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DSE-1A
Advanced Mathematical Methods-I
[CBCS]

1. Answer any six of the following questions.

(a)

(b)
(c)

(d)

(e)
(f)
(8)
(h)
(i)
(i)

12z-7

Find the poles of the given complex function GD2@s)

_r
z2-32+42
Determine whether or not each of the following sets is a null set.

()X = {x:x is an integer and x*> — 5x + 1 = 0}
(i)Y = {x:x # x}

Let the functions f: R - R and g: R = R be defined by
flx)=x?>—4x-3, g(x) =3x—5

Expand the function in the region |z]| > 2

Find the formula defining product functions f °gand g ° f .

Show that the Complex field C is a vector space over the real field R.

Define Idempotent matrix and Nilpotent matrix.

Show that an n x n orthogonal matrix has n (n — 1)/2 independent parameters.
Calculate the probability of drawing an ace from a pack of cards.

6x2=12

If A and B are two elements such that P(4) = g, P(B) = %, P(ANB) = %, then find P(A U B).

Prove that a matrix A and its transpose A’ have the same characteristic roots.



2. Answer any four of the following questions. 4x5=20

3 1 4
(a) Find the eigen values of the matrix A = (0 2 6]. 5
0 0 5
(b) Determine whether the following series converge:
W woo 2sin (nf) oo NP
(')Zn:l n(n+1) (”)anlm 5

(c) Consider the vector space E; with the Euclidean inner product. Apply the
Gram-Schmidt process to transform the basis

1) = (1,1,1),12) = (0,1,1),13) = (0,0,1)
into an orthonormal basis. 5
(d) Show that the matrices
cosf —sinf x
M(@0,x,2) = (sina cosf z)
0 0 1
where 0 < 0 < 21, —00 < x < 00 and — o0 < z < oo, form a group under multiplication. 5

(e) Prove that the set of all integers | form an abelian group with respect to binary operation.

5
(f) Determine the range of values for which the following power series converges:
z z2 z
P(Z)—l—;i-:—;-l—.... 5
(g) Prove: AX (BUC)=(AXB)U(AXC) 5
M

NPT (R = 23T Ted wie |

(@) s wibe seorsabe (we(pole) ey w9-

(12z—=7)/(z—1)*(2z + 3)
(b) |z| > 2 w6t gne SCATILE ePfEe FE —
1
z2 —3z+2




2.

(c) s &b & null- o6 & a1 ey -

()X = {x: x GBTO LY AN GRex2 — 5x + 1 = 0}
(i)Y = {feix # x}
(d) 9wb eows f:R>R & g:R->R 9N (-
f(x) =x?>—4x-3, g(x) =3x —5,

oREf g AR g ° f 9 TN ol ]
() e (¥ wibel (WG ¢ 2 VI (FG R @7 TAT @6 (SFT (H|
(f) NS WfE @ WAAGT WlF -99 RSl wig|
(g) e @ @@ n X n SCACINET HH @9 GFeg TS ABCeTd A
(

n(n-1)
2

h) o NS (A 996 G ASTL TR oo F |

() = A e BB %1 oW @ P(A) =2 P(B) ==, P(ANB) =-, &
P(AUB) @1 v ey <4
() e @ @b WhHH A @R oGS WEH A'ar SRRy Ju ey

N (I BRb 9T Ted wie|

3 1 4
(a) A=[0 2 6] WEHEtT WIew W e <
0 0 5
(D) fow cfefr oo Rt fifr -
. 0 sinn e
(i) n=1121(n+19) (”)Zn=1§

(C) 9 (9B P E3 (O IS[FOR 39 (ACIg o] o -fre omfo g s Wow @B
1) = (1,1,1),12) = (0,1,1),[3) = (0,0,1)
3



@ @b e @hm @ FEEie F9)
(d) oo @ a2 wif=

cosf —sinf x
M(0,x,z) =|sinf cosf z
0 0 1

QIR CHCT A (O I, (REH 0< 0 <21, —c0<x<00 B—0<z< o |
(e) AT FH (T G SPORYE OF |, AR FAReR (g 99 SIEERIN 8 fow |

(f) Foq otexs Bfiw B com g ofeond o Rl o

z z?2  Z3
P(Z)— 1—; + :—;4—....

(g) @ s Ax(BUC)=(AXB)U@AXC)l




DSE-1B

Nuclear and Particle Physics

Full Marks : 32 Time : Two Hours

The figures in the margin indicate full marks. Candidates are required to give their answers in their
own words as far as practicable.

1. Answer any six of the following questions. 6x2=10

(@) What do you mean by mass defect? What is the relation between mass defect and
binding energy of a nucleus?

(b) Explain why the electrons cannot exist inside the nucleus?

(c) Define unit of atomic mass and calculate its energy equivalence in MeV.

(d) Explain how the phenomenon of radioactivity can be applied for the determination of
the age of the earth.

(e) Calculate the half life time and mean life time of a radioactive substance whose decay
constant is 4.28 x 10™* per year.

(f) What is scintillation counter?

(g9) Define the Q-value of a nuclear reaction.

(h) Write down the uses of a VVan de Graaff machine.

(i) What is the difference between a cyclotron and a synchrotron?

2. Answer any four of the following questions. 4x5=20

(a) Explain the principle of operation of a linear accelerator. What are its advantages over
a cyclotron?

(b) Describe a GM- counter and explain its operation. What is meant by the ‘dead time’ of
a GM- counter?

(c) The half -life time of radon is 4 days. After how many days will only 1/10™ of radon
sample remain behind?

(d) What is B-decay and its end point energy? 3+2

(e) ())An electron and a photon have the same wavelength. Which one is more energetic?

(if) What is the frequency of a 7.5 KeV photon? 3+2



(f) (i) Hey nucleus has no magnetic moment. Explain.

(i)What is Quark? Give the quark content of a neutron. 2+(2+1)
(9) Write down the mediators of the four fundamental interactions. Which statistics do W
and Z particles obey? 4+1
I dm
S| (AR =% 2o Sed e 6x2=12
(a) o9 @ e & @R e SefEaion @ fe a2 on @by Wy 90
T w9l

o~

(b) 7 Fefgaen oot 3eTE Ao HAid 1 ©f [y w9
(C) AR B wFF F? 9g gy e MeV e el 9|
(d) comfaron Gl ita @ 28 wgEe e Koo 9 @re 2w ©f

g 4|
(e) @b (oG M Y @32 9T Y [ F9 T FY F5F 4.28 X 1071 &S

A
(f) Scintillation counter JI?
(g)FSfps Rigar Q-2 ewke F4|
(h)Van de Graaff 3abs wq2® e 34|
(i) ABHFET 932 PNFIGER 5 Ay FI?

3| (IR PRG 208F Ted wie | 4x5=20

(@) Linear accelerator-ga S Iyl F4| MICHIFER QoWICe @7 AR FI?

(b) TTGF-IITHIRT o4 @32 SRR I 37| Gas-31S5iz7 ' dead time ' @Ce
I @R?

() o Oy 4 | $© W o (@O TN WG 1/10 O #ftg AFCa?

(d) B-%3 e F @R @R 9T wiey [ Afe F7?

(e) (i) @32 o e [FE @b G @2 (F0A @] IR e geree
Siq (RA?
(i) 7.5 KeV = s @hem 1% $97? 342

2



(f) () HeyFued (@ /e I (3| Iyl 34|

(i) o F? @b WEHER (FRF Mo (=T | 2+(2+1)

@ Rugies s (e R Trgoe™l I afew 5 @) w kR 2 IW (I
AL (NN B2 441




DSE-1C
Applied Dynamics

Full Marks : 25 Time : Two Hours

The figures in the margin indicate full marks. Candidates are required to give their answers in their own

words as far as practicable.

1. Answer any five of the following questions. 5%2=10

2.

(@) Define fixed points. What are the different types of fixed points?

(b) Find all fixed points for x=x?>-1. Comment on their stability with
justification.

(c) Graph the potential for the system x = —x and identify all the equilibrium
points.

(d) Give any two examples of Fractals in nature.
(e) Showthat x,,, =1+ %sin x,has a unique fixed point. Is it stable?

(f) Foramap y,,.1 = v, find and classify all fixed points.

(g) Draw the phase space of a particle moving under uniform gravity.

Answer any three of the following questions. 3x5=15
(a) Define Liapunov exponent for a chaotic system. Find the Liapunov
exponent for the map x,,; = f(x;,),where

rx, 0<x<1/2
f(x)z{r—rx, ~<x<1

(b) Show that the Cantor set is uncountable.

(¢) Show that the logistic map x,,.; = rx,(1 — x,) can be transformed into a
quadratic map y,,.; = v + c by a linear change of variable: x,, = a y,, + b,
where a and b are to be determined.

1



(d) Derive normal frequencies for free vibration of a linear triatomic molecule
of equal masses m and spring constant k.

(e) Lotka-Volterra model of competition is given by
x=x(3-2x—-y)

y=y2-x-y)
Find the fixed points of the equation and determine their stabilities.

BEACGIG

S| (ICHICAT ATSD A7 Ged | 5x2=10
(a) Fixed point-a3 >eel wie| Rfen wow fixed point fel $?

(b) % = x2 — 1 TNFACR 5 fixed point &1 37 7| FePR oW IR [N T
<41

(c) System x = —x @3 Retaa =efbalb o=y F3 @32 @ equilibrium point wf
pfee |

(d) &Ffors FFIER @ @A g SuRe 78|

() TS (X xXpyy = 1 +3sinx, o ¢of wwy 2 fixed point sz <r &
stable?
() Voo = V3 TR & 5 fixed point of dfe w32 ¥ w4

(g) SfSFR T Horle GFh I (TG 0 & 7|

3| (TR oD AR Ged Wi | 3x5=15
(a) @& chaotic BB @ Liapunov % &S w91 Map x,.1 = f(x,)-99
@G Liapunov < qI9 9, (IR

T X,

0
fey=3 _ 1
"2

(b) (TS (T FIH6F (6 WIS |



(C)x, = ay, +b JNFs 7RI (SHRERCER FRE ARRSER Wea (rdre (@ logistic
map x,.; = rx,(1 — x,,) & quadratic map y,,,; = y2 + ¢ o s 4
(I | @2 a @2 b 3 W F909 A

(d)sr s m @2 P22 g9 Kk RfEE @3 afie fa@rmiess(triatomic) s &
T G Felie FE Ny w9

() CeIbI-CoIbaIT afocxifoel JreeD 2e
x=x(3—-2x—y)
y=y2-x-y)

Fixed point afeT e $9 @22 ©ivw stability R 9|




1.

2.

DSE-1D

Communication Electronics

Full Marks : 25 Time : Two Hours

The figures in the margin indicate full marks. Candidates are required to give their answers
in their own words as far as practicable.

Answer any five questions : 2x5=10
(a) Draw a block diagram for communication system.

(b) What is signal-to-noise ratio?

(c) Obtain the frequency spectrum of AM wave.

(d) State the sampling theorem in analog pulse modulation.

(e) Why do we need multiplexing in communication?

() What is encoding in pulse code modulation?

(g) Mention two advantages in satellite communication.

(h) What is SIM number in mobile communication?

Answer any three questions: 5x3 =15

(@) What is modulation? Why do we need modulation? What will be the
approximate size of antenna for sending a signal of frequency 1 kHz? 1+2+2

(b) What is amplitude modulation? Obtain an expression for modulation index.
Draw the waveform of AM wave. 1+3+1

(c) Explain briefly about the detection of FM wave with a circuit diagram. Write
two differences between FM wave and AM wave. 4+1

(d) Discuss about different types of analog pulse modulation. 5

(e) Draw a block diagram of mobile communication. What is cell splitting and
hands-off? Why do we need IMEI number of a mobile? 2+(1+1)+1



1. (F AT ATefD Ara e mie: 2x5=10
(a) CIIMCIIN [IZE T N0 TH FA|
(b) Signal-to-noise WYATS IO J @RN
(© AM I F=AFH-If e ARG [T F41
(d) Analog pulse modulation J (TE sampling GA=MIfG RIS F41
(e) CIISITITS IR multiplexing I ATATGINITST FI?
(f) Pulse code modulation & Encoding I61C® Bt (J1A?
(g) STCGER6 CIIHNMTIS IIZR BT ST STy F7|
(h) CNIRTZE CIISMTITSN [IIZN 1N N7 Bl

2. (T (P foniG AT Tad Wid: 5x3=15
(a) NQTETIN 17 22 ATACNTST STFY FF| 1kHz FNTHT (P
ISNIACE ATITO F© IG SO ATIG ? 1+2+2

(b) Amplitude modulation JI? Amplitude modulation index E IS IR G )
fRfT A1 AM S SI% Ao W FA| 1+3+1

(€) TSN SIS FM THCHA TG HINNO ST WA B FM S
AM BI04 {6 NLFT (7Y 4+1

(d) fJIfoR APIL Analog Pulse Modulation SFCH ATTRCHA ACATENT RS 5

(e) CNTRT3S CIISMCTS SIEELE] NP0 WH~ B cell splitting 8 hands-off
A0S fF [@RI? (NRIREAF IME| VFEE ATTGATST 2 2+(1+1)+1
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