2016-06-22 - PE,GT&RE Mathematical methods in technics 
3/3

2016-06-22 exam problems – Mathemetical methods in technics

mrit II.1. [15 lectures, 15 classes]

Exam, the 1st term: Wednesday 22nd of June, 8:00, CM-101.

         The 2nd term is scheduled for Wednesday 22nd of September, 8:00.

1. There is a written exam. A student who does not submit his/her answers in the 1st term loses it.

2. According to university regulation, I have to keep, for a year, answers you give, they are official documents. 
They have to be submited on standard A4 (210×297 mm) blank sheets (light chequerring and lining are also admitted), the first exam page has to follow the pattern (the scoring table may list more than 5 problems): 
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3. In case when your replies are not clearly identified (there is advised to start each answer on a new page) and legible, they will be not read; this results with stating that a student did not become, and in the eProto (the electronic system where students’ marks are stored) it is signalized as nieobecny=absent. 
4. The time to provide answers is at least 60 minutes (it does not include the time when questions are presented) 
and no more than 75 (the elongation will be announced about 50 minutes after the exam starts). 
5. In the exam there will offered a couple of questions/problems (at least five ones). Every student chooses three of them, in the table he/she left uncrossed boxes intended for points exposed by the examiner. Only three chosen problems undergo evaluation, every answer within the range 0-9 points. The sum of points determines the final mark:  
00–12: 2.0; 13–15: 3.0; 16–18: 3.5; 19–21: 4.0; 22–24: 4.5; 25–27: 5.0.

6. Every student has the right to see, at scheduled time (announced in the exam), how his/her answers are assessed.
For this exam this right is guaranteed thanks to student’s presence when I check answers, namely on Wednesday, June 22nd, 11:00-16:00, CM-101 (and the approximate time is passed to each student individually). 
7. Accordingly to rules announced in the beginning of the semester, the examiner may rise up or push down the mark resulted from the exam (e.g., there can be taken into account an activity, statements demonstrating a lack of knowledge). In particular, it concerns the case when the written exam makes the first part of the whole exam (and this does not applies to the exam in the 1st term, because this is no oral examination at all). 
8. Every student should control whether his/her mark is correctly saved in the eProto system. When detecting any abnormality he/she has to immediately alarm the examiner about the case (e.g., by e-mail, always specifying his/her full name, album number, group, and the name of the course). In scheduled time the eProto closes and there is no possible to eliminate any mistakes.

9. A student gaining on exam 11 or 12 points may be proposed to answer immediately to one more question, and this can be the reason to shift his/her mark up to 3.0. A student gaining less than 11 points can not obtain this opportunity.
10. A student has to copy formulations of three chosen problems (and may copy formulations of all proposed questions).

11. A student who does not undergo examination, or who failed (this is, is evaluated with two marks 2), may continue his/her studies if he/she collects enough scores (at least 18 out of 30 completing the whole in one semester) in other courses; then he/she is expected to pass positively the exam in maths till the end of September 2017.
12. Every student who passed positively the course (or other courses covering the material trained in the course the exam concerns, in Poland or abroad) may ask for being no examined. This way to approve the course is called a mapum (marking after the previous university marks, documented with a provided copy of a proper transcript issued by the education institution). When applied, it results with 3.0 (if he/she gained 3.0-3.5, E or D, 51-75/100) or 3.5 (if he/she was scored with 4.0-5.0, C-A, 76-100/100). 
A student has to claim for the mapum before the examiner starts to evaluate his/her answers, and has to state it expressively on the first or the last exam sheet. Despite this statement the examiner may verify answers and may score the student at hand accordingly to the mark resulted from just read answers, but can not approve the course if answers exhibit the student ‘s ignorance in topics the exam questions deal with (recall that a student gives answers to problems he/she consider best dominated).
Problems undergoing the examination:
1. A geometrical dot/scalar product of plane vector, of 3-dimensional vectors, 
the angle between them. 
A dot/scalar product of n-dimensional vectors, the angle between them.

2. A vector product: geometrical definition, algebraic formula to calculate it.

3. Stevinian, Lagrange and Newtonian bases. 
A collocative/collocation polynomial and its forms (in specific bases). 
Procedures to construct a collocation polynomial (a.o. Vandermonde matrix). 
4. A trigonometric collocation and an interpolation. 
A collocation in a cosine basis, in a sine basis.
5. A derivative, its basic geometrical and physical interpretations. 
The differentiation and its basic rules.

6. A power, Taylor and Maclaurin series, a Taylor expansion. 
Examples of functions whose Taylor series converge, and do not. 

7. Partial derivatives.

8. A least-square approximation. Its resolving system.
9. A primitive function, aka an antiderivative, an indefinite integral. 
Basic rules of integration. Integration by substitution and by parts. 

10.  James Gregory (1668) and Isaac Barrow (1670) ways to calculate ( secx dx.
11.  An abstract scalar product and its instances: scalar product of vectors, scalar product of functions. 
Orthogonal functions nad polynomials.

12.  A trigonometric series and Fourier series. Dirichlet criterion.

13.  A norm of a vector. 
A lexicographical, Euclidean and stochastic normalization of a vector.

14. An eigenvalue, an eigenvector and a characteristic equation of a matrix. 
The magnitude (the number of elements in) of a spectrum of a matrix.
15.  The theorem on eigenvalues of similar matrices. Proof.
16.  The theorem on eigenvectors of a matrix having full spectrum. 
The theorem on the diagonalization of that matrix. Proof.

17.  A stochastic matrix and its spectrum. 
A transition matrix of a Markov chain and the stabilization of the state.

18.  The meaning of the acronym ODE1. 
Forms of ODE1 (implicit, explicit, with separable variables).

19.  A solution of y’=(y via Fröbenius approach (based on Taylor expansion of a function in search).

20.  The Newton cooling problem (physical experiment. How did Newton form the ODE1 ? A general solution to this ODE and the solution to corresponding IVP (aka the Cauchy problem).

21.  ODE1 y’=(y and phenomena described by it: an exponential growth, a discharge of a capacitor, a belt friction (aka a sliding rope friction, an Euler- Eytelwein belt-conveyor) problem.

22.  Verhulst equation, aka a limited growth equation, and its solution (known as a logistic curve), its relation to y’=(y. Motivation to consider Verhlust equation. How one can deal with one-parameter Verhlust equation (instead of two ones).

23.  What the acronym ODE2 stands for?  A characteristic equation and a general solution to ODE2 (take also into account the value of the discriminant ( of the characteristic equation). Produce this solution.
24.  Decipher GIHE + PINE = GINE. 

25.  ODE2 describing a parallel RLC circuit, and a serial RLC circuit. Its solution (denoted with exponential function only, and that with the explicit presence of trigonometric functions).

26.  ODE2 for MSD (mass-spring-damper) system. Its solution.

27.  A random walk on integer points xj=j( with jumps at tk=k(. Its mathematical description. Pass to its infinitesimal analogue: a wave equation. 

28.  A d’Alembert solution to the wave equation.
29.  Fourier solution to the wave equation.

30.  Conics – their space definition, plane definition, general equation, canonical/standard equations of an ellipse, of a parabola, of a hyperbola.

31.  The spectral criterion to recognize the type of PDE2:  Laplace (of elliptic type), of the heat transfer (of parabolic type), of a wave, or a string (of hyperbolic type).
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PE (Product engineering),GT(Gas technology and removable energy)
Student chooses three of seven problems (A through G). Only they are undergoing evaluation, every one within the range 0-9 points. The sum of points determines the final mark:  
00–12: 2.0; 13–15: 3.0; 16–18: 3.5; 19–21: 4.0; 22–24: 4.5; 25–27: 5.0.
If answers are not examined, then the mapum (marking after the previous university marks, docu-mented with a provided copy of a proper transcript ) may be applied, and it results with 3.0 or 3.5 (when marks are 51-75 or 76-100, resp.).

Evaluation, in the examined student’s presence: on Wednesday, June 22nd, 11:00-16:00, CM-101.
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A1. Define geometrically a scalar/dot product of vectors.
A2. Derive the algebraic formula for the dot product.
A3. Give the algebraic formula to calculate the angle between vectors.

B1. Explain notions: a collocation polynomial, 
a Stevin basis, a Lagrange basis.

B2. Formulate the theorem on the uniqueness of the polynomial collocation problem.
B3. Prove this theorem.

C1. Cite definitions of an eigenvalue, of an eigenvector and of a characteristic equation of a matrix.
C2. Say what similar matrices are, 
and formulate the theorem on their eigenvalues.

C3. Prove this theorem.

D1. Say what a stochastic matrix is, and discuss its spectrum. 
D3. Present a transition matrix, 
and provide, also graphically, an example with matrix of order 3. 

D4. Discuss the stabilization of the system described by this matrix.
E1. Describe the physical experiment known as a Newton cooling problem, 

and form an appropriate ODE1.
E2. Show how to obtain its solution.

E3. Present, also graphically, the solution to appropriate IVP.

F1. Form an ODE2 describing a MSD (mass+spring+damper) system.
F2. Comment a way to find its general solution (GINE).

F3. Transform a GINE into an expression involving trigonometric functions.

G1. Say what a PDE2 is.

G2. List (and name) types of PDE2 in two variables.

G2. Say what a wave equation is, and present its d’Alembert solution.
