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[This question paper contains 06 printed pages] 

[इस प्रश्न पत्र में 06 मुद्रित पृष्ठ हैं] 

Himachal Pradesh Administrative Service Combined Competitive (Main / 

Written) Examination, 2020 

                                       (     /      )      , 2020 

 PHYSICS (PAPER-II)   

            (    -II)  

Time allowed: Three Hours             Maximum Marks: 100 

          समय:     घंटे              अंक: 100 

 

QUESTION PAPER SPECIFIC INSTRUCTIONS 

                          

Please read each of the following instructions carefully before attempting questions. 

                                                          । 

1. There are TEN questions divided in FIVE SECTIONS and printed both in English & in 

Hindi.   

                                                    औ                      । 

2. Candidate has to attempt one question from each part.   

                         ए                   । 

3.  All questions carry equal marks. The number of marks carried by a question / part is 

indicated against it. 

                       ।          /                              ए  ए   । 

4. Write answer in legible handwriting. Each part of the question must be answered in sequence 

and in the same continuation. 

                        । प्रश्न के प्रत्येक भाग का उत्तर उसी क्रम में द्रिया जाना चाहहए। 

5. Assume suitable data, if considered necessary, and indicate the same clearly. 

            ,                                              ।   

6. Attempts of questions shall be counted in sequential order. Unless struck off, attempt of a 

question shall be counted even if attempted partly. Any page or portion of the page left 

blank in answer book must be clearly struck off. 

                                    ए  ।               ए  ए                  

            ए                          ।       ए                                 :     

      । 

7.  Re-evaluation / Re-checking of answer book of the candidate is not allowed.  

          की उत्तरपुहततका    पुनममूलयांकन / पुन: जााँच          ए  । 

 



Page 2 of 6 
 

 

SECTION-I 

   -I 

1. (a)  A 5Mev proton enters vertically downward in a horizontal field of magnetic 

induction     of magnitude 1.5 Tesla. Determine the acceleration of the proton and 

describe the resultant trajectory of the proton. (Mass of proton = 1.7x10
-27

 Kg)   (10) 

ए  5Mev       1.5                                                                 

ओ              ।                              औ                             

        । (               = 1.7x10
-27     )  

(b)  Describe the propagation of electromagnetic waves in a conducting medium. Also, 

explain the term ‘skin depth’.                                                             (10) 

                                                      ए। '             '     

                ए।      

2. (a)  Find expressions for resonance frequency and quality factor of a parallel LCR 

circuit connected to an ac source. Also list some practical applications of such a 

circuit.                                                      (10) 

ए  ए                        ए                            औ                 

  ए          ।                                                    ।     

(b)  Consider a charge distribution in a spherical volume of radius a with the charge 

density given by 

                  
 

 
                  

                                                  

         Calculate the electric field due to this charge distribution at         

         and                                        (10) 

  

      a                                                                 

        

                  
 

 
                  

                                                  

                           r>a औ  r<a                         । 

SECTION-II 

   -II 
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3.  (a)  The wavelength of the Lα X-rays spectral lines of Platinum (Z=78) is 1.321A
o
. An 

unknown substance emits Lα X-rays of wavelength 4.17A
o
. Determine the atomic 

number of the unknown substance. Given b=7.4 for the Lα lines.                         (10) 

        (Z=78)    Lα X-                                    1.321A
o   । ए       

      4.17A
o              Lα X-                     ।                            

        ए। Lα            ए b=7.4            ।           

(b)  A particle is confined to a one dimensional box of side L. Derive expressions for its 

eigenfunctions and eigenvalues. Further show that the minimum energy of this 

particle cannot be zero.                             (10) 

ए     L           ए -                      ।           फ   औ           

     ए               ।             ए                                     

    ।                 

4. (a)  The stopping potential for photoelectrons emitted from a surface illuminated by the 

light of wavelength 5893A
o 
is 0.36V. Determine the work function and the threshold 

frequency of the surface.                                                                           (10) 

5893A
o                                             फ                 ए       

     0.36V   ।            औ                                   ।  

 (b)  State and explain the Heisenberg uncertainty principle. Use it to explain why an 

electron cannot exist inside the nucleus.                                                                 (10) 

                                ए  औ      ए ।                           ए 

                     ए                                  ।       

SECTION-III 

   -III 

4. (a)  Two radioactive elements X and Y have their half-lives of 4 and 6 years 

respectively. An equal amount of both the elements were taken t years ago. If the 

present ratio of the amounts of X and Y is 1:3. Find the time t.                    (10) 

                 X औ  Y       -         4 औ  6       ।                         

t                  ।     X औ  Y                            1:3   ।     t        

   ए ।        

 (b)  Explain the principle, construction, and working of a betatron. Further derive the 

condition for its operation.                    (10) 
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 ए                   ,        औ                   ।                      ए     

       ।              

6.  (a)  The nuclear radius of   
   is 3 Fermi. What nuclear radius do you expect for     

   ?                                                                 

                                                                                                                                               (10) 

  
                    3 फ     ।     

         ए                                   

  ? 

 (b)  Describe the liquid drop model of the nucleus. Highlight its merits and demerits in 

understanding the nuclear phenomena.                             (10) 

                                  ए।                                      -

                 ए। 

SECTION-IV 

   -IV 

7. (a)  Deduce formula for the effective mass of an electron. Also, explain the physical 

meaning of negative effective mass.                                                 (10) 

ए                              ए           ।                              

                  ए।                 

(b)  Calculate the Bragg’s angle at which electrons accelerated from rest through 

potential difference of 80V will be diffracted from <111> planes of an fcc crystal of 

lattice parameter 3.5A
0
.                               (10) 

ए  fcc         ,                      3.5A
0   , <111>                          , 

   80V                                                    ,      ए               

        ।       

8. (a)  Based on the Kroning-Penny model, explain the formation of energy bands in  

metals.                                                                   (10) 

     -                                          ठ              ।   

(b)  Estimate the Debye temperature of gold if its atomic weight is 197, the density is 

1.9x10
4
kg/m

3
 and the velocity of sound in it is 2100m/s. 

 Use Planck’s constant =6.626x10
-34

Js, Boltzmann constant=1.38x10
-23

m
2
kgs

-2
K

-1
 

and Avogadro number=6.02x10
23

.                                                                         (10) 
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                        197   ,      1.9x10
4
kg/m

3    औ                   2100m/s 

  ,                                     ए ।              =6.626x10
-34

J-s,          

        =1.38x10
-23

m
2
kgs

-2
K

-1 औ                =6.02x10
23            ।  

SECTION-V 

   -V 

9. (a)  Determine the concentration of free electrons and holes in a sample of Germanium 

at 300K which has a concentration of donor and acceptor atoms equal to 2x10
14

 

atoms/cm
3
 and 3x10

14
 atoms/cm

3
 respectively. Further, ascertain whether the 

sample is p- or n-type?  Take ni=2.5x10
13

 atoms/cm
3
 at 300K.             (10) 

300K               ए                        औ                             , 

           औ                                 2x10
14       /    3 औ  3x10

14 

      /    3            ।           ,        ए               p-    n-          ? 

300K    ni=2.5x10
13       /cm

3   ।             

(b)  Draw and describe the input, output, and transfer characteristics of a CB BJT 

amplifier. Also, compare its features with CE and CC configurations.             (10) 

CB BJT               ,        औ      फ                 ए  औ               । 

          , CE औ  CC                                             । 

      

10. (a)  The DTL shown uses Si devices with VBE,Sat=0.8V, VCE,Sat=0.2V, Vcutin=0.5V and 

the voltage drop across a conducting diode is 0.7V. The inputs to this switch are 

obtained from the outputs of similar gates.  

(i)  Verify that the circuit functions as a positive NAND and calculate hFE,min.  

(ii)  If all inputs are high, what is the magnitude of noise voltage at the input which 

will cause the gate to malfunction?  

  

 
                     (10) 
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           DTL Si                      VBE,Sat=0.8V, VCE,Sat=0.2V, Vcutin=0.5V 

औ  ए                                0.7V   ।                               

                ए        ।  

(i)                      ए         NAND                       औ  hFE, min    

            ।  

(ii)                    ,                                                        

     ए  ?  

 

(b)  Explain frequency modulation (FM) and analyze its frequency spectrum. Under 

what condition an FM is similar to amplitude modulation (AM)?                        (10) 

               (FM)         ए औ                                  ए।     

         ए  FM             (AM)           ?     

      

***** 

 

 

 

 

 


