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PHYSICS - GENERAL 

Paper : DSE-B-1 and DSE-B-2 

Candidates are required to give their answers in their own words 
as far as practicable. 

DSE-B-1 

(Digital Electronics) 
Full Marks : 50 
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() 0.625 CMUTG Vift RifS A8A A| 
(3) 5 afoIbE RRIfÝg �IÀi efoa? 
(6) ABC+ ABC + ABC + ABCaRIA aUsfet gG�" VLA| 
(5) f9S KGUS a? 

I (¢) NAND (T JAI AND, OR (D Co A| 

oI (*) oglA TAo AJC RIG (4 + B) (4 + C) =4 + BCI 
() Y= AB + A(B + C) + B(B + C) K PCA E tO I q6Âg HSIsÍA GaC | 

() K-TC9A AETCY AA7 A: Y= ABC + ABC + ABC. 

(2+2)+9+(%+>2) 

(1) Sum-of-products (SOP) th4 F(A, B, C) = Z0,1,2,3,5,6,7)- BA Product-of-Sums (POS) agai 
Q+(0+)+0 

()+S+)+o+(5+) 
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(1) eAs zfs (combinational logic) a afos (sequential) aT*S ej ? 

() IC ateo, VLSI 4GU5 aU? 

(2) 

The figures in the margin indicate full marks. 

1. Answer any five questions : 

[English Version] 

Answer question no. 1 and any four questions from the rest. 

(a) Convert the hexadecimal number 2AF to decimal. 

(b) Convert the decimal number 245 to octal. 

(c) Convert the decimal fraction 0.625 to binary. 

(d) What is the binary representation of the negative number -5. 

() What is a decoder? 

(e) Simplify the Boolean expression ABC + ABC + ABC+ ABC. 

(g) Draw the logic circuit for the boolean expression A B+C using basic gates. 
2. (a) Construct AND, OR gates using NAND gates. 

(b) Explain the working of NOT gate using a transistor. 
(c) Add and subtract the binary numbers (11011.01), and (1011.011),. 

3. (a) Prove that (A + B\A + C)=4 + BC using boolean algebra. 

(2+2)+2+2+2 

(0+)++0 

2x5 

(2+2)+3+(1/s+) 

(b) Simplify and draw the circuit diagram for Y= AB + A(B + C) + B(B +C). Write the truth table of 
the circuit. 

(c) Convert the sum-of-products (SOP) expression F(A, B, C) = }(0,1,2,3,5,6,7) to its product-of-sums (POS) equivalent. 2+(3+2)+3 
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4. (a) What is a de-multiplexer? Mention any one use. Draw circuit diagram of 1 :4 de-multiplexer. 

(b) Simplify Y = ABC + ABC + ABC using K-map. 
(c) Write the truth table of Ex-OR gate. Draw the circuit to construct Ex-OR gate using NOR gate. 

(1+1+2)+3+(1+2) 

5. (a) Draw the circuit diagram of a JK FF. Obtain the truth table. 

(b) What is D flip-flop? Write down the truth table. 

(c) What is the difference between combinational logic and sequential logic? 

(d) Mention the types of clock triggering. 

6. (a) Discuss the working principle of 4-bit SIPO shift register. Draw the circuit diagram. 
(b) What are the different types of shift registers? 

(c) What do you mean by VLSI in IC technology. 

7. (a) Explain the ring counter with the help of circuit and timing diagram. 

(2+2)+2+2+2 

(b) Explain the ripple counter with the help of circuit and timing diagram. 

(3+2)+2+3 

5+5 
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Paper : DSE-B-2 

(Nuclear and Particle Physics) 

Full Marks : 65 

(s) (Barn) AA qP? SI 4PF 4A A|A po? 

() 

81 (*) b 4t G.M. 19PS (G.M. Counter) a G 

7) qof G.M. 19AS APe1 aT (dead time) GCO 

ani 

AT? 9+ 



�He+,N’o"+,H' 

(5) 

(s) G ARPS e fo-4g É 1.5 m caton <pet (a =1.6x10-1C, 9 = 1.67x 10-27 kg) 

M(GHe*) = 4.0038727 u 
M(,N= 14.0030744u 
M(,H)=1.007825 u 

M(go'") = 1l6.999133u 
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0+9+(+) 

Q+(8+))+o 

(0+0)+8 
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SI (*) 513 (Capture) aft 1 PG| 

55.930788U1 (LeNE = 0.000548U) 

(6) 

1. Answer any five questions : 

(9) A P T (charge), 5 i8t (average charoe) 3 Bi (hyper charge) 41CS PI KT? 

|English Version] 
The figures in the margin indicate full marks. 

1 

(b) Calculate the radius of gol6 nucleus. 
(a) Explain the role of neutrinos in beta decay. 

Group- A 

(c) What is Barn'? What is its value in S.I. unit? 

() Write the quark contents of nucleons. 

(d) What is meant by 'Saturation' of nuclear force? 

(e) Determine the unknown particle X in the reaction 

(g) Determine the half-life of a radioactive substance if its decay constant is 0.693 day-!. 

Group - B 

Answer any three questions. 

2. (a) What do you mean by binding energy of nucleus? 

9+9+8 

[Given : Mass of Ol6 nucleus = 15,994915 ul 

9+8+ 

(b) The masses of the hydrogen atom and neutron are 1.008142 u and 1.008982 u respectively. Calculate 
the binding energy per nucleon of ol6 nucleus. 

(b) Describe the process of B decay and its various types. 

2x5 

2+3 

3. (a) A nucleus emits and a-parlicle lollowed by iwo B-particles. Show that the tinal nucleus is an 
isotope of the original one. 

2+3 



4. (a) Describe the working principle of a G.M. counter with proper schematic diagram. 
(b) What is dead time' of a G.M. counter? 

5. (a) Explain compound nuclear reaction with example. 

(b) Write quark composition of following particles. 

(i) T* (G)). 

6. (a) Derive the 'betatron condition' for betatron operation. 

(b) Write two basic differences between cyclotron and betatron. 

(7) 

(b) Draw the curve of binding energy/nucleon vs. mass number of nucleus. 

(c) Calculate the 'surface term' and 'Coulomb term' of the binding energy of 

8. (a) Describe the working principle of a linear accelerator. 

9. (a) Define Q-value of a nuclear reaction. 

�He+ �Nl4 

7. (a) Write down the Bethe-Weizsacker formula for binding energy of a nucleus. Explain, in detail, all 
the five energy terms used therein. 

’0+H' 
Given masses are : 
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Group -C 

Answer any four questions. 

(b) Calculate the Q-value of the following nuclear reaction : 

M(,He) = 4.0038727 u 
M(,N') = 14.0030744u 

M(,H'})= 1.007825 u 

M(o")= l6.999133u 

(b) Explain the advantages and disadvantages of linear accelerators compared to cyclotrons. 
(c) Calculate the maximum kinetic energy of protons accelerated by a cyclotron with a magnetic field 

of 2T anda radius of dee 1.5 m (charge of proton = 1.6x10-1C, mass of proton = 1.67x10-2/ kg). 
Also calculate the operational frequency of cyclotron. 

20Ca40 

Indicate also if the above reaction is exoergic or endoergic. 

(c) Show that the process y -’ e* te cannot occur in vacuum? 

3+2 

nucleus. 

3+2 

3+2 

5+2+3 

3+3+(2+2) 

2+(4+1)+3 
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10. (a) Deseribe Rutherford's gold foil experiment and its significance in understanding the structure of 
atomic nucleus. 

(0) Calculate the distance of closest approach in a head-on collision between a 5 MeV alpha particle 
and a gold nucleus at rest (z=79). 

11. (a) Describe the process of electron capture. 
(b) Explain the difference between electron capture and positron emission. 
(c) Calculate the energy released in electron capture for a nucleus with initial mass 55.934939U and final mass 55.930788 U. (mass of electron =0.0005480). 3+3+4 

12. (a) What are the 'strange particles'? Why are they called 'strange"? 

(3+3) +4 

(b) Demonstrate the octet-symmetry of J, = baryons in a weight-diagram. 
(c) What do you mean by charge, average charge and hyper-charge of a particle? Give their expressions. 

3+4+3 
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