
NEHRU COLLEGE OF ENGINEERING AND RESEARCH CENTRE 

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

 

DEPARTMENT OF MECHATRONICS ENGINEERING 

COURSE MATERIALS 

 

MA 201 LINEAR ALGEBRA AND COMPLEX ANALYSIS 

 

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. 

 

ABOUT DEPARTMENT 

 Established in: 2013 

 Course offered: B.Tech Mechatronics Engineering 

 Approved by AICTE New Delhi and Accredited by NAAC 

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



 

DEPARTMENT VISION 

To develop professionally ethical and socially responsible Mechatronics engineers to serve the humanity 

through quality professional education. 

 

DEPARTMENT MISSION 

1) The department is committed to impart the right blend of knowledge and quality education to 

create professionally ethical and socially responsible graduates. 

2) The department is committed to impart the awareness to meet the current challenges in 

technology. 

3) Establish state-of-the-art laboratories to promote practical knowledge of mechatronics to meet 

the needs of the society 

 

PROGRAMME EDUCATIONAL OBJECTIVES 

I. Graduates shall have the ability to work in multidisciplinary environment with good professional 

and commitment. 

II. Graduates shall have the ability to solve the complex engineering problems by applying 

electrical, mechanical, electronics and computer knowledge and engage in lifelong learning in their 

profession. 

III. Graduates shall have the ability to lead and contribute in a team with entrepreneur skills, 

professional, social and ethical responsibilities. 

IV.     Graduates shall have ability to acquire scientific and engineering fundamentals necessary for 

higher studies and research. 

PROGRAM OUTCOME (PO’S) 

Engineering Graduates will be able to: 

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

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

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

engineering problems reaching substantiated conclusions using first principles of mathematics, natural 

sciences, and engineering sciences. 

PO 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. 



PO 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. 

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

engineering and IT tools including prediction and modeling to complex engineering activities with an 

understanding of the limitations. 

PO 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. 

PO 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. 

PO 8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and norms 

of the engineering practice. 

PO 9. Individual and team work: Function effectively as an individual, and as a member or leader in 

diverse teams, and in multidisciplinary settings. 

PO 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.  

PO 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. 

PO 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 OUTCOME(PSO’S) 

 

PSO 1: Design and develop Mechatronics systems to solve the complex engineering problem by 

integrating electronics, mechanical and control systems. 



PSO 2: Apply the engineering knowledge to conduct investigations of complex engineering problem 

related to instrumentation, control, automation, robotics and provide solutions. 

 

COURSE OUTCOME 

 

       After the completion of the course students will be able to: 

 

CO 1: identify analytic functions and Harmonic functions. 

CO 2: identify conformal mappings and find regions that are mapped under     
           certain transformation. 
CO 3: find integral of complex functions. 
CO 4: evaluate real definite Integrals as application of Residue Theorem. 

CO 5: solve any given system of linear equations. 

CO 6: find the Eigen values of a matrix and how to diagonalize a matrix. 
 

 

CO VS PO’S AND PSO’S MAPPING 

 
CO PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 PS01 PSO1 

CO 1 3 3 3 3 2 1 - - 1 2 - 2 1 1 

CO 2 3 3 3 3 2 1 - - 1 2 - 2 1 1 

CO 3 3 3 3 3 2 1 - - - 2 - 2     1 1 

CO 4 3 3 3 3 2 1 - - - 2 - 2     1     1 

CO 5 3 3 3    3 2 1 - - - 2 - 2 1 1 

CO 6 3 3 3 3 2 1 - - - 2 - 2 1 1 

 

Note: H-Highly correlated=3, M-Medium correlated=2, L-Less correlated=1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

SYLLABUS 

 

Course No. Course Name L-T-P - Credits Year of 
Introduction 

MA201 LINEAR ALGEBRA AND COMPLEX 

ANALYSIS 
3-1-0-4 2016 

Prerequisite : Nil 

Course Objectives 
COURSE OBJECTIVES 

 To equip the students with methods of solving a general system of linear equations. 

 To familiarize them with the concept of Eigen values and diagonalization of a matrix which have 
many applications in Engineering. 

 To understand the basic theory of functions of a complex variable and conformal Transformations. 

Syllabus 

Analyticity of complex functions-Complex differentiation-Conformal mappings-Complex 

integration-System of linear equations-Eigen value problem 

Expected outcome . 
At the end of the course students will be able to 

(i) solve any given system of linear equations 
(ii) find the Eigen values of a matrix and how to diagonalize a matrix 

(iii) identify analytic functions and Harmonic functions. 
(iv) evaluate real definite Integrals as application of Residue Theorem 
(v) identify conformal mappings(vi) find regions that are mapped under certain Transformations 

Text Book: 
Erwin Kreyszig: Advanced Engineering Mathematics, 10th ed. Wiley 

References: 
1.Dennis g Zill&Patric D Shanahan-A first Course in Complex Analysis with Applications-Jones&Bartlet 
Publishers 

2.B. S. Grewal. Higher Engineering Mathematics, Khanna Publishers, New Delhi. 

3.Lipschutz, Linear Algebra,3e ( Schaums Series)McGraw Hill Education India 2005 
4.Complex variables introduction and applications-second edition-Mark.J.Owitz-Cambridge Publication 

Course Plan 

Module Contents Hours 
Sem. Exam 

Marks 

 

 

 

 
I 

Complex differentiation Text 1[13.3,13.4] 
Limit, continuity and derivative of complex functions 

Analytic Functions 

Cauchy–Riemann Equation(Proof of sufficient condition of 
analyticity & C R Equations in polar form not required)-Laplace’s 

Equation 

 

Harmonic functions, Harmonic Conjugate 

 

3 

 

2 

 

2 

 
 

2 

 

 

 

 

 

 

 

 
15% 

 
 

II 

Conformal mapping: Text 1[17.1-17.4] 
Geometry of Analytic functions Conformal Mapping, 

 

Mapping w  z 2 conformality of w  e z . 

 

1 

 

2 

 

 

 

15% 



 1 
The mapping w  z 

z 
1 

Properties of w 
z 

Circles and straight lines, extended complex plane, fixed points 
 

Special linear fractional Transformations, Cross Ratio, Cross Ratio 
property-Mapping of disks and half planes 

 

Conformal mapping by w  sin z & w  cos z 

(Assignment: Application of analytic 
functions in Engineering) 

 

 

1 

 

 

3 

 
 

3 

 

FIRST INTERNAL EXAMINATION 

 

 

 

 

 
III 

Complex Integration. Text 1[14.1-14.4] [15.4&16.1] 
Definition Complex Line Integrals, First Evaluation Method, Second 
Evaluation Method 
Cauchy’s Integral Theorem(without proof), Independence of 
path(without proof), Cauchy’s Integral Theorem for Multiply 

Connected Domains (without proof) 

Cauchy’s Integral Formula- Derivatives of Analytic 

Functions(without proof)Application of derivative of Analytical 
Functions 

Taylor and Maclaurin series(without proof), Power series as Taylor 

series, Practical methods(without proof) 
 

Laurent’s series (without proof) 

 

2 

 

2 

 
 

2 

 
 

2 

 

2 

 

 

 

15% 

 

 

 

 

 
IV 

Residue Integration Text 1 [16.2-16.4] 
Singularities, Zeros, Poles, Essential singularity, Zeros of analytic 
functions 

 

Residue Integration Method, Formulas for Residues, Several 
singularities inside the contour Residue Theorem. 

 

Evaluation of Real Integrals (i) Integrals of rational functions of 


sin and cos (ii)Integrals of the type  f (x)dx (Type I, Integrals 


from 0 to  ) 
( Assignment : Application of Complex integration in Engineering) 

 

2 

 
 

4 

 
 

3 

15% 

SECOND INTERNAL EXAMINATION 

 

 

 

V 

 
Linear system of Equations Text 1(7.3-7.5) 

 

Linear systems of Equations, Coefficient Matrix, Augmented Matrix 

 
Gauss Elimination and back substitution, Elementary row operations, 

Row equivalent systems, Gauss elimination-Three possible cases, 

Row Echelon form and Information from it. 

 

 

1 

 
 

5 

20% 
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 Linear independence-rank of a matrix 

Vector Space-Dimension-basis-vector spaceR
3
 

 

Solution of linear systems, Fundamental theorem of non- 

homogeneous linear systems(Without proof)-Homogeneous linear 
systems (Theory only 

2 

 
 

1 

 

 

 

 

 

VI 

Matrix Eigen value Problem Text 1.(8.1,8.3 &8.4) 

Determination of Eigen values and Eigen vectors-Eigen space 

Symmetric, Skew Symmetric and Orthogonal matrices –simple 

properties (without proof) 
 

Basis of Eigen vectors- Similar matrices Diagonalization of a matrix- 
Quadratic forms- Principal axis theorem(without proof) 

 

(Assignment-Some applications of Eigen values(8.2)) 

 
 

3 

 

2 

 
 

4 

20% 

END SEMESTER EXAM 

 

 

 

QUESTION BANK 

 

 

MODULE I 

 

Q:NO

: 

 

QUESTIONS 

 

CO 

 

K

L 

 

PAG

E 

NO: 

1 Show that the function 𝑢 = 𝑒−2𝑥𝑦sin⁡(𝑥2 − 𝑦2) is harmonic.  Find 

the conjugate function V and express 𝑢 + 𝑖𝑣 as an analytic function 

of z. 

 

CO

1 

K2 4 

2 Show that u=x2-y2-y is harmonic. Also find the corresponding 

conjugate harmonic function. 

 

CO

1 

K5 10 

3 If V= ex (x sin y + y cos y), find an analytic function f(z)=u+iv 

 

CO

1 

K2 12 

4 Determine the analytic function whose real part is 
sin 2𝑥

cosh2𝑦−cos2𝑥
 CO

1 

K3 15 
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5 
Prove that the function   𝑓(𝑧) = ⁡{

(𝑥3−𝑦3)+𝑖(𝑥3+𝑦3)

𝑥2+𝑦2
⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡𝑧 ≠ 0

0⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡𝑧 = 0
     

is not analytic at z=0 although C-R equations are satisfied at that 

point. 

 

 

CO

1 

K3 16 

6 Prove that 𝑣 = 3𝑥2𝑦 + 𝑥2 − 𝑦3 − 𝑦2 is harmonic.  Also find 

the harmonic conjugate 

CO

1 

K2 18 

7 Show that √|𝑥𝑦| is not regular at origin even though C-R equations 

are satisfied 

 

CO

1 

K5 20 

8 Prove that the function  𝑒𝑥(𝑥 cos 𝑦 − 𝑦 sin 𝑦) is harmonic hence find 

its harmonic conjugate 

 

CO

1 

K4 18 

9 Find the analytic function⁡𝑓(𝑧) ⁡= 𝑢 + 𝑖𝑣 where 𝑢 − 𝑣 = (𝑥 −

𝑦)(𝑥2 + 4xy + 𝑦2) 

 

CO

1 

K2 26 

10 If ⁡𝑓(𝑧) ⁡= 𝑢 + 𝑖𝑣 is analytic, Prove that u=constant and v=constant 

are families of curves cutting orthogonally. 

 

CO

1 

K5 14 

 

MODULE II 

1 Find the   image of the regions  2<|z|<3  and |argz|<
𝜋

4⁡
  under the  

transformation 𝑤 = 𝑧2   and plot it 

 

CO

2 

K5 38 

2 Find the image of the following infinite strips under the 

mapping ⁡𝑤 =
1

𝑧
 

CO

2 

K2 41 

3 Find the  image of the region |z-
𝟏

𝟑
| ≤ 

𝟏

𝟑
 under the transformation w= 

𝟏

𝒛
 

 

CO

2 

K2 57 

4 Prove that 𝑓(𝑧) = 𝑒𝑧   is conformal  

 

CO

2 

K5 41 
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5 Find the image of the following infinite strips under the mapping 

⁡𝑤 =
1

𝑧
  

1

4
< 𝑦 <

1

2
   

 

CO

2 

K3 55 

6 Find the fixed points of the bilinear transformation   

i)  𝑤 =
𝑧−1

𝑧+1
 

ii) w =
⁡3𝑧−4

𝑧−1
  

 

CO

2 

K5 40 

7 Find the image of the following infinite strips under the mapping 

⁡𝑤 =
1

𝑧
  

0< y  <
1

2
   

 

CO

2 

K4 56 

8 Discuss the conformality of f(z)= sinz CO

2 

K3 47 

9 Explain the conformal mapping of f(z)= ez CO

2 

K2 43 

 

MODULE III 

1 Evaluate ∫𝐶𝑅𝑒 𝑧 𝑑𝑧 

, C is the shortest path from 1 + i 𝑡𝑜 3 + 3i 
 

CO

3 

K4 78 

2 Evaluate ∮ 
sin𝑧
 

𝑑𝑧 
𝐶: |𝑧 − 4 − 2i| = 5.5 

 

CO

3 

K3 84 

3 Find the Maclaurin series expansion of ƒ(𝑧) = 
1/

 
                                                                                              1−𝑧 

and state the region of convergence. 

 

CO

3 

K2 100 

4 Find the Taylor series of ƒ(𝑧) = 
1/z 

𝑎𝑏𝑜𝑢𝑡 𝑧 =2 CO

3 

K2 92 

5 Find the Taylor series ƒ(𝑧) =1/𝑧2−𝑧−6 

𝑎𝑏𝑜𝑢𝑡 𝑧 = −1 
 

CO

3 

K5 94 

6 Evaluate ∮⁡⁡ez/zez -2iz  
𝑒z

 

𝑑𝑧 𝐶: |𝑧| = 0.6 

CO

3 

K4 97 
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3 

3 4 

7 1. Evaluate ∮ 
𝑑𝑧/z-3i

 

C is the circle |𝑧| = 𝜋 counter clock wise 
 

CO

3 

K2 105 

8 Find the Maclaurin series expansion of ƒ(𝑧) = 
1

 
                                                                                               1−𝑧2 

 

CO

3 

K3 102 

 

MODULE IV 

1 
Expand ƒ(𝑧) =

    1     
in Laurent series for the region 1 < |𝑧 + 1| < 2 
𝑧−𝑧3 

 

CO

4 

K2 110 

2 Find the residue of 
𝑒z 

at its pole. 

 

CO

4 

K1 107 

3 Determine and classify the singularities of the function 

i) z/ (𝑧+1)2(𝑧+2) 

ii) 𝑧−𝑠i𝑛𝑧/z3 
 

CO

4 

K2 120 

4 Find the residues of ƒ(𝑧) =
 50𝑧 

 

                                                     𝑧3 +2𝑧2 −7𝑧+4   
                                                                                 

CO

4 

K3 115 

5 Find all singular points and corresponding residues of ƒ(𝑧)=  

(z+2)/(z+1)2(z+2) 

CO

4 

K1 130 

6 Using contour integration evaluate 
∫

2𝜋  dϴ/ 2+cos𝜃 

 

CO

4 

K2 123 

7  
Evaluate∮⁡⁡dz/(z2+1)2 

𝑤ℎ𝑒𝑟𝑒𝐶: |𝑧 − 2 − i| = 3.2 
 

CO

4 

K3 138 

8 Find the Laurent series of 1/z3-z4
 

with Centre 0 
 

CO

4 

K3 109 

9 
  Apply calculus of residues to evaluate 

    ∫
1

(𝑥2+1)2

∞

−∞
 

CO

4 

K2 152 
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MODULE V 

1 Check for consistence of the system 

𝑥 + 𝑦 + 𝑧 = 1, 𝑥 + 2𝑦 + 4𝑧 = 
2, 𝑥 + 4𝑦 + 10𝑧 = 4 

 

CO

5 

K4 160 

2 
Show that the equations 

3𝑥 + 4𝑦 + 5𝑧 = 𝑎,   4𝑥 + 5𝑦 + 6𝑧 = 𝑏, 5𝑥 + 6𝑦 + 7𝑧 = 
𝑐 do not have a 
solution unless 𝑎 + 𝑐 = 2𝑏 

 

CO

5 

K2 170 

3 Reduce to Echelon form and hence find the rank of the Matrix 
2 

                                                       3           0       2        2 

                                                      -6           42    24    54 

                                                      21          -21     0     5 

CO

5 

K3 184 

4 Find the rank     0      1         0 

                            -1      0       -4 

                             0        4        0 

CO

5 

K2 185 

5 Using Gauss elimination method ,find the solution of the system of 
equations 𝑥 + 2𝑦 − 𝑧 = 3,3𝑥 − 

𝑦 + 2𝑧 = 1, 2𝑥 − 2𝑦 + 3𝑧 = 2 𝑎𝑛𝑑 𝑥 − 𝑦 + 𝑧 = −1. 
 

CO

5 

K3 180 

6 
Find the values of for which the system of equations       

x  y  z  1, x  2y  3z   𝑎𝑛𝑑     
𝑥 + 5𝑦 +9𝑧 = 𝜇2 will be consistant . For each value of 𝜇 
obtained find the solution of the system. 

 

CO

5 

K2 190 

7 Solve by Gauss elimination : 𝑥1 − 𝑥2 + 𝑥3 = 0 , −𝑥1 + 𝑥2 − 𝑥3 = 

0 , 10𝑥2 + 25𝑥3 = 90,  20𝑥1 + 10𝑥2 = 80 

 

CO

5 

K2 183 
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2 



                                    MODULE VI 

1 Show that the eigen vectors of the symmetric matrix  

 1            1                3 

 1            5               1 

 3            1                1 

CO

5 

K3 196 

2 Find out what type of conic section does follows quadratic form 
represents and transform it into principal axes if  

  𝑄 = 4𝑥1
2 + 24𝑥1𝑥2 − 14𝑥 2=20 

 

CO

5 

K3 190 

3 Is the matrix A is orthogonal if A = 1         -1     0 

                                                                      -1        1       0 

                                                                      1          1       1 

CO

5 

K2 188 

4 
Reduce   Q = 𝑥2 + 3𝑦2 + 3𝑧2 -2𝑦𝑧 into principal axis   and find the 
canonical form. 

CO

5 

K5 184 

5 Show that the matrix A =
1               2
2              -2 symmetric .Find Spectrum          

CO

5 

K2 199 

6 The product of two eigen values of the matrix 

       A=    6         -2                2 

           -2          3              -1 

            2         -1                3  Find the third eigen value 

CO

5 

K2 188 

7 

Find the rank of the  matrix A =  



























7036

2313

1211

1132

. 

 

Co5 K3 190 
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© P * ^  CxlKXLÛ U-̂  cLcO>k. ÛPu\̂ CC>lA_ UO l^-Ctl<T - 
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* Vi; ~
'VL~">0 v- ^ J T w 1

-> ^  KxCO -
^  ° ,— TT _V— \x\

\ v  cUe^k e>  ̂ P (0  f

z X o , ^  = ^

tt- P o o  - Pco = o.

^  Pro = P- co - o
Z-^> °

Pro = k-<l co

u!)L

y '

£

\ -  vO
C & V v b u ^  u^ Gut X  = O



k.

cot

•POo =

ftfe>?->c

^ + 1

k tt
Z~>o

t*JU>1
It
z^>o

tfLu

x^y

■*^3

^  tt fCoZ-̂ c? » W  

(', L-CU/ut £/vu/it - 

Up cWt-cW tSW.

it
Z^GL

it
z-̂ > t>

K x

=*> £>

•p&O

U.
Z -5 P

C o K-ttvvVxt-t^ "P  fe> =

Z =z ot 4-Zi

xfy
*-

pfl±5u 2 Wuoc

^ a
'K-Sx?

Ol3 . IM.CYL
a" t 2-«X +IM OL

= tt
ft->o

*X~-̂ D
'VC W,

—  a l +IM
= £>

- O

C b V\tiV\AJit̂|

= $ t O

= f G o

-  t>.

~ (̂pj) = to

=- ?(© j> -t>

, . Uf5 Cdv\AxVvpv-c6 Ojb Z  - D



C-^-ck *\&cCO GovvkCt̂ vjLutM ° ̂  *̂ Vva'Qf^

cut x.~ o 

<oeiivi.
f OO - l^l3 (X3

= ( ^ t ^  . Tiw.^ nt-C^ °)

- Qx^+y3̂ ) . <lwl

- t l
L n O y

f o o -- - 3

K1d u 3 Ufc t oo s Vb ■■j
Z-̂ > 0 Z-^O

6iS_tpv/vĉ *t£^ paiL
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ĥx>wy© V  - O 

. • Nf

7?=

Rc(z?J  -=
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F»VU&. t$U_ Xj <2ŝ  <\£w fdL,^\£>v\, ”"l “̂ 06 < q j -TV*z jjj 7̂T

u>vA?A- ■\̂ e- wuĉQj|o-p ca) -  e.
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A L o qt=feWô  -  p -o  OC - 0 => u =©.
^  I -  o d

cLi^ — o  ^ <m_ •̂ ptLO'̂ vv 0 '^•°

A t k t  ca ,  c\ e j  t o  M J >

oC= \ ■ =-> dLoc -  d

C? “t o

\ /■ El
= 4

,■. \ ^  d k  = \ ^  A *  + i  '■ L<s4

c  ^ 0  % * °

4 ^ ] ’ -  ^ w l
0

■s + 5 i



‘ OUa>u "Kjl. bflPVOÂ sba r̂v  ̂ C
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PX- - 0 3
^  *— ^ ■+■ £) Coc

3W (X 3  =- S^o

e ,

?vvq
<$ <5

Atov^o c

v

; = C v i P ^ - ^ j
( ^ _ o c ,3

dU*. OL *„ ' t o  O

<4 -®  = 1=lL  (Jl- ^
£? -  I

^  = - ^ * H

«*. - 0  => cLot = c> y <̂  ', I t o  6 .

• '- |  !l <iz =  ̂ 3^  C<W+*;d.>p + j aoc3 C °̂<- + Ed^ 3

Alovv̂  c-
3  ->

<£-p

_)- j  Qoc  ̂ Cct«c + C dU )̂

'2.
* tt
 ̂ '"n/̂ • *\j_ #
0 ^ 1  C“ ^ +y  X G

* ^ 0  CK~I



= | aoc. c - ^ +0 0 ^ 0  ^
me. 1

( ^ S ^ 8 + ® °0  <̂'<*'
ty- '

- Q - 9  [  ^  + a^ ] t

- ^ [ % - 0  - o - o - i

t j - 0
3
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a t  & =  o y

Sento*
- - * c

tJ^ajlaXLtv^Vu Aef\Ol/> (LAtjDdVVHP^v

^  ^  lU 3

f e o  -  -F f c > +  ^  -  +  f W  #  +  +

*J w\^)® T^OJ^L. fW iu JltA

© s k z  = z  -  z 3 + + —  "
3) 5\ 71• ■» /

© COZZ 1 -  z f  - ^ t  + ' " •
al 4-)- . '

ze. 0 5J + Z + x_ -+■ -f — ^
3) 31» •»

© >=
> 0

<X
£> rz <̂4- v& 11 ■Z -  Z5 + z f  _ ^  4-------- "

a 3 4-

© ( i+ y 1 =
0 3 . _4-\ -  Z.+ -  X +Z -  - ' ' VV->t Izl < 1

© ( l - z j  1 1 + * -1- JC*5 H-X5 + «-* **■----- '  ~ \ z \ 1



(5) 0 +r20  *= ( -  a z + 3 z 3 -  +-

©  0 - ^
P at f  Pz + S Z  +■ 4-z. -t-

^Jr I z U l  

tzlct

Ffw 4-

atoujb x  = £ -

Sotwj

T J L p n / f t  >ve.'

■^30 =  -fCo)

c? £>£ •RkP 

•f’faj) ( * - « , )  + { ’U j f V a )  +

UA

4
31

'fCzJ) — l

a t 2 = 3 fe>  = -L- = —!-----  3 = _ L  a
£  ( V z . - a ) 9 <?*£+ z - Q

4> f o o  = — !
4  C t-J-z - p ) 5

p

_l_ [̂  \ +- z - p ]  ^ UA' ^  ©

4  3 -*

| j4 ©  4]
"5T

"A

__ J _  
4

\+ a C z -p ) +3  ( z ^ l )  -  + (* i* Q  + -
a xa v  a .„ l& 4 |o

,  M < 1

-  (Z - pj) -1-3 ( Z ^ ) 5- 4- ( Z 'S P 3 + ______
4- g .

l*=3f<l
• vv,f !"^> 4)1



!



z ± i  +i < %  <J? +  
a- T ” ! *

4 ' ,

iRc. McvcJLctu^yu - ^ r u M

$ O 0  -  -1" <*k Z = ov ^41

Sc?Lvvr,

M  GLcXfit U^vCw, />-e,tVL£4 ^Ot-pa.W44-0VV »  ‘PfxJ)

f e j )  -  f o j )  i- • ¥ z .  \- % 'o> 3JEt +
si s'.

i»vt|?a.WAte>K. tRo

<-a4

tA^C VAJL
.  -f  CO

* b c

^+1 

-  1

y  C>4'

f
V%\

0 * 9 5 '

_ - i > o

&

,  4 _

O D +

f c « o  «  ' 4 -  =

n «
F & ) £ —  3

y f  $ 0  -  H - - 4
» *

StvWv£\\:H,^: aM . i£i/ve ^ X vua  iv u  £ [zj)  ( j }

. ' .  ®  =s> -Sfjcu H . - I . - Z - I -  3 . ^  + "6x_z^ -i-
<5 1 3 \

>

7 ^ 'p(?p ~ l - Z + X 5 —  X 3 4
£-H

—  o

<— —* >

# <- *



©

'M O D U L k  \ /

^ E , S \D U E  t ^ T f ^ A T l O ^

L a u r e n t s  % ER \R S
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£- ~ v + 3 _ +  z-2 *-
1 1 Q \

V/zG_ +

cC1 Vl
= £ - 2 L J

VVr: O Wv-I

fli? A "N1̂

l i Q*j *

aJmJa.- F>'-‘a,YC.̂ ic?'-v ^

f e 2 -« O k l +  - - .  = *_ *•’  & )  

■fco =

i^~ o n. 1

f r x ) 3 _ V/z= x  e. 

5
1 *  & r)  + cvz/ *  C fc?

L  T T *31. 2>\

-4- *z* -v _L ”4- -1 . . 0 -
i) 51 X 3>1

i

■P O o, -

X 4-2 + J- 4-J__? 2 + „ ^
9 (S

9 r  -1
f t  -  O )  -I- f t -  o') -t J_ 4- - i - lx -  OJ) ■+ ■
v ^  ^  a (c?

-----  vO *̂t£- CjL-W^Kl. O ,



F l'u v d  t & t  QjyLJp Oi,\^,Couv

?0o

( V *-0 ( * * + + )

\<  i X l< £>

^e? i w 1

£Cx3 = Z

( V ^ - p  f * * + t >  (k + 9  ( x - p  0 ^+ 3  p  &-<9 tj)

=> X  ® *t ® 4 c -\- D

( t + 0 ( Z '- \ ) C z y ^ X z - ^ ' 0 * + i O c-Ij) ( * - a ^

x

^  -  a  C -v-

B C X+0 (x+<2 '^) ( x ~ 3 '0  4

o f  T + O C ^ ~ ^ ^ ” «?^J) +

d  C x + O C x - ij)  ( ^ + a i j )

•=̂ > f  \ -  %

^  i ^  5 B  r  * +  4 )

•=> B -  Vi

? w l x => l ■=• A (^—1 - 0  G I+ ^Q G 'I'-sO

z^y — 1 s "  3 A  T  i  4- 4-3

- V  [ a  -  V \ p .

p iv t x  -  S? A. -V  o r  o c + o G ^ '-^ 'O  ^ ic+ < 5L3  *  s«- 

=s> p  ( 2 - 4 ^ 0  ^  = ^

=p> p  -  «//o

=r\> -  c £>t+0 (r «Pc -Q  f  9 1 -  ^ 0

-  a -l ^  c  C " 4  -  Q  ~ 4 t

? w t 7L = ~S>/,



' -  ? c * ; - Mo T- Mo +  Mo + - V l0
ZHr\ Z - l Z - 9 t

.1 ;. -~sL
Tp

-T ^^C -O v/V  VA/>  ̂< k U 3

=  > -J- <1  f l- v v l 13c. I <1

1 o ■ 0 *"-0
-+ J_  , i +  " J L  ,J__

IO zC i-1) f0 C ,+ X.35 l

+ I

\o ' a i O - ^ O
3 c

-  \
=  T T  ^ 0 ^ 3  +  -1—L- G -J r )  - _ L ^ 1+ + -L-, ( \ "  Z - ' )

xe> z  y  10 2  ^  q & L  ' a i /  sox. -

■i

p j _  
ie>

^  VL Vi
■m q - 9  e y  + _L . 

*o
J -  a 06 c_L
Z WrO ^Z-

) ^ - _ L  £  
S o l

< *. , v  *
I v  (-S- )

: C 3 c

+ - L , £ , 
o?0 c

* ( 4  ^
D P<C ^

V) <?Xt <L X̂ vv _ 1 < \ cliaML ' 3 ^ \ < '
lZ.1 S i

^  _i__ < \ (X'A.A \ % A < l
tTLl

w . 1 <  \ z \

w



C L A S S I F I C A T I O N  OF 5 < M O i o L A R i T \ & S

£<cO \jj>  K P -i  O ^ voJL l̂ lC, 0l£  X = a ^  'tt't-Vv "ZL  ̂ CL U/>

CaJJU-c!LA<_uv<
*3 ’•

¥(V)
Z+ 3

^ *Z -^<£> LUj /S-LW^ VA.1 p  63 C>vfc

J __  ̂ 21- d  T  a_n*. p«3».vcU-

z C ^ +0C^+®?3

©  !1 5 oL a t FD  S i NOh u LAR p M M T j -
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CCL.U,cWj 6 Rĵ A-L ?“LeAM̂

S cLvv’.
v

H ^ v  x  =. ^  a w d ,'z ^ < Q  ( m t  .

be tE ^ olXul A-bw\jpL«_ pobU ) - 

b o t jb  b u A  bw vucL^. <<c ^ t x  l = 3

**- t l W l * 3  C
i s l  = 3  < 3 .

*. C O^VAcUx^^

^ fe> p
c

M©/v4 1&&A

ls]fc\A> R«A 
z=- \

R s/vlA jux. t^ e o h c W u

~ S t r ^ l  3 h>vl. ®? tx^ /M L c lu ^ a b  p o b vb ,

u v v c c L t c  •

r

-  ^<?o 1
vOCO

C®£ 7\x '

Up.;

z - i

( v - i) - H - ( 3 - y ) . i

=• C © £  TV

0  -h ~ M

Z M

cp^jy _ ~~ \
- 1 — 1

u n f t lA  f& P  
\

= \



©

<Q
w'co

( j t - 9 ’ 1 + ^ - - ^ ) '1

Cos 7C ( t)’ ___

f S~C
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7

STTc \ f o b
^  = ~"5+\T3"

'c  t  i l l-  3 ' K

7Vc

7 T

fr-O^W>u,4, ^

w  ,
4,62- ?=. S)

*3 4  COS>£
/rC

7 ?

QTT

v T l



fc

L \ A & L Q n p d ik x > \ A ,.

&+ b Ce>5>&
cb©-  ̂ (X ^ b,> © U / v t ^  Ct?vvbou-?u

1 '

•oPjkv'.

puA. X  = £. 

die =

L©

z. 
cZ

C ix̂ = 1

3
c o s t*  = x j ^ L  

a x

i i ds>
_J (X4bC.c??i(9
o

J _

/ l

a + b  C x j t P
e , !z ;U i

 ̂ < L z

bx?  +  Sotx-Vb

dLx.
"S c

a

b x V a o X  + b
c

©

Mov>3- b x 5 + a o - -Z tb  = D S >  x .  -  so . i L ^ j v ^ a J
4 b a

3 b .

^  z  = s iO -i-

3 b

x> *  =  (X ±  J o X

.T K t  s i ^ w iW u iU i^  o5t<.
y

X -  <H-\J«Cfe*- X v v d  X  = - a - x j a V k 1-



\A

X  = ' a  + \ [ a 5- b * i d / ) U A X U ? l C  C 0 > J L
I d

X  - ~ ( ^  -  v j a . 1 - ^
i o £ / > D u d i v b c i / ,  C .

b

%  t = C L  ■ + ■
\ J a 5 - -  b 5 - ♦

W 6 < X  / X I A A P ^ C f  o $ x .

Z \b1-

, C R T ;

,'. ®  = >
4

% * ■ >

Vsf a t  = - a .  +  J  a .^ b »

<3bx +  3cL
o^-b ® -

1

£ b r
a + J £ ^ + 3a

1

0 o^-b2- •+-3a.

Q) ?(JO d x  = 5 7T l|^S t\>w  e>£ ocb ■

^ OjIw ^vOUuh. V© v,v\J/> vm/>u$U, C-

r

3 t x

^ \ f a ^ b x

K c

\Jo^ b2-
SK

1 d®
a.^-bc,D6f>

£ _ X  * i«
X

\Ja?*-b*-

87T

\] Q°~— b 2- 1/



Z .  o f  t& L - f  jp ^ o  <~ks*L
~> Q $ 0
<5Z> J

v^WcnA, ? f*0  <z m A *  ^  (pO cxns, po 5L^w? 5 <a^W

TCuw eb

~«C>

H o  < w  -
< 3 t^

tx-OajL GJVU>>

■f^O.

<»J>

Ca-vv W  <tAA^^uU?jb<_,dL U M M ^ ‘R-J^XcLu^, 't^D 'K ^W U

C  UJb t3U. U^p-p>Ol, A-G-Vwv cXH,cjta,

Gt5L/vo
r  06

P<fO < W
«  - i - r

J
(9 <300 a  3

^ € 0  cW

3 C-0

«D E.W^i,Voedx

Haibfupw

S?t>9>v'.

■><5b

~©e>

nt OC -i- Q 

<X4 +lOOL'+ ^

dl^L IAA-Ua^ Covctt? u^v

3  w t  t\j3sX̂ > <SHf' 31U.
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