Speed Test-3
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U=i+2j=ud+u,j=>ucos=1, usind=2

500cos® = 250 => cos®=
or 0 = 6.

As time periods are equal therefore ratio of angular
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speeds willbe 1 : 1. (m:%).
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From the figure it is clear that range is required

2 s 300
R_u 511129_(10) sm:) x30°) _5‘/— 8.66m

Horizontal component of velocity v, = 500 m/s and
vertical component of velocity while striking the
ground.

u,=0+10x10=100m/s

A u=500 m/s

500 nv's

. Angle with which it strikes the ground

orm () () om (3

i
The velocity of first particle, v, = v
The velocity of second particle, v, = at
Relative velocity, 15 =V} =,

@

(c

(d) Max. height =

®)

)

o vl =2+ (ar)? - 2v(at cosat)

dv,
For least value of relative velocity, ;12 =0
«
dfa 22
—|v" +a"t" = 2vatcosa | =0
or [[[[‘ a vat Ce ]
or 0+ a? % 2t~ 2vacos 0.= 0
veosa
or t=——
_2usind0° 2000/ 2
gcos30° IO(ﬁ/Z) ,/3_
L2 )
=10cos 30°t — 7 gsin 30°t*
10430 2) 1 1) 4 1020
=5 F) 70 5) 3 =10-5=Fm
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AB = @i+ 55 6k —@Gi+4i+ 5K =i+ j+k

= @it 6 - Ti+9j+3Kk =3i-3j+3k

AB and CDare parallel, because its cross-product is 0.
Herev=0.5m/sec.u="?
1

—oru=025ms"’
2
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2vsin(90-0)

Timeof flight, T = -(ih)

g
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From(ii), T=2 ﬂ= ﬁ d
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SOLUTIONS

11. (c) Yes. the person can catch the ball when horizontal
velocity is equal to the horizontal component of ball’s
velocity, the motion of ball will be only in vertical
direction with respect to person for that,

Yo

e v, cos B or 6 =60

12. () Two vectors are
A= cosmﬁ+sinml]
B= cos%‘hsin%‘]
For two vectors A and B to be orthogonal A.B=(

s ot ) . ot
AB =0=cos L.cos 7 +sin ok.sin -

- cns(ml fm—lJ =cu§(ﬂ]
2 \2

o X% LE
%22 g
13. @ v =50kmh ' dueNorth;
v; =50kmh' due West. Angle between 1, and
v, =90°
—v;=50kmh™" due South
.. Change in velocity
=y =l =l + ()
=207 =507 +50° =707 knvh
Thedirection of this change in velocityis in South-West.
4. ®) V=6i+8]

10 8

A

Comparing with v= Vx‘i+Vy3.wegel
v, =6ms ! and v =8 ms!
Also, v2 = v, 7 +v, 7 =36+64=100
orv=10ms"
sin():iand cose:i

10 10

2.
~ sinBcos O

R= vZsin20 _
g g

8 6 1
R=2x10x10x—x —x— =
1010 10 ~26m

@ s=£+5

; Is
= velocity, v= L3
dt

dv
Tangential acceleration a, = o =6t
2 4
Radial acceleration a_= X L
“ R R

Atr=2s, 4, =6x2=12 m/s?

_9x16
¢ 20
.. Resultant acceleration

= ,}u,z +a? = J02)2+(7.2)2 = Jiaa 5184
= 19584 = 14m/s®

B
) ;:JAHBHzABcuse ...... (i)

a =72 m/s?

Bsin 6
e~ +Beos 0=
tan 90° A+Boosd = A+BcosH=0
A
P
cos 5
2
£ B
Hmcc‘from(i)%:A3+Bz—-2A3:A=~/3_;

B

=2 0=150°
= Cos —*B—’ 5 hes

(b) Suppose velocity of rain

v, =, —\'_‘,j
and the velocity of the man
Vi =ui

Velocity of rain relative to man

VRm = VR =V = (Vx —u)i=vyj
According to given condition that rain appears to fall
vertically, so (v, —u) must be zero.
vo-u=0orv =u
When he doubles his speed,

Vi =2ui
Tl
Now vp, = v, —V
= (vd-v,d) - (2ud) v,

= (v -2u)iovj

The v, makes an angle 0 with the vertical

Rm

x—componendof v,

componend of ;Rm
2u)
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which gives
V=ul+2gh o ov=ul +2gh

u
v, Another particle is thrown horizontally with same
velocity then velocity of particle at the surface of earth.

Y tand

Horizontal component of velocity v, =u

& WA . Resultant velocity, v =
=ui—-——j.
! tanf I Forboth the particles, final velocities when they reach
18. (¢) Forprojectile A the earth's surface are equal.
2 02 a0 21. g A s S 2
Maxi height, H, = uj sin” 45 ®) 7=0.5+08)+ck
2 o e 2 2, 2
For projectile B [ Fl=1=4(0.5)"+(0.8)" +¢
> TG | 2 2 2
ugsin~ 0 2 > T
Miaximum height, Hy = BZg (057 +(0.8) +c* =1
>
Asweknow, H,=Hy ¢ =011=c=+0.11

22. (¢) Thepilot will see the ball falling in straight line because

26 2as0 2 2
ujysin“45°  upsin~ 0 A A A o i A
—A7 B the reference frame is moving with the same horizontal

2 2 velocity but the observer at rest will see the ball falling
sin? @ u} in parabollic path.
sin245° E 23. (a) R=2H(given)
2 Weknow, R=4Hcot9n(x)|0=l
sin%):[“;‘] sin” 45° 2
ug

(=)

{3 () -5

; 1 ;o1
snnG:E = 0=sin '{EJ=30° A

19. (a) The angle for which the ranges are same is i

complementary.
Let one angle be 6, then other is 90° - 6

; 2 1
i sinf =—,cosf=—
From triangle we can say that N 5

2usinf 2ucosf I
i =T'T1 T . Range of projectile PR L
2 2.2
T‘TFW:” ""RJS;;B I
rodiags " g 5 JE S5g
Hericeit ls.propomonfil 10 Rj o (a) Note that the given angles of projection add upto 90°.
20. (c) When particle thrown in vertically downward direction For complemietitary angles of projection (45%-+ &) and
with velocity u then final velocity at the ground level (45° - ) with'same initial velocity u;range Rissame.
0)+0,=(45° +a) +(45° - a)=90°
So, the ratio of horizontal rangesis 1 : 1.
25. (a) The components of 1 N and 2N forces

J along + x axis = 1 cos 60° +2 sin 30°

1
=1x=+2x
2
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SOLUTIONS

Y
4 cos 30°+ 1 sin 60°

4N IN
30°
60°
4 sin 30° lcos 60°+ 2 sin 30°
30
2N
2¢0s309

The component of 4 N force along —x-axis
=4sin30°= 4x%= 2N.
Therefore, ifa force of 0.5N is applied along + x-axis,

the resultant force along x-axis will become zero and
the resultant force will be obtained only along y-axis.

26 @ F =950
: dt
d
Similarly, F, = &:20050,
= X
Angle ¢ between two vectors
_ K tEpy
[ElIB
_ (=2sin0)(2cos0) +(2c0s0)(25in O)
IE||p]
= cos0=0 = 0=90°

27. (a) Themotion ofthetrain will affect only the horizontal
component of the velocity of the ball. Since, vertical
component is same for both observers, the y, will be
same, but R will be different.

28. (d) Asbodycovers equalanglein equal timeintervals. Its
angular velocity and hence magnitude of linear velocity
is constant.

29. (a) For A: It goes up with velocity u will it reaches its

maximum height (i.e. velocity becomes zero) and comes
back to O and attains velocity u.

Using v2 =2 4225 = v, =yu’+2gh

30.

31

32.

For B, going down with velocity u

= vp=yul+2gh

For C, horizontal velocity remains same, i.e. u. Vertical
velocity = ‘/0+2gh = JPeh

The resultant v = Jvf +v§ = Ju?+2¢h .

Hence vy =vg =v¢

AT (displacement)

@ Yy At (time taken)
(13-2)i+(14-3)] 1l -
i) —(i+))
5-0 5
(c) Position vector
F =coswt g +sinwt ¥
Velocity, v =-msin ot § +ocos ot ¥
and acceleration,
i=-cosmt g +osinot ¥ =-e2 §
v =0hence ¥ LV and
i isdirected towards the origin.
@
B W N
6]
v
AB
o /3
A

Velocity of A relative to B is given by

> yoo

()
Bytaking x-components of equation (1), we get

>
Vyp = Vq—Vg=V-W

0=vsinB-v = sinf=-L 2)
.

Bytaking Y-components of equation (1), we get

v, = vcosO wl(3)

Tkme taken by boy at A to catch the boy at B is given by
e Relative displacement along Y - axis
Relative velocity along Y -axis

o a - a = a
veosd 1 _sin?0 w2
V. l—(—'—)
v
[From equation (1))
3
)

A1)
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~ u’sin90°

3
wl
g

(2)

R2
Here, x=4sin(2nt) (i)

y = 4cos(2nt) ..(il)
Squaring and adding equation (i) and (ii)
xl+y2=43=R=4
Motion of the particle is circular motion, acceleration

(¥}

X

R
Velocity of particle, v =mR = (2) (4) = 81

35 |A+B[=|4-B|
|A+BP=| A +|BP +24.B = 4> +B* +24Bcos®

veetoris along - R and its magnitude =

|A-BP=|AP+|BF-24.8B

=A% + B> ~24B cos®

So, A% +24B cos 6

=A>+B2-24B cos O

44B cos0 =0=>cos = 0

So0=90°

So, angle between A & Bis90°.
36. ) v =6i+8]

6
Comparing with vV =in+Vy_i.wcgcl
Vi =6ms ™" and vy =8ms™!
2 2 2
Also, v7 = v, "+ v, " =36+64=100
or v=10 ms™!

sin9=£and cose=-6-
10 10

37. (@

, v2 sin20 S 2v2 sinBcos O
2 g
R =2xleI0x-8—xix-l—
10 10 10
Rangeofa projectile is maximum when it is projected at
an angle of 45° and is given by

=9.6m

where u is the velocity of projection

Rinax T

>r=L . u’=Rg .0

g
Now, tohit a target at a distance (R/2) from thegun, we
must have
R u?sin20 ) .
o ! where 0 is the angle of projection.

R _Rgsin20 .
=35 g_.trum(l)
!
= sin26=5:>sin29=sin30°

=20=30° .. 0=15°
38. (a) Distance covered in one circular loop = 2ar
=2x314x100=628m
Speed :ﬁ:lo m/sec
62.8

Displacement in one circular loop = 0
Velocity = —,0 =0
time

39. (a PQ+QR =PR

Now [b7 b = (b'~b ).(b' ~b)
=b?-2bb’ cosB+b?
=2b%(1-cos)  [b'=b]

b'-b =«/ibJ1Acosﬂ
= ﬁh(ﬁsing) = 2bsing

u?sin® 0
H=——
4. @ H 2
252 2 2
u”sin”(90°-6) u”cos” O
st B OUE0), nscost
2g 2
2 u2 . 2 2 2
Hlezu sin qu cos’ 9:(14 sm%G) =R_
2¢g 2g l6g” 16
~ R=4HH,
41. (¢) P=vector sum=A+B

Q = vector differences = A —B
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44. () Speed, V= constant (from question)
Centripetal acceleration,

Since P and Q are perpendicular

~P.Q=0
= (A+B).(A-B)=0 = A2=B'= |A|=[g| o
42. B y=b< 7
Differentiating w.r.t tot an both sides, we get _
¥ 5 ra = constant
& opx Hence graph (c) correctly describes relation between
dx di acceleration and radius.
Vy = 2bxv, 45, F ?
Again differentiating w.r.t to t on both sides we get - © mr.n question, L
Horizontal velocity (initial),
dvy dx dv, 2
d_:ZbVK d—+2bxd—=2bv_\+0 40
d:/ it it Uy 7:20m/s
[ dl‘ = 0, because the particle has constant
s T 1
acceleration along y-direction] Vertical velocity (initial), 50 = u, ( + 2 gﬂ
dv A
Now, —
Y a !
- = ux2+ 5 (10)x4
Vy=—
2b o, 50=2u 20

a
- ’_ 0
T\ o, u,= 77= 35m/s

43. (a) Arc length = radius x angle
B-Al=l 4 uy, 35 7
So, | B~ A|=[ 4| A® s tanf=—==—
u, 20 4

= Angle0=tan"! %

>



