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Program: Mathematics
Assiut University- Faculty of Science and Computer Science

Frist Semester- Final Exam 2025-2026 Level : (2)
Mathematics Department Date: 26/12/2025 sels
Time: 2 h
Course Title: Analytical Mechanics Code: M232
Instructors: Dr. Esraa Gamal
Important: | No. of pages 2 | No. Of questions 6 | Total Mark:50 degree

Answer any five of the following questions:
! b L b Alind desad 0 ual

(10 marks)

(a) Ae State Hamilton's tanonical equations for a mechanical system described by the generalized coordinates g, and
conjugate momenta P, and then show that the Hamiltonian function H, representing the total kinetic and potential
energy, remains constant in time when it has no explicit time dependence.

Al o ot 4 silalg)) Ailpall piiinal g ¢ p, Aasnall AS o) Sl g g, Aanall Cfiaaly ciaa Sailssa plil G gilas Sfdae OSE (
a3 g Aalpum 2303 Y Laie Gyl g g 430 JHS (AS jallg i gl (Bl f gane iai (Al (H (1 ilald

(b) 0*Find the Hamiltonian function and Hamilton’s equations for a particle sliding on an inclined plane, given tha;‘. its
kinetic energy and potential energy are:

Lok AJ agad) Al g ASpalt T ) ciale 13] e 5 fhun 0 (3135 aen) Csiliats Gy (iliala A0 da gl (0

1
T= Em:‘rz, V = —mgxsin@

" (10 marks)
{a) (O Write Routh’s equations for a projectile moving in a non-resistive medium.
e 8 By b igie A jad &)y ke S0 (1

(b) 0*Find the canonical transformation generated by the function:

158 gal) Allall G il g3 gl Sl (i

(10 marks)

{a) 0® A particle moves in spherical coordinates (r, 8, ) withgposition ¥ = r €, . The spherical unit vectors form a
rotating reference frame, whose angular velocity is given by @ = (¢ cos8,—@sin8,8) . Find the velocity and
acceleration vectors expressed in €,, €g, €.

N B b aa gl Clgate B, T = 1 8, — Aadise dpia e S (1,0, ) TSt GlfilaaYl pladludy dDad pec (i
e O sima Aaall g Ayl gade ) . @ = (@ €OS O, —@ SIN G, §) = Sldama aa pall U 130 gl 30 Ao juall (5839 B30 1ystaa
' . €/, 8g, € s5a
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(b) &* A particle of mass m is constrained to move on the smooth inner surface of a sphere of radius a. Determine its
velocity and acceleration components in spherical coordinates, and then use them to derive the equations of motion
for this particle. '

p Oay ey SN a4l Alpaliy de judl S e i8] g LS ciad B 81 el S el o AS pally Aie m 43K pge (o
sl 13gd 38 jall Y olae pUTLY Lpalaited

(10 marks)
AsVerify whether the following transformations are Canonical Transformations

oA gilE DU gad ALY Dl gl (68 (e Biad
(@P=Insinp , Q=gqtanp

b @=tant (), P-4+l

(10 marks)

(a) Ae Find the generalized force for a bead of mass m moving on a wire in the shape of a parabola with the equation
¥ =5(x—2)% :

Ly =5(x — 2)% 4ililaa pilSe B A e dllu e o adi m LAKS 580 Aasnal) 5 gl sa g (1

(b) m* A particle of mass m moves on the smooth inner surface of a cone with base radius a, height h, and a vertical
axis with the vertex pointing downwards. One of your colleagues suggests using cylindrical coordinates (p, ¢, z) to
describe the motion, while another suggests spherical coordinates (r, 8, ¢). Evaluate which of these two systems is
more appropriate for simplifying the equations of motion, then justify your choice by deriving the final equations of
maotion.

.EMEJL_;UMJJ&J‘;‘MlJJWbUFJhmmJiJaﬁnﬁ#Mu&ihwqiﬂmehd1uh m A aws d oy (n.ﬁ
i) gh (el Ga Ll o (7, B, ) AppuSl cliiaayl AT 7 81 Ly S all cias! (p, b, 2) Dl shaull) Clilaal pladdud dlaj £ 581
Aoyl A ) cialaa ) pddialy @ 050 daa o a3 (RS all e dageedd

uestion No. 6: (10 marks)

(D) Consider a smooth wire bent into the shape of a parabola defined by the equation z = cr?. This wire rotates about
its vertical axis z with a constant angular velocity ¢ = w. A bead of mass m is placed on the wire and is constrained to
move along it under the influence of gravity. Find the Lagrangian (L) of this system using the generalized coordinate r.
Derive the Lagrange equations of motion, given that the kinetic and potential energies are:

&.ﬁj.q’g:mmiﬂui&Mzw‘ﬂoJ,udpmMHh ,z:azmtﬁmbﬂﬁﬁgiﬂau&l&hdﬁ‘,dﬁi

1 panddl EaaYI alaitdy LRI Rgd (1) iy Al da gl Al ) piadl 800 ciad e A jally asia )9S5 Cuny Ll (548 m WAES 5354
s Lo Al gaglly 45l B o) e 3] RSl il Y csles piEul

1
T= -im(i'z +ri¢pt+ iz]. V=mgz

Dr. Esraa Gamal & Best Wishes - End of Exam
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1 Assiut University
Faculty of Seience
Mgthematics Department

2" Level — 2™ Semester
Final Exam (May 2026)

(Data Structures) i

1. What will be the order of the values in the next array if We apply on it insertion sort for only 2 rounds. ,'

{5!263388791530}
A [1,5,2,6,3, 88, B. [1,2,5,6,3,88, C. [1,2,3,5,6,6,7,] D.[1,2,35,688,6,
6,7,9,15, 30] 6,7,9,15,30] 9, 88, 15, 30} ' 1,9,15,30]
2. How many rounds will be applied to the next array to be sorted using insertion sort
A 11 | B.8 | C.9 | D.19

3. What will be the order of the values in the next array if We apply on it insertion sort for cnly 5 rounds.

{5,1,2,6,3,88,6,7,9,15,30}
A. 11,2,5,6,3, 88, I B. (1,2,3,56,8, | C. [1,2,356,68%] D. [1,235667
6,7, 9, 15,30] 6,7,9,15,30] | 7,9, 15, 30] 88, 9, 15, 30]

4, When the singly linked list is empty

D. neither head nor
A. head & tail are B. head only is equal C. tail only is equal to | tail are equal to
equal to null ] to null null i null
5, When the Doubly Linked List is empty it contains ....... Nodes
A. zero f B. one l C. two f D. three

6. If we apply the rotate operation 4 times on the next list, the tail will point to the node containing

Tanil

A. LAX |  B. MSP | C.ATL |  D. BOS |

traiier

7. In the Circularly Linked List, which statement can be used to get the value stored in the head of
the list,
A. tail.getNext().getEle C. head.getNext().getE
| ment(); B. tail.getElement(); lement(); D. head.getElement(});
8. While adding new node to the Doubly Linked List ..... references (links) need to be changed.
A1 | B.2 A | D.4 —
9. Given the next Doubly Linked List, the statement "header. gethxtO getElement();" will get .....

header

|
A. BWI | B. null | . PVD | D. sFO
10. Given the next Doubly Linked List, the statement "trailer.getPrev().getElement();" will get

LT TTTS

header trailer
A. BWI | B. JFK [ C. null | p. SFO
11. Given the next Doubly Linked List, the statement "trailer.getPrev().getNext().getElement() ;"
will get
header raifer

A. BWI | B. PVD | C. null | D. SFO |

12.  Given the next Doubly Linked List, the statement '"header.getNext().getPrev().getElement();"
will get
traiier

header
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/A, BWI B. JFK C. null | D.SFo
'/r 13. The five items: A, B, C, D, and E are pushed in a stack, one after other starting from A. The
stack is popped four items and each element is inserted in a queue. The two elements are deleted
from the queue and pushed back on the stack. Now one item is popped from the stack. The popped |
itemis - -
Ak W | " B. B [ e.¢ | b.D
14. Suppose a circular queue of capacity (n — 1) elements is implemented with an array of n
| elements. Assume that the insertion and deletion operation are carried out using REAR and

! FRONT as array index variables, respectively. Initially, REAR = FRONT = 0. The conditions to
detect queue full and queue empty are

i

. Full: (REAR+1) modn | |
A. Full; REAR == FRONT, == FRONT, empty: . Full: (REAR+1)modn [D. Full:(FRONT+1)modn
empty: (REAR+1) mod (FRONT+1) mod n == == FRONT, empty: == REAR, empty: REAR
n == FRONT REAR | REAR == FRONT == FRONT
15. The minimum number of stacks needed to implement a queue is
A 1 [ B2 [ o8 | D.4
16.

The binary search tree for the next inorder traversal {8 12 20 22 25 30 40} is:

'("4\ /O ‘/(i;)‘
v’ S / \‘-\ , ke
() (0 3] 1 3

A A | B. B | c.cC | D.D
17. The postorder traversals for the next binary search tree is:

Binary Search Tree

A. 103020150300100 B. 103020 150300200 . 102030100150200 p. 100201030200 150

200 100 300 300
18. The pretorder traversals for the next binary search tree is:
e + LR

A. A,B,D,E,C,F,G | B. D,EB,F,G,C,A | C. ABDECGF | D. DBEAFCGC
19. Gn«en the next Gueue, if We msert the |tem 10", it will be at location indexed .......ce...

L=
)

1
(Hear) ! (Frantl |

A 1 B. 0 | €8 D. 2
20.  According to the next table the best running time algorithm is
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I Running Maximum Problem Size (1)
Time (us) | | second | minute 1 hour
I 400n - 2.500 150,000 9,000,000
a0 - 707 5477 42 426
o g 19 25 3l
A. 400n B. 2n? c. 2r 1

21, According to the array, if we apply the binary search algorithm for the value %22”, then the mid

index in the 1st round is
0123456789!01112131415

A 0 B. 15 c.7 D. 8

22. According to the previous array, if we apply the binary search algorithm for the value “227,
then the mid index in the 2nd round is
A 15 [ B 11 - T b.o

23. Accordingto the previous array, if we apply the binary search algorithm for the value “22", then the | I

mid index in the 3rd round is |
A 9 | B. 10 | ¢ 11 | Do e )

24. To store next tree in an array we need .... Locations

A 24
25, The next tree has ........ Levels

(8]

A 1 | B 2 | c.3 | D.4

26. The previous tree is a complete binary tree

A. TRUE - | B. FALSE )
27.  Merge sort can be implemented using recursiod” _

A. TRUE | B. FALSE |
28. The time complexity of the Quick-Sort algorithm is n’

A. TRUE |  B. FALSE |
29. The function “isempty” in the stack is an observer ;

A. TRUE | B. FALSE ‘ N
30. The function “isfull” in the stack is a transformer |

A. TRUE : [ B. FALSE
31. The function “Enqueue” in the stack is a transformer |

A. TRUE | B. FALSE

3
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The function “pop” in the stack is a_Constructor ) -5

32,
A. TRUE |  B. FALSE N
33. The function “push” in the stack is a Constructor e
_ A, TRUE B. FALSE ]
34. Generics can be used in classes and methods - ]
A. TRUE | B. FALSE ]
35. Generics can be used with arrays ez o]
A. TRUE , | B. FALSE P
| 36, C++ allows a class definition to be nested inside the definition of anotherclass. R
_ A. TRUE | B. FALSE T
47. Nested class is czlled outer class o e
A. TRUE | B. FALSE B
38. The method fill(A, x): Stores value X in every cellofarrayA |
A. TRUE [ B. FALSE ]

39.

Consider using singly linked list the next add algorithm :

|
Algorithm addFirst(e): i
newest = Node(e) \

head = newest J
size =size + 1 -

A. complete I, B. incomplete o L

40. Consider using singly linked list, the tail and the head are only equal when tihe list is empty g

A..TRUE | B. FALSE |

41. The function “insert” in the stack is an observer i

A. TRUE | B. FALSE - ]

42. Using the queue class if five items are engueued to one queue then dequeued into another one, l
and finally dequeued from the second queue. The final result is the reverse of the ¢ riginal items. |
A. TRUE [ B. FALSE |
| _43. Stack can be used in backtracking : ~ |
| A. TRUE | B. FALSE i
{_44. Stack can be used to implement undo/redo o erations_ e ]
A. TRUE B. FALSE e
45. Queue can be used to implement data buffering _ s s amesne]
| A. TRUE | B. FALSE IR,
| _46.  The linear (n) function has better running time than the logarithm function (logn) g
A. TRUE | B. FALSE R
47. The quadratic (n?) function has betier running time than the exponential function(a”) |
B A. TRUE .| B. FALSE
| _48.  The time complexity of the Insertion sort algorithmism? o
{ A TRUE | B, FALSE - =
| 49. The time complexity of the Merge sort algorithm is n? — I
| A TRUE [ B. FALSE BT, b
j_50. The time complexity of the Binary search alglorithm is nlgn —
| A. TRUE | B. FALSE o _ S
Good Luck.

End of Questions.
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2™ Semester - Final Exam Exam Duration: 3 Hours
2023/2026 - May 2026 Marks: 50

Answer the Following Questions

0 sl by Aualdl) 4350 ek 8 (Al JlaS) oSy o) Jad Aeaadall Aabuall A ol 131,
o Apulall AN pladials e Y.

Question #1: Choose the correct answer (20 Marks: 20 x marks/question)

1. A basic $-R Liteh can be constructed by cross-coupling which basic logic gates?
(A NOR o Wm0 eales, (3) NOR or NANID) w
() ANDY ar G untes (D) AND or NOR pates,

A combinational logic cireuit which sends data coming from a single souree to

< two or more scparate destinations is:
' (A) Decoder. (B) Multiplexer.
| () Encoder. (1) Demultipleser.

3 Convert 59.72 o BCD:

(A) 11 (B) 1110.11
(Cyoa oo iaeli (D) GLOTT001.011 10010 :
5 What is the 2's complement of 100111007 ; !
(A) 11001011 (B) 01100100 9
(C) 11001016 (D) LU A1
The Octal equivalent of the binary number 1011101011 ’
S, h ik
(A) 7353 (B) 5651 wy
(C) 135, (D) 5057 i
6. Binary number 101110110 is equal to decimal number ... ;
(A) 168 (By 37
Q412 () 326

7. One megabyte in base 2 (binary) is equivalent to ...

{A) 27 ntes, (13) 2* bvies bt |
(C) 2" by tes S (2 byies il
. " i
The output of 4 2-input logic gate goes high only when both inputs are low, else 3 i
8. it remains low. Which gate is it? v
i (A) XOR d (B) AND =
(C) NOR (D) NAND
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The output of the logic gate in the figure is
AA) 0 (B) A
(OF (D) A

10. The Boolean cquation X=/{(4+B)(B+ C)] B can be simplified to ....

(M) X=AB (B) X =AB
(C) X=AB (D} X=AB
11. If the Boolean expression PO+ QR + PR is minimized, the expression becomes:
(A) PQ + OR (B) QR + PR
() PO+ PR (DYPQ+ QR+ PR
12. -
The output of the logic circuit given represents _ gate.

'_ (A) OR (B) AND.
(CYyNOR, (D) NAND.

The minimum nviiber of 2-input NAND gates required to implement a 2-input
13. XOR gate is:
(A) 4 (B) 6
()5 (D)7

14, The signed 2's complement binary number 10010011 is equal to the decimal

number:

{A) =109 (B)-19

(C) +91 (D) +109

The Boolean tunction F=xy'+x'z in POS form is:
15,

(A) T1(2,6.,7) (B) £(1,3.4.5)

(C)T1(1,3,4,% _ (D)T(0,2,6,7)

The hexadecimal representation of this Octal number (657}, is
16.

! (A) D78 (B) D71

L () 1AF _ (D) 32F

17. The binary equivalent of (FA) 4 is:

{(A) 10101111 (B) 10001111
(C) 11111010 (D) 11111000
Page2 o9
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18. The 8-bit 2's c.aaplement form of the number -14 is
(A) TITLO0TG (13) 00001110
(C) 1O00TETO (D) GLHETO001

19. The Boolewn sunction AB + AC is equivalent to
(A)AB+ AC &3t (BYyABC+ AR+ B¢
(CY A'B'C AL+ A'BC (D) ABC + ABC + ABC

0. What is the decimal equivalent of the hexadecimal number (2F),,?

{A) 47 (B) 527
(C) 572 (D) 74
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Question #2: (6 Marks!

For the foidowing circuit:
a. Write down the truih table.

b, Fxtract the simplifica expressions for Fand G using K-maps.

s ’.—*\-! - s
D
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Question #3: (7 Marks)

Design a combinational circuit with three inputs, x, y, and z, and three outputs, A, B, and C,
When the binary input is 0, 1, 2, or 3, the binary output is two greater than the input. When
the binary input is 4, 5, 6, or 7, the binary output is three less than the input. For the
design:

a. Write the truth table,

b. Simplify A, B, and C to the SOP form.

¢. Implement the SOP form using AND and OR gates,

Page 50of 9
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Question #4: (6 Marks)

* Determine the output functions A and
B as sums of minterms for the circuit
shown, You may use any process to
determine the result, but show your
work.

¢ The circuit shown in a) has the

functionality of a commonly used

arithmetic component, What does the

circuit do and what are other names 2
for A and B?

* Implement the circuit using one 3x§
active-low decoder and two 4-inputs

NAND gates only.
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Question #5: (3 Marks)

Implement the following Boalean function with a 8x1 multiplexer

(A, B,C,D)=5(0,2,5,8, 10, 14)
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Question #6: (3 Marks)

For this Boolean function:

F=xy'z + x'y'z + wixy + wx'y + wxy
4 ; y i Y

a. Use Boolean algebra to simplify the function

to a minimum number of literals,
b. Dray, ihe logic d

fagram from the simplified expression.
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Question #7: (5 Marks)

The adder—subtractor circuit has the following values for mode input M and data inputs A
and B. [n cach case, determine the values of the four SUM outpats, the carry C, and

overflow V,

- ;—:Ii i _\ __i & 5 \
M A B

(a) 0 " 0111 U110
(b) 0 1000 1001
(c) 1 1100 1000
(d) 1 0101 1010
(¢) 1 0000 1001

Best wishes

Dr. Mina Adel Thabet
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Question 1: (14 Marks)

a) Solve the following differential equations: (10 Marks)

l) y{ﬂl_) +2 y.-n — zyr _ y - 6 e_.x )
i) B+y+2y*sin*x)dx+ (x+2xy—ysinZx)dy=0.

b) Construct the differential equation representing all circles
with center at the x-axis. (4 Marks)

Question 2: (12. Marks)
a) Solve the differential equation py-2p*+2=0.

b) Find the differential equation of the set of ellipses sectors,

. . oxt oy
its form is ;-2-+ gz-“l'

Question 3: (12 Marks)

a) Solve the differential equation (Yy+x)’y =2(y+x)* —3.

b) Prove that those parabolas contain their perpendicular paths
y:=4a(x+a).

-

Question 4: (12 Marks)

a) Solve the differential equation (D —2)?y=8(e*" + sinhx).

b) Solve the differential equation y=xp+ p3.
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