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Paper Code : II - A

(Marks : 50)

Choose the correct answer.

Each question carries 2 Marks.

1. If 
2

2

0

cos sin ,n
nI x nx dx n



  is a positive integer 1 , then nI  is —

(A)
1

n

(B)
1

1n 

(C)
1

2n 

(D)  2

1

1n 

1Ð ë!” 
2

2

0

cos sin ,n
nI x nx dx n



   ~„þ!Ýþ •˜yd„þ þ™)’Å¢‚…Äy  1 – “þy£öìœ nI  £öìî éôôôé

(A)
1

n

(B)
1

1n 

(C)
1

2n

(D)  2

1

1n 
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2.
2te dt





  is equal to —

(A)
2



(B)
2

3



(C)
3



(D) 

2Ð
2te dt





  ¢›y˜ éôôôé

(A)
2



(B)
2

3



(C)
3



(D) 

3. Which one of the following is true ?

(A)
 

 
1

0

1
. ,

m

m n n m

x
dx m n

a ba bx


 

 


(B)
 

 
1

0

1
. ,

m

m n m n

x
dx m n

a ba bx


 

 


(C)
 

 
1

1 1
0

1
. ,

m

m n n m

x
dx m n

a ba bx


 

  


(D)
 

1

0

1
. ,

2

m

m n n m

x n
dx m

a ba bx


 


   
 
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3Ð ˜#öì‰þîû ö„þy˜!Ýþ ¢“þÄ Úé

(A)
 

 
1

0

1
. ,

m

m n n m

x
dx m n

a ba bx


 

 


(B)
 

 
1

0

1
. ,

m

m n m n

x
dx m n

a ba bx


 

 


(C)
 

 
1

1 1
0

1
. ,

m

m n n m

x
dx m n

a ba bx


 

  


(D)
 

1

0

1
. ,

2

m

m n n m

x n
dx m

a ba bx


 


   
 

4. The integral  
1

11

0

1
nmx x dx
  , exist —

(A) when 1, 1m n 

(B) when 1, 1m n   

(C) when 0, 0m n 

(D) when 0, 0m n 

4Ð  
1

11

0

1
nmx x dx
   ¢›y„þœ!Ýþîû x!hßþc íy„þöìî ôôôé

(A) ë…˜ 1, 1m n 

(B) ë…˜ 1, 1m n   

(C) ë…˜ 0, 0m n 

(D) ë…˜ 0, 0m n 
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5. Which one of the following improper integral is convergent ?

(A)  

1

0

1

1
dx

x x 

(B)
2

1 log

x
dx

x

(C)
2

1

log
dx

x





(D)
0

1

1 cos
dx

x





5Ð ˜#öì‰þîû ö„þy˜ improper integral-!Ýþ x!¦þ¢yîû# (convergent) Ú

(A)  

1

0

1

1
dx

x x 

(B)
2

1 log

x
dx

x

(C)
2

1

log
dx

x





(D)
0

1

1 cos
dx

x





6. The integral is 
1

1
p

dx
x



  is convergent if —

(A) 1p 

(B) 0p 

(C) 1p 

(D) 1p 
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6Ð é
1

1
p

dx
x



  ¢›y„þœ!Ýþ x!¦þ¢yîû# (convergent) £öìî ë!” éôôôé

(A) 1p 

(B) 0p 

(C) 1p 

(D) 1p 

7. The integral 
0

sin x dx


  —

(A) exists and equal to 0

(B) exists and equal to 1

(C) exists and equal to –1

(D) does not exist

7Ð
0

sin x dx


  ¢›y„þœ!Ýþîû éôôôé

(A) x!hßþc xyöìŠé ~î‚ ~!Ýþ 0 ~îû ¢›y˜

(B) x!hßþc xyöìŠé ~î‚ ~!Ýþ 1 ~îû ¢›y˜

(C) x!hßþc xyöìŠé ~î‚ ~!Ýþ –1 ~îû ¢›y˜

(D) x!hßþc ö˜£z

8. Which of the following is not a linear equation ?

(A)
2

2
sec

d y dy
x y x

dx dx
  

(B)
3

3 2

3 2
0x d y d y

e x y
dx dx

  

(C)
3

3
3

7. 12 2 cos
d y dy

x y x
dx dx

  

(D)  sin
dy

x y
dx

 
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8Ð ˜#öì‰þîû ö„þy˜!Ýþ ~„þ‡y“þ ¢›#„þîû’ (linear equation) ˜ëû Ú

(A)
2

2
sec

d y dy
x y x

dx dx
  

(B)
3

3 2

3 2
0x d y d y

e x y
dx dx

  

(C)
3

3
3

7. 12 2 cos
d y dy

x y x
dx dx

  

(D)  sin
dy

x y
dx

 

9. The degree of the differential equation

2
2

2
2

d y dy
x y x

dx dx
    is

(A) 2

(B) 3

(C) 1

(D) 0

9Ð
2

2
2

2
d y dy

x y x
dx dx

    ~£z xî„þœ ¢›#„þîû’!Ýþîû édegree —

(A) ”%£z

(B) !“þ˜

(C) ~„þ

(D) Ÿ)̃ Ä

10. The integrating factor of the differential equation

25
5

dy
y x

dx x
    is

(A) 5x

(B) 3

1

x

(C) 5

1

x

(D) 5

1
xe
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10Ð 25
5

dy
y x

dx x
    ~£z xî„þœ ¢›#„þîû’!Ýþîû £z!rÝþöì@ùÌ!Ýþ‚ šþÄyQîû (integrating factor) !Ýþ £œ éôôôé

(A) 5x

(B) 3

1

x

(C) 5

1

x

(D) 5

1
xe

11. The solution of the differential equation  2
2 1 0D y   is —

(A)   xy A Bx e 

(B)   2
x

y A Bx e
 

(C)   2
x

y A B e
 

(D) 2
x

y Ae


11Ð  2
2 1 0D y   xî„þœ ¢›#„þîû’!Ýþîû ¢›y•y˜ £öìî éôôôé

(A)   xy A Bx e 

(B)   2
x

y A Bx e
 

(C)   2
x

y A B e
 

(D) 2
x

y Ae


12. For any two events A and B, which one of the following is true ?

(A)    1P A B P AB  

(B)        1P AB P A P B P AB   

(C)        P A B P A P B P AB   

(D)      P AB P B P AB 
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12Ð A ~î‚ B  öë ö„þyöì̃ y ”%!Ýþ £zöì¦þöìrÝþîû (event) ‹˜Ä– ˜#öì‰þîû ö„þy˜!Ýþ ¢“þÄ Ú

(A)    1P A B P AB  

(B)        1P AB P A P B P AB   

(C)        P A B P A P B P AB   

(D)      P AB P B P AB 

13. If the events X and Y are independent and    2 1, ,33
P X P Y   then  P X Y  is

equal to —

(A) 5
9

(B) 2
3

(C) 7
9

(D) 8
9

13Ð ë!” ‡Ýþ˜y (event) X ~î‚ Y ßþºy•#˜ £ëû ~î‚    2 1, ,33
P X P Y   “þy£öìœ  P X Y  ~îû ›y˜

£öìî éôôôé

(A) 5
9

(B) 2
3

(C) 7
9

(D) 8
9

14. The probability density function is given by

   1 , when  0 1

0, elsewhere

Kx x x
f x

   
 


Then the value of K is

(A) 2

(B) 3

(C) 6

(D) 1
6
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14Ð ²Ì”_ éprobability density function

   1 , when  0 1

0, elsewhere

Kx x x
f x

   
 


 “þy£öìœ K ~îû ›y˜ £öìî ôôôé

(A) 2

(B) 3

(C) 6

(D) 1
6

15. If X and Y are independent random variables, then —

(A)  cov , 1X Y 

(B)  cov , 1X Y  

(C)  cov , 0X Y 

(D)  cov , 2X Y 

15Ð ë!” X ~î‚ Y ßþºy•#˜ random variable £ëû– “þy£öìœ éôôôé

(A)  cov , 1X Y 

(B)  cov , 1X Y  

(C)  cov , 0X Y 

(D)  cov , 2X Y 

16. The mode of the numbers 30, 10, 12, 15, 16, 17, 10, 30, 11, 30, 14, 10, 30, 12, 5, 1,
6, is

(A) 12

(B) 30

(C) 10

(D) 15
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16Ð 30, 10, 12, 15, 16, 17, 10, 30, 11, 30, 14, 10, 30, 12, 5, 1, 6 ~öì”îû ö›yvþ £œ éôôôé

(A) 12

(B) 30

(C) 10

(D) 15

17. Round-off of the number 0.000123 up to four decimal places is —

(A) 0.0001

(B) 0.0000

(C) 0.0002

(D) none of these

17Ð 0.000123 ¢‚…Äyîû îûyvþzuþ xšþ (Round-off) ‰þyîû ”Ÿ!›„þ ßþiy˜ þ™ëÅhsþ éôôôé

(A) 0.0001

(B) 0.0000

(C) 0.0002

(D) ö„þy˜!Ýþ ˜ëû

18. The value of 
2

2x
E

 
 
 

 is —

(A) 2

(B) 3

(C) 4

(D) 6

18Ð
2

2x
E

 
 
 

 ~îû ›y˜ £œ éôôôé

(A) 2

(B) 3

(C) 4

(D) 6
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19. The value of the integral 
3

1

1
,dx

x  by Simpson- 1
3  rule taking two equal subintervals

each of length 1, is —

(A) 1.000

(B) 1.111

(C) 1.012

(D) 1.121

19Ð Simpson- 1
3  !˜ëû› myîûy 

3

1

1
,dx

x  ¢›y„þœ!Ýþîû ›y˜– ë…˜ ”%!Ýþ subintervals ~îû ²Ì!“þ!Ýþîû ÷”‡ÅÄ 1, £œ ­

(A) 1.000

(B) 1.111

(C) 1.012

(D) 1.121

20. The missing term in the following table is :

: 0 1 2 3 4

: 1 2 4 ? 16

x

y

(A) 8

(B) 7

(C) 8.25

(D) 8.45

20Ð !˜Á¬!œ!…“þ ¢yîû!’!Ýþîû x %̃þ™!ßþi“þ term- !Ýþ £œ éôôôé

: 0 1 2 3 4

: 1 2 4 ? 16

x

y

(A) 8

(B) 7

(C) 8.25

(D) 8.45
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21 If 1X  and 2X  be two convex set’s, then —

(A) 1 2X X  is also a convex set

(B) 1 2X X  is also a convex set

(C) 1 2X X  is also a convex set

(D) none of the above

21Ð é 1X , 2X  vþz_œ ö¢Ýþ £öìœ éôôôé

(A) 1 2X X  ~„þ!Ýþ vþz_œ ö¢Ýþ

(B) 1 2X X  ~„þ!Ýþ vþz_œ ö¢Ýþ

(C) 1 2X X  ~„þ!Ýþ vþz_œ ö¢Ýþ

(D) ö„þy˜!Ýþ£z ˜ëû

22. The L.P.P., 1 2Max 3 2Z x x 

subject to 1 2

1 2

0

2 2

x x

x x

 
  

1 2, 0,x x 

has

(A) unique solution

(B) no feasible solution

(C) infinite solution

(D) unbounded solution

22Ð 1 2Max 3 2Z x x 

subject to 1 2

1 2

0

2 2

x x

x x

 
  

1 2, 0,x x 

~£z LPP-!Ýþîûé

(A) x˜˜Ä ¢›y•y˜ xyöìŠé

(B) ö„þyì̃  feasible ¢›y•y˜ ö˜£z

(C) x¢#› ¢›y•y˜ xyöìŠé

(D) unbounded ¢›y•y˜ xyöìŠé



P.T.O.

(  13  )

23. In a L.P.P., the number of basic feasible solution —

(A) finite

(B) infinite

(C) only one

(D) countable

23Ð ö„þy˜ L.P.P.-ö“þ basic feasible ¢›y•y˜ ~îû ¢‚…Äy éôôôé

(A) ¢¢#›

(B) x¢#›

(C) ~„þ!Ýþ

(D) †’˜yîû öëy†Ä

24. A particle describes a parabola 2 4y ax  under a force which is directed perpendicular

towards its axis, then the law of force is —

(A)
2

1
F

y


(B)
3

1
F

y


(C)
3

1
F

x


(D) 2

1
F

x


24Ð ~„þ!Ýþ „þ’y ~„þ!Ýþ îöìœîû x•#öì̃  ~„þ!Ýþ x!•î,_ 2 4y ax  ö„þ î’Å̃ y „þöìîû ëy “þyîû xöìÇþîû !”öì„þ œÁº¦þyöìî
!˜öì”Å!Ÿ“þ £ëû “þy£öìœ îöìœîû ¢)e £œ éôôôé

(A)
2

1
F

y


(B)
3

1
F

y


(C)
3

1
F

x


(D) 2

1
F

x

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25. A particle coming rest from infinity will reach the earth’s surface with a velocity —

(A) gr

(B) 2gr

(C) 3gr

(D) 2 gr

25Ð x¢#› öíöì„þ ˜#öì‰þ xy¢y ~„þ!Ýþ „þ’y öë öîöì†îû ¢yöìí þ™,!íî#îû þ™,öìÛþ öþ™¤ïŠéyöìî “þy £œ éôôôé

(A) gr

(B) 2gr

(C) 3gr

(D) 2 gr

————————
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Paper Code : II - B

(Marks : 100)

The figures in the margin indicate full marks.

Group - A

Answer any four questions. 5×4=20

1. Evaluate 
2

0

sin

cos sin

x
dx

x x



 .

2. Deduce the reduction formula for 
2

0

cosn x dx



 . Hence find 4

0

cosx x dx


 .

3. Evaluate, if possible, 
0 1 cos

dx

x



 .

4. Examine the convergence of 
  0 1 2

dx

x x



  .

5. State the relation between Beta function and Gamma function and use it to show that

 
1

3 3 22

0

3
1

128
x x dx


  .

6. Find the area bounded by the curves 2y x  and 2x y .

Group - B

7. Answer any two questions : 5×2=10

(a) Solve :    2 2 0x xdx ydy y xdy ydx   

(b) Solve :  2 11 tan
dy

x y x
dx

  

(c) Find the orthogonal trajectories of the family of curves 2 3ay x  a being the

parameter.

Group - C

8. Answer any four questions : 5×4=20

(a) If two events A and B are independent, prove that

(i) cA  and B are independent
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(ii) cA  and cB  are independent.

(b) Find the mean and variance of poisson distribution.

(c) Find the variance for the continuous random variable X with probability density
function

  0 22
0, elsewhere

xf x x  



(d) Draw a histogram for the following frequency distribution

Use of electricity
50-70 70-90 90-110 110-130 130-150 150-170

(unit)

No. of families 150 400 460 540 600 350

(e) Calculate the correlation coefficient between x and y for the following data :

5 9 13 17 21

12 20 25 33 35

x

y

(f) Calculate mean and standard deviation of the following data :

Class Interval 10-20 20-30 30-40 40-50 50-60 60-70 70-80

Frequency 5 10 15 20 25 18 7

Group - D

9. Answer any three questions : 5×3=15

(a) (i) Define absolute error with example. 2

(ii) Show that        1 1 f x f x   . 3

(b) Find the form of the function using Lagrange’s formula, given that :

 
: 0 1 2 4 5

: 0 16 24 16 0

x

f x

(c) Describe Newton-Raphson method to solve an equation of the form   0f x  .

(d) Compute 
1.6

1.2

1
x dx

x
  
  , correct upto five decimal places by using Trapezoidal rule.

(e) Using the method of bisection, compute a root of 3 4 9 0x x   , between 2 and 3
upto two significant figures.
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Group - E

10. Answer any three questions : 5×3=15

(a) (i) Show that  :A x cx z   is a convex set. 2

(ii) Show that the dual of the dual is primal. 3

(b) Solve the following LPP by graphical method :

Maximize 4 7 ,Z x y 

Subject to 2 5 40,

11,

4

, 0

x y

x y

y

x y

 
 




(c) Obtain the optimum basic feasible solution to the following transportation problem :

1 2 3

1

2

3

4

4 5 3 20

3 2 8 60

6 9 7 55

2 5 4 40

80 50 30

D D D

O

O

O

O

(d) Solve the problem

Minimize, 12 16Z x y 

Subject to 2 40

30

, 0

x y

x y

x y

 
 



(e) Solve the following assignment problem :

1 2 3 4

1

2

3

4

10 24 30 15

16 22 28 12

12 20 32 10

9 26 34 16

M M M M

J

J

J

J
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Group - F

Answer Question No.11 and any one from the rest.

11. A particle moves in a plane curve, so that its tangential and normal acceleration are
equal and the angular velocity of the tangent is constant. Find the curve. 5

12. (a) The distance of a particle performing SHM from the middle point of its path at
three consecutive seconds are observed to be , ,x y z . Show that the time of

complete oscillation is 
1

2

cos
2

x y
y



  
 
 

. 7

(b) Prove that 
2

2 2 2

d u F
u

d h u
   for a particle describing a central orbit under an

attractive force F per unit mass, where the symbols have their usual meanings. 8

13. (a) A particle describes an ellipse of eccentricity e about a centre of force at a focus.

Prove that 2 2 1
v

r a
    
 

, the symbols have their usual meanings. 7

(b) A particle describes the equiangular spiral cotr ae   under a force F to the pole.

Find the law of force. 8

îDy˜%îy”

!î¦þy† éôé „þ

öëöì„þyöì̃ y ‰þyîû!Ýþ ²ÌöìÙÀîû vþz_îû ”yçÐ 5×4=20

1. ›y˜ !˜’Åëû „þöìîûy ­ 
2

0

sin

cos sin

x
dx

x x





2.
2

0

cosn x dx



  ~îû £Éy¢ ¢)e (reduction formula) îy!£îû „þöìîûy ~î‚ “þy£y ££zöì“þ 4

0

cosx x dx


  !˜’Åëû

„þöìîûyÐ

3. ¢½þî £öìœ ›y˜ !˜’Åëû „þöìîûy ­ 
0 1 cos

dx

x



 .

4.
  0 1 2

dx

x x



   ~îû x!¦þ¢y!îû“þy þ™îû#Çþy „þöìîûyÐ

5. Beta xöìþ™Çþ„þ ~î‚ Gamma xöìþ™Çþöì„þîû ›öì•Äîû ¢Á™„Åþ!Ýþ !îî,“þ „þöìîûy ~î‚ ¢Á™„Åþ!Ýþ îÄî£yîû „þöìîû ö”…yç

öë  
1

3 3 22

0

3
1

128
x x dx


  .
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6. 2y x  ~î‚ 2x y  îe«öìîû…ymëû myîûy ¢#›yîkþ öÇþöìeîû öÇþešþœ !˜’Åëû „þöìîûyÐ

!î¦þy† éôé …

7. öë ö„þyöì̃ y ”%ó!Ýþ ²ÌöìÙÀîû vþz_îû ”yç : 5×2=10

(a) ¢›y•y˜ „þöìîûy :    2 2 0x xdx ydy y xdy ydx   

(b) ¢›y•y˜ „þöìîûy :  2 11 tan
dy

x y x
dx

  

(c) 2 3ay x  îe«¢›)öì£îû œÁºöì„þï!’„þ ÝþÆÄyöì‹„þÝþ!îû=!œ (orthogonal trajectories) !˜’Åëû „þöìîûy– öë…yöì̃
a £œ ~„þ!Ýþ þ™!îûî“Åþ˜Ÿ#œ parameter.

!î¦þy† éôé †

8. öë ö„þyöì̃ y ‰þyîû!Ýþ ²ÌöìÙÀîû vþz_îû ”yç : 5×4=20

(a) ë!” A ~î‚ B ßþºy•#˜ ‡Ýþ˜y £ëû– ²Ì›y’ „þöìîûy öë ­

(i) cA  ~î‚ B xyd!˜¦ÅþîûŸ#œÐ

(ii) cA  ~î‚ cB  xyd!˜¦ÅþîûŸ#œÐ

(b) Poisson îrÝþöì̃ îû mean ~î‚ variance ~îû ›y˜ !˜’Åëû „þöìîûyÐ

(c)   0 22
0,

xf x x  

 x˜Äíyëû

vþzþ™!îûvþz_« ¢½þyî˜y ‡˜c xöìþ™Çþöì„þîû ‹˜Ä !î!FŠé§¬ ‰þœîûy!Ÿéôé~îû variance !˜’Åëû „þöìîûyÐ

(d) ˜#öì‰þîû ¢yîû’#îû ‹˜Ä xyëû“þöìœ… (Histogram) xBþ˜ „þöìîûy ­

50-70 70-90 90-110 110-130 130-150 150-170
(unit)

150 400 460 540 600 350

!î”Ä% ê îÄî£yîû

þ™!îûîyîû ¢‚…Äy

(e) !˜Á¬!œ!…“þ îrÝþöì̃ îû öÇþöìe ¢£¢Áºõþ ¢£† !˜’Åëû „þöìîûy ­

5 9 13 17 21

12 20 25 33 35

x

y

(f) ˜#öì‰þîû “þy!œ„þy öíöì„þ †vþü (mean), ¢›Ä„þ þ™yíÅ„þÄ (standard deviation) !˜’Åëû „þöìîûy :

Class Interval 10-20 20-30 30-40 40-50 50-60 60-70 70-80

Frequency 5 10 15 20 25 18 7
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!î¦þy† éôé ‡

9. öë ö„þyöì̃ y !“þ˜!Ýþ ²ÌöìÙÀîû vþz_îû ”yç : 5×3=15

(a) (i) òþ™îû› e&!Ýþó vþz”y£îû’ ¢£öìëyöì† ¢‚Kþy ”yçÐ 2

(ii) ²Ì›y’ „þöìîûy ­        1 1 f x f x   . 3

(b) þ²Ì”_ “þíÄ öíöì„þ Lagrange’s xöìþ™Çþ„þ !˜’Åëû „þöìîûy :

 
: 0 1 2 4 5

: 0 16 24 16 0

x

f x

(c)   0f x   ¢›#„þîû’ ¢›y•yöì̃ îû ‹˜Ä Newton-Raphson þ™kþ!“þîû îÄy…Äy „þöìîûyÐ .

(d)
1.6

1.2

1
x dx

x
  
  , ~îû þ™¤y‰þ ”Ÿ!›„þ ßþiy˜ þ™ëÅhsþ ›y˜ Trapezoidal ¢)öìeîû ¢y£yöìëÄ !˜’Åëû „þöìîûyÐ

(e) îy£zöì¢„þŸ˜ þ™kþ!“þîû ¢y£yöìëÄ 2 ~î‚ 3 ~îû ›öì•Ä 3 4 9 0x x    ¢›#„þîûöì’îû ~„þ!Ýþ î#‹ ”%£z ¢yíÅ„þ
xBþ þ™ëÅhsþ ¢!àþ„þ¦þyöìî !˜’Åëû „þöìîûyÐ

!î¦þy† éôé ˆ

10. öë ö„þyöì̃ y !“þ˜!Ýþ ²ÌöìÙÀîû vþz_îû ”yç : 5×3=15

(a) (i) ö”…yç öë  :A x cx z   ~„þ!Ýþ vþz_œ ö¢ÝþÐ 2

(ii) ö”…yç öë dual of the dual is primal. 3

(b) öœ…!‰þöìeîû ¢y£yöìëÄ ¢›y•y˜ „þöìîûy ­

Maximize 4 7 ,Z x y 

Subject to 2 5 40,

11,

4

, 0

x y

x y

y

x y

 
 




(c) !˜öìÁ¬îû Transportation ¢›¢Äy!Ýþîû Optimum Basic Feasible ¢›y•y˜ îy!£îû „þöìîûy ­

1 2 3

1

2

3

4

4 5 3 20

3 2 8 60

6 9 7 55

2 5 4 40

80 50 30

D D D

O

O

O

O
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(d) ¢›y•y˜ „þöìîûy ­

Minimize, 12 16Z x y 

Subject to 2 40

30

, 0

x y

x y

x y

 
 



(e) Assignment ¢›¢Äy!Ýþ ¢›y•y˜ „þöìîûy :

1 2 3 4

1

2

3

4

10 24 30 15

16 22 28 12

12 20 32 10

9 26 34 16

M M M M

J

J

J

J

!î¦þy† éôé ‰þ

11 ˜‚ ²ÌÙÀ ~î‚ îy!„þ öë ö„þyöì̃ y ~„þ!Ýþ ²ÌöìÙÀîû vþz_îû ”yçÐ

11. ~„þ!Ýþ îlßþ„þ’y ¢›“þœ#ëû îöìe« ~¦þyöìî †!“þŸ#œ öë “þyîû ßþ™ŸÅ„þ#ëû ç œÁº#ëû cîû’mëû ¢›y˜Ð „þ’y!Ýþîû ßþ™ŸÅöì„þîû
ö„þï!’„þ öî† •Ê&î„þÐ îe«!Ýþîû ¢›#„þîû’ îy!£îû „þöìîûyÐ 5

12. (a) ¢îûœ ¢›O¢ †!“þŸ#œ ~„þ!Ýþ îlßþ„þ’yîû †!“þþ™öìíîû ›•Ä!î¨% öíöì„þ þ™îûþ™îû !“þ˜ ö¢öì„þöìuþîû ”)îûc ëíye«öì›

, ,x y z  œÇþÄ „þîûy £œÐ “þy£öìœ ö”…yç öë– „þ’y!Ýþîû þ™)’Å ö”yœ˜„þyœ 
1

2

cos
2

x y
y



  
 
 

 £öìîÐ 7

(b) ²Ì!“þ ~„þ„þ ¦þîû xy„þ¡ìÅ„þ îœ F ~îû x•#˜ ö„þw#ëû „þÇþ îîûyîîû †!“þŸ#œ ~„þ!Ýþ „þ’yîû ‹˜Ä ²Ì›y’ „þöìîûy

öë 
2

2 2 2

d u F
u

d h u
   öë…yöì̃  ²Ì“þ#„þ=!œ ²Ì‰þ!œ“þ xíÅ î£˜ „þöìîûÐ 8

13. (a) ˜y!¦þöì“þ îœ ö„þöìwîû (centre of force) ¢yöìþ™öìÇþ •yî›y˜ ~„þ!Ýþ „þ’y eôévþzêöì„þw“þy !î!ŸÜT ~„þ!Ýþ

vþzþ™î,_ vþzêþ™§¬ „þöìîûÐ ²Ì›y’ „þöìîûy öë 2 2 1
v

r a
    
 

,  öë…yöì̃  !‰þ£«=!œ ²Ì‰þ!œ“þ xöìíÅ îÄî£*“þÐ

7

(b) ~„þ!Ýþ „þ’y equiangular spiral cotr ae   þ™öìí þ™!îûe«›y „þöìîûÐ Pole ~îû ¢yöìþ™öìÇþ F îöìœîû
x•#öì̃  force ~îû !˜ëû›!Ýþ îy!£îû „þöìîûyÐ 8

____________


