Z _ 500x500

2000 2000

Tine taken

2.
3.
0 = 45°
2
Rmax = —
u2
200 = e (D
v? —u? = -2gH
u? 200
H=—=—=100m
29
4.
2
a. = w?r
angular velocity =
0
w=-
t
_loxem g /s
20
a. = w?r = (%) x 50cm
= 50m%cm/s?
= 493cm/s
2
5. a. = 177
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6 vZsin?30° _ v

29 29

V. ) ., 1
-2 =5in30 =3

V1
%1 _
2=2
7. w=2—”=27zxi=0.50rad/s
T 100
. 2
o - (Vosing)" (9.8sin30°)
" 29 2x98
_9.8x9.8x1
T 4x2x9.8
=1.225m
9 R= u?sin 26

9

Ry __ sin2Xx15 _ sin30°

R,  cin2x45  sin90°
10.  |A|=V12+12 =42
|B| = /12 + (-1)2 =2

A-B = |A||B|cos 8

cosfd =0
0 = cos™1(0)
6 =90°

11. v, = vcos 60° = g

v,
¥ 60°

=

12.

= 100m
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13. The position vectors for points G and H are(%l? + %z) and (g j+ IE) respectively

N

k+j-k-D=50G-D

_— —

So, the displacement vector from G to H isOH — 0G =

N|Q

14. Given trajectory of particle, y=2 x-9x?Comparing it with equation of projectile

g 2
2u?cos? 4,

% = 6, = cos™! (%)

— 9 _9su=v =Ems‘1
2u?cos? 6, °73

y = xtan 6, —

tanf, = 2 = cos G, =

and

2 2

vysin260 A TR v

15.Range, R = +——; = = —imax = 1 — —
2

g Ay TR max Y
16.Here, ¥ = K(yi + xj)

S+ D=kt + ) Z = kyand D =k
at T ad T L xj)dt_ yand gy = 8X

dy _ dyldt _ E _
dx  dxldt Ky'ydy = xdx
Integrating both sides

[ ydy = [ xdx or y> = x? + constant
17.7, = (2.01 + 4.0)m

Vo = (5.00 + 4.0))ms™1,d = (4.0 + 4.0))ms ™2

1 2

Along x -axis, Sy, = 2m,v,, = 5ms™",a, = 4ms™

Sy = Sox + Voxt + (1/2)a,t? =2 +5x 2+ (1/2) X 4 x (2)2 = 20m

1 2

Along y -axis, Sy, = 4m vy, = 4ms™",a,, = 4ms~

Sy = Soy + oyt + (1/2)ayt? =4 +4x 2+ (1/2) x 4 X 2% = 20m

S= [SZ+S2=,/(20)2 + (20)2 = 20vV2m
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18.:x = acos wt = v, = —awsin wt

y = asinwt = v, = awcos wt; z = awt = v, = aw

Speed of particle, v = \/vZ + v} + vZ = Va?w? + a?w? = a2

19. Due to symmetry of the problems, we can say that the six particles will meet at the centre of the
hexagon.

- 6-(-);vcos 60°

The separation between any two consecutive particles decreases at the rate of approach velocity. Velocity of
approach
Vipp =V —0C0s60°=v—v/2=v/2
The initial separation between two consecutive particles is a and it decreases to zero with a velocity of
approach equal to v/2

. a a 2a
B Vapp w2 v
20.  Let 6 be an angle between vectors Aand B .

|A + B| = n|4 — B| (Given)
|A+ B|? =n?4 — B|?
A% + B? + 2ABcos 8 = n?[A? + B2 — 2ABcos 0]
A% + A? + 2A%cos O = n?[A% + A? — 2A%cos 0]
|4l = |B|]
(n? + 1)cos@ = (n?2 - 1)

2 2
n“-1 -1 (n°-1
cosﬁ':(2 )ort§?=cosl(2 )
n<+1 n<+1
1 9

- - 2 _ — - -
21, (|4, +4,]) = A2+ 43 +24,-4, =25 ordy-A; =5(25-9-25)=—>

So, (241 +34,) - (341 — 24,) = 643 — 44, - A, + 94, - A, — 643
-9
=6(9)+5(7) - 6(25) = —1185

22. LetA=i+j+k~A,=14,=14,=1

and A = \JAZ + A2 + A2 = J(1)> + (1)*+ (1)2 =3
cos a, cos f§ and cos y are the direction cosines of A4
X Ay 1 Az

cosa—A—lcosB— = cosy ===
T4 V3 Ta T WY =y T

23.  Here,u = 56ms™!
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Let 6be the angle of projection with the horizontal to have maximum range, with

maximum height =40 m

_ . u?sin? 6
Maximum height, H = ———
29
56)%sin® 0
2x%x9.8
_29_2><9.8><40_1 _0_1 9—'_1(1)—30°
sin“ 0 = (56)2 =g orsind =z orf =sin =

24.: For a projectile launched with velocity u at an angle 6, the horizontal range is given by

__ u?sin26

R =
g9

u?sin(90°-260) _ uZcos 26
g

(1) For 8, =45° -0 .R, =

(11) For 02 = 45° + 91

u?sin(90°+260)  u?cos260 R
R2 = = = Rl ;=2 = 1
8 g Ry

25.  Take the x —axis along the incline and y -axis perpendicular to the plane.

u, = usinf
a, = —gsina
a, = —gcosa

When the particle lands at P its y coordinate becomes zero.
0= 1 2
-0 =u,t+ > ayt

2usin f8

. 1
0 = usin ft —=gcos at? or t =
2 gcosua
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For motion along inclined plane, x = u,t + > a,t?

1
~ L = ucos ft — 5 gsin at?

Substituting the value of t from eq. (1), we get

2usin 1 2usin 2
) gsina ( )

L = ucosf ( — =
gcos a gcosa

2
2u®sin fcos B 2u’sin asin? B
~ gecosa  gcosla
2u?sin

8cos? a

2u?sin Bcos(a + B)
gcos? a

{cos pcosa — sinasin f |=

26. Here, v = 27kmh~! = 27 x 138ms—1

15
v = 7ms_1 = 7.5ms™ 1, r = 80m
02
Centripetal acceleration, a, = -
(7.5ms™1)2 ~
a. = W ~ 0.7ms 2
Tangential acceleration, a, = —0.5ms ™2

Magnitude of the net acceleration is

a=+/(a.)?+ (a;)? =+/(0.7)2 + (—0.5)2 ~ 0.86ms ™2

- — i j ]’e
27. AXB=|-3 2 -4
-1 2 1

=i[2+ 8]+ j[4+ 3]+ k[-6+2] =101 + 7] — 4k

~ |AxB| =+/102 + 72 + 42 =/100 + 49 + 16 = V165

V165

units
2

|Ax B| =

Area of triangle =

N| -
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28. O is the observation point at the ground, A and B are the positions of aircraft for which

£AOB = 307, Time taken by aircraft from Ato B is 10's

HJ

-
- - - bt

3400 m
/
o0
InA AOB
tan 30° = A8
3400
AB = 3400tan 30° = 222 m
V3
Speed of aircratft.
AB 3400 196.3ms-1
V==—=——= .3ms
10  10v3
29.

2r2c0s 60° = 2r? — x?
x? = 2r? — 2r?cos 60° = 2r?(2sin? 30°] = r?

S X

. r
Displacement AB = x

r

30.
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N

Here, Velocity of water flowing in river, v, = 3ms™?

Velocity of swimmer in still water, v, = 4ms !

From figure, The resultant velocity of the swimmer is

v=+/v2+v2=(4)?+ (3)2 =V25 =5ms~!
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