ANSWERKEY

1. PHYSICAL WORLD AND MEASUREMENT

Sol. (a)
Calorie is the unit of heat i.e., energy.

So dimensions of energy = ML*T"? soT” Jri/syY T=k /%:

Sol. (b)

x=-1/2y=3/2,z=1/2

2 Sol. (c)
= Grr112m2 Vv G= Fd
m,m, Let m~ C*G'h*
-2qry 2 By substituting the following dimensions :
MLT I _nopay

\ [G]= } _ y )
[(M7] [Cl=LT %[G] =[M 13T ?] and [h] =[ML2T™ Y]

Sol. (b)

Angular momentum = mvr

=[MLT ][L]=[MLPT ]

Sol. (c)

E=hvY [ML2T 2] =[h|[T" Y [h] =[ML?T Y]
Sol. (a)

Now comparing both sides we will get
x=1/2y=-1/2,z=+1/2

Som’ C1IZG—1/ 2h1/2

Sol. (b)

F=-may [ =[ML T Y
Dz

By principle of dimensional homogenlty e > u =[P] As F =[MLT ?], A=[L%, % =[T1]

\ =PIV MU 2 (L] = [MLST2) Sol- (@)

By putting the dimensions of each quantity both the sides
Sol. (a)

Sol. (c)

we get [T =[M]*[MT?]Y

Now comparing the dimensions of quantities in both sides
_ L2 _ g2y - AP

we get x+y=0and 2y =1\ x:—%,y:1 T—Zp\/@ Y T =4pllg Y g= T2

Sol. (b) Here % error in 1= M 3 100= 915 100=0.1%
100cm 100

From the principle of homogenity ge)ig has dimensions of 01
¢V and % errorin T=————3 100=0.05%
T 23100
Sol. (a) \ %erroring=%errorinl+2(% errorinT)

By substituting dimension of each quantity in R.H.S. of =0.1+23%30.05=0.2%

Sol. (b)
g € M3 2 g
option (a) we get g é%u [LT Y.
& gML T T3 Ly 7V:ﬁp(3
3
This option gives the dimension of velocity.

Sol. (a)
Let T~ S*r¥r?

\'" % error is volume =33 % error in radius
=331=3%

Sol. (b)

Here, S=(@138° 0.2 m

by substituting the dimension of [T] =[T]
[S]=[MT 2], [r] =[LL [7]=[ML"]

and t=(4.0° 0.3) sec
and by comparing the power of both the sides
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Expressing it in percentage error, we have,

S=138° 023100’/ 138°1.4%
138

and t=4.0° 0433100’/0 4°7.5%

=(3.45° 0.3y m/s.

Since percentage increase in length =2 %

Hence, percentage increase in area of square sheet
=23 2% =4%

Sol. (d)

a=b?c?/d%e?

So maximum error in a is given by

:a.g3 100+ b.z3 100
b c

+g.E3 100+ d.23 100
d e

= (o, + b, + gty + ok, P

Sol. (b)

2.63+256+242+271+2.80
5

Average value =

=2.62sec

Now | DT, |=2.63- 2.62=0.01
| DT, | =2.62- 2.56=0.06

| DT, |=2.62- 2.42=0.20

| DT, |=2.71- 2.62=0.09

| DT, |=2.80- 2.62=0.18
Mean absolute error

o7 | DTu| #1 DT, | +] DTy +| DT, | +| DT |
5

-954 _ 0.108=0.11sec

5
Sol. (b)
H =1°Rt

CH 220 % % 100 =(23 3+4+6)%

\ —1s100=8— +
H |

=16%

Sol. (c)

Quantity C has maximum power. So it brings maximum
error in P.

Sol. (a)

Percentage errorin X =aa +bb +cg

Sol. (d)
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f=

1
ZpJE

\ ge(Egdoes not represent the dimension of frequency
(; -

Sol. (d)

[n] = Number of particles crossing a unit area in unit time =
(2T
[n,] = [n,] = number of particles per unit volume = [L'°]

[x,] =[x,] = positions

S 2 O 5 0 (6 P
,-n] L3 =ler]

Sol. (b, d)

Length © G*c’h*

L= [M'LT 2 LT Y [MLAT 12

By comparing the power of M, L and T in both sides we get
-X+z=0, 3x+y+2z=1and -2x-y- z=0

By solving above three equations we get

X==,y=-—-,z==
2y 2 2

Sol. (a)

Let radius of gyration [k] ~ [h]*[c]’[G]*

By substituting the dimension of [K] =[L]

[ =MLT ][] = [LT 1, [6] = [M LT 7]

and by comparing the power of both sides

wecanget x=1/2y=-3/2,z=1/2

So dimension of radius of gyration are [h]*'2[c] 3/2[G]*'2
Sol. (c)

PeFﬂ

2 Smu

p2 er

212 EmH 12n?

Yn2_

eMLT 29
Y [M] = é——u=[ML'T°]
LT ? ¢

Sol. (d)

7 Density, r =

_0.003 0.005 , 0.06
= +23 +
0.3 0.5 6

=0.01+0.02+0.01=0.04
Dr

\ Percentage error =—3100=0.042 100=4%
r

Sol. (a)

SOLUTION (Pagi83)




2. KINEMATICS(2. A VECTOR)

10 11

A D

Sol. (d)

| Bl=4/7% +(24)2 =625 =25

- o
So required vector = 2 Q =15F+ 20F

Sol. (a)
Let the components of A makes angles &,band g with

X, y and z axis respectively then a = b =g

cos a +coszb+coszg:1

. 1
Y 3cofa=1Y cosa=——

NE

\ AX:Ay:AZ:Acosa:A

Sol. (a)

A=2E+4F 5B |A|=4/(22 +(4)2 +(-52 =445

2 4 -
\ cosa =——, CoSsb=——, coSg=—

Jas’ Va5’ V45

Sol. (a)

C 1 = o
=~ =
J2

\ Itis a unit vector.

C=a2Fr a2 Fr 7k
att=0, r(1:: 7IE
at t =10sec, 13 = 3005+ 400F+ 7,

— C C - -
Dr =1, - r; =300+ 400F
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|57 1115 - 17 1=+/(300 + (4002 = 50am
Sol. (b)

Resultant of vectors 7& and E
R=A+B=4E 3F+sE+8f

£. R __10FsF _10Fesf

Sol. (a)

AB _ (3F+4frob(3E+4F 55

|AIIBl Jo+16+25/9+16+25

_ 9+16- 25:
50

Y cosg=0,\ ¢g=90

Sol. (a)

For 17 N both the vector should be parallel i.e. angle

cosg =

0

between them should be zero.

For 7 N both the vectors should be antiparallel i.e. angle
between them should be 180°

For 13 N both the vectors should be perpendicular to each
other i.e. angle between them should be 90°

Sol. (d)

From figure
v, =20F and v, = - 20E

v; =20m/s

(9%

DV =V, - v, = - 20+

| D:/|:20J§ and direction
g=tan }() =45 ie.SiwW
Sol. (a)

P: = mvsian- mvcosq'j::

and P2 = mvsir‘qE+mvcosqF-
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So change in momentum
DP=P;- P1 = 2mvcosqui—,| DI_5| =2mvcosy
sol. (b)

R=+/A2 + B2 + 2ABcosg
By substituting, A=F, B=F and R=F we get

cosg = %\ g =120

Sol. (a)

sol. (c)

sol. (d)

Sol. (a)

A+B =16 (given)
Bsing

A+Bcosg

tana = =tan90

\ A+Bcosg=0Y cosg= é(ii)

8=VA2+B2+2ABcosg & (i i i)
By solving eq. (i), (i) and (iii) we get A=6N, B=10N
Sol. (b)

P

Y tan907=ﬂ Y P+Qcosg=0
P +Qcosg

COSQ:i\ qzcos:l%—Pg
Q cQ =+

Sol. (a)
According to problem P+Q=3andP- Q=1

By solving we getP =2andQ =1

=2Y P=2Q
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Sol. (b)

Let A.(B A)=A.C

Here C =B3 A Which is perpendicular to both vector
AandB \ AC=0

Sol. (b)

=r3F =

=[23 4)- 32 -3)F+[233)- 33 4)F

+[3%-3)- (23 2]k =17F- 6F- 13k

Sol. (a)

PQ=0\ a’-2a-3=0Y a=3

Sol. (c)

Dot product of two perpendicular vector will be zero.
Sol. (b)

Magnitude of unit vector = 1

Y 05?2 +(0.872 +c? =1

By solving we get ¢ =+v0.11
Sol. (b)

7B+ 3k

Hence area = | C\24|: Ja9+9+1 =«/§squnit
Sol. (a)
According to Lami's theorem
P_Q _ R
sina sinb  sing

Sol. (c)

sirfa +sirf b+sing =1- co§a+1- cos b+1- cosg
=3- (cofa+cog b+cofg) =3-1=2
Sol. (b)

R = R+VRZ+R? = R+y2R = RW2 +1)
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. KINEMATICS (2. B MOTION 1N)1

10 11

B A

25 26

A A

40 41

A,D

Sol. (b)
Horizontal distance covered by the wheel in half revolution
=R

Pn ew

QO
|
—

Pitial
f— mR

So the displacement of the point which was initially in

contact with a ground

= JeR? +(2R12 =Rip? +4.
sol. (d)

Totaldistancetravelled _ _ X
Totaltimetaken t, +1i,

Average speed =

- X A
(2/5)x + (3/5)x  2v, +3y;
Vi V2

< @BX e @BX

| | |
tl tz

Sol. (d)
3t=+3x+6 Y +/3x =(3t- 6)
Y 3x=(3t- 6)? Y x=3t2-12t+12

\ v= Z—)t( =%(3t2 - 12t +12) =6t - 12

If velocity = 0 then, 6t- 12=0 Y t = 2sec
Henceatt=2,x = 3(2)2 712 (2)+12

= 0 metres.

Sol. (b)

x =a+bt?

\ v:((jj—)t(20+2bt At t = 3sec,
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v= 2333 3 = 18cm/sec (As b =3cm)
Sol. (b)
In this problem total distance is divided into two equal

parts. So

_ G +dy _
Uav—ﬁ-'_%

Sol. (c)
Given x = at? - bt®

\ velocity (V) :% = 2at- 3bt? and acceleration (a) =
av_ 2a- 6bt.
dt
When acceleration=0Y 2a- 6bt =0
yt=22_2

6b 3b
Sol. (c¢)
Given y =a+bt +ct? - dt*
Vv Yo oubeoc- adt?

dt
Putting t =0, Vinita = b
So initial velocity = b

. dv 2

Now, acceleration (a) = m =0+2c- 12dt
Putting t = 0, ainital = 2C
Sol. (a)

differentiating  time  with  respect to  distance

E:Zax+b Y V:d_X:#
dx dt 2ax+b

, dv _dv dx
So, acceleration (@) = — = —.—
dt  dx dt

SOLUTION (Pagk86)




Sol. (b)

g A3 o
Du=u,- u

Du = U2 +1 - 2, cos90° =52 +5° =52

L(/’o:Sm/
N nC
th =5m/

Du =52 Average acceleration

toward north-west (As clear from the figure).
Sol. (b)

Given that ¢ = 4t° - 2t
X = fydt, x=t*-t2+C,

att=0,x=0 Y C=0
When particle is 2m away from the origin
2=t*-t*Yy t*-t?-2=0

Y (t?-2(t?+D)=0V t=+2sec

=%(4t3 - 2t)=12t2 -2

Y a=12t2-2 for t = /2 sec

v a=123 (J2f - 2v a=22mss?

Sol. (a)

When distance time graph is a straight line with constant
slope than motion is uniform.

Sol. (c)

In first instant -you will apply «¢=tang and say,

u=tan30° = 1 m/s.

V3

But it is wrong because formula ¢ =tangqg is valid when
angle is measured with time axis.

Here angle is taken from displacement axis. So angle from
time axis = 90° - 30° =60°.

Now ¢ = tan 60° = /3

Sol. (c)

Total displacement
Total time

Average velocity =
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(20) + (- 20) + (- 10)
5

=i2m/s

Sol. (c¢)

In first half of motion the acceleration is uniform & velocity
gradually decreases, so slope will be negative but for next
half acceleration is positive. So slope will be positive.
Thus graph 'C' is correct. Not ignoring air resistance
means upward motion ill have acceleration (a + g) and the
downward motion will have (g - a).

Sol. (a)

We know that the velocity of body is given by the slope of
displacement i time graph. So it is clear that initially slope
of the graph is positive and after some time it becomes
zero (corresponding to the peak of the graph) and then it
will be negative.

Sol. (b)

Distance covered in total 7 seconds = Area of trapezium

ABCD :%(2+6)3 10=40m

Distance covered in last 2 second = area of triangle CDQ=

%3 2310=10m

So required fraction = E = l

40 4
Sol. (a)
Area of rectangle ABCO =43 2=8m
Area of rectangle CDEF =2 x (i 2) =7 4m
Area of rectangle FGHI = 2x2 =4 m
Displacement = sum of area with their sign =8 + (i 4) + 4
=8m
Distance = sum of area with out sign=8+4+4=16 m
Sol. (d)
In the positive region the velocity decreases linearly
(during rise) and in negative region velocity increase
linearly (during fall) and the direction is opposite to each
other during rise and fall, hence fall is shown in the
negative region.
Sol. (a)
When ball is dropped from height d its velocity will be zero.
As ball comes downward h decreases and ¢ increases
just before the rebound from the earth
h = 0 and v = maximum and just after rebound velocity
reduces to half and direction becomes opposite. As soon

as the height increases its velocity decreases and
d
becomes zero at h = 5

This interpretation is clearly shown by graph (a).

SOLUTION (Pagi8?)




Sol. (d) for first 5 sec of motion s; =10metre, so by using
Particle can not possess two velocities at a single instant 1
so graph (d) is not possible. s=ut +§ at?
Sol. (c¢)

1 . , .
At a certain instant t slope of A is greater than B (g > g5 10=>5u +§a(5) Y 2u+5a=4 e. (i)

), so acceleration in A is greater than B for first 8 sec of motion s, = 20 metre
Sol. (a)

1 .
20=8u +Ea(8)2 Y 2u+8a=5

By solving (i) and (i) U =%m/s a:%m/sz

Velocity —>
Velocity —

Now distance travelled by particle in total 10 sec.

Initially when ball falls from a height its velocity is zero and S;p=Uu3 10 +%a(10)2
goes on increasing when it comes down. Just after

rebound from the earth its velocity decreases in magnitude By substiiling the Walue of U and a we will get

and its direction gets reversed. This process is repeated S10 = 28.3m

until ball comes to at rest. This interpretation is well So the distance in last 2 sec
explained in graph (a). =28.3-20=8.3m.

Sol. (a) . Sol. (c)

_Vo- _1U- Since the body starts from rest. Therefore

1 2 5a
S, ==ab) =—
if 23() 5

Acceleration along OA

. 0
Acceleration along OB = E =0
_100a

1
S, +S, :Ea(lo)2 >

Acceleration along BC :0_— =i 0.5m/s’.
20 100a a
Y Sz = T = Sl = 75—

Sol. (d) >

vZ=u?-2asY 0=u?- 2as 2254

S +S, +S; =%a(15)2 =

_ 225a . S,- 8= 125a

v S, 5

Thus Clearly S; = %Sz = %83 .

Sol. (a)
By using S, =u +g (2n- 1), Distance travelled by body As S, (2n- 1)

Ain 5" second = 0 +121(23 5-1)
Distance travelled by body B in 3" second is =
a
0+-2(233-1)
2
According to problem : . 3 G 3 5
gtop velocity after ?%- tgsec: V=U- g?%- tg
¢ - ¢ -

0+2(235-1)= 0+2(223-1
2 2 distance in last 't sec : 02 = (gt)? - 2(g)h.
y , & _5
Y 93 =5a, Y 2+ =—. |
1 2 a, 9 Y h_Egtz'

Sol. (a) . Sol. (c)
Let initial (t = O) velocity of particle = u Let both balls meet at point P after time t.
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For second drop x = % gt?
By solving (i) and (ii) x =% and hence required height h

=3.75m.

Sol. (c¢)

The distance travelled by ball A (hl)zlgtz i As the balloon is going up we will take initial velocity of
2

L falling body = -12m/s, h =81m, g = +10m/s”
The distance travelled by ball B (h,)=ut - > gt? ...(i))

By applying h=ut + = gt2 8l=-12t+— (lO)t
By adding (i) and (i) h, +h, =ut = 400 (Given

h=h, +h, = 400.) Y 5t°-12t- 81=0

\  t=400/50=8sec and h, =320m, h, =80m ¥ t=12° V14441620 _12° V1764 o 5 4 oo
Sol. (b)

10 10
Let at point A initial velocity of body is equal to zero

Sol. (b)

For vertical downward motion we will consider initial
us= velocity =7 u.
A
By applying v =u’+ 2gh, (.?>u)2 =(- u)2 +2gh
. 4u?
B Y h=—

g

c . Sol. (a)

3 2 g
For path AB : v2 = 0+ 2gh é (i) X = nvdt _ﬁtht—Z%u =9m.
e-u
Forpath AC: (V)2 =0+2gxY 42 =2gx é (i i) 0
37. Sol. (c)
Solving (i) and (i) x =4h.

\/)

Sol. (¢) X gv= Radt =5 GOt Y v, -
. rv]l v Q rt] (bt) 2
For first case of dropping h = 3 gt2.
2142 5

Y v, =v +
For second case of downward throwing h = -ut; +%gtl2 2 ! 272

1 o
=gt
29

. o~ ~bt? 1,
Y S—nvodt+ n7dt—vot+€bt .

Y -ut, = %g(t2 - t2) [ . Sol.(@) If t,and 2t, are the time taken by particle to

) 1 cover first and second half distance respectively.
For third case of upward throwing h =ut, + 5 gts = > gt? x/2 X

tl:T:E é(|)

Yout, —Eg(t - t3) X, =45t,and x, =751,

2 .2 Xy _ X
on solving these two equations : - L _U-u SO, Xy #X; =Y 45, +7.5, =2

t, t2-t3
Y t=4tts.
X X

Sol. (b) Total time t=t, +2t, -%+E_Z
Let the interval be t then from question
So, average speed =4 m/sec.

) 1 2
For first drop = g(2t)° =
P 29( ) 39. Sol. (c)
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2
bty dv=btdty v=L 4k,
dt 2

At t=0,v=v, Y K =V,
1.
Wegetvz;bt +Vq

2
Again %:lbtzwo\'( letL+v(,t+K2
dt 2 23

Att=0,x=0Y K, =0
\ x:%bt3 +v,t

Sol. (abd) Y=6-3vy — IV g
dt 6- 3v

Integrating both sides, f’% = ﬁjt
- 3v

v Ioge(6?: 3v) —i+

Ky

Y log,(6- 3v)=-3t +K, é (i)
At t=0,v=0\ log, 6=K,

Substituting the value of K, in equation (i)
log.(6- 3v)=-3t+log, 6

\% Iogeaae—6_63V8:-3t v ex =83

Q =
Y 6-3v=6e3Y 3v=6(1-e3
Y v=21-e?®

\' Vymina =2m/s(When t=x0)

Acceleration a= %’ =— 2(1 - e 31)] = e 3t

Initial acceleration =6 m/s?.

Sol. (a,d) The body starts from rest at x =0 and then
again comes to rest at x =1. It means initially acceleration
is positive and then negative.

So we can conclude that a can not remains positive for all
tin the interval 0 ¢t ¢ 1 i.e. @ must change sign during the
motion.

Sol. (b) The area under acceleration time graph gives
change in velocity. As acceleration is zero at the end of 11
sec

i.e. Vo = Area of DOAB

%3 11310=55m/s

Sol. (d) Let the car accelerate at rate a for time t; then
maximum velocity attained, v=0 +at, =at,
Now, the car decelerates at a rate & for time (t- t;) and

finally comes to rest. Then,
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O=v- pt-t,)Y O=at, - b+ 4,
Yot = b t V=2 b t
a+tb a+b
Sol. (c) If a stone is dropped from height h
1 .5
then h==gt
5 9
If a stone is thrown upward with velocity u then
h=-ut +—gt 6 (i
2
If a stone is thrown downward with velocity u then
1
h=ut, s gts

From (i) (i) and (iii) we get

Ut +=gt2 == gt
I’} 291 29

1 -_1
ut, +—gt; =—gt
2 29 2 29
Dividing (iv) and (v) we get

1 2 2
- utl _ Eg(t - tl)

ut,

\

1
Eg(tz - 1)

By solving t =,/t;t,

Sol. (c) Since direction of v is opposite to the direction of g
and h so from equation of motion

1
h=-vt+=gt?
59

Y gt?- 2vt- 2h=0

h:ut+%gt2 Y 1=03%t, +%g'r12 Y t,=42/g
Velocity after travelling 1m distance
vZ =u?+2ghY v?=(0)?+2931Y v=42g

For second 1 meter distance

1=42g3t, +%gt§ Y gtf +2y2gt,- 2=0

t :-2\/2_g°,/89+8g=-\/5°2
2 29 \/a
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Taking +ve sign t, = (2- ‘/E)/\/E 48. Sol. (a) The distance covered by the ball during the last t
seconds of its upward motion = Distance covered by it
L v2/g 1 and so on. in first t seconds of its downward motion

ty =(2-\/5)/\@:\/5-1

47.  Sol. (d) Interval of ball throw = 2 sec.

Fromh :ut+%gt2

If we want that minimum three (more than two) ball

S . . ) [As u = 0 for it downward motion]
remain in air then time of flight of first ball must be

greater than 4 sec.

T>4sec

§>4sec\'( u>19.6m/s

for u =19.6. First ball will just strike the ground (in sky)
Second ball will be at highest point (in sky)

Third ball will be at point of projection or at ground (not
in sky)
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2. KINEMATICS(2. C MOTION IN 2D)

10 11 12

D c B B

24 25 26 27

D A D D

39 40 41 42

C c D A

54 55 56 57

B B C A

69 70 71 72

C A B A

Sol. (c)
By comparing the coefficient of x in given equation with
standard equation

2

gx

20 o g tanq=\/§\ g=60

y = xtang -

Sol. (b)
By comparing the coefficient of X% in given equation with
standard equation B

gx* 9 _

2u2cos’qg  2u?cos? g

y = xtang - 1
2

Substituting g = 60° we get U = 2710 m/ sec.
Sol. (d)

& X
Standard equation of projectile motion y = X tan q% = Eg
u

2 N

Given equation : y = 16X - 5%or y =16x4L- B 2

64/5Y

64
By comparing above equations R = ? =12.8 m.

Sol. (c)

Body moves horizontally with constant initial velocity 3 m/s

upto 4 seconds

\' x=ut =334 =12mand in perpendicular direction it
moves under the effect of constant force with zero initial
velocity upto 4 seconds.
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4
(;; o

14F0
+—a-0
2¢cm+

\y:ut+%(a)t2 =0 t2 :% 42 =16m

So its distance from O is given by

d=x2+y? =122 +@16) \ d=20m.
Sol. (c)
Displacement along X- axis :

1
x=uxt+%axt2 253 63 (4)2 =48m

Displacement along Y- axis :
y =u,t +%ayt2 = %3 82 (4)> =64m

Total distance from the origin

=[x +y? = |(48)? +(64)> =80m
Sol. (a)

From the formula of instantaneous  velocity

v=Ju? +g2t? - 2ugtsing

v =4/(30)% +(10)2 3 12 - 23 303 103 13 sin30°

:10ﬁm/s
Sol. (b)

Horizontal velocity at point =ucosa Horizontal

velocity at point ' P'=vsina In projectile motion horizontal
component of velocity remains constant throughout the
motion.

\ vsing =ucosa Y v =ucota

SOLUTION (Pagk9?)




Sol. (b)

Let in 2 sec body reaches upto point A and after one more

sec upto point B.

Total time of ascent for a body is given 3 sec i.e.

using
g

\ using =103 3=30

t= =3

Horizontal component of velocity remains always constant
é. . (ii)

For vertical upward motion between point O and A

ucosqg =vcos30

vsin30° =using- g3 2 [Usingv =u- gt]
vsin30° =30- 20 [As using = 30]

\ v=20m/s

Substituting this value in equation (ii)

ucosqg =20c0s30° =10v3 & . . (i i i)
From equation (i) and (i) u = 20+/3 and g=60
Sol. (d)

At point N angle of projection of the body will be 45°.

?—40m—>

Let velocity of projection at this point is v. If the body just
manages to cross the well then
2 .
. V< sin2
Range= Diameterof well v sih4g _ 40
g
[Asg=45] v®=400 Y v=20m/s
But we have to calculate the velocity (u) of the body at
point M. For motion along the inclined plane (from M to N)

Final velocity (v) = 20 m/s, acceleration (a) =7 gsina=1 g

sin 45° distance of inclined plane (s) = 2042 m

20)2 =u? - 2-2 2042
(20)° =u 72
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[Using v2 = u? + 2as] u? =202 +400 Y u =20J/2m/s.

Sol. (c)

Since horizontal component of velocity remain always
constant therefore only vertical component of velocity
changes. Initially vertical component using Finally it
becomes zero. So change in velocity = Using

Sol. (b)

3

_mulcosgsinfg mv

L =
29 42 g)

[As g= 45

Sol. (b)

2R
As we know for complementary angles t;t, = —
g

\ ot ” R.
Sol. (b)
Let X;and X,are the horizontal distances travelled by

particle A and B respectively in time t.

Xy = Y cos3073 t (i)

NE)

X, =Uucos60° 3 t Ce(ii)

u
X, + X, =—.c0s30° 3 t +ucos60° 3 t = ut

NE]

Yy X =ut \ t=x/u.
Sol. (b)

When body projected with initial velocity G by making angle

& with the horizontal.

Then aftertime t, (atpointP) it dés directio

-

u.

Magnitude of velocity at point P is given by V = ucota.
(from sample problem no. 9)

For vertical motion : Initial velocity (at point O) = USina
Final velocity (at point P) =-vcosa =-ucota cosa
Time of flight (from point O to P) =

Applying first equation of motion

V=u- gt-ucotacosa=usina - gt

\ = usina +ucota cosa
g

- ) u coseca
=—|sin®a+cos’al| = ——-
gsina g
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Sol. (c)
Formula for calculation of time to reach the body on the

ground from thehdét qwér iaf ilseitqihtowd ve

e / @
up with velocity u) is given by t=£él+ 1+2;gzhu So
gé us g

we can resolve the given velocity in vertical direction and

can apply the above formula.

usin3@ u

oo

T
l

Initial vertical component of velocity using =50sin30

=25m/s

e 3 3 7]
t=éé1+ 1+2 9'82700
98¢ | (@9

=6.33 sec.

Sol. (c)

2 . .
_u sin2g and T = 2using
g g

R

\ R" u?and T~ u (If gand g are constant).

In the given condition to make range double, velocity must
be increased upto \/Etimes that of previous value. So

automatically time of flight will becomes \/5 times.
Sol. (c)
For first particles angle of projection from the horizontal is

For second particle angle of projection from the vertical is
a. it mean from the horizontal is (90 - a).
2usin(90- a) _ 2ucosa

\ T, =
2 g g

T
So ratio of time of flight T—l =tana.

Sol. (c)

g
970 11

Fractional decrease in time of flight
_Nhi-T

1
T = — Percentage decrease = 9%.
1

Sol. (a)
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Simply we have to calculate the range of projectile

_u®sin2g _ (10) sinR? 30)
g 10

R

R =543 =8.66meter .
Sol. (b)

Because range

_ (Velocity of projection)? 3 sin2(Angleof projection)
g

Sol. (c)

2
Roax = =100 (when g = 457)
g

\ u=+1000 =31.62m/s
Sol. (d)

Range  horizontal component of velocity. Graph 4 shows

maximum range, so football possesses maximum

horizontal velocity in this case.

Sol. (c)

For maximum horizontal Range g =45

From R=4H cotg = 4H

[As g=45° for maximum range.]

Speed of the particle will be minimum at the highest point

of parabola.

So the co-ordinate of the highest point will be (R/2, R/4)

Sol. (d)

2u,u,  2398319.6
g 9.8

we know R= =39.2m

Where u, =horizontal component of initial velocity, u, =

vertical component of initial velocity.
Sol. (a)
We know R =4H cotg

2H =4H cotg Y cotg =
cosq = 1 [AsR = 2H given]
J5

u?.2.sing.cosq
. =

Range=
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(when g =45")

(when g =90)

When two stones are projected with same velocity then for
complementary angles g and (90° i ¢g) Ratio of

maximum heights :

H . H
_1:tan2q:tan2£:3Y H2:_1:
H 3 3

Y
2 3

Sol. (b)
2u,

Time of flight for the ball thrown by Pankaj T, = —
g

Time of flight for the ball thrown by Sudhir

Uy q Uz
9°cq
m 2m

2u, sin@0° - g) _ 2u, cosg
g g

According to

problem
2u; _ 2u,cosq

T,=T, Y
1= 1z g

Y u; =u,cosq

2
u
Height of the ball thrown by Pankaj H, = 2—1
g
Height of the ball thrown by Sudhir
_uZsin®(90° - g) _u3cos’q
29 29

H,

u?/2g ) " |
———— 3 S U, = U, CoS
us cos? g/ 2g L7t C08g

Ryax =400m [when g =45]

So, from the Relation R=4H cotg

Y 400=4Hcot45 Y H =100m.
Sol. (b)

H; _sin®g, _ sin®30°
H, sin®g, sin®60°

1
3

Sol. (a)

_ 2using

T =10sec Y using =50
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_u?sin*g _ (50)°

= =125m.
29 2310

So, H

Sol. (b)

Projectile possess minimum kinetic energy at the highest
point of the trajectory i.e. at a horizontal distance R/ 2.

Sol. (b)

Kinetic energy at the highest point K'= K cos? q
=Kcos®45° =K /2.

Sol. (c)

Potential energy at the highest point is given by

PE = %mu2 sin’q

For first ball g =90

\ (PB), = %mu2

For second ball g =(90° - 60°)=30" from the

horizontal
\ (PB), = %mu2 sin® 30~

:lmu2
8

(PEN
Sol. (d)
KE at highest point K'= K cos? q

30 =100cos® g

The path of the ball appears parabolic to a observer near
the target because it is at rest. But to a Pilot the path
appears straight line because the horizontal velocity of
aeroplane and the ball are equal, so the relative horizontal

displacement is zero.
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37.

By using equation of trajectory y =

2
for given condition nh = g(2rl_b2)
u

38. Sol. (c)
u

Loy

Vx
\'

Vy

For first particle : v2 =u? +2gh ¥ v =4u? + 2gh
For second particle :

= lv)% +V5 = ‘[uz +(\/2_gh)2 :\luz +2gh

So the ratio of velocities will be 1 : 1.
Sol. (c)

2hu?
gb?

Formula for this condition is given by N =

whereh = height of each stef = width of
step,u = horizontal velocity of projectiom
= number of step.
3103 2 .
Y 3= %Y u? = 200cm/sec= 2m/sec
108 20
40. Sol. (c)
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/Zh — /2h
3 = Zg 3 P
g g
\' x=2h

Sol. (d)

— U=720km/h

S

/Zh
Time of descent t = _[—
g
_ ’23 396.9
9.8

Y t =9sec and horizontal distance S=u3 t

_ 8720359
=&—0
c 18 =+

Sol. (a)

Maximum range up the inclined plane

39 =1800m

u2

(RmaxJup = ol +sing)

Maximum range down the inclined plane

u2

R =———— and according to problem :
( max)down g(L- sina) g p

2 2
u Cas u

gl - sina) - gl + sina)

By solving a = 30°.
Sol. (c)

2
u
Maximum range on horizontal plane R =— = 6km

(given) Maximum range on a inclined plane

U2

R =—"
X g +sina)

Putting a = 30°

u2

g(L+5sin30°)

2

max —

2
3

g :
Sol. (c)

2p rad q

60 min min

W _2pRad_ 2p rad
Bath =24 hr 243 60 min

Whminutehand =

Whinutehand —24-1

WEa rth
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Sol. (b)

Angular velocity of P about A
v .

Wa = 2— Angular velocity of P about C
a

\ %:1:2]

We

V=(-24+6)i- 18- 5 F+(-18+20)F

=18F+13F- 2k
Sol. (d)
Speed gain by body falling through a distance h is equal to

v=,2gh = Zg% [As h:% given]

2
N v:\/a Y VT:g.

Sol. (b)

map?|

Tension = 5
T

V1 T2or T A
[Tension and mass are constant]
gl . 1
Percentage change in Time period = E
(percentage change in length)

[If % change is very small] = %(l%) =0.5%
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50.

mdb Mass performs uniform ci
Let n is the frequency of revolution then centrifugal force
=m4p?n?

For equilibrium this force will be equal to weight Mg
m4p2n?l = Mg

Mg

Sol. (d)

Vimax =4/ g =+/0.23 1003 10 =102 =14m/s
Sol. (d)

Viax =4/ g =+/0.253 403 10 =10m/s
Sol. (b)
r=20m, v=20m/s m=90kg, g=9.8m/s?
(given)

.1a203 200 .
= tan 12%203—10§=tan 1(2)

v:60km/hr:5—??m/s,r = 0.1km =100m,

g= 9.8m/s? (given)

2

v i
tang=-—org =tan’!
rg

Angle of banking

=tan_1@;(50/3)2 2
§100° 9.8
Sol. (b)

h=15m, r =50m, | =10m, g =10m/s? (given)
3 3

_ [hrg _ [152 503 10 —86m/s
| 10

mv?

From the formula N =mg -

\' N™r
Asra<rp

\' N <Ng.
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v =,2gH =,5gr \ H:5—2r

v=72X"=20ms r=10m m=500kg (given)
h . . H-h
From the figure H =h+2r Y r=T

mv?

. . — +
Reaction at lowest point R=mg Substituting the value of r in equation (iii) we get

3 2 5eH-hg . H
500° (20" _ 55000 N = 25KN H=-g g Y =9
2& 2 Y h

=500% 10+

Sol. (a) . Sol. (a)
Normal reaction at the highest point of the path By the conservation of energy
my2 Potential energy at point A = Kinetic energy at point B

R= - mg

r 2

1 g . mv
. _ mgl ==mv? Y v=./2gl and tension=mg+-——
For maximum R, value of the radius of curvature (r) should 2 I
be minimum and it is minimum in first condition. . m
Y T=mg+—(24gl)
Sol. (c) |

TLowestpoint - THigheslpoint = 6mg (Always) Y T=3mg.
Sol. (¢) . Sol. (c)

Let the string breaks at point B. Tension

mv3 _
= mgcosqg + = Breaking strength
r

2
:mgcosq+mVB =2mg é. (i)
r

If the bob is released from rest (from point A) then velocity

acquired by it at point B

Let the particle | eabh®e ftirhe

bottom

2
We know for given condition X:§r and

h:r+x:r+gr:§r :53 21=35m
3 3 3

[As r=21 m]
Sol. (a)

v=,gr =103 1.6 =16 =4m/s.

Sol. (d)

Va Vg IV, =\/a:w/3gr 150 =1:4/3:45

m
mg cosq + T(Zg rcosq) = 2mg . Sol. (b)

Vg =4/2Qrcosqg ....(i) [Ash=rcosq]

By substituting this value in equation (i)

2
or 3mgcosg =2mg Y cosng\ g =cos?! T:mgcosq+T
Sol. (d) As g increases T decreases So T; >T,.

When car rolls down the inclined plane from height H, then . Sol. (d)

velocity acquired by it at the lowest point v =,/2gH W= \/g _ /1_0 - J05 =0.7rad/ sec.
6. (i) ' 20

and for looping of loop, velocity at the lowest point should Sol. (b)

o 2 3 (92

be v =,/50r é. (ii) T:mgcosq+mv =0.13 9.83 00360+¥
r

From eq" (i) and (ii)

=0.49 + 0.4 = 0.89 Newton.
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Sol. (c)

Minimum velocity at lowest point to complete vertical loop

Taking horizontal components eq. (1) gives Vrg sin 300

10
sin30°
Hence correct answer is (B)

Sol.

=Vmg = 10 km/h or Vrg= =20 km/h

= ,/5¢gl

1
So minimum kinetic energy = Em(vz)

1 5 The situation is shown in fig. Let the boatman starts from
= Em(,/SgI)2 = Emgl =2.5mgl.
A and B are two ships (10 km apart) which are moving with point B on the opposite bank exactly in front of A. In

velocities u and v (40 km/hr) respectively in directions order to reach the point B, he has to direct his boat
towards point C. i.e. in direction AC which makes an

the point A on one side of river and wants to reach the

north and west. The velocity of A relative to B AB= angle g with AB. Here the velocity of water is 4km/hr and

-u- v = -u+(- -v) the relative velocity is shown in fig.(b) by velocity of boat with respect to water is 8 km/hr. From fig.

sin & 4/8 = 1/2 i.e. g = 30° so the boatman should row
AC. (AC)? = (AB)2 + (BC)? or _ _
his boat at an angle 30° with AB or at an angle 30° + 90°

(AC) = {[(40)* +(40)°] = 56.56 = 120° with the flow of water.
andtangq=40/40=1\ g45° From fig. (AE)2 = (AD)2 i (DE)Z, If v be the velocity of

boatman in direction AB, then v2 = (8)2 i (4)2 = 48 o0orv

=+/48 = 6.9 km/hr. Time taken in crossing the river

D velocity
S

N v=40km/h B
C
w E T LI
u=40km/h|10 km 90° > Relative
A

Thus the ship A should move along a direction AC
relative to the ship B where AC is 45° with AB. distance AB
It is obvious from the figure that the distance of closest - speedin this direction
approach is BD. Now BD = AB sin 45° = 10.(1/ 2)

7.071 km. and AD = A B cos 45° = 10.(1/ 2) = .071

km. Time to reach D = hr. Hence correct answer is (A)

05km _ 05260

= min. = 4.3 min.
6.9 km/hr 6.9

Sol. When the man is at rest w.r.t. the ground, the rain Hence correct answer is (A)

comes to him at an angle 30° with the vertical. This is the
direction of the velocity of raindrops with respect to the

ground.

Here Vr,g = velocity of rain with respect to the ground
Vmg = velocity of the man with respect to the ground.
And V, ., = velocity of the rain with respect to the man,

we have i/r’g = i/r’m +§/m’g e (1)
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Sol. (d)

Because the horizontal component of velocity are same for
both car and ball so they cover equal horizontal distances
in given time interval.

Sol. (a)

Given three forces are in equilibrium i.e. net force will be
zero. It means the particle will move with same velocity.
Sol. (b)

Let two forces are F,and F, (F <F,).

According to problem: F, +F, =18 é . . (i)
Angle between F; and resultant (R) is 90°

E i
\ tanQO:ﬂ:u
F, +F, cosg

Y F+Fcosg=0

- Fl
Y cosq=-—-

2
and R? = F2 +F2 + 2F,F, cosg

144 =F? +F} +2F,F,cosqg  é. . (iii)

by solving (i), (i) and (iii) we get F, =5N and F, =13N
Sol. (b)

Let forces are F and 2F and angle between them is g and

resultant makes an angle a with the force F.

2F sing

—  — T =tan90 =no
F + 2F cosg

tana =

Y F+2Fcosqg =0
\ cosg=-1/2 or g =120
Sol. (c)

Since the system is in equilibrium therefore a F, =0
and a F =0\ F=Ryand W=R,

Now by taking the moment of forces about point B.
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F.(BC) + W.(EC) = R, (AC) [from the figure EC= 4 cos
60]
F.(205sin60) + W(4 cos60) = R, (20cos60)

10/3F +2W = 10R, [As R, =W]

Due to buoyant force on the aluminium block the reading
of spring balance A will be less than 2 kg but it increase
the reading of balance B.

Sol. (b)

From the free body diagram of man and crate system:

T

M +m)g

For vertical equilibrium
2T =(M + m)g

\ T =M+mg
2

Sol. (a)
Resultant of two vectors A and B, which are working at an

angle @, can be given by

R=+/A% + B? + 2ABcosg

[AsA=B=F and R:%]
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2
=F? +F? +2F? cosg

= 2F2 + 2F2 cosg

Y %FZ = 2F2 cosg

Y cosq = ge_ﬂg or g =cos lée_ﬂg
¢ 18 + ¢ 18 +

Sol. (d)
Momentum acquired by the particle is numerically equal to
the area enclosed between the F-t curve and time Axis.
For the given diagram area in a upper half is positive and
in lower half is negative (and equal to the upper half). So
net area is zero. Hence the momentum acquired by the
particle will be zero.
Sol. (c¢)
Relation between linear momentum (P), man (m) and

kinetic energy (E)
P=Jv2mE v P~ Jm [as is constant]

\ i: ﬂ
P, \m,

Momentum of body for given options are :
(& P=mv =1003 0.02 = 2kgm/ sec

(b) P=mv =43 1033 100 = 0.4kgm/ sec

(c) P=+2mE =23 0.2310°® =6.33 10 *kgm/ sec
(d) P=my2gh =202 1032 y/23 103 10® = 2.82kgm/ sec
So for option (d) momentum is maximum.
Sol. (b)
Up thrust force

_ &dm g
F=uee—_—0=50031=500N

c dt -

Sol. (c)
Reading of weighing scale = m(g + a)
=80(10 +5) =1200N
Sol. (d)
R=m(g+a =m(g+g)
[because the lift is moving upward with a =g]
=2mg R=23 2gN =4gNor 4kg
Sol. (b)

weightof amanin stationaryift
weight of amanin downwardmovinglift

mg 3

:m(g—a):z
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N
g-a

Y 2g=3g-3a ora=

Sol. (c¢)
For retarding motion of a lift R =m(g + a) for downward
motion
R =m(g - &) for upward motion
Since the weight of the body decrease for a while and then

comes back to original value it means the lift was moving

upward and stops suddenly.

Note : C Generally we use R =m(g + a) for upward motion

R=m(g - a) for downward motion

here a= acceleration, but for the given problem a=
retardation
Sol. (c)
Let m; =6kg,m, =4kg and F =5N (given)

3
m, 3 F

Force on the lighter mass = —————
m, +m,

_ 435 _oN
6+4

Sol. (b)

When the force is applied on mass 2m contact force

m g
f, = ==
L me2m YT 3

When the force is applied on mass m contact force

f, = —2m g-gg
2 m+2m 3

b

. 1
Ratio of contact forces E

2
Sol. (c)
By comparing the above problem with general expression.
(m, +m)F _ (3+5)10

T, =
Yomtmy,+m;  2+3+5

=8 Newton
Sol. (a)
From F.B.D. of mass 4 kg
4a=T'-4g e (i)
From F.B.D. of mass 2 kg
2a=T-T'-2g e (i)
For total system upward force

F=T=(2+4)(g+a)=6(18+2)N=708N
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