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NEHRU COLLEGE OF ENGINEERING AND RESEARCH CENTRE 

(NAAC Accredited) 
(Approved by AICTE, Affiliated to APJ Abdul Kalam Technological University, Kerala) 

 

DEPARTMENT OF COMPUTER SCIENCE AND ENGINEERING 

COURSE MATERIALS 

 

MAT 102 VECTOR CALCULUS, DIFFERENTIAL EQUATIONS AND 

TRANSFORMS 

VISION OF THE INSTITUTION 

To mould true citizens who are millennium leaders and catalysts of change through 

excellence in education. 

 MISSION OF THE INSTITUTION  

NCERC is committed to transform itself into a center of excellence in Learning and 
Research in Engineering and Frontier Technology and to impart quality education to mould 
technically competent citizens with moral integrity, social commitment and ethical values. 

  
We intend to facilitate our students to assimilate the latest technological know-how and to 
imbibe discipline, culture and spiritually, and to mould them in to technological giants, 
dedicated research scientists and intellectual leaders of the country who can spread the beams 

of light and happiness among the poor and the underprivileged. 
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ABOUT DEPARTMENT 

 Established in: 2002 

 Course offered  :  B.Tech in Computer Science and Engineering 

M.Tech in Computer Science and Engineering 

M.Tech in Cyber Security 

 Approved by AICTE New Delhi and Accredited by NAAC 

 Affiliated to the University of Dr. A P J Abdul Kalam Technological University. 

 

DEPARTMENT VISION 

Producing  Highly  Competent, Innovative and Ethical Computer Science and Engineering 

Professionals to facilitate continuous technological advancement. 

 

DEPARTMENT MISSION 

1. To Impart Quality Education by creative Teaching Learning Process  

2. To Promote cutting-edge Research and Development Process to solve real world 

problems with emerging technologies.  

3. To Inculcate Entrepreneurship Skills among Students.  

4. To cultivate Moral and Ethical Values in their Profession.  

 

PROGRAMME EDUCATIONAL OBJECTIVES 

PEO1: Graduates will be able to Work and Contribute in the domains of Computer Science and 

Engineering through lifelong learning. 

PEO2: Graduates will be able to Analyse, design and development of novel Software 

Packages, Web Services, System Tools and Components as per needs and 

specifications. 
PEO3: Graduates will be able to demonstrate their ability to adapt to a rapidly changing 

environment by learning and applying new technologies. 

PEO4: Graduates will be able to adopt ethical attitudes, exhibit effective communication 

skills, Teamworkand leadership qualities. 

 

 

Free Hand
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PROGRAM OUTCOMES (POS) 

Engineering Graduates will be able to: 

1.  Engineering knowledge : Apply the knowledge of mathematics, science, 

engineering fundamentals, and an engineering specialization to the solution of 
complex engineering problems. 

2.  Problem analysis : Identify, formulate, review research literature, and analyze 

complex engineering problems reac hing substantiated conclusions using first 
principles of mathematics, natural sciences, and engineering sciences. 

3.  Design/development of solutions : Design solutions for complex engineering 

problems and design system components or processes that meet the specified needs 
with appropriate consideration for the public health and safety, and the cultural, 
societal, and environmental considerations. 

4.  Conduct investigations of complex problems : Use research-based knowledge and 

research methods including design of experiments, analysis and interpretation of 
data, and synthesis of the information to provide valid conclusions. 

5.  Modern tool usage : Create, select, and apply appropriate techniques, resources, 

and modern engineering and IT tools including prediction and mode ling to 
complex engineering activities with an understanding of the limitations. 

6.  The engineer and society: Apply reasoning informed by the contextual knowledge 

to assess societal, health, safety, legal and cultural issues and the consequent 
responsibilities relevant to the professional engineering practice. 

7.  Environment and sustainability: Understand the impact of the professional 

engineering solutions in societal and environmental contexts, and demonstrate the 
knowledge of, and need for sustainable development. 

8.  Ethics: Apply ethical principles and commit to professional ethics and 
responsibilities and norms of the engineering practice. 

9.  Individual and team work : Function effectively as an individual, and as a 
member or leader in diverse teams, and in multidisciplinary settings. 

10. Communication: Communicate effectively on complex engineering activities with 

the engineering community and with society at large, such as, being able to 
comprehend and write effective reports and design documentation, make effective 

presentations, and give and receive clear instructions. 

11. Project management and finance : Demonstrate knowledge and understanding of 
the engineering and management principles and apply these to one’s own work, as 
a member and leader in a team, to manage projects and in multidisciplinary 
environments. 

12. Life-long learning : Recognize the need for, and have the preparation and ability to 

engage in independent and life-long learning in the broadest context of 

technological change. 

PROGRAM SPECIFIC OUTCOMES (PSO) 

PSO1: Ability to Formulate and Simulate Innovative Ideas to provide software solutions 

for Real-time Problems and to investigate for its future scope. 
 

PSO2: Ability to learn and apply various methodologies for facilitating development of 
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high quality System Software Tools and Efficient Web Design Models with a focus on 

performance optimization. 
 

PSO3: Ability to inculcate the Knowledge for developing Codes and integrating 

hardware/software products in the domains of Big Data Analytics, Web Applications and 

Mobile Apps to create innovative career path and for the socially relevant issues. 

 

COURSE OUTCOMES 

 

CO1 Compute the derivatives and line integrals of vector functions and learn their 
applications 

CO2 Evaluate surface and volume integrals and learn their inter-relations and applications. 

CO3 Solve homogeneous and non-homogeneous linear differential equation with constant 
coefficients. 

CO4 Compute Laplace transform and apply them to solve ODEs arising in engineering  

CO5 Determine the Fourier transforms of functions and apply them to solve problems arising 
in engineering. 

 

MAPPING OF COURSE OUTCOMES WITH PROGRAM OUTCOMES 

 

Note: H-Highly correlated=3, M-Medium correlated=2, L-Less 

correlated=1 

 PSO1 PSO2 PSO3 

CO1 
   

CO2 
   

CO3 
   

CO4 
   

CO5 
   

 

 PO 1 PO 2 PO 3 PO  4 PO 5 PO 6 PO 7 PO 8 PO 9 PO 10 PO 11 PO 12 

CO1 3 3 3 3 2 1   1 2  2 

CO2 3 3 3 3 2 1   1 2  2 

CO3 3 3 3 3 2 1   1 2  2 

CO4 3 3 3 3 2 1   1 2  2 

CO5 3 3 3 3 2 1   1 2  2 
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SYLLABUS 
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QUESTION BANK 

 

 

MODULE I 

 

Q:NO: 

 

QUESTIONS 

 

CO 

 

KL 

 

PAGE 

NO: 

1 Find the natural domain of                  CO1 K2 12 

2 Find velocity, acceleration and speed if           

        

CO1 K3 13 

3 Find the directional derivative of f(x,y)=       at 

P(0,
 

 
   in the direction of         

CO1 K1 15 

4 Find the divergence and curl of the vector field 

                          

CO1 K2 18 

5 Is the vector 𝒓 where 𝒓 =  𝒊 +  𝒋 +  𝒌 conservative. Justify 

your answer. 

CO1 K1 16 

6 Prove that the force field 𝑭 =   𝒊 +     𝒋 is conservative 

in the entire xy-plane 

CO1 K4 17 

7 Find the work done by the force field𝑭( ,  ,  ) =   𝒊 + 

  𝒋 +   𝒌 along C where C is the curve𝒓( ) =  𝒊 +  2 𝒋 +   
3𝒌 

CO1 K3 23 

8 Find the divergence of the vector field 

   
 

             
                  

CO1 K4 28 

9 Find the work done by the force field 𝐹 = (   −   3 ) + (cos 

  +   3 )j on a particle that travels once around the unit 

circle centred at origin having radius 1. 

CO1 K3 24 

10 How would you calculate the speed, velocity and 

acceleration at any instant of a particle moving in space 

whose position vector at time  is ( )? 

CO1 K1 14 

11 When do you say that a vector field is conservative? 

What are the implications if a vector field is 

conservative? 

CO1 K4 17 
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MODULE II 

1 Use the divergence theorem to find the outward flux of 

the vector field 𝐹( ,   ,  ) =  𝒌across the   2 i+   2j +  2k  

=   2 

CO2 K2 35 

2 State Greens theorem including all the required 

hypotheses 

CO2 K1 32 

3 What is the outward flux of (𝒙, 𝒚, 𝒛) =  𝒊 +  𝒋 +  𝒌 across 

any unit cube.  

CO2 K3 37 

4 What is the relationship between Green’s theorem and 

Stokes theorem? 

CO2 K2 46 

5 Use divergence theorem to find the outward flux of the 

vector field 𝑭 = 2 𝒊 + 3 𝒋 +   3 𝒌 acrossthe unit cube 

bounded by or   = 0,   = 0,  = 0,   = 1,  = 1,  = 1 

CO2 K4 36 

6 Find the circulation of 𝑭 = (  −  )𝒊 + (  −  )𝒋 + (𝒛 − 𝒙𝒚)𝒌 

using Stokes theorem around the triangle with vertices 

𝐴(1,0,0), 𝐵(0,2,0)and 𝐶(0,0,1) 

CO2 K3 47 

7  Use divergence theorem to find the volume of the 

cylindrical solid bounded by   2 i+ 4  +   2 k = 7,    = −1,   

= 4, given the vector field 𝑭 = 𝒙  + 𝒚  + 𝒛  across 

surfaceof the cylinder 

CO2 K3 38 

8 Use Stokes theorem to evaluate∫ 𝑭. 𝒅𝒓  where𝑭 =   2 i𝒊 + 

3 𝒋 −   3 𝒌where Cis the circle   2+   2 = 1 in the xy- plane 

with counterclockwise orientation looking down the 

positive z-axis 

CO2 K2 46 

9 Use Green’s theorem to express the area of a plane 

region bounded by a curve as a line integral. 

CO2 K2 33 

10 Write any one application each of line integral, double 

integral and surface integral. 

CO2 K1 50 
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MODULE III 

1 Solve   ‘’+ 4  ‘ + 2.5  = 0 CO3 K2 52 

2 Does the function   = 𝐶1 cos   + 𝐶2     form a solution 

of  ‘’+   = 0?. Is it the general solution? Justify your 

answer 

CO3 K3 53 

3 Solve the differential equation   ‘’ +   = 0.001 2 using 

method of undetermined coefficient. 

CO3 K3 57 

4 Solve the differential equation of  ‘’’ − 3  ‘’ + 3  ‘ −   =    

  x −   − 1. 

CO3 K3 58 

5 Solve   ’’+ 4 ’+ 4  =  2 +   -xcosx CO3 K2 60 

6 Solve𝒚’’’ + 𝟑 ’’ + 3 ’ +   = 30  -x  given (0) = 3,  ‘(0) = −3 

,   ‘’(0) = −47 

CO3 K3 65 

7 Using method of variation of parameters, solve  ‘’+   = 

      

CO3 K3 72 

8 
 

CO3 K2 54 

9 
 

CO3 K1 53 

10 
 

CO3 K2  73 

11 
 

CO3 K2 54 

12 
 

CO3 K2 55 
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MODULE IV 

 

 

1 Find the Laplace inverse transform of 
 

        
 CO4 K1 78 

2 State the Convolution theorem for Laplace  transform CO4 K1 80 

3 Solve the differential equation                
          using Laplace transform 

CO4 K2 86 

4 Apply Convolution theorem to find the inverse  Laplace 

transform of 
 

         
 

 

CO4 K3 82 

5 Using Laplace transform , solve  the IVP            

                                 

CO4 K2 87 

6 Find Laplace transform           CO4 K1 79 

7 Find inverse  Laplace transform of 
           

      
 

 

CO4 K1 83 

8 Solve                                     
                             using Laplace 
Transform 

CO4 K3 91 

9 Apply Convolution theorem to find the inverse  Laplace 

transform of 
 

         
 

CO4 K4 86 

10 Using Laplace transform , solve  the IVP            

                                  

CO4 K3 91 
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MODULE V 

1 State the Convolution theorem for Fourier transform CO5 K1 96 

2 Find the Fourier transform of      | |    | |     and 

f(x)=0 other wise  
CO5 K2 97 

3 Find the Fourier cosine and sine transform  of 

{
               

                     
 

CO5 K3 98 

4 Find the  Fourier cosine  transform of               CO5 K3 100 

5 Find the  Fourier transform of       
   .Hence  find  

𝐹      
 ) 

CO5 K2 99 

6 Using   Fourier   Integral  representation  show that  

∫
          

  

 

            ={

 

 
              

  
 

 
               

              

 

 

CO5 K4 95 

7 Using   Fourier   Integral  representation  show that  

∫
            

    

 

      ={

            

  
 

 
               

                 

 

CO5 K4 97 

8 Find the  Fourier  Sine and cosine  transform  of   
    

 
 CO5 K2 101 

9 Find the Fourier integral representation for      
                                         

∫
     

     

 

  d  

CO5 K5 96 

10 Does the Fourier sine transform of 

                        exist? Justify your 

answer. 

CO5 K3 111 
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<̂ coupvoê  ̂ vi dU v*W  -to ^ocaA£ 5ot̂ c/ 5f o e / v a  lr t/j Oko/M (K hje.o/ .
© *  i ^ U c k o n i  A  i a  a f ^ t' f a U ^ n i
5 e g > / ^ ^ .  *-»o» v s tt ^ j?  O o a  C c m V ^ K w l  + o

4 C<?%fou4 c U ^ o ^ 'c11  ̂{amo™
U cvJ < ?4 o 5UJLS ^  U j l U

< ^ 4  d U illvy  £V c«/ioc| O ajiC jip i t ’



Go
i&noJ ctp'Vc vd I-f v/P̂  ^

^  p ^ i p  to ' d x j j j j e ^ f l f j u a b l f  « *  ^ ' V  ^

.. o . .  .•  . ; ?  a  a ^ a _  v e c W  J U b  4 U < l
a , -  u k  +  u ^ j  w  - - - - - - - - - - - - - - - -  0

i u  ̂ t / o
A\'9*tU*nA < W v * U *  

d l r m W ,  ^ j J L  *  8 , v w  b *

n , 4 ^ o , V , :  ( K v  ^'+ -tj C'-MV) U*.

n JT >v-f-*
,, *  J , w ..̂<X '■’ •■ '!•■*•’  ° " J

„  „  • n  M e d o K ,  '
U , l %  U a J %  U 9 1C  00

- • f t o < o . y » ,  3 o ?  ^£ k ,■ I/O
XL

« _

^  D u - f  “  ^ * a
7

P / d • 'O f }

i ;  > £ J  D y . |  o J -  P  A  ^ l o C S T - a j - )  - P C 3 / 5 J

$
3

U r  4 l0- - l  f  'c S  b  ^

^  * - ^ 1 4* y  ^  2- ^ 3 ^ '

-L  r 5 <L0 b C l S - ! 6j  '  5"
-  C o ^ C S ' x ^ y ?  *  5  

O f u  ( 3 ; 5 ;  - - 3 ^ 5 ( 1̂ 5 ' 15J  -t  - 3
-J«f~ &?*> c S tl-S**} y-3

< * «  -  5 / 5 - U a  -

T )0 =-&U  h /h « i  - e * 3 ! b +  3X' q/S S412 = 2 ,
^  & s



•jToJ 'fto. ' J ’AjlcIcwoJ  i  |  at p w ?  HaoJ'

d l t ' ^ L c U ^ o  c ^  g  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

h *  A o s j  ? ( o , p a = 5 t ° - a j

- f . A  r

^ loi^U'} =[ )rL

5 c°-c3 j
W

a  r a  ____
j  5 2+  f - a - ) 1 -

X)l( r r L̂ LLl ■+ H2_ -5:

- i t °  - a  j °jsft
! i

u ,

£  * 4 T  4- A y
j a <)

5 - 4 3

• ^  * & » ,  u  , ^ 3  ?  C f ,  o , - 3 ^
2 4hJ

< S i °4  3 i - * - 2 K

4
J E ^ T a  c ~ ^ :

f% (  I, 0 , - 3 1

X t

(X - -  & l°4  3 j °_  2-K

^  7  -7

= Y3

i f e n .  =  ~ ' y

3 )

*% '  ■“ Cz-'XI (Lj4 X -f  ̂C 2

0 4 ; 1 C?+m;*-

Da = -fxui+ ^  ui 4 4 u3 - y®
-  - % i

•frsd Ikfc dh'JUcfimcJ in v a iw t i ?  ^
^  ^ U i 2;  r l l r ^ j c 0 -ff 1 rvi ^  'v/ ’o - i ^ .  " ' x t^  ^Uk’ cfir̂ Uc-ffcro ci a Vecta* _  , ^

L) * ^ o a  K  q .

bO^^A 3 U c .  P c > S l l - C ^  X 1

4 >  4  =■  ( o c - f ^ ;  - < 4 - ^ >  E

(4 + ^ z .  O  ^) i

^  M ^ y
~ + 3 -

C o a - d l - e l .  ^iLods^QP 

_ CklL t?

v ?



(Vx^3

n c - a T o s  ^

Da - 0 ^ f

c ^ q ; -2-x. 4s,, £-«/-«>- */<*
C?4! ) 1

■Akai- iv\ava ̂  ^/VPI
Cwnĉ U
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Cusve C ŝa/z ^ c 3 <i Q n O ( f - I ^ x 2 a 4  ( t ? o T ~ ± ,  4 - ^  2= %•**

-5 1 ( ( ) .- t f ° + t 2j - y §  t-3 V « 7 - i

II r i o  II - ^  i + b t H -

* I
3  t x vSc sL t^x• 33*WS ds

•6
2t2  ̂d f~

i
1 2  ^  4 ±5
' T  ^

° + 2 t j U  2V2 k

:- JTT-V -2t5 *-~

(l42t2)  i b

1

<4

5  + */<*

Ol= i~ <; ) 

]4J2tr

2 tS4 ^ ^ fl(*

~7 G 3

30 £vo1.UL<!aJa

i \ 0 , O j

Aj&p AxV'O^

WU i L ?  voU>§v4 J C '^ 2 SJ ^ 5 *rAOr"

-lo  t - l , 0 , l O  ^ m cn  ' k  ^ ',Vn ' C

9 = 6ml-

1  _
bcj poAavof^^

( o < k ^  O

OiU? r C05(-f°4 ^ n° (rJ +  ̂^

H  i n  - -  *4 J 4 K

j f c v / L h S l  d 3
Jo
r^ e „ t  %rol-4- t3J ^

(g.^aa•! ttm5 rX -  cost'

11 V  fUl( = \ ) \ )  -<9

3 #-

^ T D  2 ( r  4 . t  ^  J  ^ 0 -  d  ^

' ^  £
)V

Cc*>2.t- + /
4

A
l   ̂ ^  ̂ ^ 7  T~~
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F n a : -  » " + 3a l- + 5? = o  - 9  L ‘
IfM ■' ) — 0(

y -f- 2 5" 9 -  £ <Soi*

«•

-Orv\0 fj

N  pv\ A  Ct̂ sŷC
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S? ng uJL*i r  Sold * £ s **7 tsŵ rl
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(2 ) jŝ > <rXci?. no (no- O ̂  .!}- 0| Ot - to ot *"r> -̂}' ^ ^  ’"°- o .

- "Xr°  f^ro tro-1) ,J\. a<r) Iv] -ly  

l\.(_ n o ( , ci-l:?rr9 4 fc>—O-v

"0,=. O - f f - ^ 9  -^O-ay-b 

bn 0 i -  f  i-A? -  J 2i- f '- «^ -b

C&oej, Roots cv»£- 5̂od? ^ w>

4  -

m> -

pbnO>

O^oe J ReeJ ovod £<^uc^

y  '  ^ ^  l ̂  "O

,lrn(Mrin^ ------ °L±- ^ -  y  ,  7i 2 c , co5jitox>

0  ‘671^  -4- -  O,

R]

<5olv£

- , A d -̂

A ‘ f

tj - 'Xn? c m i m f^ - O iT '^

nox-\- £ Cbk-fJ ra-\r H> O if

ArOx — O ■ M nr) | £,> 0i_v -=. o



*0] = 0 -4+Or ; O c?_t> I '

a
rOI o «̂ + a i

nt

■a.
0 £to'an

4 i O '.2
- OC

lo ^  f

0-1?
oc / cd

*x
riQ2-

^ C c  S CA lo”Jt)-4 °S n o n ta x )

02 r
^  1_  ̂  ̂ — 1° /"̂  (nmj

d>o(«\\cnQ tj - OC £  A C05^V(ood) -f B S ^ i n j J J

<s

1 T^ . ^ ’T) GJ ' -

ITQ'̂  ^ 2.

r° “ I (l fotro-l') ^
ro-<̂  t

2 '* rn-  O..̂ OCro-l? "Tt

A<S  ̂ no2-  r o - 3 )  ~ o .  =̂0 (V^-33£
ro^ 5,

^ * c, ***■+ e* ^

2 .3 ^ ^ ,fc .2 .e<  & £7 

> C- no1*  ( 2 3 - U 4- l ^ 2- r  °
h=r *-?

nr̂ 1 ̂  do 
TO- - |

V + 2J> tviyr’l  t&'2 Cf 
5~ ~

rY3n-4 a-**"? -+ 3 “ 9q' - a  
m ^ \ ^ f i* %

- ( ^ i  + 1 ^

noV





Qp O-oo  _

' ^  ̂b+ y p - Ac °vv. +

X , 0^ 4
'$€> la*

0$e>U>l?4 ftp O'(r % i f
C\ocAclc*exjt sli'c-

-M7
06O-fi eiAJLO CA/5 £>D̂  J

5  }  eS tXnQ 5Pu (<l  :  'V coo  *6

H ^ O  C b o .S t  . ' f o v  ^ p  + U

j , , p unCKsod i on 5

^)^Ctroi d o  lu«nr310

P b ^ 5 -

<6o<U€ f-tQitccJl n/ cJ L u JL. .p io m

y iO D p  0 ^  COD s- j ' 5~

4 — 0* ( j 3 2+ iP  4 — c>

A  • c? /3 J  / ^ 2= -  /

1 H h CnLJ  r  /\ CA7S90 f  B  j

hV^M- k , ^ t  K ?

2 ^ 2 - ^  *4- ^ |  ^ ^

C O  =4> 21<2_-h b i ’x 'b  kfTf-f K 0  « °

C^rr,  p«XA C°jl>l'Ce‘0 fS '



*- = °  y  = o

==$>

i

o o j -  0 A  = -o -oo ^

^  -  ASmT* + 13(0 5^ _ 4  £7-^0 c?X *

L/'
V = ' - S ’

3  = i -6"

CjO^nU -+I-5 dZnrO~ltr- _J- O -O O lT t2-.Cj. - OOOSl COS'!, -H'O ^  V  +  w u c i r d - _ 0 .0 <9^

<?■ £ol„« 4 *  'Vp T + 3^' = - 'o e .
— 1-6

->
£Up;

^ (0 9 - I  ̂ dj1 (OO ^ o.

A  *£ pl24-'33f

S 0I9

■> ' " , *5 r  

-- I'S~ 7C •

d/€P5

^  Cm - — ^
-  I S it

e . * to peas q ^ - '* 6
^  Aovt 1

l 6'3d

’  c  cc  2X £-
-  I 3 '7C

- C e.
-  1 6x.

I - 5 ot2- ^

<2 •* -  1'6 Ot7-

1 -6"*^

i/ — ( r
- Ccs. / <5 — (Soc s- Q-°?b '*2_J)

c5 U-t> <S? ^  tV ^yO 1

. 1



c  e GTUrS'AS'tf a [_9%
i „ a -<5*-

— 1-5V^j 4 ^ Cx e .

_  15 -K *
410 e-

. -  1 -5 'TL ■ 
C&sn c l '

c [  a . * ~  * ■ " * - )  * s e L * '

_  ^ S ^ - J  + S-S5 ^ ^

or x-Coriopcou Co ĵ t̂'feyvV ^
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fŵ  ^  1 c*  ̂ "“̂ v n r j

CX) ^

~CJlp x cn^7 cp1̂

ij

^ P  ^  n > '-5 :i Y, -  I

0

<rr

0 ^
y^rc?

co y  f-

-------- x . _v.

- • ;
~7T -

£ 2__ V,

1 ^ > r ~ J X  —  "

-i-rs^cT-)

Vn 1

O 'V p "

XM r> a_J ••> 1

- X

O'1 \J 0.,- p/ '  ■ X _=r c
l on ««■■“) —  | j1 r  Joo J

- x -  -

r  < < ■  -

r-&>
^  P-1

^ U'S
cvvp ? r * 4 ^ ,  C l  II I ^  p  -ry V ^ ^ n a A -a - P

?:■

V -<  X  0

V  >  X >  O VV^Xbc^
1



lO  ■
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