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8. (a) Position after time ‘t’ 
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23. (c) Minimum four non-zero, non-coplanar vector
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25. (d) Since, metal sphere is in equilibrium  

  0=++ WPT
rrr

 

  Now,  qcosTW =  ….(i) 

  qq tansin WTP ==  ….(ii) 

  by (i)2 + (ii)2 

  .222 TPW =+  
 

26. (2) If P
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30. (3) We know that the volume (V) of the parallelepiped is 

the scalar triple product of three given vectors, 

ˆˆ ˆ ˆ(2 3 4 ); 4A i j k B j= + + =ˆ ˆA i(2 3 4(2A iA i(2 3 4(2 ˆB j4  
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2. (c) 
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E
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  So, Erg/metre can be the unit of force. 
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  It is also called time constant in L-R circuit.  
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8. (d)  Thermal Conductance
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10. (c) ][][][ 33 LTcxct =Þ= Þ ].[][ 3-= LTc  
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12. (d) Volume Elasticity  
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14. (b) Specific Heat (s)
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19. (a) 
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20. (a) 
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21. (c) 2/12/12/1 hGCmhGCm cba -µÞµ  

  ][M  
cba TMLTLMLT ][][][ 122311 ----=  

   ][ 223 cbacbacb TLM ---+++-=  

  1=+- cb   …(i) 

  023 =++ cba    …(ii) 

  02 =--- cba    …(iii) 

  By equation (ii) and (iii)  

  0=+ cb    …(iv) 

  By equation (iv) and (i)  

2

1
;

2

1
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  From equation (iii) 
2

1
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1
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22. (a) wzyx plrv hµ  

  Poiseuille’s formula  

  Volume of liquid coming out of the tube per second  
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4

.
8

r
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23. (b)  In a correct equation, both sides should have same 

dimensions. Kinetic energy which has the SI unit      

kg-m2s-2 should have the dimensions, 

Right hand side of the option has the dimensions, 

[ ]
21 2 -1 2 -2mv = M LT = ML T

2

é ù é ù é ù
ê ú ê ú ê úë û ë ûë û

 

These dimensions match with the dimensions of 

kinetic energy. 

24. (b) 
2

2GM 1 L2g = : K= I =
2 2IR
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 Further, L will remain constant. 
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25. (c) m is mass per unit length.  

26. (50) 1 C.G.S unit of density = 3/1 cmg  
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3/1000 mkg=  in S.I or M.K.S. system 

  3/10005.0/5.0 mkgccg ´=  

  Þ ./500/5.0 33 mkgcmg =  

27. (50) kgMe
241064.6 ´=  

  2211 unun =  

  Þ  kgamun 241064.640 ´=´  

  Þ  kgkgn 2927 1064.6106.140 ´=´´´ -  
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106.140
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28. (2) Dimension of 0 0 0[ ]B M L T=  

 Dimensions e = [AT] 

 Dimensions 2 1 3 4
0 [ ]A M L Te - -=  

 Dimensions h = 2 1[ ]ML T-  

 Dimension c = [LT−1] 

 \ 0 0 0

2 1 3 4 2 1
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 \ n −2 = 0 
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29. (3) 
2 2

2 2[ ] [ ]
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n

n n
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K ML T

X L
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 ( ) ( ) ( )X Y ZT mass amp Kµ  

 0 0 2 2[ ] [ ] [ ] [ ]X Y n ZM L T M L ML T- -=  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 = 2 2[ ]X Z Y Z nZ ZM L T+ + - -  

 So, 2 1z- = or 
1

2
Z = -  

 and  X + Z = 0 or X = −Z = 
1

2
 

 and Y+ 2Z – Nz = 0 

 or Y = 1 – 
2

n
[from (i) and (ii) ] 

 So, 1/2 1 /2 1/2( ) ( ) ( )nT mass amp K- -µ  

 Given T µ (amp)−1/2 

 So 
1

1 3
2 2

n
n- = - Þ =  

30. (2) a b cE KT pr=  

 LHS = [ML2T−2] 

 RHS = 3 1 2[ ][ ] [ ]a b cT ML ML T- - -  

  = 3 2[ ]b c b c a cM L T+ - - -  

 2 2 3 2[ ] [ ]b c b c a cML T M L T- + - - -=  

 According to homogeneity principle 

  LHS = RHS 

\ b + c = 1 …(i) 

 −3b – c = 2 …(ii) 

 and  a – 2c = 2 …(iii) 

 Adding Eqs. (i) & (ii) 

  −2b = 3 

Þ  
3

2
b

-
=  

\ c = 1 – b = 1 +3/2 =
5

2
 

From Eq. (iii), a – 2c = −2 

or a = −2 + 2c = −2 + 2 ×5/2 =3 

\ 
2

2
2

5

a c

b
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2. (d) sec,5.2=T sec5.0sec
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5. (c) cmr )1.03.5( ±=  
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4
)( Volume rV p=  
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6. (d) 
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ø

ö
ç
è

æ D
+

D
=´÷

ø

ö
ç
è

æ D
l

l

F

F

P

P
 

   224 ´+= %.8=  

7. (b) 
5
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=meanT  

   sec62.2=  

  
5

|||||||||| 54321 TTTTT
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   sec.11.0
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 Hence the error in the measured of H is 16%. 
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10. (a) 
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11. (b) md )2.08.13()( Distance ±=  
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´÷
ø

ö
ç
è

æ
+´+++=  

  %.5.6100065.0 =´=  

13. (c) 
16

60

610

610

)( 21

21 =
+
´

=
+

=
RR

RR
R W=W KK 75.3  

  Þ
)(

)(

21

21

2

2

2

1

RR

RR

R

R

R

R

R

R

+
+D

+
D

+
D

=
D

 

  10125.0
610

)2.03.0(

10

2.0

6

3.0
=

+
´

++=  

  %125.10=
D
R

R
 

14. (d) The number of significant figures in given numbers is 

4. 

15. (b) Volume (V) l b t= ´ ´  

  Þ 312 6 2.45 176.4 cm´ ´ =  

  
2 31.764 10 cm= ´ 32102 cm´»  

When two number multiplied or divided. Then result 
is in least significant figure. 

16. (d) Given, A = 1.0 m ±  0.2 m, = 2.0 m ± 0.2 m 

Let,  (1.0)(2.0) 1.414Y AB m= = =   

Rounding off to two significant digits Y = 1.4m 

1 1 0.60.2 0.2

2 2 2 201.0 2.0

Y A A

Y A B

D D Dé ù é ù
= + = + =ê ú ê ú ´ë û ë û

 

  Þ
0.6 0.6 1.4

2 2.0 2 20

Y
Y

´
D = =

´ ´
= 0.212 

  Rounding off to one significant digit, 0.2Y mD =  

  Thus, correct value for 1.4 0.2AB Y Yr M= + D = ±  
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17. (a) All given measurements are correct up to two decimal 

places. As here 5.00 mm has the smallest unit and 

the error in 5.00 mm is least (commonly taken as 

0.01 mm if not specified), hence 5.00 mm is most 

precise. 

       Note : In solving these types of questions, we should 

be careful about units although their magnitude is 

same.  

18. (a) Given length, l = 5 cm 

Now, checking the errors with each option one by 

one, we get 

cm5 4.9 0.1
1
lD = - = , cm5 4.805 0.195

2
lD = - =  

  cm5.25 5 0.25
3
lD = - = , cm5.4 5 0.4

4
lD = - =  

  Error 
1
lD is least. 

  Hence, 4.9 cm is most precise. 

19. (c) By question, it is given that 50 VSD – 49 MSD  

1 VSD = 
49

50
MSD 

 Minimum inaccuracy = 1 MSD – 1 VSD 

 = 1 MSD −
49

50
MSD =

1

50
MSD 

Given,  1 MSD = 0.5 mm 

  Hence, minimum inaccuracy = 
1

0.5mm
50

´  

    
1

0.01mm
100

= =  

20. (b) Given, t1 = 39.6 s, t2 = 39.9 and t3 = 39.5 s  

Least count of measuring instrument = 0.1 s 

(As measurements have only one decimal place) 

precision in the measurement = Least count of the 

measuring instrument = 0.1 s 

Mean value of time for 20 oscillations is given by  

s
39.6 39.9 39.51 2 3

39.7
3 3

t t t
t

+ + + +
= = =  

Absolute errors in the measurements 

s39.7 39.6 0.1
1 1
t t tD = - = - =  

s39.7 39.9 0.2
2 2

t t tD = - = - = -  

s39.7 39.5 0.2
3 3

t t tD = - = - =  

  Mean absolute error = 
1 2 3

3

t t tD + D + D
 

   
0.1 0.2 0.2

3

+ +
=  

   
0.5

0.17 0.2
3

= = =  

  (rounding off up to one decimal place)   

  \Accuracy of measurement  s0.2= ±  

21. (c)   
3 1 2

4 3/ 2

A B
p

C D-
= , Because C has maximum power  

22. (d) 
( )

,
uv f u u u v

f
u v f u v u v

D D D D +
= = + +

+ +
  

 
u v u v

u v u v u v
+

D D D D
= + +

+ +
  

23. (b) 
3

m m

V
r = =

3
 

Given: 
2

2% 2 10
m

m

D
= ± = ± ´  

2
1% 1 10

D -
= ± = ´1%

D
= ± 1%1%= ± 1%= ± 1%  

3
m

m

r
r
D D D

= +
D

 

-2 -2
= 2 × 10  + 3 × 10  

-2
=5 × 10  = 5%  

24. (a) 
2

g = 4
2

L

T
p  

22%  2 10
L

L

D -= ± = ± ´  

                    

23% 3 10
T

T

D -= ± = ± ´  

  ⇒
2 22 3 10

g L T

g L T

D D D -= + = ´ ´  

 
2

8 10 8%
-

= ´ = ±  

25. (d) 
2

1% 10
x

x

D -
= =  

  
y

y

D -
= = ´

2
3% 3 10  

22% 2 10
z

z

D -= = ´  

2

3

xy
t

z
Þ =  

2 3y z

y z

t x

t x
D D

+ +
D D=  

 =
2 2 2

10 2 3 10 3 2 10
- - -

+ ´ ´ + ´ ´  

 = 213 10 13%-´ =  

26. (8) 2/12yaxz =  

  Þ  
2/1

2

ay

z
x =  

  Þ  
y

y

z

z

x

x D
+

D
=

D
2

1
2  

  Þ  úû

ù
êë

é
´+=

D
12

2

1
10

2

1

x

x
 

         %8= . 

 

m 
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27. (5)  
2

GM
g

R
=  

 \ 
2g M R

g M R

D D D
= +  

 Percentage error in g is 

 
2

100 100 100
g M R

g M R

D D D
´ = ´ + ´  

 = 1 + 4 = 5%  

28. (7)  
2

2
2

P T p m
T or

m T p m

D D D
= = +  

 Percentage error in kinetic energy is 

 100 2 100 100
T p m

T p m

D D D
´ = ´ + ´  

   = 2 2 3 7%´ + =  

 \ n = 7 

29. (1)  2.21 0.3 0.663 0.7y = ´ = =  

 \ The number of significant digit is 1. 

30. (2) 0.72 0.8 3.87 1.089x = + + -  

 Þ 0.7 0.8 3.9+ + –1.1 = 4.3 

  Thus, the number of significant digit is 2. 
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1. (d) Velocity = slope of displacement – time graph  
 qtan=  

   .
3

1

3

3/1

tan

tan
===

B

A

B

A

v

v

q

q
 

2. (b)  velocityaverage speed average ³  

  Because nt.displaceme  distance³  

3. (b) Here velocity is decreasing, so acceleration will be  
 opposite to the direction of motion and hence, it will  
 be negative w.r.t the direction of velocity till it comes  
 to rest  

4. (a) Uniform velocity means no acceleration 

5. (d) 

21 5

3

5

2Total time

 distanceTotal 

v

x

v

x

x
vavg

+

== .
32

5

12

21

vv

vv

+
=  

6. (a) 

v

vavg 100

60

100

200

+

=  

  Þ
6000100

60200
40

+

´´
=

v

v
 

  Þ vv 120024000400 =+  

  Þ ./30
800

24000
hrkmv ==  

7. (d) Total distance = x 
  Time taken by the particle to travel first half of the 

distance. i.e., sec
63

2/
1

xx
t ==  

  Let 2t  be the time taken by the particle to travel other 

half of the distances 

2
5.7

2
5.4

2
22 ttx

´+´=  

Þ sec
12

2

x
t =  

18

72

126

126

126

=
+

´
=

+

=
xx

x
vavg  

  ./4 sm=  

8. (a) Speed of the body at the mid-point  

2

)30()20(

2

222
2

2
1 +

=
+

=
vv

v  

./5.25650 smv ==  

9. (d) Since, with respect of time, position does not change 

10. (a) 
2.12

)640(

2
2

222
22

´
=

-
=Þ+=

s

uv
aasuv  

  sec1075.32.12
)640(

640 3

2

-
´=´==Þ+=

a

v
tatuv  

   .4 ms=  

11. (b)   ,0=u smv /50
18

5
180 =´=  

  2/5
10

050
sm

t

uv
a =

-
=

-
=  

  2

2

1
(S) Distance atut +=  

   2)10(5
2

1
0 ´´+= .250m=  

 

12. (b)   ,/10 smu = smv /2-=  : sec4=t  

   Acceleration
4

102 --
=

-
=

t

uv
 ./3 2sm-=  

13. (a)   ,0=u 2/5 sma =  

  ./50)10(50 smvatuv =´+=Þ+=  

14. (b) Distance travelled by car A=40t 

  24
2

1
Bcar   by travelleddistance t´´=  

  2240 tt = Þ .sec20 and 00)402( ==Þ=- tttt  

15. (c) 2

2

1
atutS +=  

  First sec5=t : sec 5  

  auau 5216)5(
2

1
540 2

+=Þ+=  ….(i) 

  sec,10=t mS 1056540 =+=  

  auau 10221)10(
2

1
10105 2

+=Þ+=  ….(ii) 

  Multiply eq.(i) by 2 then subtract it from eq. (2) 

  21 32 2 4 10 10u u a a- = - + -  

  ./5.5211 smuu =Þ-=-  

16. (c) 2/75.2
10

05.27
sm

t

uv
a =

-
=

-
=  

   distance travelled in next 10 sec  

2)10(75.2
2

1
)105.27( ´´+´=S  

   .5.4125.137275 =+=  

17. (a)    Distance covered in nth second 

  )12(
2

-+= n
a

uSn Þ .25)110(
2

4
75 mS =-+=  

18. (d) nvanav /0 =Þ+=Q  

   Now, distance travelled in nsec. 

             Þ 2

2

1
anSn = and, distance travelled in sec)2( -n  

            Þ
2

2 )2(
2

1
-=

-
naSn  

  \ Distance travelled in last two seconds, 

  2--= nn SS 22 )2(
2

1

2

1
--= naan  

  ])2([
2

22
--= nn

a
)]2()][2([

2
---+= nnnn

a
 

  = )22( -na )22( -= n
n

v
 .

)1(2

n

nv -
=  

19. (b) 
2

32 8
dx

v t
dt

= = -  

v = 0 at t = 2s 16
dv

a t
dt

= = -  

At 2s, 
2

32m/sa = -  
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20. (d)   Integrate twice to convert a-t equation 

  into s-t equation. 

21. (c) 33tx =  34ty =  

  Þ  29t
dt

dx
vx ==  212t

dt

dy
vy ==  

  222222 )12()9( ttvvv yx +=+= .15 2t=  

22. (b) Distance travelled = area under tv -  graph in time    

interval 20 to 40 sec 

  .50120320
2

1
m=´+´´=  

23. (b) m40102
2

1
102210

2

1
distanceTotal =´´+´+´´=  

  m10102
2

1
 2sec last in  travelledDistance =´´=  

.
4

1

40

10

7

(
==

S

S  sec)2 last
 

24. (a) .0; == ugtv  

25. (a) 2

2

1
atutS += , if    ,0=u .

2

1 2atS =  

26. (8) 1
da

a t
dt

= Þ =  

Let at t = t1, a = 4 Þ t1 = 4s 

 0a® =  

 0u® =  

             

2

2

dv t
t v

dt
= Þ =  

2

1 1

4
, 8 /

2
At t t v m s= = =  

2 3

2 6

dx t t
x

dt
= Þ =  

Let at t = t2, v2 = 144 km/hr = 40 m/s 

 v2 = v1 + at2 Þ 40 = 8 + 4 t2 

Þ  t2 = 8s x1 = 
34 32

6 8
m=  

 x2 = 21
8 8 4(8) 192

2
´ + ´ = Km 

Distance for which it runs with uniform velocity: 

 S = 2000 – 2 (x1 + x2) t3 = 
40

s
 

Total time 1 2 3 2 1 64T t t t t t= + + + + = s 

27. (1) 2 2ˆ ˆ( 4 6) ;
dr

r t t i t j v
dt

= - + + =
2 2ˆ ˆ2 22 2( 4 6)2 22 2 dr

r t t i t j v( 4 6)( 4 6)2 22 22 2
=r t t i t j vr t( 4 6) ;( 4 6)( 4 6)2 22 22 22 2 dr

 

= ˆ ˆ ˆ ˆ(2 4) 2 . 2 2
dv

t i t j a i j
dt

- + = = +ˆ ˆ2 2
dv

2 22 2
dv

 

If the vectors are perpendicular 

 , 0a v =, 0a v, 0, 0, 0, 0  

 ˆ ˆ ˆ ˆ(2 2 ).((2 4) 2 ) 0i j t i t j+ - + =  

 8t – 8 = 0, t = 1 sec 

28. (4)  

 

 

 

  3 23 10x t t= - -  

  23 6
dx

v t t
dt

= = -  

  v = 0 gives 

  t = 0 and t = 2 sec 

Velocity will become zero at t = 2 sec, so particle will 

change direction after t = 2 sec. 

At t = 0 

 (0sec) 10x = -  

At t = 2 sec 

 3 2
(2sec) 2 3(2) 10x = - -  

 = 8 – 12 – 10 = −14 

At t = 4 sec 

 3 2
(4sec) 4 3(4) 10x = - -  

 = 64 – 48 – 10 = 6 

Distance travelled = 1 2x x+  

 = 14 ( 10) 6 ( 14)- - - + - -  

 = 4 + 20 = 24 

Distance travelled = 24 units = 6 × 4 units. 

29. (6)  

 

 

 

 

 

   

  21
120 10 10

2
t t- = - ´  

  2 2 24 0t t- - =  

  t = 6 sec  

30. (4)  

 

 

 

 

Total time taken = 4 min 

(i) 0 0 4
v v

x y
+ = min 

(ii) Total distance travelled = 2 km 

Þ  Area under v t- graph = 2 km 

 0 0
0 0

1 1
2

2 2

v v
v v

x y
´ ´ + ´ ´ = km 

 From (i) and (ii), 
1 1

4
x y
+ =  

t1 = 4S 12s 

120 m 

20 m/s 
1 m/s2 

20 

10 

10 m/s 

B A         X1 X2 

0 6 

x2 

−14 

t = 2 sec 
 

−10 
t = 0 sec 
 

t = 4 sec 
 x1 

2 m B A 
v0/x v0/y 

v 

V0 

b 
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1. (d) Relative velocity of A w.r.t. 20 ( 30) 50 /B m s= - - =   

  .sec5
50

130120
time =

+
=  

2. (a) When two particle moves towards each other  

621 =+ vv  

  When two particle moves in same direction  

   421 =- vv  

Þ ,/51 smv = ./12 smv =  

3. (b) Relative velocity car with respect to train  

 

 

  ivjvv tcct
ˆˆ-=

r

  

 

 

 

  Hence, direction is ‘North-West’. 

4. (a) 5.22
18

5
36

18

5
45..car of  Velocity =´+´=CtrwA  

  .75.66055.22Distance km=´´=  

5. (d) For, shortest time, he should cross perpendicular to 

the river  

  hr
hrkm

km
25.0

/4

1
river  thecross  toTime ==  

  .305.0 tripa round  takenTime minhr ==  

6. (a)  

 

 

 

 

 

 

  For shortest distance  wB Vv =qsin  

  Þ
2

1
sin ==

B

w

v

V
q Þ °= 30q  

  Time taken to cross the river  

   .
3

2

2/3cos
BBB V

D

V

D

V

D
t ===

q
 

7. (d) 1 2,
90 60

s s
v v= =  

 Now,
1 2

90 60

s s
t

s sv v
= =

+ +
s

90 60
36

90 60

´
= =

+
 

8. (a) At 2s 

  m
1 2

10 2 4 (2) 12A 2
x = ´ - ´ ´ =  

  
B

1 2
20 2 2 (2)

2
x = ´ - ´ ´  

  = 36 m 

     \ Distance between A and B at that instant is, 

      24 m. 

9. (a) At any time  

  (upward)gtuvA -=  

  downward)(gtvB =  

  Relative velocity Aw.r.t. B 

  .)( ugtgtuvAB =---=  

10. (d) Separation between two bodies  

  )23(8.9
2

1 22 -´= .5.24 m=  

11. (b) ghuv 222 +=  

  Þ .
4

2)()3(
2

22

g

u
hghuu =Þ+-=  

12. (a) All particles will fall under the action of gravity only 

so their speeds will remain same.  

13. (c) 2

2

1
gtuth += Þ 210

2

1
1281 tt ´+-=  

  Þ 081125 2 =-- tt .4.5 sect =Þ  

14. (d) 
g

u2
flightof  Time =  

  Þ ./20
10

2
4 smu

u
=Þ=  

15. (b) Time of ascent = Time of decent = 5 s upward    

=  5 s downward. 

16. (b) 2
1

2

1
gth = , 2

2
2

1
50 gtth -=  

  10021 =+ hh Þ 10050 =t Þ .2 sect =  

17. (a) .
2

1

22

1 ==Þµ
h

h

t

t
ht  

18. (d) Relative to lift 

  ur = 0, 

  
2

(98 1.2) 11m/sar = + =  

  
21

2
s a tr r=  

 21
 2.7= 11

2
t\ ´ ´  

 

or  
5.4

s
11

t =  

19. (b) Distance travelled in nth second  

  )12(
2

-+= n
a

uSn  

  .45)125(
2

10
5 mS =-´=  

20. (d) Relative velocity of stone w.r.t. ground  

  smvr /15510 =+=  

  sec2after  Velocity =t  

  smvgtuv r /521015 -=´-=Þ-=  

  i.e. 5m/sec (downward). 

vc 

– vt
 vt 

VB 

 

A 

 
VW 

 

B 

 

q 

 

Vw 

 

h 

uA=
u 

uB=
0 
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21. (b) 
1

2 2 2 2 2
v t v r a= +  

\  

2

2 2
1

a
t

v v
=

-
 

 

 

 

 

22. (b) Height of minaret  

   2

2

1
gtH =  

  In last 2 sec body travels distance of 40 m 

2)2(
2

1
)40( -=- tgH  

  Þ ggtgtH 22
2

1
40 2 +-=-  

  Þ ggtHH 2240 +-=-  

  Þ sect 3
20

60
==  

   .45)3(10
2

1 2 mH =´´=  

23. (c)  
2 2 22 ( ) 2AV u g h u gh= - - = +   

      ghughuVB 22 222 +=+=  

      BA VV = (Attain the same final velocity).  

 

 

 

 

24. (c) We take downward as the positive direction with       

y = 0 and t = 0 at the top of the cliff. The freely 

falling pebble then has v0 = 0                                 

and
2

9.8m/s .a g= = +  

The displacement of the pebble at t = 1.0 s is given 

by y1 = 4.9 m. The displacement of the pebble at      

t = 3.0 s is found from 

21 1
03

2 2
y v t ato= + = + (9.80 m/s2)(3.0s)2= 44 m.  

The distance fallen in the 2.0 s interval from t = 1.0 s 

to t = 3.0 s is then 

44m  4.9 m = 39 m3 1y y yD = - = -  

 

 

 

25. (c) 
1 12 2

2 2
h ut gt h gT= + Þ =h ut gh ut gh ut g  

 After 
3

T
seconds, the position of ball, 

21 1 2
' 0

2 2 93

gT
h g T

æ ö
= + = ´ ´ç ÷

è ø
 

1 2
'

2 9 9

g h
h T= ´ ´ =  m from top 

\  Position of ball from ground 

 = 
8

m.
9 9

h h
h - =  

 

 

26. (7) Relative velocity of bird w.r.t. train sm /30=

  .sec7
30

210
time ==  

27. (0) Velocity of passenger w.r.t. combine system (train + 

passenger) is zero.  

28. (3) Let speed of train = x  

  uxux
ux

ux
22

2

1
-=+Þ=

+

-
 

  Þ  .3ux =  

29. (5) Distance covered in first 3 sec.  

  22 )3(
2

1

2

1
´´== ggtS  

  distance covered in last second  

  )12(
2

9
-= nS  

  )12(
2

9
9

2

1
-=´´ ng  

  Þ  .5 secn =  

30. (60) 5max =H  

  smu
g

u
H /105102

2

2

max =´´=Þ=  

  Time interval between two balls  

  .
60

1
1

10

10
minsec

g

u
t ====  

  Number of ball thrown per min. = 60. 

   

 

 

 

  

 

A 

B 

u 

u 

A a B 

V1t 

Vt 

h 

t = T/3 

   ℎ  

 h   ℎ  
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1. (c) constant Since, ==Þ=
r

v
rv ww  

  constant]. are  and  as[ rv  

2. (a) secrad
T

/
86400

22 pp
w ==  

  \ .8640060602424 sechrT =´´==  

3. (d) For 5 s weight of the body is balanced by the given 

force. Hence, it will move in a straight line as shown. 

  

 

 

 

 

 

 

2
sin 2

( cos )(5)
u

R u
g

q
q= +  

 
2 o(50) .sin60 o

(50 cos 30 )(5)
10

+ ´= 3250  m=  

4. (d) 2  Since, va µ  

  .
1

4)2(
2

2

1

2 ==
v

v

a

a
 

5. (d) Because kinetic energy is a scalar quantity.  

6. (b) Due to centrifugal force 

7. (c) Maximum force of friction = centripetal force  

  .270
30

)9(100 22

N
r

mv
=

´
=  

8. (a) Banking angle  

  
b

h

Rg

v
== qq tan and tan

2

 

  .
22

Rg

bv
h

Rg

v

b

h
=Þ=  

9. (c) ˆ5
c

v J= - ˆ5v J5v Jv J  

 

 

 

 

 

ˆ2 6, ,v ia b c =  

ˆ ˆ2 6 5b bc c i jv v v -= + = ˆ ˆ2 62 62 62 62 6v vb bc= + =cv v vv vb bc cb bc cb bc  

4 6 25 7m/sv
b

= ´ + =4 6v
b

= ´= ´= ´= ´4 6   

10. (b) From energy conservation  

  mghmv =2

2

1
 

  Þ ./22.01022 smghv =´´==  

 

11. (b)  

 

 

 

 

Here, Velocity of water flowing in river, 
13n msr
-=  Velocity of swimmer in still water, 

14sn ms
-= From figure, the resultant velocity of 

the swimmer is 

12 2 2 2(4) (3) 25 5v V V mss r
-= + = + = =   

12. (b) Minimum velocity at B 

glvB =  

  Range 
g

l
gl

g

h
vR B

)2(22
)( == Þ .2lR =  

13. (d) Tension at lowest point  

  mgrmmg
r

mv
T +=+= 2

2

max w ])2([ 2rfgm p+=  

   .
900)60(

4
22

2

2
2

ú
ú
û

ù

ê
ê
ë

é
+=

ú
ú
û

ù

ê
ê
ë

é
+=

rn
gmr

n
gm

p
p  

14. (d) Maximum tension  

  mg
r

mv
T B +=

2

 

  2

2

1
    Since, Bmvmgh =  

  Þ ghvB 22 =  

   ( )0cos12 q-= gl  

  \ )cos1(
2

0q-+=
l

mgl
mgT  

   
2

sin22 02 q´+= mgmg  

   For small angle qq »sin  

  ).1(
2

4 2
0

2

0 q
q

+=÷
ø

ö
ç
è

æ
´+= mgmgmgT  

15. (c) Because horizontal velocity is same for coin and the 

observer. So relative horizontal displacement will be 

zero. 

16. (d) H sinaµ  

 \
2

21
22

sin
tan

osin (90 )

H

H

a

a
a= =

-
 

 

17. (c) Time taken by the bullet to hit target 

  sect
10

1

2000

200
==  

   Vertical-height

]0[5
20

1

10

1
10

2

1

2

1
2

2 ===÷
ø

ö
ç
è

æ
´´=== yu cmmgthy

 

l

q 

mg 

l 

h 

l 
co

s 
q

 

S 

E W 

S 

N 
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18. (b)  

2
sin 2

24
u

R
R

q
= =  

  

  

 

 

 

  

 

 

 

 In 

2

   
2 2

2 cos

gx
y x tan

u q
q= -   

 
36

3 6 tan
2 22 cos

g

u
q

q
= -  

 From Eq.(i) 
2

sin 2 sin cos

24 12

g

u

q q q
= =  

 Substituting in Eq. (ii), we have 

  3 = 6 tan θ −
3

2
tan θ=

9

2
tan θ  

  
21

 = tan 
3

q
- æ ö
ç ÷
è ø

 

19. (c) Since, horizontal component of velocity is constant.  

20. (b)  The relative acceleration of one particle w.r.t. to the 

other is zero, so relative velocity is constant in 

magnitude and direction.  

21. (d) B BA Av v v= + Av v vB BA AA= +v vv vB BAB BAB BA  

  ˆ ˆ ˆ ˆ(5 12 ) (3 4i j i j= + + -  

  ˆ ˆ8 8v i jB = +ˆ ˆ8 8v i8 88 8v iv iv iv i8 88 88 8  

22. (a) T/2=2+1=3s or T = 6s 

 \ 
2

6
uy

g
=  

 \ 30m/su
y
=  

Further, tan 
o

30 = 
30 20v u gty y

v u us x x

- -
= =  

 or 10 3 m/su
s
=  

 or 
2 2u u ux y= +  

 20 3 m/s=  

 
30

tan  = 3
10 3

uy

ux
q = =  

 or 
o

60 = q  

 

23. (d) 200
cossin2

200
2sin 22

=Þ==
g

u
m

g

u
R

qqq
 

  5
sin2

==
g

u
T

q
Þ 200cos

sin2
=÷÷

ø

ö
çç
è

æ
q

q
u

g

u
 

   Þ ./40
5

200
cos smu ==q  

24. (c) qq 2coscos uv =  

  ).seccos2(
cos

)1cos2( 2

qq
q
q

-=
-

= u
u

v  

25. (d) 

2
sinu

R
g

q
= at angles θ and 

o
(90 )q-  

 Now,

2 2

1

sin

2

u
h

g

q
= (given)  

  

 and 
2

2 2 o 2 2sin (90 ) cos

22

u u
h

gg

q q-
= =  

 1 2

2 22 1sin

16 16

Ru
h h

g

qæ ö
ç ÷= =ç ÷
è ø

 

 4 1 2R h h=  

26. (25) qsinNmg =   …(i) 

  Centripetal force is provided by qcosN  

  
r

mv
N

2

cos =q    …(ii) 

 

 

 

 

 

 

 

 

  By (i) / (ii) –    
2

tan
v

rg
=q  and 

h

r
=qtan  

  \ .5.2025.0
10

)5.0( 22

cmm
g

v
h ====  

27. (32) Here, ,8 1-= msu mh 80=  

  The time taken by 

the stone to reach 

the ground is 

g

h
t

2
=

210

802
-

´
=

ms

m
s4=  

  Distance, .3248 1 msmstud =´=´= -  

6 m5 18 m 

q  

q  

h m

g 

N qsinN  

r

mv2

 
N cos 
q 

Ground 

T
o

w
er

 

80 m 

8 ms–1 

d 
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28. (25) m
g

u
H 25.1

102

30sin)10(

2

sin 2222

=
´
´

==
q

 

  
g

u
t

qsin
=   [time to reach top point] 

  sec5.0
10

2

1
10

=
´

=  

  Distance of vertical fall in 0.5 sec 

  mgtS 25.1)5.0(10
2

1

2

1 22 =´´==  

  Height of second ball .5.225.125.1 m=+=  

29. (20)  

   

   

 

 

 

  10
L

V
=   …(i) 

  12.5 = 
2 2 2 21 /

L L

v u v u v
=

- -
 …(ii) 

  From (i) and (ii) 
2 21 1 /

12.5

L v u v

v L

-
= ´   

 
2

2

4 12
1

5 v
= -  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
2 2

2 2

16 12 12 16 9
1 1

25 25 25v v
= - Þ = - =  

  
12 3 12 5

20
5 3

v
v

´
= Þ = = m/s 

30. (3) Velocity of rain with respect to car RC RC Cv v v= -C Cv v vRC RC CRC RC Cv vv vRC RC CRC RRC R   

 should be perpendicular to the windscreen. 

i.e. components of RvRv and CvCv parallel to wind –

screen should be zero. 

 

 

 

 

 

 

 

 

 

 

 

 

or 6 cos 2sina a=  

or tan 3q =  

or 1tana -=  (3) 

 

 

 

 

 

x 
u 

v L v 2 2v u L=  

Shortest Minimum 

u 

 

Wind screen 

RV RV 6 m/s 

Vc-Vc = 2 m/s 

RCV RCV  

a  

90°  
 a  
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1. (b) Because of inertia of motion upper part of body 

continues to be in motion in forward direction while feet 

come to rest as soon as man touches the road.  

2. (b) Since, force needed to overcome frictional force. 

3. (a) Velocity of train increases.  

4. (d) Suppose F is reading of spring balance. Then, 

F − 2g = 2g or F = 4g 

So, it is 4 kg or 4 kg- N 

Note That 1 kg = g-N   

5. (d) 
2

p a bt= + Þ bt
dt

dp
F 2== i.e. .F tµ   

6. (a) jtitjpipp yx
ˆsin2ˆcos2ˆˆ +=+=

r

 

  jtit
dt

pd
F ˆcos2ˆsin2 +-==

r

r

⇒ 0. =pF
r

r

i.e. .90°=q  

7. (b) 
2

1
10530sinanceSpring bal ´´==mg .25N=  

8. (d) .5002025
01.0

)]10(10[25.0
N

dt

dv
mF =´=

--´
==  

9. (c) 
2

1000 500 1
0.5 /

1000 2
a m s

-
= = =  

  10 /u m s= 10sect =  

  10 0.5 10v u at= + = + ´  

  ./15 smv =  

10. (a) F = Rate of change of momentum of ball  

   .
2)(

t

mv

t

mvmv
=

--
=  

11. (a) ;15kgm = smu /5.1= (horizontal) 

  2/1
5

5
sma == (Perpendicular to velocity) 

  mutSH 645.1 =´==  

  matSV 8)4(1
2

1

2

1 22 =´´==  

  .1086 22 mSnet =+=  

12. (a) Weight of the disc = force applied by bullet 

  Þ
10

605.040 ´´
=Þ= mnmvMg .2.1 kg=  

13. (c) 
dt

dv
ajtitv =+= :ˆ2ˆ5  As

r

 

  Þ jijaiaa yx
ˆ25̂ˆˆ +=+=

r

 

   jagmimaF yx )̂(ˆ ++=
r

 

   22 )12(5 += m  

   .26N=  

14. (c) At 11thsecond 2/8.1
2

6.30
sma -=

-
=  

  Tension in rope  

  .12000)8.18.9(1500)( NagmT =-=+=  

15. (b) ).(:)( agmFagmF du -=+=  

16. (b) glT /2p=  

 Þ
g

T
1

µ  

  
g

g
g

T

T 3

2

1
+

=
3

2

3

4
== ⇒ .

2

3
2 TT =  

17. (a) ;05.0 kgm = 2/5.9 sma =  

  mafmg air =- Þ )( agmfair -=  

  )5.98.9(05.0 -´=  

  .015.0 N=  

18. (d) As by an internal force momentum of the system can 

not be changed. 

19. (b) Due to Newton's third law. The force experienced by 

the bird as compared to that of the aeroplane is equal. 

20. (a) Due to 3rd law of motion.  

21. (c) Reading = weight of cage + Reaction of bird 

   .26)210(5.020 N=++=  

22. (d) Since action and reaction acts in opposite direction on 

same line, hence angle between them is 180°. 

23. (d) Rate of flow of water 
2 3

10 m6
10 10

sec sec

V cm

t

-= = ´  

 Density of water 
kg

m

310

3
r =  

 Cross-sectional area of pipe A = 
3 2

(0.5 10 )p -
´  

 Force = 

2
dv mv v v v V V

m
dt t t t At t A

r r r
= = = ´ =

æ ö
ç ÷
è ø

 

  
V

v
At

=
æ ö
ç ÷
è ø
æ V

v =
æ V

è At
v

At
 

 By substituting the value in the above formula, 

  We get F = 0.127 N  

24. (b) The acceleration of a rocker is given by 

 
400 5

10
100 1

v m
a g

m t

D
= - = -

D

æ ö æ ö
ç ÷ ç ÷
è ø è ø

 

 2(20 10) 10 m/s= - =   

25. (a) Velocity by which the ball hits the bat 

 2 2 10 5 10m/s 10m/s1 1v gh or v= = ´ ´ = + =5 10m5 15 10m5 15 15 15 15 15 15 1  

 Velocity of rebound 

 2 22 2 10 20 20 m/s 20 m/s
2

v gh or v= = ´ ´ = =s 20 ms 2s 2s 2s 22 2s 2s 22 22 2  

 2 1( ) 4( 20 10)
10

dv m v v
F m N

dt dt dt

- - -
= = = =

( ) 4(( )( )
 

 By solving, dt = 0.12 sec  

ay 

max 

ax 

m(ay+g) 
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26. (20)  

   

 

 

 

 

 

 

 

  Displacement of body in 4 sec along OE 

   3 4 12x xS v t= = ´ = m 

  Force along OF (perpendicular to OE) = 4 N 

  \ 
4

2
2

y

F
a

m
= = =  m/s2 

  Displacement of body in 4 sec along OF 

  Þ   2 21 1
2 (4) 16

2 2
y y yS u t a t= + = ´ ´ = m     [ 0]yAs u =  

  \ Net displacement s = 2 2 2 2(12) (16)x ys s+ = +  

= 20 m 

27. (1) ;10kgm =  max30030 forcebreaking TNwtkg ===  

   mamgT =-  

  Þ  2/20
10

1010300
sma =

´-
=  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Þ  22 20
2

1
10

2

1
ttaS ´´=Þ´´=  

  Þ  .sec1=t  

28. (3) )( agmT +=   

  Since,     mgT 4=  

  Þ   )(4 agmgm +/=/  

  Þ   .3ga =  

29. (10) The acceleration of a rocket is given by 

 
400 5

10
100 1

v m
a g

m t

Dæ ö æ ö
= - = -ç ÷ ç ÷Dè ø è ø

 

 = (20 – 10) = 10 m/s2  

30. (25) When all are pulling 

 ˆ100 3netF i- ´100 3F i100 3F i100 3  

 when A stops 

 ˆ100 1( )net AF F i- = ´ -100 1F F 100 1F F 100 10 1  

 When B stops 

 ˆ100 24net BF F j- = ´100 2F F 100 2F F 100 20 2  

 from these three get ˆ ˆ(700 2400 )A BF F i j N+ = -ˆ ˆ(700F F (70000F FF F (70000  

 hence acceleration of the cart 

 2
ˆ ˆ(700 2400 )

/
100

A bF F i j
a m s

m

+ -
= =

ˆ ˆ(700F FA bF FA bA ba mA bF FF FA bA ba ma ma mA bF FF FF F
  

 2 2 2ˆ ˆ(7 24 ) / 7 24 25a i j m s a= - Þ = + =2 2 22 2 22 2 22 2 22 2 22 2 2ˆ ˆ(7 24 ) / 7 24 252 2 22 2 22 2 22 2 22 2 22 2 22 2 2a i(7 24 ) /(7 24 ) / 2 2 22 2 27 24 27 24 22 2 22 2 22 2 22 2 22 2 22 2 22 2 2a ia i(7 24 ) /(7 24 ) /(7 24 ) / 2 2 22 2 22 2 22 2 2 m/s2   

O E 

vx = 30m/s ux = 0 

F (N) 

a 

T 

mg 
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1. (c) 1 1 2 2MV m v m v= +  

  Þ Þ´+=´ 2101010 v ./1002 smv =  

2. (a) 2211 vmvm = Þ 2)2501000(501000 v+=´  

  ./40
1250

50000
2 smv ==  

3. (a) Newton's second and third laws lead to the 

conservation of linear momentum. 

4. (b) kgmb 01.0=    ;    5M kg=  

  MvmMm +´=´+´ 00300  

  .sec/60/6.0
5

30001.0
cmsmv ==

´
=  

5. (a) Impulse = Change in momentum  

 .32015.0)]10(10[ Nsm =´=--=  

6. (c) Change in momentum = Impulse = tF ´  

     Þ .250
50/1

105.0
NF =

´
=  

7. (d) Law of conservation of momentum  

 1
33 )̂43̂(1 -+´-= mskgjivm  

  Impulse = Average  force × time  

  Þ Impulse Change in momentum
Average force

time time
= =  

  .10)̂43̂(
10

)̂43̂( 4

4
Nji

ji
´+-=

+-
=

-
 

8. (b) 332211 )̂()̂( vmjvmivm =+  

  Þ 5.6)62()51( 3
22 ´=´+´ m  

  kgm 2
5.6

13
3 ==  

  Total mass = 1 + 2 + 2 = 5 kg. 

9. (c) 332211 |)̂()̂(| vmjvmivm =+  

  ⇒

2 2

3

3 4
4 4 5

/ 2.5 / .
/ 2 2

M M

v m s m s
M

æ ö æ ö´ + ´ç ÷ ç ÷
è ø è ø= = =  

10. (d) 332211 |ˆ)(ˆ)(| vmjvmivm =+  

  Þ ./40
5.0

)121()82( 22

3 smv =
´+´

=  

11. (c) 332211 ]̂)(ˆ)[( vmivmivm =-  

  33)̂2(ˆ)2( vmivMivM =´-´ ⇒ .00 333 =Þ= vvm  

12. (d) sec/1.0 kg
dt

dm
= ; smkmv /1000sec/1 ==  

  constantmv =  

  Þ 0=-
dt

dm
v

dt

dv
m       [as ]¯m  

  Þ ./1
100

1.01000 2sm
dt

dv
=

´
=  

13. (c) 40105 4 ´´==
dt

dm
vF .102 6 N´=  

14. (a) .66.16
60

50
20 N

dt

dm
vF =´==  

15. (d) Rate of flow of water 6 3Volume
10 10 / secm

t

-= = ´  

  3/1000)(of water  Density mkgw =r  

  232 )105.0()( Area -´== pprA  

  
t

vV

t

mv

dt

dv
mF

r
===)( Force  

   ÷
ø

ö
ç
è

æ
÷
ø

ö
ç
è

æ
=÷

ø

ö
ç
è

æ
=

At

V

t

V
v

t

V
rr  

  ú
û

ù
ê
ë

é
===

At

Al

At

V
v

time

distance
,Since  

  
23

26
2

)105.0(

1000
)1010(

-
-

´´
´´=÷

ø

ö
ç
è

æ
=

p
r
At

V
 

  
8

12

1025

101000100
-

-

´´

´´
=

p
 

  
p25

1010 87 ´
=

-

.127.0
25

10
N==

p
 

16. (c) Impulse = Area under F – t  graph is maximum in 

case III & IV. 

17. (c) Impulse (I) = area under F – t graph  

  5.22)5.24)(5.0(
2

1
4242

2

1
´+++´+´´=  

  625.185625.184 =+++=  

  Now, Impulse (I) = Change in moment  

  )(625.18 if vvm -=  

  Þ  
2

625.18
5

2

625.18
+=+= if vv  

   ./31.14 smv f =  

18. (d) Momentum acquired= Impulse = area under F–t 

graph 

  104102
2

1
´+´´=  

  .-50 sN=  

19. (d) Change in momentum = Impulse 

   = area under F – t graph 

  Þ )2010(2
2

1
102102

2

1
+´+´+´´=mv  

        204
2

1
´´+  

   40302010 +++=  

   100=  

   ./50
2

100
smv ==  
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20. (c) Impulse (I) = area under F – t graph 
2

2rp
=  

  Now, Impulse (I) = Change in momentum 

  
m

rr
umu

r

2
)(

2

2 pp
=Þ= Þ .

42

)2/( 00

m

TF

m

TF
u

pp
==  

21. (c) tPx cos2= , tPy sin2= \ jtitP ˆsin2ˆcos2 +=
r

 

 jtit
dt

Pd
F ˆcos2ˆsin2 +-==

r

r

⇒ 0. =PF
rr

\ °= 90q . 

22. (a) By conservation of linear momentum, 

  v´-´= 61630 , smv /8=\  for 6 kg 

  \ Kinetic energy of 6 kg mass .19286
2

1 2 J=´´=  

23. (a) Here, Mass of the shell, 
3

200 200 10m g kg
-

= = ´  

Mass of the gun, M = 100 kg 

Muzzle speed of the shell, V = 80 ms-1 

Recoil speed of the gun, v= ? 

According to the principle of conservation of linear 

momentum, mV + Mv = 0 

3 1(200 10 )(80 )

100M

mV kg ms
v

kg

- -´
= - = -  

-ve sign shows that the recoil speed of the gun will 

be in a direction opposite to that of the shell.   

24. (b) Here, 

 Mass of the gun, M = 100 kg 

 Mass of the ball, m = 1kg 

 Height of the cliff, h = 500 m 

 and g = 10 ms−2 

 Time taken by the ball to reach the ground is 

2 2 500
10

210

h m
t s

g ms

´
= = =

-
 

 Horizontal distance covered =ut 

400 10u\ = ´  

 Where u is the velocity of the ball. 

U = 40 m s-1 

 According to law of conservation of linear momentum,  

 we get 

  0 = Mv + mu 

  ms

1(1 )(40 ) 1
0.4

100

mu kg ms
v

M kg

- -
= - = - = -  

 -ve sign shows that the direction 

 -ve sign shows that the direction of recoil of 

 

 

 

 

 

 

 

25. (c) F = 
5 3

600 2 10 0 3 10 sect t
-

- ´ = Þ = ´  

Impulse I= 
33 10

3

0 0
(600 2 10 )

t

F dt t dt
-´

= - ´ò ò  

 N
3

3 10
0

5 2[600 10 ] 0.9 sect t
-´

== - ´  

26. (72) Here, m2 = 10 kg ; 

  m1 = 30 g = 30 × 10−3 kg 

 Number of bullets fired/sec, n = 6 ; F = ? 

   v1 = 400 m/s 

 As force = rate of change of linear momentum 

 \ 1 1changein linear momentum

time 1

nm v
F = =  

 = 
36 30 10 400

72
1

-´ ´ ´
= N 

27. (80) Let n bullets be fired in one second. To stop the tiger  

in his track, in his track, rate of change of 

momentum of bullets = rate of change of 

momentum of tiger n 3(50 10 ) 150 60 10-´ ´ = ´  

 
3

60 10
80

50 10 150
n

-

´
= =

´ ´
 

28. (9) Here m1 = 1000 kg, 1 32u = m/s, 

 2 8000m kg= , 2 4u = m/s, 1 8v = - m/s, 2 ?v =  

Using principle of conservation of linear momentum, 

2 2 1 1 1 1 2m v m v m u m+ = + 1 8000u  

2 1000 ( 8) 1000 32 8000 4 64000v + ´ - = ´ + ´ =  

 2

64000 8000
9

8000
v

+
= = m/s 

29. (98) Here, M = 10 g = 10−2 kg, n = 10, 

 M = 5 g = 5 × 10−3 kg, v = ? 

 To keep the disc floating horizontally. 

Weight of disc = upward force on the disc = rate of 

change of momentum of marbles 
2 310 9.8 2 10 5 10 2n m v v- -´ = ´ ´ = ´ ´ ´  

 = 
10

v
 

29.8 10 10v -= ´ ´ m/s = 0.98 m/s 

30. (5) Here, 42 10m= ´ kg, 55 10 , 20F N t s= ´ =  

  ?, 0.v u= =  

 As Impulse = change in momentum, 

 ( )F t m v u mv\ ´ = - =  

 
5

4

5 10 20

2 10

F t
v

m

´ ´ ´
= =

´
=500 m/s 

 

 

 


