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सामा�‍य‍न ‍��श‍: 

न�����न��न ���न�������ो����ा�प�ू�ो�पन�ए�और�उ�ोा�पा���ो�निए :� 

(i) इस�����-प��म��33������ह��।�सभी‍�����अन वाय��ह��।  

(ii) �ह�����-प��पा�च� ��ड��म��न�भानि��है�– ख�ड‍क,‍ख,‍ग,‍घ�ए��ंङ�। 

(iii) ख�‍ड‍क�म�������सं���ा�1‍से�16��ो�बह�न��ो��पी���ोार�ोे������ह��।����ेो������1�अों�ोा��ह�ै�। 

(iv) ख�‍ड‍ख�म�������सं���ा�17‍से�21��ो�अन����ु�-उ�री���ोार�ोे������ह��।����ेो������2�अों��ोा��
ह�ै�। 

(v) ख�‍ड‍ग�म�������सं���ा�22‍से�28��ो��ु�-उ�री���ोार�ोे������ह��।����ेो������3�अों��ोा��ह�ै�। 

(vi) ख�‍ड‍घ�म�������सं���ा�29‍�था�30�ोेस�अ����-आधा�र�������ह��।����ेो������4�अों��ोा��ह�ै�।� 

(vii) ख�‍ड‍ङ�म�������सं���ा�31‍से�33��ो��ीु�-उ�री���ोार�ोे������ह��।����ेो������5�अों��ोा��ह�ै�। 

(viii) ����-प��म��सम�� न�ो��प��ह��न���ा�य�ा�है� ।���नप�,‍ख�‍ड‍क‍ोे�अन��र��अ��� �ड��ोे�ो� छ�������म��
आ�ं�रो�न�ो�प�ोा�च���न��ा�य�ा�ह�ै।� 

(ix) ��ा�����नो��न�बानध��परी�ानथ����ोे�न�ए�एो�अ�य�����-प��है�। 

(x) ोै��ो� �े�र�ोा�उप��य�वनज�त‍है�। 

 िहा��आ���ो�ह�,�आप�न���न�न ��भौन�ो�न���ांो��ोे�मा���ोा�उप��य�ोर�सो�े�ह��: 

 c = 3 ´ 108 m/s 

 h = 6.63 ´ 10–34 Js 

 e = 1.6 ´ 10–19 C 

 m0 = 4p ´ 10–7 T m A–1 

 e0 = 8.854 ´ 10–12 C2 N–1 m–2  

 
0

4

1

ep
 = 9 ´ 109 N m2 C–2 

 इले��ॉन का ��यमान (me) = 9.1 ´ 10–31 kg 

 �य�ूॉन का ��यमान = 1.675 ´ 10–27 kg 

 �ोटॉन का ��यमान = 1.673 ´ 10–27 kg 

 आवोगा�ो सं�या = 6.023 ´ 1023 �त� �ाम मोल 

 बो�टज़मान तनय�ांक = 1.38 ´ 10–23 JK–1 
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General Instructions : 
Read the following instructions carefully and follow them : 

(i) This question paper contains 33 questions. All questions are compulsory.  
(ii) This question paper is divided into five sections – Sections A, B, C, D and E.  
(iii) In Section A – Questions no. 1 to 16 are Multiple Choice type questions. Each question 

carries 1 mark.   
(iv) In Section B – Questions no. 17 to 21 are Very Short Answer type questions. Each 

question carries 2 marks.   
(v) In Section C – Questions no. 22 to 28 are Short Answer type questions. Each question 

carries 3 marks.   
(vi) In Section D – Questions no. 29 and 30 are case study-based questions. Each question 

carries 4 marks.   
(vii) In Section E – Questions no. 31 to 33 are Long Answer type questions. Each question 

carries 5 marks.   
(viii) There is no overall choice given in the question paper. However, an internal choice has 

been provided in few questions in all the Sections except Section A.  
(ix) Kindly note that there is a separate question paper for Visually Impaired candidates.  
(x) Use of calculators is not allowed.  
 You may use the following values of physical constants wherever necessary :  

 c = 3 ´ 108 m/s 

 h = 6.63 ´ 10–34 Js 

 e = 1.6 ´ 10–19 C 

 m0 = 4p ´ 10–7 T m A–1 

 e0 = 8.854 ´ 10–12 C2 N–1 m–2  

 
0

4

1

ep
 = 9 ´ 109 N m2 C–2 

 Mass of electron (me) = 9.1 ´ 10–31 kg 

 Mass of neutron = 1.675 ´ 10–27 kg 

 Mass of proton = 1.673 ´ 10–27 kg 

 Avogadro’s number = 6.023 ´ 1023 per gram mole 

 Boltzmann constant = 1.38 ´ 10–23 JK–1   
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ख�‍ड‍क 

1. तकसी तव��ु-च�ुबक�य �रंग से संब� तव��ु-�े� E को इस �कार तन�त�� तकया गया है :  

  Ey = E0 sin (kx – wt) 

 तन�नतलति� म� से कौन-सा कथन सही है ?  

(A) �रंग +x-अ� के अनतु�श संचरण कर रहा ह ै।   

(B) �रंग +z-अ� के अनतु�श संचरण कर रहा है । 

(C) �रंग का च�ुबक�य �े� B
®

  +y-अ� के अनतु�श काय�र� ह ै।  

(D) �रंग का च�ुबक�य �े� B
®

  –x-अ� के अनतु�श काय�र� ह ै। 

2. �त�रोधक 100 W �था धा�र�ा 5 mF  का कोई संधा�र� 200 V, 
1000
p

 Hz के तकसी ac �ो� से 

संयोत�� ह ै। अन�ुय�ु वो�ट�ा (V) �था धारा (I) के बीच कला��र है :    

(A) 120° (B) 90° (C) 60° (D) 45° 

3. m, mn �था mp �मश: नात�क
A
ZX , �य�ूॉन �था �ोटॉन के ��यमान� का तन��ण कर�े ह� । �ब :  

(A) m < (A – Z) mn + Z mp  (B) m = (A – Z) mn + Z mp   

(C) m = (A – Z) mp + Z mn  (D) m > (A – Z) mn + Z mp 

4. आरेि म� �शा�ए अनसुार �त�रोध R क� कोई चालक छ� PQ तनय� एकसमान च�ुबक�य �े� B
®

 म� 

त�थ� तकसी घ��ण-रतह� चालक रेल� (�ट�रय�) �र रिी ह ै । यह मान�े ह�ए तक रेल� का �त�रोध 

उ�े�णीय ह,ै छ� को तनय� वेग v
®

 से �ाएँ ि�चने के तलए आव�यक बल होगा :   

  
(A) 0    (B) Blv  

(C) 
B v

R

l
   (D) 

2 2B v
R
l
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SECTION A 

1. The electric field E associated with an electromagnetic wave is represented by  

  Ey = E0 sin (kx – wt)  
 Which of the following statements is correct ?  

(A) The wave is propagating along +x-axis.    

(B) The wave is propagating along +z-axis.  

(C) The magnetic field B
®

 of the wave is acting along +y-axis.  

(D) The magnetic field B
®

 of the wave is acting along –x-axis. 

2. A capacitor of 5 mF is connected to an ac source of 200 V, 
1000
p

 Hz through a 

resistor of 100 W. The phase difference between the voltage (V) applied and 
current (I) is :  
(A) 120° (B) 90° (C) 60° (D) 45° 

3. m, mn and mp represents masses of  
A
ZX  nucleus, a neutron and a proton, 

respectively. Then : 
(A) m < (A – Z) mn + Z mp  (B) m = (A – Z) mn + Z mp   

(C) m = (A – Z) mp + Z mn  (D) m > (A – Z) mn + Z mp 

4. A rod PQ of resistance R lies across frictionless conducting rails in a constant 
uniform magnetic field B

®
, as shown in the figure. Assuming that the rails have 

negligible resistance, the force required to pull the rod to the right at constant 
velocity v

®
 is : 

  
(A) 0    (B) Blv  

(C) 
B v

R

l
   (D) 

2 2B v
R
l
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5. �ब तकसी लोह-च�ुबक�य ��ाथ� को उसके �यरूी �ा� से अतधक �ा� �क गम� तकया �ा�ा ह,ै �ो वह 

��ाथ� :  

(A) �त�च�ुबक�य ��ाथ� क� �ाँत� �यवहार करेगा ।  

(B) अनचु�ुबक�य ��ाथ� क� �ाँत� �यवहार करेगा ।  

(C) �थायी �� से तवच�ुबतक� हो �ाएगा ।   

(D) लोह-च�ुबक�य ही रहेगा ।   

6. कोई तब��तुक� तब�ब वाय ुम� �ो मा�यम�, वाय ुऔर काँच को �थृकज  करने वाली व��ा त��या R के 

उ�ल गोलीय ��ृ के म�ुय अ� �र 4R �रूी �र त�थ� ह ै। �सैे-�सैे तब�ब इस ��ृ क� ओर गत� कर�ा 

है, इसका �त�तब�ब :  

(A) स�ैव वा��तवक बन�ा है  

(B) स�ैव आ�ासी बन�ा है  

(C) �हले आ�ासी और त�र वा��तवक बन�ा है   

(D) �हले वा��तवक और त�र आ�ासी बन�ा है  

7. 1.5 cm ल�बे तकसी �ार से 5 A धारा �वातह� हो रही है । इस �ार को 0.2 T के एकसमान च�ुबक�य 

�े� म� रिने �र इस �र 7.5 mN का बल काय� कर�ा ह ै। च�ुबक�य �े� �था �ार से �वातह� धारा क� 

त�शा के बीच का कोण है :   

(A) 30° (B) 45° (C) 60° (D) 90°  

8. समान ��यमान के �ो कण� A और B, त�न �र �मश: आवेश q और 4q ह�, को �ो तवत��न 

तव�वा��र� VA और VB �ारा तवराम त�थत� से इस �कार �व�र� तकया गया है तक वे समान गत�� 

ऊ�ा� अत��� कर ले�े ह� । A

B

V

V

æ ö
ç ÷
è ø

 का मान ह ै: 

(A) 
1

4
 (B) 

1

2
 (C) 2 (D) 4 
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5. When a ferromagnetic substance is heated to a temperature above its Curie 
temperature, it will :   

(A) behave like a diamagnetic material.     

(B) behave like a paramagnetic material.   

(C) permanently demagnetise.     

(D) remain a ferromagnetic. 

6. A point object is placed in air at a distance of 4R on the principal axis of a convex 

spherical surface of radius of curvature R separating two mediums, air and glass. 
As the object is moved towards the surface, the image formed is :   

(A) always real     

(B) always virtual  

(C) first virtual and then real   

(D) first real and then virtual   

7. A current of 5 A is flowing in a wire of length 1.5 cm. A force of 7.5 mN acts on 
it when it is placed in a uniform magnetic field of 0.2 T. The angle between the 
magnetic field and the direction of current is : 

(A) 30° (B) 45° (C) 60° (D) 90°  

8. Two particles A and B of the same mass but having charges q and 4q respectively, 

are accelerated from rest through different potential differences VA and VB such 

that they attain same kinetic energies. The value of A

B

V

V

æ ö
ç ÷
è ø

 is : 

(A) 
1

4
 (B) 

1

2
 (C) 2 (D) 4 
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9. ऐ�फा कण �क�ण�न �योग के तलए तन�नतलति� म� से कौन-सा कथन सही है ? 

(A) �क�ण�न कोण q » 0 के तलए, संघ� �ाचल कम हो�ा ह ै।    

(B) �क�ण�न कोण q Ä p के तलए, संघ� �ाचल अतधक हो�ा ह ै। 

(C) ��य� (स�मिु) संघ� करने वाले ऐ�फा कण� क� सं�या कम हो�ी ह ै।   

(D) यह �योग ल�य �रमाण ुके साइ़ क� ऊ�री सीमा का आकलन ��ान कर�ा ह ै।  

10. नीचे त�या गया कौन-सा �ा� आ�त�� तवतकरण� क� �ी��ा के साथ �काश-तव��ु धारा के तवचरण 

का सही तन��ण कर�ा है, �बतक अ�य �ाचल� को त�थर रिा गया है ? 

   

11. �ब नै� तसतलकॉन अध�चालक को Al �रमाण ुसे मात�� तकया �ा�ा ह,ै �ब :  
(A) चालन ब�ड म� होल� क� सं�या घट �ा�ी ह ै।      

(B) संयो�क�ा ब�ड म� होल� क� सं�या ब� �ा�ी ह ै।   

(C) ऊ�ा� अ��राल का मान ब� �ा�ा है ।     

(D) संयो�क�ा ब�ड म� इले��ॉन� क� सं�या ब� �ा�ी ह ै। 

12. �ो सेल त�नके तव.वा. बल (emf) 2 V और 3 V �था आ���रक �त�रोध �मश: 1 W और 2 W ह�, 

�ा�� म� संयोत�� ह� । इस संयो�न सेल का ��ावी तव.वा. बल (emf) �था आ���रक �त�रोध �मश: 

होगा :   
 
(A) 3 V, 1 W    (B) 5 V, 3 W  

 

(C) 7
3 V, 23  W   (D) 65 V, 23  W   
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9. Which of the following statements is correct for alpha particle scattering 

experiment ?  

(A) For angle of scattering q » 0, the impact parameter is small.  

(B) For angle of scattering q Ä p, the impact parameter is large. 

(C) The number of alpha particles undergoing head-on collision is small.   

(D) The experiment provides an estimate of the upper limit to the size of target 
atom.  

10. Which one of the given graphs correctly represents the variation of photoelectric 
current with the intensity of incident radiation, keeping other parameters fixed ?     

   

11. When intrinsic silicon semiconductor is doped with Al atom, then it :   
(A) decreases the number of holes in the conduction band.       

(B) increases the number of holes in the valence band.   

(C) increases the energy gap value.     

(D) increases the number of electrons in the valence band.   

12. Two cells of emf 2 V and 3 V, and internal resistance 1 W and 2 W, respectively 

are connected in parallel. The effective emf and internal resistance of the 
combination cell are respectively :   

(A) 3 V, 1 W    (B) 5 V, 3 W  

 

(C) 7
3 V, 23  W   (D) 65 V, 23  W   
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�����सं���ा�13‍से�16�अनभोथ��(A)�और�ोारण�(R)��ोार�ोे������ह��।����ोथ��न��ए�यए�ह��—�नि�म��एो�
ो��अनभ�ोथ��(A) �था��सूरे�ो��ोारण�(R) �ारा�अनंो��नो�ा�य�ा�है�।�सही�उ�र��ीचे�न�ए�यए�ो�ड��(A), 
(B), (C)�और�(D)�म��से�च��ोर��ीनि�ए�। 

(A) अत� कथन (A) और कारण (R) �ोन� सही ह� और कारण (R), अत� कथन (A) क� सही 
� या� या कर�ा है ।  

(B) अत� कथन (A) और कारण (R) �ोन� सही ह�, �र� � ुकारण (R), अत� कथन (A) क� सही 
� या� या  ह� कर�ा है । 

(C) अत� कथन (A) सही ह,ै �र� � ु कारण (R) �ल� है । 

(D) अत� कथन (A) और कारण (R) �ोन� �ल� ह� । 

13. अनभ�ोथ��(A) : य�त� गॉगल (ध�ू के च�म)े ल�स� के ��ृ वत�� हो�े ह�, �र�� ुउनम� कोई �म�ा 

नह� हो�ी है ।  

ोारण�(R) : गॉगल� के �करण म� �ोन� वत�� ��ृ एक ही ओर वत�� हो�े ह� और इनक� 
व��ा त��या समान हो�ी है ।  

14. अनभ�ोथ��(A) : तकसी चालक �ार के तकसी तब�� ु�र धारा घन�व ( J
®

) उस तब�� ु�र तव��ु-�े� 

(E
®

) क� त�शा म� हो�ी है ।  

ोारण�(R) : चालक �ार ओम के तनयम का �ालन कर�ा है ।  

15. अनभ�ोथ��(A) : सयू� म� ऊ�ा� �नन के तलए नात�क�य तवि�डन अत�त�याए ँउ�र�ायी हो�ी ह� ।  

ोारण�(R) : नात�क�य तवि�डन अत�त�याओ ंम� ह�के नात�क �र��र तमलकर संलतय� हो�े 
ह� । 

16. अनभ�ोथ��(A) : �ब कोई धारावाही कु�डली तकसी त��य च�ुबक�य �े� म� तनलंतब� हो�ी ह ै�ब 

उस �र काय�र� बल-आघणू� अतधक�म हो�ा ह ै।  

ोारण�(R) : बल-आघणू� क� �वतृ� कु�डली को उसके अ� �र घणू�न कराने क� हो�ी ह ै।  
ख�‍ड‍ख 

17. तकसी संतध डायोड के तलए �ासी ��र और तव�व रोतधका ��� क� इनके तनमा�ण सतह� �या�या  

क�त�ए ।    2 
18. एक इले��ॉन तकसी �े� से गु़ र रहा ह ै�था वह तकसी बल का अन�ुव नह� कर रहा ह ै। यह तकस 

��रत�थत� म� सं�व हो सक�ा ह ै – �ब इले��ॉन ऐसे �े� से ग�ुरे �हाँ (a) केवल च�ुबक�य �े� 

तव�मान है, और (b) तव��ु और च�ुबक�य �ोन� �े� तव�मान ह� ? अ�ने उ�र� क� �तु� क�त�ए ।  2 
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Questions number 13 to 16 are Assertion (A) and Reason (R) type questions. Two 
statements are given — one labelled Assertion (A) and the other labelled Reason (R). 
Select the correct answer from the codes (A), (B), (C) and (D) as given below.  

(A) Both Assertion (A) and Reason (R) are true and Reason (R) is the correct 
explanation of the Assertion (A).  

(B) Both Assertion (A) and Reason (R) are true, but Reason (R) is not the 
correct explanation of the Assertion (A).  

(C) Assertion (A) is true, but Reason (R) is false.  

(D) Both Assertion (A) and Reason (R) are false.  

13. Assertion (A) : Although the surfaces of a goggle lens are curved, it does not 

have any power.  

Reason (R) : In case of goggles, both the curved surfaces are curved on the 
same side and have equal radii of curvature.  

14. Assertion (A) : The current density ( J
®

) at a point in a conducting wire is in the 

direction of electric field ( E
®

) at that point.   

Reason (R) : A conducting wire obeys Ohm’s law.  

15. Assertion (A) : Nuclear fission reactions are responsible for energy generation in 

the Sun.  

Reason (R) : Light nuclei fuse together in the nuclear fission reactions.  

16. Assertion (A) : The torque acting on a current carrying coil is maximum when it 

is suspended in a radial magnetic field.  

Reason (R) : The torque tends to rotate the coil on its own axis.  

SECTION B 

17. Explain the terms depletion layer and potential barrier for a junction diode and 
their formation.       2 

18. An electron is passing through a region and experiences no force. Under what 

condition is it possible when the region has (a) only the magnetic field, and  
(b) both the electric and the magnetic fields ? Justify your answers. 2 
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19. (a) 12 W के बा� �त�रोध के तसर� से संयोत�� कोई सेल 0.25 A धारा क� आ�तू�� कर रहा ह ै। 

बा� �त�रोध म� 4 W क� वतृ� करने �र धारा घटकर 0.2 A हो �ा�ी है । सेल का 
  (i) तव.वा. बल (emf), �था (ii) आ���रक �त�रोध �ा� क�त�ए । 2 
 अथवा 

(b) 3 mC और 4 mC के �ो तब�� ुआवशे x-y �ल म� (0·3 m, 0) �था (0, 0.3 m) �र वाय ुम� 
त�थ� ह� । मलू-तब�� ु (0, 0) �र उ���न नेट तव��ु-�े� का ��रमाण और त�शा �ा�  
क�त�ए ।    2 

20. एक तब��तुक� �काश �ो� तकसी बा�टी क� �ली, त�सम� 10 cm ऊँचाई �क m = 1.25 

(अ�व��नांक) का कोई �व �रा है, �र रिा है । ��रकतल� क�त�ए :  

(a) �व-वाय ुअ��रा��ृ के तलए �ांत�क कोण  
(b) �व के ��ृ से तनग�� �काश �ो� �ारा बनाए गए व�ृाकार चमक�ले �ाग क� त��या 2 

21. हाइगे�स का तस�ा�� तलतिए । इसका उ�योग करके तकसी सघन मा�यम से तवरल मा�यम म� गमन 

करने वाली सम�ल �रंग के गमन �थ का तच� तव��ार से �शा�इए । 2 

ख�‍ड‍ग 
22. (a) तकसी चालक �ार AB, त�सक� त��या उसके एक तसरे A से �सूरे तसरे B �क एकसमान �� 

से घट रही ह,ै तकसी बैटरी के तसर� से संयोत�� ह ै । इस �ार म� तसरे A से तसरे B �क  

(i) तव��ु-�े�, (ii) धारा घन�व, �था (iii) इले��ॉन� क� गत�शील�ा तकस �कार ��रवत��� 

होगी ? ��येक �करण म� अ�ने उ�र क� �तु� क�त�ए ।  3 
 अथवा 

(b) आरेि म� �शा�ए अनसुार �ो ब�े सम�ल चा�र P1 और P2, त�नके आवेश घन�व �मश:  

+ s और – 3 s  ह�, एक �सूरे के समा��र त�थ� ह� । तब��ओु ं A, B और C �र नेट  

तव��ु-�े� (E
®

) �ा� क�त�ए ।    3 

 



 

55/S/3 13 P.T.O. 

19. (a) A cell is connected across an external resistance 12 W and supplies 0.25 A 

current. When the external resistance is increased by 4 W, the current 
reduces to 0.2 A. Calculate (i) the emf, and (ii) the internal resistance, of 
the cell.  2 

  OR 

(b) Two point charges of 3 mC and 4 mC are kept in air at (0·3 m, 0) and  
(0, 0.3 m) in x-y plane. Find the magnitude and direction of the net electric 
field produced at the origin (0, 0).  2 

20. A point light source rests on the bottom of a bucket filled with a liquid of 

refractive index m = 1.25 up to height of 10 cm. Calculate :   
(a) the critical angle for liquid-air interface  
(b) radius of circular light patch formed on the surface by light emerging from 

the source.  2 

21. State Huygens principle. Using it draw a diagram showing the details of passage 
of a plane wave from a denser into a rarer medium.  2 

SECTION C 
22. (a) The radius of a conducting wire AB uniformly decreases from its one end 

A to another end B. It is connected across a battery. How will (i) electric 
field, (ii) current density, and (iii) mobility of electrons change from end A 
to end B ? Justify your answer in each case. 3 

  OR 

(b) Two large plane sheets P1 and P2 having charge densities + s and – 3 s 

respectively are arranged parallel to each other as shown in the figure. Find 

the net electric field (E
®

) at points A, B and C. 3 

 



 

55/S/3 14 

23. 10 mC और 20 mC के �ो तब�� ुआवशे E = 
2
A

r
 तव��ु-�े� के ��शे म� तब��ओु ं(– 4 cm, 0, 0) 

�था (5 cm, 0, 0) �र त�थ� ह�, �हाँ A = 2 ´ 106 NC–1 m2 �था r®  तवचारणीय तब�� ु�र 
त�थत� सत�श है । इस तनकाय क� त�थर-व�ै�ु त�थत�� ऊ�ा� ��रकतल� क�त�ए ।  3 

24. उतच� कारण ��ेे ह�ए तन�नतलति� क� �या�या क�त�ए : 3 

(a) तकसी संधा�र� को आवतेश� करने क� अवतध म�, संधा�र� म� तव�था�न धारा तव�मान हो�ी  

ह ै। �र�� ुसंधा�र� के �णू��: आवेतश� होने के ��ा� कोई तव�था�न धारा नह� हो�ी है ।     

(b) माइ�ोवेव ऑवन म� स�ूम�रंग� क� आवतृ� का तमलान �ल के अणओु ंक� अननुा� आवतृ� 
से हो�ा है । 

(c) अवर� �रंग� को ऊ�मीय �रंग� �ी कह�े ह� ।   

25. �हेली आवतृ� 1.0 ´ 1015 Hz के तकसी �काश-स�ुाही ��ृ �र 3.0 ´ 1015 Hz आवतृ� के 

तवतकरण आ��न कर�े ह� । ��रकतल� क�त�ए  :  3 
(a) ��ृ का काय��लन   
(b) �कातशक इले��ॉन� क� अतधक�म गत�� ऊ�ा�    

26. 6
p  cm2 �े��ल का कोई लघ ुव�ृाकार �ाश तकसी ल�बी ��रनातलका के �ी�र उसके के�� �र इस 

�कार त�थ� है तक �ाश का अ� ��रनातलका के अ� से 60° का कोण बना�ा है । ��रनातलका म� �ेर� 
क� सं�या 10 �ेरे �त� से�टीमीटर है । ��रनातलका म� धारा म� एकसमान ��रव��न 5 A से श�ूय �क  
10 ms म� तकया गया है । �ाश म� �े�र� तव.वा. बल (emf) ��रकतल� क�त�ए ।  3 

27. ac वो�ट�ा v = v0 sin wt के तकसी �ो� से बारी-बारी से तकसी आ�श� �त�रोधक R, तकसी आ�श� 

�ेरक L �था तकसी आ�श� संधा�र� C को संयोत�� तकया गया ह ै। �े�ण करने �र यह �ाया गया तक 

��येक �करण म� ��र�थ म� समान धारा I �वातह� हो�ी है ।  
(a) यत� इनके �ेणी संयो�न को इसी �ो� से संयोत�� तकया �ाए, �ो ��र�थ म� �वातह� 

�ा��तणक धारा का मान �या होगा ?   
(b) ��येक �करण म� धारा �र �ो� आवतृ� म� वतृ� करने �र �या ��ाव ��ेगा ?  
अ�ने उ�र� क� �तु� क�त�ए ।   3 

28. (a) एकल त�री �र तवव��न के कारण त���� के �ी��ा तव�रण व� क� आकृत� ि�तचए ।   

 (b) स��क�  म� समा� रि े�ो ल�स� के संयो�न क� �म�ा के तलए संबंध �य�ु��न क�त�ए ।   3   
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23. Two point charges of 10 mC and 20 mC are located at points (– 4 cm, 0, 0) and  

(5 cm, 0, 0) respectively, in a region with electric field E = 
2
A

r
, where  

A = 2 ´ 106 NC–1 m2 and r® is the position vector of the point under 
consideration. Calculate the electrostatic potential energy of the system.  3 

24. Explain the following, giving proper reason :  3 
 (a) During charging of a capacitor, displacement current exists in the 

capacitor. But there is no displacement current when it gets fully charged.  
 (b) The frequency of microwaves in ovens matches with the resonant 

frequency of water molecules.  
 (c) Infrared waves are also known as heat waves. 

25. Radiations of frequency 3.0 ´ 1015 Hz are incident on a photosensitive surface of 
threshold frequency 1.0 ´ 1015 Hz. Calculate : 3 

(a) work function of the surface  
(b) maximum kinetic energy of photoelectrons        

26. A small circular loop of area 6p  cm2 is placed inside a long solenoid at its centre 

such that its axis makes an angle of 60° with the axis of the solenoid. The number 
of turns per cm is 10 in the solenoid. The current in the solenoid changes 
uniformly from 5 A to zero in 10 ms. Calculate the emf induced in the loop.  3 

27. An ideal resistor R, an ideal inductor L and an ideal capacitor C are connected, 
one by one, across the same source of ac voltage v = v0 sin wt. It is observed that 
the same current I flows in each case.   
(a) What will be the instantaneous value of current that will flow through their 

series combination when connected across the same source ?  
(b) How will the current in each case be affected if the frequency of the source 

is increased ?  
Justify your answers.  3  

28. (a) Draw the shape of intensity distribution curve of the fringes due to 
diffraction at a single slit.  

 (b) Derive the relation for the power of combination of two lenses placed in 
contact co-axially. 3    
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ख�‍ड‍घ 
�����सं��ा�29��था�30�ोेस�अ����-आधा�र�������ह�� ।�न���न�न ��अ���छे���ो��प��ोर��ीचे� न�ए�यए�
������ोे�उ�र��ीनिए�।�  
29. ac को dc म� ��रवत��� करने क� �त�या को त��करण कह�े ह� �था इस �त�या को करने वाली यतु� 

को त��कारी कह�े ह� । �ब तकसी संतध डायोड �र कोई ac तस�नल धना�मक अध�च� �र लग�ा है �ो 
वह डायोड अ�त�तशक बायतस� हो �ा�ा है �था उससे धारा �वातह� हो�ी है । ॠणा�मक अध�च� 
क� अवतध म�, डायोड ��त�तशक बायतस� हो �ा�ा है और उससे कोई धारा �वातह� नह� हो�ी है । 
इस �कार ac तस�नल का त��करण हो �ा�ा है ।  p-n संतध डायोड� का उ�योग अध�-�रंग त��कारी 
और �णू�-�रंग त��कारी के �� म� तकया �ा सक�ा ह ै।  

(i) त�ए गए ��र�थ म� कौन-सा/से ब�ब चमकेगा/चमक� गे ? 1 

 
(A) केवल B1  (B) केवल B2  

(C) B1 और B2 �ोन� (D) न �ो B1 और न ही B2 

(ii) (a) आरेि म� �णू�-�रंग त��कारी ��र�थ �शा�या गया ह ै। तनग�� �रंग�� म� संतध डायोड 
D1 का योग�ान है : 1 

 

(A) A, D  (B) A, C 

(C) B, D   (D) B, C 

 

  अथवा 
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SECTION D 

Questions number 29 and 30 are case study-based questions. Read the following paragraphs 
and answer the questions that follow. 
29. The process of converting ac into dc is called rectification and the device used is 

called a rectifier. When ac signal is fed to a junction diode during positive half 
cycle, the diode is forward biased and current flows through it. During the 
negative half cycle, the diode is reverse biased and it does not conduct. Thus the 
ac signal is rectified. The p-n junction diodes can be used as half-wave and  
full-wave rectifiers.      

(i) Which bulb/bulbs will glow in the given circuit ?  1 

 
(A) B1 only  (B) B2 only 

(C) Both B1 and B2 (D) Neither B1 nor B2 

(ii) (a) A full-wave rectifier circuit is shown in the figure. The contribution 
in output waveform from junction diode D1 is : 1 

 
(A) A, D  (B) A, C 

(C) B, D   (D) B, C 

  OR 
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 (b) तकसी अध�-�रंग त��कारी का तनग�� हो�ा ह ै:  1  

(A) तबना उतम�का का एकत�तशक (B) �थायी और स��  

(C) उतम�का के साथ एकत�तशक  (D) �थायी और अस�� 

 

(iii) p-n संतध डायोड म� p-�लक �र और n-�लक �र बह�सं�यक आवशे �मश: हो�े ह� : 1 

(A) इल�े�ॉन, इले��ॉन  (B) इले��ॉन, होल  

(C) होल, होल  (D) होल, इले��ॉन  

 
(iv) यत� अध�-�रंग त��कारी क� आवतृ� 50 Hz ह,ै �ो �णू�-�रंग त��कारी क� आवतृ� होगी :   1 

(A) 25 Hz (B) 50 Hz  

(C) 100 Hz  (D) 200 Hz  

30. त��वु� क�, चाह ेवह व�ै�ुीय ह� अथवा च�ुबक�य, अत�ला�तणक तवशे��ा उनके त��वु आघणू� हो�े 

ह�, �ो सत�श रातशयाँ ह� । लघ ु�रूी �ारा �थृतक� �ो समान और तव�ा�ीय आवशे तव��ु त��वु का 

तनमा�ण कर�े ह�, �बतक कोई धारावाही �ाश च�ुबक�य त��वु क� �ाँत� �यवहार कर�ा ह ै । तव��ु 

त��वु अ�ने चार� ओर तव��ु-�े� उ���न कर�े ह� । तकसी बा� तव��ु-�े� म� त�थ� तकए �ाने �र 

तव��ु त��वु बल-आघणू� का अन�ुव कर�े ह� ।   

 

(i) �ो सव�सम तव��ु त��वु� को, त�नम� ��येक त��वु �रूी  d �ारा �थृतक� �ो आवशे� – q और 

+ q से बना है, x-y �ल म� इस �कार �यवत�थ� तकया गया है तक इनके ॠणावशे मलू-तब�� ु

O �र ह� �था धनावशे �मश: तब��ओु ं(d, 0) और (0, d) �र त�थ� ह� । इस तनकाय का कुल 

त��वु आघणू� ह ै:   1 

(A) – q d ( î + ĵ ) (B) q d ( î  + ĵ ) 
 

(C) q d ( î  – ĵ )  (D) q d ( ĵ  – î ) 
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 (b) The output in a half-wave rectifier is : 1 

(A) unidirectional without ripple (B) steady and continuous  

(C) unidirectional with ripple (D) steady but discontinuous   

 

(iii) In a p-n junction diode, the majority charge carriers on p-side and on  
n-side are, respectively :  1 
(A) electrons, electrons (B) electrons, holes  
(C) holes, holes  (D) holes, electrons  
 

(iv) If the frequency of the half-wave rectifier is 50 Hz, the frequency of  
full-wave rectifier is :  1 
(A) 25 Hz (B) 50 Hz  
(C) 100 Hz  (D) 200 Hz  
 

30. Dipoles, whether electric or magnetic, are characterised by their dipole moments, 

which are vector quantities. Two equal and opposite charges separated by a small 

distance constitute an electric dipole, while a current carrying loop behaves as a 

magnetic dipole. Electric dipoles create electric fields around them. Electric 

dipoles experience a torque when placed in an external electric field.    

   

(i) Two identical electric dipoles, each consisting of charges – q and + q 
separated by distance d, are arranged in x-y plane such that their negative 
charges lie at the origin O and positive charges lie at points (d, 0) and  
(0, d) respectively. The net dipole moment of the system is :  1  

(A) – q d ( î + ĵ ) (B) q d ( î  + ĵ ) 
 

(C) q d ( î  – ĵ )  (D) q d ( ĵ  – î ) 
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(ii) 2a �रूी से �थृतक� �था – q और + q आवशे� के बने तकसी त��वु के कारण �रूी  
r (>> a) के (1) तकसी तब�� ु�ो उसके अ� �र त�थ� ह,ै �था (2) तकसी तब�� ु�ो तव�वु�ीय 

�ल �र त�थ� ह,ै �र तव��ु-�े� के ��रमाण �मश: E1 और E2 ह� । �ब 1

2

E

E

æ ö
ç ÷
è ø

 ह ै:   1 

(A) 
1

4
  (B) 

1

2
 (C) 2 (D) 4 

 

(iii) 5.0 ´ 10–8 Cm त��वु आघणू� का कोई तव��ु त��वु तकसी ऐसे ��शे म� रिा ह ै�हाँ तकसी 

त�ए गए �ण �र तव��ु-�े� का ��रमाण 1.0 ´ 103 N/C ह ै। इस �ण �र तव��ु-�े� E
®

 

का त��वु आघणू� P
®

 से �कुाव 30° ह ै। इस �ण त��वु �र काय�र� बल-आघणू� का ��रमाण 

ह ै:  1 

(A) 2.5 ´ 10–5 Nm  (B) 5.0 ´ 10–5 Nm  
 

(C) 1.0 ´ 10– 4 Nm  (D) 2.0 ´ 10– 6 Nm 
 

(iv) (a) हाइ�ो�न �रमाण ुम� कोई इले��ॉन तकसी �ोटॉन के चार� ओर चाल v से त��या r 
क� व�ृाकार क�ा म� ��र�मा कर रहा ह ै। इस इले��ॉन के च�ुबक�य त��वु आघणू� 
का ��रमाण है :  1� 

(A) 4 evr  (B) 2 evr 

 

(C) 
1

2
 evr (D) 

1

4
 evr 

 
  अथवा 

 (b) ��ुा 5.0 cm के वगा�कार �ाश से 2.0 A क� धारा �वातह� हो रही है । इस �ाश से 
संब� च�ुबक�य त��वु आघणू� का ��रमाण ह ै:  1 

(A) 1.0 ´ 10–3 Am2 (B) 5.0 ´ 10–3 Am2 

(C) 1.0 ´ 10–2 Am2 (D) 5.0 ´ 10–2 Am2   
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(ii) E1 and E2 are magnitudes of electric field due to a dipole, consisting of 

charges –q and +q separated by distance 2a, at points r (>> a) (1) on its 

axis, and (2) on equatorial plane, respectively. Then 1

2

E
E
æ ö
ç ÷
è ø

 is :  1  

(A) 
1

4
  (B) 

1

2
 (C) 2 (D) 4 

 

(iii) An electric dipole of dipole moment 5.0 ´ 10–8 Cm is placed in a region 

where an electric field of magnitude 1.0 ´ 103 N/C acts at a given instant. 

At that instant the electric field E
®

 is inclined at an angle of 30° to dipole 

moment P
®

. The magnitude of torque acting on the dipole, at that instant  
is :  1 

(A) 2.5 ´ 10–5 Nm  (B) 5.0 ´ 10–5 Nm  

(C) 1.0 ´ 10– 4 Nm  (D) 2.0 ´ 10– 6 Nm 
 

(iv) (a) An electron is revolving with speed v around the proton in a 
hydrogen atom, in a circular orbit of radius r. The magnitude of 
magnetic dipole moment of the electron is :  1  
(A) 4 evr  (B) 2 evr 

(C) 
1

2
 evr (D) 

1

4
 evr 

 
  OR 
 

 (b) A square loop of side 5.0 cm carries a current of 2.0 A. The 
magnitude of magnetic dipole moment associated with the loop is :  1 
 

(A) 1.0 ´ 10–3 Am2 (B) 5.0 ´ 10–3 Am2 
 

(C) 1.0 ´ 10–2 Am2 (D) 5.0 ´ 10–2 Am2 
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ख�‍ड‍ङ 

31. (a) (i) नामांतक� आरेि क� सहाय�ा से तकसी ac �तन� क� काय�तवतध क� �या�या  

क�त�ए । तकसी �ण ‘t’ �र �े�र� तव.वा.बल (emf) के तलए �यं�क �ा� क�त�ए ।   

(ii) कोई ल�बा, सीधा �ैत�� �ार X¢X त�थर रिा है �था इससे 3.0 A धारा �वातह� 

हो रही ह ै । आरेि म� �शा�ए अनसुार इस �ार X¢X के �ास कोई वगा�कार �ाश 

MNPS, त�सक� ��ुा क� ल�बाई 10 cm है �था त�ससे 1.0 A धारा �वातह� हो 

रही है, रिा है । इस �ार के कारण �ाश �र लगने वाले नेट च�ुबक�य बल का 

��रमाण और त�शा �ा� क�त�ए ।  5 

 

  अथवा 

(b) (i) �ैराडे के तव��ु-च�ुबक�य �ेरण के तनयम� का उ�लेि क�त�ए �था ल�़ के तनयम 

का उ�योग तलतिए । तकसी कु�डली के �व-�ेरक�व के तलए उसक� �यातम�ीय 

संरचना �था मा�यम क� च�ुबकशील�ा के ��� म� �यं�क �ा� क�त�ए ।  

(ii) तकसी 220 V क� ��रव�� आवतृ� क� ac आ�तू�� के साथ �ेणी म� एक 20 W का 

�त�रोध, 80 mF का संधा�र� �था 50 mH का �ेरक संयोत�� ह� । �ब आ�तू�� क� 

आवतृ� इस ��र�थ क� मलू (�ाकृत�क) आवतृ� के बराबर ह,ै �ो ��रकतल�  

क�त�ए :   

(1) आ�तू�� क� कोणीय आवतृ�  

(2) ��र�थ क� �त�बाधा   5 
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SECTION E 

31. (a) (i) With the help of a labelled diagram, explain the working of an ac 

generator. Obtain the expression for the emf induced at an instant 

‘t’.  

(ii) A long, straight horizontal wire X¢X is held stationary and carries a 

current of 3.0 A. A square loop MNPS of side 10 cm, carrying a 

current of 1.0 A is kept near the wire X¢X as shown in the figure. 

Find the magnitude and direction of the net magnetic force acting 

on the loop due to the wire. 5 

 

  OR 

(b) (i) State Faraday’s law of electromagnetic induction and mention the 
utility of Lenz’s law. Obtain an expression for self-inductance of a 
coil in terms of its geometry and permeability of the medium. 

(ii) A resistance of 20 W, a capacitance of 80 mF and an inductor of  
50 mH are connected in series. This combination is connected 
across a 220 V ac supply of variable frequency. When the 
frequency of supply equals the natural frequency of the circuit, 
calculate :   

(1) angular frequency of supply  

(2) impedance of the circuit  5 
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32. (a) (i) तकसी िगोलीय �रूबीन के अत���यक �था अत�ने� ले�स� क� अत�क��ना कर�े 

समय तकन �ो म�ुय बा�� को �यान म� रिा �ा�ा ह ै? तकसी �रूबीन क� आवध�न 

�म�ा के तलए उस त�थत� म� �यं�क �ा� क�त�ए �ब अतं�म �त�तब�ब अन�� �र 

बन�ा है ।  

(ii) कोई �काश तकरण तकसी समबाह� त���ुाकार त��म के एक �लक �र 45° के कोण 

�र आ��न कर�ी है और त��म से समतम��: गु़ र �ा�ी है । ��रकतल� क�त�ए :   

(1) त��म �ारा उ���न तवचलन कोण 

(2) त��म के ��ाथ� का अ�व��नांक 5 

  अथवा 

(b) (i) एकल त�री के तवव��न �ैटन� के �े�ण के तलए तकसी सरल त�याकला� का वण�न 
क�त�ए ।    

(ii) नीचे त�ए गए आरेि म� �शा�ए अनसुार कोई समो�ल ल�स (अ�व��नांक 1.50) तकसी 
सम�ल ���ण के �लक �र तकसी �व क� �र� के स��क�  म� रिा ह ै। कोई छोटी सुई 
त�सक� नोक ल�स के म�ुय अ� �र ह,ै अ� के अनतु�श ऊ�र-नीचे गत� कराकर इस 
�कार समायोत�� क� �ा�ी ह ैतक सईु क� नोक का उ�टा �त�तब�ब सईु क� त�थत� 
�र ही बने । ल�स स ेसईु क� �रूी मा�ने �र 45.0 cm �ाई �ा�ी है । �ब �व को 
हटाकर इसी �योग को �बुारा तकया �ा�ा ह,ै �ो नई �रूी 30.0 cm �ाई �ा�ी है । �व 
का अ�व��नांक �ा� क�त�ए ।   5 
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32. (a) (i) What are the two main considerations for designing the objective 

and eyepiece lenses of an astronomical telescope ? Obtain the 

expression for magnifying power of the telescope when the final 

image is formed at infinity. 

(ii) A ray of light is incident at an angle of 45° at one face of an 

equilateral triangular prism and passes symmetrically through the 

prism. Calculate :    

(1) the angle of deviation produced by the prism   

(2) the refractive index of the material of the prism 5 

  OR 

(b) (i) Describe a simple activity to observe diffraction pattern due to a 
single slit.     

(ii) The figure below shows an equiconvex lens (of refractive index 

1.50) in contact with a liquid layer on top of a plane mirror. A small 
needle with its tip on the principal axis is moved along the axis 

until its inverted image is found at the position of the needle. The 

distance of the needle from the lens is measured to be 45.0 cm. 
When the liquid is removed and the experiment is repeated, the new 
distance is 30.0 cm. Find the refractive index of the liquid.  5 
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33. (a) (i) ��य �रंग� तक�ह� कह�े ह� ? ��यमान m �था आवेश q के तकसी कण को तकसी 

तव�वा��र V �ारा तवराम से �व�र� तकया गया ह ै । इस कण से संब� � े �ॉ�ली 

�रंग��ैय� के तलए �यं�क �ा� क�त�ए ।   

(ii) 3.315 mW तनग�� शत� के तकसी �ो� �ारा 5.0 ´ 1014 Hz आवतृ� का 

एकवण� �काश उ���न तकया गया है । ��रकतल� क�त�ए :  

(1) इस �काश ��ु� म� फोटॉन क� ऊ�ा�  

(2) �ो� �ारा �त� सेक�ड उ�सत��� फोटॉन� क� सं�या 5�   

  अथवा 

 (b) (i) बोर के अत�गहृी�� का उ�लेि क�त�ए �था हाइ�ो�न �रमाण ुके बोर के मॉडल म� 

nव� क�ा के इले��ॉन क� ऊ�ा� के तलए �यं�क �यु���न क�त�ए ।  

(ii) 12
6C  क� �त� �यतू�लऑन बंधन ऊ�ा� का (MeV म�) ��रकलन क�त�ए ।   5 

 त�या गया है :  

  m ( )12
6C  = 12.000000 u 

  m ( )10n  = 1.008665 u 

  m ( )11H  = 1.007825 u 
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33. (a) (i) What are matter waves ? A particle of mass m and charge q is 

accelerated from rest through a potential difference V. Obtain an 
expression for de Broglie wavelength associated with the particle.   

(ii) Monochromatic light of frequency 5.0 ´ 1014 Hz is produced by a 
source of power output 3.315 mW. Calculate :   

(1) energy of the photon in the beam  

(2) number of photons emitted per second by the source  5 
  OR 

 (b) (i) State Bohr’s postulates and derive an expression for the energy of 

electron in nth orbit in Bohr’s model of hydrogen atom. 

(ii) Calculate binding energy per nucleon (in MeV) of 126C . 5 

 Given :  

  m ( )12
6C  = 12.000000 u 

  m ( )10n  = 1.008665 u 

  m ( )11H  = 1.007825 u 
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MARKING SCHEME: PHYSICS(042) 

Code: 55/S/3 

Q. No. VALUE POINTS/EXPECTED ANSWERS Marks Total 

Marks 

 SECTION A   

1.  (A) The wave is propagating along +x-axis.  1 1 

2.  (D) 45o 
1 1 

3.  (A) (A Z)mn pM Zm − +
 

1 1 

4.  
(D) 

2 2vB l

R  
1 1 

5.  (B) Behave like a paramagnetic material 1 1 

6.  (D) first real and then virtual. 1 1 

7.  (A) 30o 
1 1 

8.  (D) 4 1 1 

9.  (C) The number of alpha particles undergoing head on collision is small. 1 1 

10.  

(C) Current 

 

 

 Intensity 

1 1 

11.  (B) increase the number of holes in the valence bond. 1 1 

12.  
(C)

7 2
,

3 3
V 

 
1 1 

13.  
(A) Both Assertion (A) and Reason (R) are true and Reason (R) is the 

correct explanation of the Assertion(A). 
1 1 

14.  
(B) Both Assertion (A) and Reason (R) are true, but Reason (R) is not the 

correct explanation of the Assertion(A). 
1 1 

  15. (D) Both Assertion (A) and Reason (R) are false. 1 1 

 16. 
(B) Both Assertion (A) and Reason (R) are true, but Reason (R) is not the 

correct explanation of the Assertion(A). 
1 1 

 SECTION B   

17.  

 

 

 

 

 

During the formation of p-n junction due to the concentration gradient 

holes diffuse from p- side to n-side leaving behind an immobile ionized 

acceptor (negative charge), hence forming a layer of negative charge 

(negative space-charge region) on p- side. 

Similarly, a layer of positive charge is developed on the n-side of the 

junction (positive space-charge region). This space – charge region on 

either side of the junction together is known as depletion layer. 

 Due to the positive space- charge region on the n-side of the junction & 

negative space – charge region on the p- side of the junction a potential 

difference is developed across the junction of the two regions, which is 

called potential barrier. 
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2 

Explanation and formation of terms 

Depletion layers                                                       1 

Potential barrier                                                        1 

 

 

1



18. 

 

(a) Force on an electron in magnetic field is zero when it moves parallel/ 

antiparallel to the direction of magnetic field. 

    
vF q B sin=

 
0 0Hence 0, when 0 , 180F  = = =

 
 

(b) Force is zero when electron moves in a crossed field of electric and 

magnetic fields with condition. 
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On solving eq (1) and (2) 
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Condition for experiencing no force on electron in 

(a) Only magnetic field and justification                               ½ +½ 

(b) In electric and magnetic field both and justification        ½ +½ 

 

 

(i) Calculating e.m.f of cell     1 

(ii) Calculating internal resistance of cell   1 

Finding the magnitude of electric field  1 ½  

Finding the direction of electric field   ½  

2
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2 2

1 2E E E= +
 

            
5 15 10 NCE −= 

 

            

4
tan

3
 =

 

          
1 4
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3

 −  
=  

      inclination with respect to the x-axis (in III quadrant). 
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20.  

(a) 

1
sin ci


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4
sin

5
ci =

              

5
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1 4
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21.  

     

 

 

Huygens Principle : 

Each point of the wavefront is the source of a secondary disturbance and 

the wavelets emanating from these points spread out in all directions with 

the speed of the wave. These wavelets emanating from the wavefront are 

usually referred to as secondary wavelets and if we draw a common 

tangent to all these spheres, we obtain the new position of the wavefront 

at a later time. 

 

            

 

 

 

 

 

 

 

 

 

1 

 

 

 

 

 

 

 

1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2 

(a) Calculation of critical angle                                            1 

(b) Calculation of radius of circular light patch                    1 

 

• Stating Huygens Principle                                           1 

• Diagram                                                                       1 

 

3



 SECTION- C   

22.         (a)  
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With the decrease in area of cross-section. 

(i) 

I
E

A
=

     , electric field increases  

(ii) 

I
j

A
=

         , current density increases 

(iii) e

e

m


 =

        , mobility remains same 

OR 
 

 

 

     Electric field at A( AE
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    Electric field at C ( CE
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23.  

 

 

Electrostatic potential energy of the system : 
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Calculating electrostatic potential energy  of the system             3 

(i) Variation of electric field and justification  ½ + ½  

(ii) Variation of current density and justification   ½ + ½ 

(iii) Variation of mobility of electrons and justification ½ + ½  

 

 

 

 

Finding the net electric field (E) at points A,B & C        1+1+1 

4



       

6 6

1 1 1 2

1

10 10 2 10
500J

4 10

A
qV q

r

−

−

  
= = =

  

         

6 6

2 2 2 2

2

20 10 2 10
800J

5 10

A
q V q

r

−

−

  
= = =

  

          
U (20 500 800) J= + +

 

          
U 1320J=

 

½ 

 

 

½ 

 

 

½ 
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24.  

 

 

 

  

(a)          0
E

d

d
i

dt


=

 

Displacement current is due to changing electric flux. 

During charging of capacitor, there is change in electric flux. 

When fully charged the electric field does not change hence electric 

flux also does not change. Hence no displacement current.    

(b) The frequency of the microwaves is selected to match the resonant 

frequency of water molecules so that energy from the waves is 

transferred efficiently to the kinetic energy of the molecules.      

(c)    Infrared waves are also known as heat waves, because water 

molecules present in most materials readily absorbs infrared waves and 

their thermal motion increases and heat up. 
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25.  

 

 

 

 

0 0(a) =hv
 

         
34 156.63 10 1.0 10−=   

 

         
196.63 10 J−= 

 

          
4.14eV=

 
max 0(b) . . ( )= −K E h v v

 

                   
34 15 156.63 10 [3.0 10 1.0 10 ]−=   − 

 

                   
1913.26 10 J−= 

 

                   
8.29eV=

 

 

 

 

 

 

½  

½  

 
 

½ 

½ 

½ 

 

 

½ 
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26.  

 

 

      

   E.m.f induced in the circular loop:                                 axis 

            
( )

( )0

d

dt

d
BAcos

dt

d
nIAcos

dt






 

=

=

=

                                   

 

 

 

 

 

½ 

 

 

 

 

 

1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Calculating 

(a) Work Function                                                          1 ½  

(b) maximum Kinetic energy                                         1 ½  

Explanation of (a),(b) and (c) with reason   1+1+1 

Calculation of e.m.f  induced in the loop        3 

5



             

0

7 4 0

2

5

.

6 5
4 10 1000 10 cos 60

10

6 10 V

dI
nAcos

dt
  

 


− −

−

−

 
=  
 

=      

= 

 

1 

 

 

 

 

½ 

 

 

 

 

 

3 

27.  

 

 

 

 

0

2 2

sin
( ) Current,

(X )L C

V tV
a I

Z R X


= =

+ −  

For the same source of ac voltage and current is same in all the three cases. 

       
XL CR X= =

 
When  L, R and C are joined in series  

     
Z R=

 
0Hence , Instantaneouscurrent, sin

V
I t

R
=

 

(b) If frequency of the source is increased, current in pure resistive circuit 

will remain same as ohmic resistance is independent of frequency.  

 

Current in pure inductive circuit will decrease as 

          
LX v

   

      

1
so, I

v   

Current in pure capacitive circuit will increase as  

            

        
I v

 

 

 

 

 

 

 

 

 

 

½ 

 

½  

 

½ 

 

 

½ 
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½  
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28.  

 

 

 

(a)  

 

 

 

 

 

 

 

 

 

 

(b)  

 

 

 

 

 

 

For the image formed by first lens A, we get 

 

 

 

 

 

 

 

 

 

 

1 

 

 

 

 

 

 

 

 

½ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) Finding instantaneous value of current in series combination     1½  

(b) Effect of frequency on current and justification                         1½  

(a) Draw the intensity distributions current                                        1 

(b) Deriving the relative for power of combination of two lenses    2                   

1½  

6



   
1 1

1 1 1
(1)

v u f
− = −−−−

 

For the image formed by the second lens B, we get 

  
1 2

1 1 1
(2)

v v f
− = − − − −

 

Adding eqs (1) and (2) we get 

   
1 2

1 1 1 1
(3)

v u f f
− = + −−−−

 

If the two lens system is regarded as equivalent to a single lens of focal 

length f, we have 

    

1 1 1
(4)

v u f
− = −−−−

 

From eqs (3) & (4) 

  
1 2

1 1 1

f f f
= +

 

  

1
As, P

f
=

 

1 2Hence,  P P P= +
 

½  

 

 

 

½  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

½ 
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 SECTION - D   

29. 

 

    (a) 

 
     

    (b) 

 

 

(A) B1 only 1 

4 

(ii) (B) A, C         

                 OR 

       

 (C) unidirectional with ripple 

1 

(iii) (D) holes, electrons 1 

( iv) ( C ) 100 Hz 1 

30. 

 

 

 

 

     (a)  

 

 

               (b) 

(i) (B)    
ˆ ˆ(i j)qd +

 
1 

 

 

 

4 

(ii) (C) 2 1 

(iii)  (A) 2.5 x 10-5  Nm 1 

(iv) (C) 

1
v

2
e r

 

                OR 

        (B) 
3 25.0 10 Am−

 

1 

 SECTION - E   

31. (a)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(i) Labelled diagram of ac generator   1 

Working of ac generator    1 

Obtaining expression for e.m.f   1   

(ii) Finding magnitude of force and direction  2 
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        (b) 

 

 

 

  

                   
Working of ac generator 

When coil is rotated in a uniform magnetic field with a constant angular 

speed ω, magnetic flux through it changes. As a result, an e.m.f is induced 

in the coil. 

Flux linked with the coil at any instant ‘t’ is 

         
cosB BA t =

 

        
Bd

N
dt


 = −

 

         
sin tNBA  =

 
 

(ii)      
0 1 2

2

I I l
F

r




=

 

    force on arm MN of the loop 

            

7 2

1 2

4 10 3 1 10 10

2 20 10
F





− −

−

    
=

   

         
7

1 3 10 NF −= 
 

Force is directed away from the wire  

Force on arm SP of the loop 

          

7 2

2 2

4 10 3 1 10 10

2 30 10
F





− −

−

    
=

   

          
7

2 2 10 NF −= 
 

Force directed towards the wire   

Net force on the loop 

           
7

1 2 10 NF F F −= − =
 

 Net force on the loop is away from the wire. 

 

OR 

 

 

 

 

 

 

(i) The magnitude of induced e.m.f in a circuit is equal to the time rate of 

change of magnetic flux through the circuit  

       Utility of Lenz’s law 

            It give polarity of the induced e.m.f .  

 

 

 

 

1 
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½ 
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½ 

 

 

½ 
 

½ 

 

 

 

 

 

 

 

 

 

½ 

 

½ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(i) Statement of Faraday’s law of electromagnetic induction       ½  

Utility of Lenz’s law           ½ 

Obtaining expression for self inductance         2   

(ii) (1) calculating angular frequency          1 

(2) calculating impedance of the circuit         1 

8



      Expression for self inductance 

Consider a long solenoid of cross-sectional area A and length l, having 

n turns per unit length. If I is the current flowing in the solenoid, 

magnetic field inside the solenoids is 

                        0B nI=
 

Total magnetic flux linked with the solenoid is 

                    0( )( )( )BN nl nI A =
      

               
2

0BN n AlI =
  

Self inductance 

                     
2

0

BN
L

I

L n Al





=

=
 

If solenoid is filled with a material of relative permeability r , then 

                
2

0rL n Al =
 

(ii) (1) Resonant angular frequency is  

                  0

1

LC
 =

 

              
-1

0
3 6

1
500 rads

50 10 80 10


− −
= =

    

(2) When frequency of supply is equal to natural frequency of the 

circuit 

                    20

Z R

Z

=

=   
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½ 

 

 

 

½ 

 

 

½ 

 

 

½ 

 

½ 

 

 

 

½ 

 

½ 
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32. (a)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Two main considerations  

Objective should have  

1. Larger diameter 

2. Larger focal length 

  Eye piece should have  

1. Smaller diameter 

2. Smaller focal length 

 

 
Magnifying power of telescope 

Magnifying power is the ratio of the angle β subtended at the eye by the 

final images to the angle α which the object subtends at the lens or eye 

 

 

 

 

 

 

 

 

½ 

 

 

 

 

½ 

 

 

 

1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(i)  Two main considerations for designing objective and eye piece  1 

Obtaining expression for magnifying power of telescope             2 

(ii) Calculating 

(1) Angle of deviation      1 

(2) Refractive index      1 
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(b) 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

           

0 0.
e e

f fh
m

f h f




  =

 

 

  (ii)    i+e   = D+A 

         

,

2

m

m

at D D i e

i D A

= =

= +  

           

0

0

2 45 60

30

m

m

D

D

 = +

=  

           

sin
2

sin
2

mA D

A


+ 
 
 

=
 
 
 

 

          

0 0

0

60 30
sin

2

60
sin

2



 +
 
 =

 
 
 

 

               = 
2

 

OR 

 

 

 

 

 

 

(i) We hold two razor blades in such a way that their edges are parallel 

and with a narrow slit in between. Keep the slit parallel to the 

filament of electric bulb, right in front of the eye. 

A diffraction is seen with its bright and dark bands. 

(ii)      
1 2

1 1 1
( 1)

f R R


 
= − − 

   

Focal length of convex lens, 1 30cmf =
 

         

1 1 1
(1.5 1)

30 ( )R R

 
= − − 

−   

            
30cmR =

 
      focal length of combination, f  =  45 cm 

        focal length of plane concave lens of liquid. 

             
2 1

1 1 1

f f f
= −

 

         
2

1 1 1

45 30f
= −

 

          2 90cmf = −
 

     Using lens maker’s formula 

         
( )

1 1 1
1

90 30
l

 
= − − − −    

 

1 
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1 

 

 

 

 

 

 

 

 

 

2 
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½ 

 

 

 

½ 

 

 

 

 

½ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(i) Describing activity to observe diffraction pattern  

due to a single slit      2 

(ii) Finding refractive index of the liquid   3 
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4

3
l =

 

 

 

½ 
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33. (a) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

           (b) 

 

(i) Wave associated with a mass in motion is called matter wave.  

Particle of mass m and charge q gains energy in the form of kinetic 

energy. 

                
21

v
2

m qV=
 

                 
2( v) 2m qVm=

 

                 
v 2m mqV=

 
Accordingly to de-Broglie relation 

                v

h

m
 =

 

                2
=

h

mqV


 

(ii)    (1)  

       
E hv=

 
34 146.63 10 5 10−=   

 
193.315 10 J−= 

 
 

(2)  

            

=
P

n
E

 

            

3
16 1

19

3.315 10
10 s

3.315 10

−
−

−


= =

  

OR 

 

 

(i) 

Bohr’s Postulates 

(a) Bohr’s first postulate was that an electron in an atom could revolve 

in certain stable orbits without the emission of radiant energy, 

(b) Bohr’s second postulate defines these stable orbits. This postulate 

states that the electron revolves around the nucleus only in those 

orbits for which the angular momentum is some integral multiple of 

h/2π where h is the Planck’s constant. 
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½ 
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(i) Defining matter waves                                                       1 

 Obtaining expression for de- Broglie wavelength              2 

(ii) (1) Calculating energy of photon                                   1 

(2) Calculating number of photons per second              1 

    

 

 

(i) Bohr’s postulates                                                 ½ x 3 

Deriving expression for energy of electron in nth orbit of 

hydrogen atom               2 

(ii) Calculating Binding Energy per nucleon              1 ½                   
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(c) Bohr’s third postulate states that an electron might make a transition 

from one of its specified non-radiating orbits to another of lower energy. 

When it does so, a photon is emitted having energy equal to the energy 

difference between the initial and final states.  

 

     Derivation 

Total energy of electron in the stationary state of hydrogen 

atoms is 
2

08 n

e
E

r
= −

-------------------(1) 

Where rn is radius of nth orbit 
2 2

0

2n

n h
r

me




=

---------------------(2) 

Substituting eq (2) in eq (1) 

 
4

2 2 2

08
n

me
E

n h
= −

 

(ii)  

Mass defect, 
1 1 12

0 1 66 ( ) 6 ( ) ( )m m n m H m C  = + −   
(6 1.008665 6 1.007825) 12.000000m =  +  −

 
0.09894 u =m

 
. . 931.5MeVB E m=  

 

      
92.16MeV=

 

       Binding energy per nucleon,   
b

bn

E
E

A
=

 

92.16

12
=

 

=7.68MeV 
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½ 
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