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Number 

 
                                                                  Scheme 

 
Marks    

 
    1. 
 
 
 
 
   
    2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    3. 
 
 
 
 
 
    4. 

 
                                                      d =AB = 3i + j− 5k  
                                                     

1
2 .0.5v2 = F.d = (4i + 7j + 2k).(3i+ j − 5k)  

                                                                v = 6 m s-1
 

 
                                   

                                                       
dv
dt

+ 3v = 0
 

                                     
IF = e3t ⇒

d(ve3t )
dt

= 0
 

                                                        ⇒ ve3t = A  
 

                            t = 0, v = 8i −12j⇒ v = (8i −12j)e−3t
 

 

                                          t =
2
3 ln 2 ⇒ v = (8i− 12j)e−2 ln2 = (2i − 3j) m s-1

 
 
 
 

                                    
4
3 ma2ω = (4

3 ma2 + mx2 ) 3
4ω  

 

                                          ⇒ x = 2
3 a  

 

                                               
V = π 4ax d

0

a

∫ x

                                                  = 2πa3
 

 

                                            
δm =

M
2πa3 .π 4axδx      (=

2M
a2 xδx)

 

                                             
δI = 1

2
2M
a2 xδx.y2 =

4M
a

x2δx
 

                                               
I =

4M
a

x2

0

a

∫  dx  =  4
3 Ma2
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                                                                  Scheme 

 
Marks    

 
   5. (a) 
 
       (b) 
 
 
 
 
 
 
 
 
 
 
 
 
   6. (a) 
 
 
 
 
 
       (b) 
 
 
 
 
 
 
 
 
 
 
       (c) 
 
     

 
                                       F = Σ Fi = (8i + 3j− 4k) N  
 
                   Σ  ri x Fi = (i − 2j)x(3i + 4j − 6k) + (3i − k)x(5i − j + 2k)  
                                 = (12i + 6j+ 10k) + (−i −11j− 3k)     (= (11i− 5j+ 7k)  
 
                            G + (i − k)x(8i + 3j− 4k) = (11i − 5j+ 7k) 
 

                                      
(3i − 4 j + 3k), G = (8i − j + 4k)

G = 82 + (−1)2 + 42 = 9 Nm.
 

 
 
 
 

                              

IO =
M

3πa2 (π2 (2a)2 (2a)2 − π
2 (a)2(a)2 )

    = 5Ma2

2
*

 
 

                         

Idiameter = 1
2

5Ma2

2
         (perp. axes)

          IL =
5Ma2

4
+ M(2a)2       (parallel axes)

              =  
21Ma2

4  
 
 

                                

M(L),   -Mg2asinθ=
21Ma2

4
&&θ

           sinθ ≈θ ⇒ &&θ = −
8g
21a

θ  ,         so SHM

                       Time= 1
4 2π

21a
8g

                               = π
2

21a
8g

 

 
     B1      (1) 
 
     M1 
     A2 , 1 , 0 
 
     M1 
 
   B1, A1 
 
   M1A1  (8) 
 
               (9) 
 
 
   M1 A1 
 
   A1        (3) 
 
 
 
   M1 A1 
 
 
    M1 
 
    A1       (4) 
 
 
 
 
    M1 A1 
 
  DM1 A1 
 
 
   DM1 
 
 
    A1       (6) 
 
              (13) 



 

  

 
  7.(a) 
 
 
 
 
 
 
 
 
 
     (b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
     (c) 

 

                   

 (m +δm)(v + δv) −mv = −2λvδt

                                         m
dv
dt

+ v
dm
dt

= −2λv

                                      
dm
dt

= λ ;    m = M + λt

                                 (M + λt) dv
dt

+ 3λv = 0    *
 

 

               

   −
dv

3λv∫ =
dt

(M + λt)∫

                                 - 1
3λ u

1
2

ulnv[ ] = 1
λ 0

Tln(M + λt)[ ]

                                          
1
3

ln2 = ln
(M + λT )

M
                 

                                                 T =
M
λ

(2
1
3 −1) *

 

 
 
 

                                  

 Sinks at TS  = 
M
λ

Reaches speed 
1
2

U  at T =
M
λ

(2
1
3 −1)

Since (2
1
3 −1) < 1,     T < TS

i.e. Reaches speed 
1
2

U  before it sinks
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                (2) 
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  8.(a) 
 
 
 
 
 
 
 
 
 
     (b) 
 
 
 
 
      (c) 

 

                                       

MI of rod + particle

= 1
12 3m(2a)2 + 3m(

1
2

a)2 ,+m(
3
2

a)2

= 4ma2

 

            1
2 4ma2 (ω 2 −

g
a

) = 3mg
a
2

(1− cosθ)+ mg
3a
2

(1− cosθ)  

                                 ω 2 =
g

2a
(5 − 3cosθ)  

                           

 

4ma2 &&θ = 3mg
1
2

asinθ + mg
3
2

asinθ

⇒    &&θ =
3gsinθ

4a

 

                          

F + 4mgcosθ = 3m
1
2

aω 2 + m
3
2

aω 2

                      =3ma
g

2a
(5 − 3cosθ)

⇒  F=
mg
2

(15 −17cosθ)

Whenθ=φ, F=0
⇒ cosφ = 15

17
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