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PHYSICS (Theory)  
न��ध���त समय : 3 घ�टे   अन�कतम अंक : 70 
Time allowed : 3 hours Maximum Marks : 70 

नोट / NOTE                                                                                                              # 
(I) कृपया जा�च कर �� �क इस �� न-प� म� म�ु�� प�ृ 27 ह� । 
 Please check that this question paper contains 27 printed pages. 

(II) �� न-प� म� दा�हने हा� क� ओर �दए गए �� न-प� कोड को परी�ा�� उ�र-प�ु��का के मखु-प�ृ पर 
��ख� । 

 Q.P. Code given on the right hand side of the question paper should be 
written on the title page of the answer-book by the candidate. 

(III) कृपया जा�च कर �� �क इस �� न-प� म� 33 �� न ह� । 
 Please check that this question paper contains 33 questions.  

(IV) कृपया �� न का उ�र ल�खना शु� करने से पह�े, उ�र-पुल�िका म� यथा �थान पर �� न का 
�मा�क अव�य ल�ख� । 

 Please write down the Serial Number of the question in the 
answer-book at the given place before attempting it. 

(V) इस �� न-प� को प�ने के ��ए 15 �मनट का समय �दया गया है । �� न-प� का �व�रण पवूा�� म� 
10.15 बजे �कया जाएगा । 10.15 बजे से 10.30 बजे �क परी�ा�� केव� �� न-प� को प��गे और 
इस अव�� के दौरान वे उ�र-प�ु��का पर कोई उ�र नह� ��ख�गे । 

 

 
 
 

15 minute time has been allotted to read this question paper. The 
question paper  will  be  distributed  at 10.15 a.m. From 10.15 a.m. to 
10.30 a.m., the candidates will read the question paper only and will not 
write any answer on the answer-book during this period. 
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सामा�‍य‍न ‍��श‍: 

न� � �न� न� त न� ��श� को �यध�प�ू�क पन�ए औ� उ�कध पध�� क�निए :  

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

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

(iii) ख�‍ड‍क म� �� � सं� यध 1‍से 16 तक बह�न� क� पीय �कध� के �� � ह� । ��येक �� � 1 अंक कध ह ै। 
(iv) ख�‍ड‍ख म� �� � सं� यध 17‍से 21 तक अनत  �घ-ुउ��ीय �कध� के �� � ह� । ��येक �� � 2 अंक� कध 

है । 
(v) ख�‍ड‍ग म� �� � सं� यध 22‍से 28 तक �घ-ुउ��ीय �कध� के �� � ह� । ��येक �� � 3 अंक� कध ह ै। 

(vi) ख�‍ड‍घ म� �� � सं� यध 29‍तथध 30 केस अ�यय�-आ�ध��त �� � ह� । ��येक �� � 4 अंक� कध ह ै।  

(vii) ख�‍ड‍ङ म� �� � सं� यध 31‍से 33 तक �ीघ�-उ��ीय �कध� के �� � ह� । ��येक �� � 5 अंक� कध ह ै। 

(viii) �� �-प� म� सम� न�क� प �ह� न� यध गयध है । य�नप ,‍�� ड क‍के अनत��� अ�य ��ड� के कुछ �� �� म� 
आंत��क न�क�प कध चय� न�यध गयध ह ै।  

(ix) �यध� �� नक �न�बधन�त प�ी�धनथ�य� के न�ए एक अ�ग �� �-प� है । 

(x) कै� कु�ेट� कध उपयोग वनज�त‍है । 

 िहध� आ��यक हो, आप न���न�न�त भौनतक न�यतधंक� के मध�� कध उपयोग क� सकते 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


 = 9 ´ 109 N m2 C–2 

 इ�े��ॉ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 ��� �ाम मो� 

 बो�ट�़मान �नय�ां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


 = 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�ड क 

1. 20 nC का एक �ब�द ुआवेश x-y �� के म�ू �ब�द ुपर ���र ह ै।  – 50 nC के दसूरे �ब�द ुआवेश 

को �ब�द ु(4 cm, 0) से �ब�द ु(0, 5 cm) �क �े जाने म� �कया गया काय� है : 

(A) 45 mJ  (B) – 45 mJ 

(C) 90 mJ  (D) – 90 mJ 

2. हाइ�ोजन परमाण ुके बो र मॉड� म�, n = 2  क�ा म� इ�े��ॉन क� ग��ज ऊजा� हो�ी ह ै: 

(A) 1·7 eV  (B) 3·4 eV 

(C) 6·8 eV  (D) 10·2 eV 

3. 48  कु�ड�ी ���रो� का कोई गै� वेनोमीटर, 2·0 A �ारा �वा�ह� होने पर पणू� पैमाना �व�ेपण 
दशा��ा है । इस े(0 – 10 A) परास वा�े ऐमीटर म� प�रव���� करने के ��ए इसके सा� संयो�ज� �कया 
जाना चा�हए :  
(A) 8  का ���रो� �ेणी म�   

(B) 8  का ���रो� पा� व� म�  
(C) 12  का ���रो� पा� व� म�   

(D) 12  का ���रो� �ेणी म�  

4. ��� या R के �कसी गो�ीय गाउसीय प�ृ ठ �ारा आवेश Q प�रब� है । य�द ��� या को दगुनुा कर �दया 

जाए, �ो प�ृ ठ से गु़ रने वा�ा कु� �व��ु ��� स :  
(A) चार गनुा हो जाएगा  (B) समान रहेगा  

(C) आ�ा हो जाएगा  (D) दगुनुा हो जाएगा  

5. कोई आय�ाकार पाश �जसका �े�फ� स�दश A
→

= [
^
i  + 3

^
j ]    10–2 m2 ह,ै को चुंबक�य 

�े� B
→

= [4·0t2 + 2·0]
^
i  म� ���� �कया ह,ै जहा� B, tesla म� है ��ा t सेक� ड म� है ।  

t = 1·0 s पर, पाश म� �े�र� �व��ु-वाहक ब� (emf) का प�रमाण होगा :  
(A) 80 mV   (B) 0·11 V 

(C) 0·22 V   (D) 0·8 V 
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SECTION A 

1. A point charge of 20 nC is fixed at the origin of x-y plane. The work done 

in taking a second point  charge of – 50 nC from point (4 cm, 0) to point 

(0, 5 cm) is : 

(A) 45 mJ  (B) – 45 mJ 

(C) 90 mJ  (D) – 90 mJ 

2. In Bohr model of the hydrogen atom, the kinetic energy of an electron in  

n = 2 orbit is : 

(A) 1·7 eV  (B) 3·4 eV 

(C) 6·8 eV  (D) 10·2 eV 

3. A galvanometer having a coil resistance of 48  shows full-scale 

deflection for a current of 2·0 A. It can be converted into an ammeter of 

range (0 – 10 A) by connecting :  

(A) in series a resistance of 8    

(B) in parallel a resistance of 8  

(C) in parallel a resistance of 12   

(D) in series a resistance of 12  

4. A charge Q is enclosed by a spherical Gaussian surface of radius R. If the 

radius is doubled, then the total electric flux through the surface : 

(A) becomes four times   (B) remains the same  

(C) becomes half   (D) becomes twice  

5. A rectangular loop of area vector A
→

= [
^
i  + 3

^
j ]   10–2 m2 is placed in 

a magnetic field B
→

= [4·0t2 + 2·0]
^
i,  where B is in tesla and t in seconds. 

At t = 1·0 s, the magnitude of induced emf in the loop is : 

(A) 80 mV   (B) 0·11 V 

(C) 0·22 V   (D) 0·8 V 
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6. �न�न���ख� म� से कौन-सी �व��ु-च�ुबक�य �रंग� को ‘ऊ�मा �रंग�’ के �प म� जाना जा�ा है ? 

(A) UV �करण� 

(B) IR �करण� 

(C) X-�करण� 

(D) गामा �करण� 

7. �कसी �ांस�ॉम�र के ��ए संबं� s s

p p

v N

v N
=  क� � य�ु प�� म� �न� न���ख� म� से �कस प�रक� पना का 

उपयोग �कया गया है ? 

(A) �ा��मक कंुड�ी का ���रो� अ��क ह ै।  

(B) �ा��मक एवं ���ीयक दोन� कंुड��य� से संब� ��� स समान ह� ।  

(C) ���ीयक कंुड�ी का ���रो� अ��क है ।  

(D) �ांस�ॉम�र क� द��ा 100% है ।  

 

8. आरेख म� �कसी �काश-स�ुाही प�ृ ठ पर आप��� �व�करण क� आव�ृ� v को फ�न मानकर उ� स�ज�� 

इ�े� �ॉन� क� अ��क�म ग��ज ऊजा� (Kmax) के �वचरण को दशा�या गया है । इस व� क� �वण�ा 
हो�ी है :  

  

(A) h    (B) 
h

v
 

(C) 
h

e
   (D) he 
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6. Which of the following electromagnetic waves are known as ‘heat waves’ ? 

(A) UV rays  

(B) IR rays 

(C) X-rays 

(D) Gamma rays 

7. Which of the following assumptions has been used to obtain the relation 

s s

p p

v N

v N
=  for a transformer ? 

(A) The resistance of the primary coil is large. 

(B) The same flux links both the primary and the secondary coils. 

(C) The resistance of secondary coil is large.  

(D) The transformer is 100% efficient.  

8. The figure shows the variation of maximum kinetic energy (Kmax) of 

emitted electrons as a function of the frequency v of radiation incident on 

a photosensitive surface. The slope of the curve is : 

  

(A) h    (B) 
h

v
 

(C) 
h

e
   (D) he   
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9. एकसमान ॠणावे�श� प��े गो�ीय खो� के कारण उसके के�� स ेदरूी r पर उसके बाहर ���� एक 

�ब�द ुपर �व��ु �े� :  

(A) 
1

r
 के समानपुा��क और बाहर क� ओर �नद��श� ह ै

(B) 
1

r
 के समानपुा��क और अंदर क� ओर �नद��श� ह ै

(C) 
2

1

r
 के समानपुा��क और बाहर क� ओर �नद��श� है 

(D) 
2

1

r
 के समानपुा��क और अंदर क� ओर �नद��श� है 

10. � य�ू��ऑन� के य�ु म क� �����ज ऊजा� �ब � यनू�म हो�ी ह ैजब उनके बीच क� दरूी हो�ी ह ै�गभग :  
(A) 0·8  10–15 m  

(B) 0·8  10–10 m 

(C) 2·0  10–13 m   

(D) 2·0  10–14 m  

11. दो �ंबे, सी�े, समानां�र चा�क समान �ारा वहन कर�े ह� और एक दसूरे को ��� इकाई �ंबाई पर ब� 

F से आक�ष�� कर� ेह� । य�द ��येक चा�क म� �ारा दोगनुी कर दी जाए और उनका प�ृ�करण आ�ा 

कर �दया जाए, �ो ��� इकाई �ंबाई पर ब� हो जा�ा ह ै: 

(A) 
F

2
   (B) 2F 

(C) 4F   (D) 8F 

12. जब भी कोई चुंबक �कसी चा�क कु� ड�ी क� ओर अ�वा उससे दरू गमन कर�ा ह,ै �ो उस कु� ड�ी म� 
कोई �व�ु�-वाहक ब� (emf) �े�र� हो�ा है �जसका प�रमाण �न� न���ख� म� से �कस पर �नभ�र  ह� 
कर�ा है ? 
(A) कु� ड�ी म� फेर� क� सं� या   

(B) कु� ड�ी का ���रो�  
(C) चुंबक क� चा�   

(D) कु� ड�ी का �े�फ� 
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9. The electric field due to a uniformly and negatively charged thin 

spherical shell at a point outside the shell at a distance r from its centre 

is : 

(A) proportional to 
1

r
 and is directed outward 

(B) proportional to 
1

r
 and is directed inward 

(C) proportional to 
2

1

r
 and is directed outward 

(D) proportional to 
2

1

r
 and is directed inward 

10. The potential energy of a pair of nucleons is minimum when they are 

separated by about : 

(A) 0·8  10–15 m  

(B) 0·8  10–10 m 

(C) 2·0  10–13 m  

(D) 2·0  10–14 m  

11. Two long, straight, parallel conductors carry the same current and 

attract each other with a force F per unit length. If the current is doubled 

in each conductor and their separation is made half, the force per unit 

length becomes : 

(A) 
F

2
   (B) 2F 

(C) 4F   (D) 8F 

12. Whenever a magnet is moved either towards or away from a conducting 

coil, an emf is induced whose magnitude is independent of the : 

(A) number of turns in the coil   

(B) resistance of the coil  

(C) speed with which the magnet is moved 

(D) area of the coil   
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�� � सं� यध 13‍से 16 अनभकथ� (A) औ� कध�ण (R) �कध� के �� � ह� । �ो कथ� न� ए गए ह� — नि�म� एक 

को अनभ कथ� (A) तथध �सू�े को कध�ण (R) �ध�ध अंनकत नकयध गयध है । सही उ�� �ीचे न�ए गए कोड� (A), 

(B), (C) औ� (D) म� से च�ुक� �ीनि ए । 

(A) अ�भ क�न (A) और कारण (R) दोन� सही ह� और कारण (R), अ�भ क�न (A) क� सही 
� या� या कर�ा है ।  

(B) अ�भ क�न (A) और कारण (R) दोन� सही ह�, पर� � ुकारण (R), अ�भ क�न (A) क� सही 
� या� या  ह� कर�ा है । 

(C) अ�भ क�न (A) सही ह,ै पर� � ुकारण (R) ��� है । 

(D) अ�भ क�न (A) और कारण (R) दोन� ��� ह� । 

13. अनभ कथ� (A) : एकवण� �काश का उपयोग करके �काश-�व��ु उ� सज�न क� ���या म�, सभी 
उ� स�ज�� इ�े� �ॉन� क� ग��ज ऊजा� समान नह� हो�ी है ।  

कध�ण (R) : य�द �काश-स�ुाही प�ृ ठ पर आप�न करने वा�े �व�करण� म� �भ� न-�भ� न �रंगद�ै य� 

ह�, �ो �व�भ� न �रंगद�ै य� के �ोटॉन� को अवशो�ष� करके उ� स�ज�� 

�ोटोइ�े� �ॉन� क� ऊजा� �भ� न-�भ� न होगी ।     

14. अनभ कथ� (A) : �कसी श�ु Ge ��� ट� के �ाप म� व�ृ� होन ेपर इसक� �व��ु चा�क�ा म� व�ृ� 

हो जा�ी है । 
कध�ण (R) : ऊ� मीय उ�ेजन के �ारा �कसी अ��चा�क म� संयोजक�ा ब�ड से चा�न ब�ड �क 

उ�े�ज� इ�े� �ॉन� क� सं� या म� �ाप म� व�ृ� के सा� व�ृ� हो जा�ी ह ै।   

15. अनभ कथ� (A) : ���रवै��ु ब�, संर�ी ब� ह ै।      
कध�ण (R) : ���रवै��ु �े� म�, दो �बंदओु ंके बीच ��� एकांक �नावेश पर �कया गया काय� 

च�े गए प� पर �नभ�र कर�ा है ।     

16. अनभ कथ� (A) : �कसी उ�� ��स से f और 2f के बीच रखे �कसी �बंब के ����बंब को पद� पर 

देखा जा सक�ा है । य�द पद� को हटा द�, �ो ����बंब नह� बन�ा ह ै।    
कध�ण (R) : f और 2f के बीच ���� �कसी �बंब के �दए गए �कसी �बंद ु से �नग�� �काश 

�करण�, �कसी उ�� ��स से गु़ रने के बाद, �द�� �ान म� �कसी �बंद ुपर अ�भस�र� 

नह� हो�ी ह� ।  
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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) : In process of photoelectric emission using a 

monochromatic light, all emitted electrons do not have the 

same kinetic energy.    

Reason (R) : If radiation falling on a photosensitive surface consists of 

different wavelengths, the energy of emitted 

photoelectrons by absorbing photons of different 

wavelengths, shall be different.   

14. Assertion (A) : The electrical conductivity of a pure Ge crystal increases 

with increase in its temperature.   

Reason (R) : The number of electrons excited by thermal excitation 

from the valence band to the conduction band, in a 

semiconductor, increases with increase in temperature.  

15. Assertion (A) : Electrostatic force is a conservative force.   

Reason (R) : In an electrostatic field, the work done between two points 

per unit positive charge depends on the path followed.   

16. Assertion (A) : The image of an object placed between f and 2f from a 

convex lens can be seen on a screen. If the screen is 

removed, image is not formed.   

Reason (R) :  Rays from a given point on the object placed between f 

and 2f, after passing through a convex lens, do not 

converge on a point in space.     
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ख�ड ख 

17. ��यमान m और आवेश e के �कसी इ�े��ॉन को, �वरामाव��ा स े�वभवा��र V से होकर �व�र� �कया 

गया ह ै । �स� क��जए �क �व�र� होने के प� चा�, इ�े��ॉन स े संब� द े �ॉ��ी �रंगद�ैय� 1

V
 के 

समानपुा�ी हो�ा ह ै। 2 

18. प�रप� आरेख क� सहाय�ा से, अ��द�शक बायस म� �कसी p-n सं�� डायोड का अ�भ���णक �ा� � 

करने क� �व�� का वण�न क��जए । अ�भ���णक क� आकृ�� ख��चए ।  2 

19. (क) अपव��नांक 1 का कोई सम��ो�� ��स 2 अपव��नांक के �कसी उभयाव�� ��स के 

संपक�  म�, आरेख म� दशा�ए अनसुार समा��: रखा ह ै। सभी व��� प�ृ ठ� (फ�क�) क� व��ा 

��� या R ह ै। इस संय�ु � ��स क� फोकस दरूी के ��ए � यंजक �ा� � क��जए ।  2 

 

              
 

           अथवा 

(ख) कोई उ�� ��स �कसी अव�� दप�ण के बाय� ओर दप�ण से 5f क� दरूी पर समा��: ���� है 

जहा� ��स और दप�ण दोन� क� फोकस दरूी f है । उ�� ��स के बाय� ओर ��स से 2f दरूी पर 

कोई �बंब ���� ह ै। इस संयोजन �ारा �ब� ब का ����बंब बनना दशा�ने के ��ए �करण आरेख 

ख��चए । दप�ण से अं��म ����बंब क� दरूी �ा� क��जए ।  2 
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SECTION B 

17. An electron of mass m and charge e is accelerated from rest through a 

potential V. Prove that, after acceleration, the de Broglie wavelength 

associated with the electron is proportional to 
1

V
. 2 

18. With the help of a circuit diagram, describe the method to obtain p-n 

junction diode characteristic when it is forward biased. Draw the shape of 

the characteristic.    2 

19. (a)  A plano-convex lens of refractive index 1 is placed coaxially in 

contact with a biconcave lens of refractive index 2 as shown in the 

figure. All curved faces are of radius of curvature R each. Obtain 

the expression for the focal length of the combined lens.   2 

 

      
 

OR 

 (b)  A convex lens is kept coaxially on the left side of a concave mirror 

at a distance of 5f from it where f is focal length of each of them. An 

object is kept at a distance of 2f on the left side of the convex lens. 

Draw the ray diagram showing the formation of the image by the 

combination. Find the distance of the final image from the mirror.   2 
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20. आरेख म� 5 V �व�ु�-वाहक ब� (emf ) और 2

3
  आं��रक ���रो� क� �कसी बैटरी से संयो�ज� 

���रो�क� का नेटवक�  दशा�या गया ह ै। बैटरी �ारा आप�ू�� क� जाने वा�ी �ारा �ा� क��जए ।  2 

  

21. 520 nm �रंगद�ैय� वा�े �काश के सा� यंग के ��-�िरी �योग म�, ��ंज क� चौ�ाई 0·52 mm  

ह ै । य�द संपणू� उपकरण को पानी (अपव��नांक = 4

3
) म� डुबो �दया जाए, �ो ��ंज क� चौ�ाई �या  

होगी ? 2 

ख�ड ग 

22. �व��ु �े� को प�रभा�ष� क��जए ।  इसका SI मा�क ���खए  । एक �ब�द ु आवेश q = 25 mC,  

x-y �� म� �ब�द ु (0, 0) पर ���� ह ै । (i) �ब�द ु (3 cm, 4 cm) पर �व��ु �े� का प�रमाण, ��ा  

(ii) �े� �ारा x-अ� स ेबनाया गया कोण �ा� क��जए । 3 

23. (क) 20 F का कोई सं�ा�र� 220 V, 
125


Hz के �कसी ac �ो� से संयो�ज� ह ै।  

  (i) प�रप� म� �ा�र�ा ���घा� ��ा �ारा का �शखर मान �ा� क��जए ।  

 (ii) य�द ac �ो� क� आव�ृ� को दगुनुा कर �दया जाए, �ो �ा�र�ा ���घा� और �ारा म� 
� या प�रव��न होगा ? 3 

     अथवा 
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20. The figure shows a network of resistors connected across a battery. Find 

the current supplied by the battery of emf 5 V and internal resistance 

2

3
 .   2 

  

21. In a Young’s double-slit experiment with light of wavelength 520 nm, the 

fringe width is 0·52 mm. What will be the fringe width if the entire 

apparatus is immersed in water (refractive index 
4

3
) ? 2 

SECTION C 

22. Define electric field. Write its SI unit. A point charge q = 25 mC is located 

at the point (0, 0) in x-y plane. Find (i) the magnitude of electric field at 

point (3 cm , 4 cm), and (ii) the angle the field makes with the x-axis. 3 

23. (a)  A 20 F capacitor is connected to a 220 V, 
125


 Hz ac source.   

 (i) Find the capacitive reactance and the peak value of current 

in the circuit. 

 (ii) If the frequency of the ac source is doubled, by what factor 

will the capacitive reactance and the current be changed ? 3 

OR 
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 (ख) 4·5  10–4 T के चुंबक�य �े� के �ंबव�� 3·2  107 m/s क� चा� से कोई इ�े� �ॉन 
(�� यमान 9  10–31 kg ��ा आवेश 1·6  10–19 C) �कसी व�ृाकार प� पर ग��मान 
है ।  

  प�रक��� क��जए :  3 

  (i) इसके व�ृाकार प� क� ��� या,  

  (ii) इसक� घूण�न क� आव�ृ�, ��ा  

 (iii) इसक� ऊजा� ।  

24. ना�भक क� बं�न ऊजा� (BE) को प�रभा�ष� क��जए । �� यमान सं� या A = 240 ��ा  
BE

A
= 7·6 MeV का कोई अ� �ायी ना�भक दो भाग� म� �वख��ड� हो�ा है, �जनम� �� येक भाग का 

A = 120 ��ा BE

A
= 8·5 MeV ह ै। म�ु � ऊजा� प�रक��� क��जए । 3 

25. �व��ु ��� स क� प�रभाषा ���खए । � या यह रा�श अ�दश है अ�वा स�दश ?  

 कोई �ब� द ुआवेश q, भजुा d के �कसी वग� के के� � से सी�े ऊपर d
2

 दरूी पर रखा है । गाउस �नयम का 

उपयोग करके इस वग� से गु़रने वा�े �व��ु ��� स के ��ए � यंजक �ा� � क��जए ।  

 अब य�द इस �बंद ुआवेश को वग� के के�� से सी�े ऊपर ‘d’ दरूी के �कसी �बंद ुपर � ेजाए� ��ा वग� क� 

भजुा को दगुनुा कर द�, �ो � या� या क��जए �क वग� से गु़ रने वा�े �व��ु ��� स पर � या �भाव होगा ।  3 

26. �ाप-ना�भक�य सं�यन �या है ? 

नीचे दी गयी सं�यन अ�भ��या म� �नमु�� ऊजा� क� गणना MeV म� क��जए : 

 
2
1H  + 

3
1H  ⎯⎯→  

4

2He  + n 

�दया गया : m(
2
1H ) = 2·014102 u, m(

3
1H ) = 3·016049 u, m(

4

2He ) = 4·002603 u,  

     mn = 1·008665 u, 1 u = 930 MeV/c2 3 

27. दो से�� को �ना�मक ट�म�न�� को एक सा� जो�कर ��ा ॠणा�मक ट�म�न�� को एक सा� जो�कर, 

समां�र �म म� जो�ा जा�ा ह ै। संयोजन के सम��ुय ‘�व.वा.ब.’ (emf) ��ा सम��ुय आं��रक ���रो� 

के ��ए �यंजक �य�ुप�न क��जए । 3 
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 (b)  An electron (mass 9  10–31 kg and charge 1·6  10–19 C) is moving 

in a circle with a speed of 3·2  107 m/s in a magnetic field of  

4·5  10–4 T perpendicular to it.  

  Calculate : 3 

 (i) the radius of the circular path,  

 (ii) its frequency of rotation, and  

 (iii) its energy.   

24. Define binding energy (BE) of a nucleus. An unstable nucleus has mass 

number A = 240 and  
BE

A
= 7·6 MeV. It splits in two fragments, each of  

A = 120 with 
BE

A
= 8·5 MeV. Calculate the energy released.     3 

25. Define electric flux. Is it a scalar or a vector quantity ?  

 A point charge q is kept at a distance of 
d

2
 directly above the centre of a 

square of side d. Use Gauss’ law to obtain the expression for the electric 

flux through the square. 

 If the point charge is now moved to a point at a distance ‘d’ from the 

centre of the square and the side of the square is doubled, explain how 

the electric flux through the square will be affected.   3 

26. What is thermonuclear fusion ? 

Calculate the energy released in MeV in the fusion reaction given below : 

 
2
1H  + 

3
1H  ⎯⎯→  

4

2He  + n 

Given : m(
2
1H ) = 2·014102 u, m(

3
1H ) = 3·016049 u, m(

4

2He ) = 4·002603 u,  

   mn = 1·008665 u, 1 u = 930 MeV/c2 3 

27. Two cells are connected in parallel by connecting their positive terminals 

together and connecting their negative terminals together. Derive 

expression for the equivalent emf and the equivalent internal resistance of 

the combination. 3 
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28. 0·4 A �ारा �े जाने वा�े �ार का एक आय�ाकार �पू (1 cm ´ 5 cm) एक चुंबक�य �े�  

B
→

 = (0·03
^
i  + 0·04

^
k ) T म� इस �कार रखा गया ह ै �क �ूप के �� के ��बव� बा� इकाई 

स�दश [0·60
^
i  – 0·80

^
j ] ह ै। गणना क��जए : 3 

(a)  �पू का चुंबक�य आघणू� m
→ , और 

(b)  �पू पर काय� करने वा�ा आघूण� (टॉक� ) →  

ख� ड घ 

�� � सं�यध 29 तथध 30 केस अ�यय�-आ�ध��त �� � ह� । न���न�न�त अ�ु�छे�� को प� क� �ीचे न�ए गए 
�� �� के उ�� �ीनिए ।  

29. ठोस पदा�� के ब�ड �स�ा� � के अनसुार, �कसी अ��चा�क म� संयोजक�ा ब�ड ��ा चा�न ब�ड हो�े ह� । 
इनके बीच के अं�रा� को ऊजा� ब�ड अं�रा� कह�े ह� । श�ु अ��चा�क नैज अ��चा�क कह�ा�े ह� । 
कमरे के �ाप पर, संयोजक�ा ब�ड म� कुछ इ�े� �ॉन इ�नी ऊजा� अ�ज�� कर �े�े ह� �क ऊजा� अं�रा� को 
पार करके चा�न ब�ड म� पह��च सक�े ह� । नैज अ��चा�क� म� चा�न इ�े� �ॉन� क� सं� या हो�� क� 
सं� या के समान हो�ी ह ै। शु� अ��चा�क� म� उपय�ु � अप�� य के अप�म�ण से आवेश वाहक� क� 
सं� या प�रव���� क� जा सक�ी है । ऐसे अ��चा�क� को अप�� यी अ��चा�क कह�े ह� । ये दो �कार 
(n-�कार और p-�कार) के हो�े ह� ।  

  p-n सं�� बह�� सी अ��चा�क य�ु� �य� क� म�ू इकाई है । �कसी p-n सं�� के �नमा�ण के समय दो 
मह�वपणू� ��� याए� हो�ी ह� : �वसरण ��ा अपवाह । p-n सं�� म� एक ‘�ासी � �र’ बन जा�ा है जो 
सं�� �वभव रो�क ह�े ुउ�रदायी ह ै। अ��चा�क डायोड मू� �प से एक p-n सं��  हो�ा है �जसके 
�सर� पर �ा��वक संपक�  ज�ेु हो�े ह� �ा�क इस सं�� पर कोई बा� वो� ट�ा अन�ुय�ु � क� जा सके । 
�कसी डायोड को अ��द�शक-बाय�स� या प� च�द�शक-बाय�स� कर सक�े ह� । बायस क� �कृ�� के 
अनसुार �कसी p-n सं�� म� रो��का ऊ� चाई ��ा �ासी � �र क� चौ�ाई म� प�रव��न हो�ा है ।  

 (i) (क) �न�न���ख� म� से कौन-सा क�न सही  ह� है ? 1 

 (A) नैज अ��चा�क का ���रो� �ाप म� व�ृ� होने पर घट�ा ह ै।  
(B) श�ु Si का ��संयोजी अश�ु�य� से मादन करने पर p-�कार का 

अ��चा�क �म��ा है ।  
 (C) n-�कार के अ��चा�क� म� बह�सं� यक आवेश वाहक हो� हो�े ह� ।  
 (D) p-n सं��  अ��चा�क डायोड क� भा��� काय� कर सक�ी है । 

     अथवा 
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28. A rectangular loop (1 cm ´ 5 cm) of wire carrying current of 0·4 A is placed 

in a magnetic field B
→

 = (0·03 î  + 0·04 k̂ ) T such that the outward unit 

vector normal to the plane of the loop is (0·60 î  – 0·80
^
j ). Calculate : 3 

(a)  the magnetic moment m
→

 of the loop, and  

(b)  the torque 
→
  acting on the loop. 

SECTION D 

Questions number 29 and 30 are case study-based questions. Read the following 
paragraphs and answer the questions that follow. 

29. According to the band theory of solids, a semiconductor has a valence 

band and a conduction band separated by a gap, known as energy band 
gap. Pure semiconductors are called intrinsic semiconductors. At room 
temperature, some electrons from the valence band can acquire enough 

energy to cross the band gap and enter the conduction band. The number 
of conduction electrons is equal to the number of holes is an intrinsic 

semiconductor. The number of charge carriers can be changed by doping 
of a suitable impurity in a pure semiconductor. Such semiconductors are 

known as extrinsic semiconductors. These are of two types (n-type and  
p-type).  

  A p-n junction is the basic building block of semiconductor devices. Two 
important processes occur during formation of a p-n junction : diffusion 

and drift. A ‘depletion layer’ is formed in a p-n junction. This is 
responsible for a junction potential barrier. A semiconductor diode is 

basically a p-n junction with metallic contacts provided at the ends for 
the application of an external voltage. A diode can be forward-biased or  
reverse-biased. The barrier height and the depletion layer width in a p-n 

junction changes depending on the nature of the biasing.  

(i) (a) Which of the following statements is not true ?  1 

(A) The resistance of an intrinsic semiconductor 
decreases with the increase of temperature.     

(B) Doping pure Si with trivalent impurities gives p-type 
semiconductors.   

(C) The majority charge carriers in n-type semiconductors 
are holes.   

(D) A p-n junction can act as a semiconductor diode.  

 OR 
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  (ख) �कसी अबाय�स� p-n सं�� म� :  1 
 (A) �वसरण �ारा हर जगह श�ू य हो�ी है ।  

 (B) अपवाह �ारा हर जगह श�ू य हो�ी है । 

 (C) �व��ु �वभव हर जगह श�ू य हो�ा है ।  

 (D) अपवाह �ारा ��ा �वसरण �ारा एक दसूरे को �नर� � कर दे�ी ह� ।  

 (ii) n-�कार के अ��चा�क म� प�रव��न करने के ��ए श�ु Ge का मादन करने के ��ए कौन-सा 

अश�ु� परमाण ुचा�हए ?  1 

(A) बोरॉन   (B) �ॉ� फोरस  

(C) ऐ��ुम�नयम  (D) इ�ंडयम  

 (iii) Ge म� 0 K पर ऊजा� ब�ड अं�रा� हो�ा ह ै�गभग :  1 
(A) 0·72 eV   (B) 1·1 eV   

(C) 3·0 eV  (D) 5·4 eV   

 (iv) �कसी प� च�द�शक बायस म� p-n सं�� डायोड म�, रो��का ऊ� चाई :  1 
(A) कम हो जा�ी है ��ा �ासी � �र क� मोटाई घट जा�ी है ।  

(B) कम हो जा�ी है ��ा �ासी � �र क� मोटाई ब� जा�ी है । 

(C) ब� जा�ी है ��ा �ासी � �र क� मोटाई भी ब� जा�ी है । 

(D) ब� जा�ी है ��ा �ासी � �र क� मोटाई घट जा�ी है । 

30. संय�ु � स�ू मदश� एक ऐसा �का�शक यं� ह ै�जसका उपयोग �कसी स�ू म �बंब के अ� य��क आव���� 

����बंब का �े�ण करने के ��ए �कया जा�ा ह ै।  इसम� दो उ�� ��स हो�े ह� । �बंब के सबसे �नकट के 

��स को अ�भ�� यक कह�े ह� ��ा ने� के �नकट के ��स को ने��का कह�े ह� । संय�ु � स�ू मदश� क� 

आव��न �म�ा m को m = mome �ारा � य� � �कया जा�ा ह,ै जहा� mo अ�भ�� यक ��स �ारा 

उ� प� न आव��न ��ा me ने��का ��स �ारा उ� प� न आव��न है । स�ू मदश� से अं��म ����बंब �कसी 

�नकट �बंद ुपर अ�वा अन� � पर (सामा� य समायोजन म�) बन�ा है । इसी के आ�ार पर me के ��ए 

� यंजक � य�ु प� न �कया जा�ा है ।  
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  (b) In a unbiased p-n junction : 1 

(A) the diffusion current is zero everywhere.  

(B) the drift current is zero everywhere.  

(C) the electric potential is zero everywhere.  

(D) the drift current and the diffusion current cancel each 

other.  

(ii) The impurity atoms with which pure Ge should be doped to convert 

it into an n-type semiconductor, is :  1 

(A) Boron  (B) Phosphorous  

(C) Aluminium  (D) Indium  

(iii) The energy band gap in Ge at 0 K is about :  1 

(A) 0·72 eV   (B) 1·1 eV   

(C) 3·0 eV  (D) 5·4 eV   

(iv) In a p-n junction diode under reverse bias, the barrier height :  1 

(A) is reduced and the depletion layer width decreases.    

(B) is reduced and the depletion layer width increases.   

(C) increases and the depletion layer width also increases. 

(D) increases and the depletion layer width decreases. 

30. A compound microscope is an optical instrument used for observing 

highly magnified images of tiny objects. It consists of two convex lenses. 

The lens near the object is called the objective and the lens near the eye 

is called the eyepiece. The magnifying power of a compound microscope is 

given by m = mome, where mo is the magnification produced by objective 

lens and me is the magnification produced by eyepiece. The expression for 

me depends on whether the final image is formed at the near point or at 

infinity (normal adjustment).   
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 (i) (क) �कसी संय�ु � स�ू मदश� के अ�भ�� यक ��स क� फोकस दरूी fo = 2·0 cm ��ा 

ने��का क� फोकस दरूी fe = 6·25 cm है । अ�भ�� यक और ने��का के बीच 

प�ृकन 15 cm है । अ�भ�� यक से कोई �ब� ब �क�नी दरू रख� �जससे अं��म 

����ब� ब अन� � पर बने ? 1 

 (A) 3·45 cm  (B) 5 cm 

 (C) 1·29 cm  (D) 2·59 cm  

     अथवा 

  (ख) 25 cm के सामा� य �नकट �बंद ु का कोई � य�� ऐसे संयु� � स�ू मदश�, �जसका 

अ�भ�� यक 0·8 cm फोकस दरूी ��ा ने��का 2·5 cm फोकस दरूी का ह,ै का 

उपयोग करके अ�भ�� यक स े0·9 cm दरूी पर रखे �कसी �बंब को स�ु प� ट �ोक�स� 

कर �े�ा है । य�द अ�भ�� यक �ारा बनाया ����बंब ने��का से 2·27 cm दरूी पर ह,ै 

�ो दोन� ��स� के बीच प�ृकन ह ै:  1 
 (A) 7·47 cm  (B) 8·47 cm 

 (C) 9·47 cm  (D) 10·47 cm  

 (ii) �कसी संय�ु � स�ू मदश� म� 2 cm फोकस दरूी का अ�भ�� यक ��स ��ा 10 cm फोकस दरूी 

का ने��का ��स है । अ�भ�� यक से ने��का क� दरूी 20 cm ह ै। य�द अं��म ����बंब अन� � 

पर बने, �ो स�ू मदश� क� आव��न �म�ा �ा� क��जए ।  1 
(A) 7  (B) 10 

(C) 14  (D) 16  

 (iii) संय�ु � स�ू मदश� म� बना म� यव�� ����बंब (intermediate image) हो�ा है :  1 
(A) वा� ��वक, उ� टा ��ा आव���� 

(B) वा� ��वक, सी�ा ��ा आव����  

(C) आभासी, सी�ा ��ा आव����    

(D) आभासी, उ� टा ��ा आव����  
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 (i) (a) A compound microscope consists of an objective lens of focal 

length fo = 2·0 cm and an eyepiece of focal length  

fe = 6·25 cm separated by a distance of 15 cm. How far 

should an object be placed from the objective so that the final 

image is formed at infinity ?  1 

(A) 3·45 cm (B) 5 cm 

(C) 1·29 cm (D) 2·59 cm 

 OR 

   (b) A person with normal near point 25 cm, using a compound 

microscope with an objective of focal length 0·8 cm and 

eyepiece of focal length 2·5 cm can bring an object placed at 

0·9 cm from the objective in sharp focus. If the image formed 

by the objective is at a distance of 2·27 cm from the eyepiece, 

the separation between the lenses is : 1 

(A) 7·47 cm (B) 8·47 cm 

(C) 9·47 cm (D) 10·47 cm 

(ii) A compound microscope consists of an objective of focal length 2 cm 

and an eyepiece of focal length 10 cm. The eyepiece is kept 20 cm 

away from the objective. Find the magnifying power of the 

microscope if the final image is formed at infinity.  1 

(A) 7 (B) 10 

(C) 14 (D) 16 

(iii) The intermediate image formed in a compound microscope is :  1 

(A) real, inverted and magnified   

(B) real, erect and magnified  

(C) virtual, erect and magnified   

(D) virtual, inverted and magnified  
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 (iv) �कसी संय�ु � स�ू मदश� के अ�भ�� यक ��ा ने��का क� फोकस दरूी �मश: fo ��ा fe ह� । 

सामा� य समायोजन (normal adjustment) म� �न� न���ख� म� से कौन-सा क�न सही है ? 1 

(A) �बंब अ�भ�� यक स ेfo से कम दरूी पर ���� ह ै।   

(B) �बंब अ�भ�� यक स ेfo से अ��क और 2fo से कम दरूी पर ���� ह ै। 

(C) म� यव�� ����बंब, ने��का से fe से �ो�ी ही अ��क दरूी पर बन�ा ह ै। 

(D) म� यव�� ����बंब, ने��का से 2fe दरूी पर बन�ा ह ै। 

 

ख� ड ङ 

31. (क) (i) �ा�र�ा C क� �कसी समा� �र प��का सं�ा�र� A को �वभव ‘V’ �क �कसी बैटरी से 
आवे�श� �कया गया । बैटरी को �वसंयो�ज� करके सं�ा�र� के �सर� से �कसी सव�सम 
अनावे�श� सं�ा�र� B को संयो�ज� कर �दया गया । सं�ा�र� A के ��ए 
�न� न���ख� के नए मान प�रक��� क��जए :  

 (I) आवेश  

 (II) �वभवा� �र  

 (III) सं�च� ऊजा�  

 अपने उ�र� क� प�ु� ट  क��जए ।  

(ii) (I) �कसी �नावे�श� चा�क गो�े, ��ा  

(II) �कसी �व��ु ���वु  

के कारण उ� प� न �व��ु-�े� रेखाओ ंका पैटन� ख��चए । 5 

                 अथवा 

(ख) (i) ���रवै��ु�क� म� कू�ॉम �नयम स�दश �प म� ���खए । इस �नयम का उपयोग करके 

�ब� द ुआवेश� के �नकाय के कारण �कसी �बंद ुपर �व��ु �े� �न�ा��र� क��जए ।  

(ii) ABC कोई समबाह� ��भुज ह ै�जसक� भजुा क� �� बाई l ह ै। इसके �ब� द ुB और C 
पर +2 C के दो �ब� द ुआवेश ���� ह� । भजुा BC के म� य-�ब� द ुM पर रखे जाने 

वा�े �बंद ुआवेश q का �च� ��ा प�रमाण �ा� क��जए �ा�क �ब� द ुA पर नेट �व��ु 

�े� श�ू य हो जाए ।  5 
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(iv) The focal lengths of the objective and the eyepiece of a compound 

microscope are fo and fe respectively. Which of the following 

statements is correct, in normal adjustment ? 1 

(A) The object is at a distance less than fo from the objective.  

(B) The object is at a distance more than fo and less than 2fo 

from the objective.  

(C) The intermediate image is formed at a distance slightly more 

than fe from the eyepiece.   

(D) The intermediate image is formed at 2fe from the eyepiece. 

SECTION E 

31. (a)  (i) A parallel plate capacitor A of capacitance C is charged by a 

battery to a potential ‘V’. The battery is disconnected and an 

uncharged identical capacitor B is connected across it. 

Calculate for the capacitor A the new value of the : 

   (I) charge 

   (II) potential difference 

   (III) energy stored 

   Justify your answers.  

(ii) Draw the pattern of electric field lines due to : 

   (I) positively charged conducting sphere, and   

   (II) an electric dipole.  5 

 OR 

 (b)  (i) Write Coulomb’s law of electrostatics in vector form. Apply it 

to determine the electric field at a point due to a system of 

point charges.   

(ii) ABC is an equilateral triangle of side l. Two point charges 

+2 C each, are located at points B and C. Find the sign and 

magnitude of the point charge q to be kept at the midpoint M 

of the side BC, so that the net electric field at point A 

becomes zero.  5 
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32. (क) अपव��नांक n के �कसी ��भुजाकार का�च के ���म के �कसी एक फ�क पर कोई �काश 
�करण आप�न करके ���म के स� मखु फ�क से अपव���� होकर �नग�� हो�ी है । ���म कोण 
और अ� प�म �वच�न कोण के पद� म� का�च के ���म के अपव��नांक के ��ए � यंजक 
� य�ु प� न क��जए । स� मुख प�ृ ठ पर �काश का अपव��न हो सकने के ��ए n पर श�� ���खए । 5 

     अथवा 

(ख) हाइग�स के �स�ा� � का उ� �ेख क��जए । इसका उपयोग करके कोई आरेख ख�चकर उस 
�करण पर चचा� क��जए, �जसम� �कसी �वर� मा� यम से सघन मा� यम म� दोन� मा� यम� के 
सम�� अ� �राफ�क पर कोई सम�� �रंग अपव��न कर�ा है । इस �कार � ने� का �नयम 
� य�ु प� न क��जए ।  5 

33. (क) (i) V = Vm sin t के �कसी ac �ो� से L, C ��ा R के �कसी �ेणी संयोजन को 
संयो�ज� �कया गया ह ै। �ा� � क��जए :  

 (I) फे़र आरेख का उपयोग करके प�रप� क� ���बा�ा, 

 (II) �ा� ��णक �ारा I के ��ए � यंजक, ��ा  

 (III) अन�ुय�ु � वो� ट�ा से �ारा क� क�ा का संबं� ।  

(ii) ac प�रप� के श�� गणुक क� प�रभाषा ���खए । उन श�� का उ� �ेख क��जए 

�जनम� यह :   

 (I) अ�� क�म,  

 (II) �न� न �म हो�ा है ।     5 

  अथवा 

(ख) (i) यह स� या�प� क��जए �क आदश� �ेरक वा�े ac प�रप� म� वो� ट�ा �ारा से क�ा म� 
π

2
 रे�डयन अ� हो�ी है ।  

(ii) � व�ेरक� व 12 mH और 24 mH के दो �ेरक� से समय के सा� �ारा म� व�ृ� क� 
दर समान है । नीचे �दए गए �वचरण� को दशा�ने के ��ए �ाफ ख��चए :   

 (I) �� येक �ेरक म� �ारा म� प�रव��न क� दर के सा� �े�र� �व��ु-वाहक ब� 
(emf ) का प�रमाण ।  

 (II) �वा�ह� �ारा के सा� �� येक �ेरक म� सं�च� ऊजा� ।  5 
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32. (a)  A ray of light is incident on one face of a triangular glass prism of 

refractive index n and is refracted out from the opposite face. 

Deduce the expression for refractive index of glass prism in terms 

of the angle of minimum deviation and angle of the prism. Write 

the condition on n for refraction to take place on the opposite face.  5 

OR 

(b)  State Huygens principle. Using it, draw a diagram and discuss the 

case of refraction of plane wave of light from a rarer medium to a 

denser medium at their plane interface. Hence derive Snell’s law.   5 

33. (a)  (i) A series combination of L, C and R is connected to an ac 

source V = Vm sin �t. Obtain :  

   (I) the impedance of the circuit using phasor diagram, 

   (II) the expression for the instantaneous current I, and 

   (III) the phase relationship of current to the applied 

voltage.   

(ii) Define power factor of an ac circuit. State the conditions 

under which it is :  

   (I) maximum,  

   (II) minimum. 5 

OR 

 (b)  (i) Prove that the voltage is ahead of the current in phase by  
π

2
 rad in an ac circuit containing an ideal inductor.  

(ii) The currents through two inductors of self-inductance  

12 mH and 24 mH are increasing with time at the same rate. 

Draw graphs showing the variation of the : 

   (I) magnitude of emf induced with the rate of change of 

current in each inductor.  

   (II) energy stored in each inductor with the current 

flowing through it. 5 
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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)    45 J 1 1 

2.  (B)     3.4 eV 1 1 

3.  (C)   In parallel a resistance of 12 Ω 1 1 

4.  ( B ) Remains the same 1 1 

5.  ( A) 80 mV 1 1 

6.  (B)   IR rays 1 1 

7.  ( B) The same flux links both the primary and secondary coils 1 1 

8.  (A) h 1 1 

9.  (D)   Proportional to 
2

1

r
 and is directed inward 1 1 

10.  (A) 0.8  10–15 m 1 1 

11.  (D)  8 F 1 1 

12.  (B) the resistance of the coil 1 1 

13.  
(B) Both Assertion ( A )and Reason (R )are true ,but Reason ( R ) is not the 
correct explanation of the Assertion (A). 

1 1 

14.  
(A) Both Assertion (A) and Reason ( R ) are true and Reason ( R ) is 
correct explanation of Assertion ( A ). 

1 1 

15.  ( C ) Assertion ( A) is true, but reason ( R ) is false 1 1 

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

                                                        SECTION B   

17.  

 
 
 
 
  Momentum and kinetic energy are related as 

        2p mK  

        2p meV  
   De Broglie wavelength 

     
h

p
   

   
2

h

meV
   

 
 
 
 
 
 

1 
 
 

½ 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Proving that                                           2 
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18.  

 
 
 
 
 

  

        
 

 A very small current flows till the applied voltage reaches the barrier 
potential in the forward bias p-n junction diode. Diode current 
increases significantly when applied voltage becomes greater than 
barrier potential. 

  
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19.  (a)  
 
 

     
1 2

1 11 ( 1)
f R R


 

   
 

 

 
 
 
 
 
 

 
 
 
 
 
 

 Circuit diagram for characteristics of a p-n junction diode          1 
 Describing the method to obtain p-n junction diode characteristics     ½  
 Drawing the shape of characteristics           ½  

Expression for the focal length of combined lens 2 
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     For plano convex lens 
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    For concave lens  

     
2

2

1 11 ( 1)
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2
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OR 

 
(b)  
 
 
 
 
 

        
 
       3u f   
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20.   
 
 
 

 
 
 
 
 

 
 
 
 
 

 Ray diagram       1 
 Calculation of distance of final image from the mirror 1 

Finding the current supplied by the battery   2 
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       AB AD

BC DC

R R 4
= =

R R 1
 

 
   The bridge is balanced. 
   Resistance of the circuit between points A and C. 
   

    

1 1 1= +
(8 2) (4+1)

10
=

3

R

R




 

     

E
I =

R+r
5

I =
10 2

+
3 3

I = 1.25A

 

 
 
 

½  
 
 

½  
 
 
 
 
 
 
 

½  
 

½  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2 

21.   

 

 

 

            D

d

   

        
 
 
 
  

             
1v

c n
v


 

 

          
n

    

           
0.52
4

3

   

                 = 0.39 mm 
Alternative: 

             
n

    

                   =
0.52
4

3

 

                   = 0.39 mm        

 
 
 
 
 

½  
 
 
 
 

½ 
 
 
 
 

½  
 

½   
 
 

1 
 

½  
 

½  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
      2 

                                                  SECTION C   

22.   
 
 
 
 

 
 
 
 
 

 
 
 
 
 

Finding new fringe width when entire apparatus is immersed in 
water.                                                                                  2 

Defining electric field                                                        1 
Writing SI unit of electric field                                        ½  
Finding  (i)  magnitude of electric field                             1 
             (ii)   angle the field makes with x-axis                  ½  
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 Electric field: 

Electric field due to a point charge in space may be defined as the 
force that a unit positive charge would experience if placed at that 
point. 

 SI unit of electric field is NC-1  or Vm-1 

 (i)            
2

0

1

4

q
E

r



  

                      = 
 

6
9

22

25 10
9 10

5 10






 


 

                  7  19 10 NCE


 
 

 
 

(ii)             tan θ = 
4

3
 

                   1 4
tan

3
     

   
                       ≈530 

 

 
 

1 
 
 

½ 
 

½ 
 
 
 
 
 

½ 
 
 
 
 
 

½ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3 

23.   
(a) 
 
 
(i)   

                 Xc = 
1

2vC 

                = 
1

2  
125
   20  10–6

 

                = 200 

             I0 = 
V0
XC

 

                = 
220  1.414

200  

                 =  1.6 A  or 1.1 2   A 
(ii) Xc   becomes half 
     Current becomes double. 
 

OR 
 
 
 
 
 
 

 
 
 
 
 

½  
 
 
 
 

½  
 
 

½  
 

½  
    ½ 

½  
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

i. Finding capacitive reactance and Peak value of current       1+1 
ii. Finding change in capacitive reactance and current            ½  + ½    

Calculating  
(i) Radius of the circular path     1 

(ii) Frequency of rotation      1 
(iii) Energy       1 
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(i)   r = 
mv
qB             

= 
9  10–31  3.2  107

1.6  10–19  4.5  10–4  

= 0.4 m 
 

(ii) v = 


2r 

= 
3.2  107

2  0.4  

= 
4
  107 Hz  

(iii) E = 
1
2 mv2 

   = 
1
2  9  10–31  3.2  3.2  1014 

   = 4.608  10–16 J 
 

 
½  
 
 
 

½  
 
 
 
 

½  
 
 
 
 

½  
 
 

½  
 
 
 
 

½  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3 
24.   

 
 
 
Binding energy : Energy released in bringing all the nucleons of a nucleus 
together to form a nucleus. 
Alternatively –  
Energy required to separate the nucleons from the nucleus. 

Binding Energy of X, B.EX = 240  7.6 

                           = 1824 MeV 

Binding Energy of Y, 

B.E
Y
 = 120  8.5 = 1020 MeV 

Energy released E = 2(B.E
Y
) – (B.E

X
)  

   = (2  1020) –1824 

   = 216 MeV 

 
 
 
 
 
 
 
1 
 
½  
 
 
½  
 
½  
 
½  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3 

25.   
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 

 Defining binding energy    1 
 Calculating energy released    2 

 Defining electric flux      ½  
 Stating scalar or vector quantity     ½ 
 Obtaining expression for the electric flux through the square 1 
 Effect on electric flux through the square    1 
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Electric flux : The electric flux may be defined as the number of electric lines 
of force crossing through a surface normal to the surface. 

                   = E.ds 
   

Electric flux is a scalar quantity.  
Draw a cube of side d such that it completely encloses the charge q. 

              

Total flux through the cube, 
0

= en
E

q


 

Flux through one face (square)  
06

enq


  

If a charge is now moved to the point of a distance d  from the center of square 
and side of the square is doubled, then electric flux through square remains 
unchanged because electric flux through a closed surface depends only on the 
amount of charge contained inside the closed surface and is independent of the 
size of the Gaussian surface.  
 
 

 
½  
 
 
½  
 
 
 
 
 
 
 
 
 
 
 
 
 
½  
 
 
½  
 
 
1 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3 

26.   
 
 
 

     Thermonuclear fusion: 
When two light nuclei fuse to form a larger nucleus, energy is released  
Mass defect  

          2 3 4
1 1 2 nm m H m H m He m            

           = (2.014102 + 3.016049) – (4.002603 + 1.008665) 
     m   0.018883 u 
Energy released 
    E= m ×930 MeV 
        = 0.018883 ×930 
         = 17.56 MeV 

 
 
    1 
 
   ½  
 
 
   ½  
 
  ½  
 
   ½    

  
 
 
 
 
 
 
 
 
 
 
 
 

3 

27.   
 
 
 

 
 
 
 
 

 
 
 
 

Defining thermonuclear fusion.   1 
Calculating energy released in fusion reaction.         2 

Derivation of equivalent emf and equivalent internal resistance 
of parallel combination of cells.                                              3   
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I = I1 + I2   (1) 
 
For the first cell,  
V = V(B1) – V(B2) = 

1
 – I1 r1

 (2) 

For the second cell, 
V = V(B1) – V(B

2
) = 

2
 – I2  r2

 (3) 

Combining  equations (1), (2) and (3)  
1 2

1 2

V V
I

r r

  
   

   1 2

1 2 1 2

1 1
_ V

r r r r

    
     
   

 

1 2 2 1 1 2

1 2 1 2

r r r r
V I

r r r r

   
     

 

1 2 2 1

1 2
eq

r r

r r

  



 

1 2

1 2
eq

r r
r

r r



 

 

 
 
 
 
 

½ 
 
 
 
 
 
 
 
 
 
 

½ 
 
 

½ 
 

½ 
 
 
 
 
 
 
 

½ 
 
 
 

½ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3 

28.   
 
 
 
 

(a)    

m = I


A  = I |


A | n̂ 

          = 0.25 A  (4  5  10–4 m2) [0.8î  – 0.6 ĵ ] 

          = 5  10–4 (0.8 î  – 0.6 ĵ ) A m2 
 

(b)     t  = 

m  


B  

               = 5  10–4(0.8 î  – 0.6 ĵ )  (0.2 ĵ  + 0.5k̂) N m 

               = 5  10–4(0.16k̂ – 0.4 ĵ  – 0.3 î ) N m 

               = 5  10–4(–0.3 î  – 0.4 ĵ  + 0.16k̂) N m 

 
 
 
 
 
 
½  
½  
½  
 
 
½  
 
½ 
 
½  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3 

Calculating  
(a)  The magnetic moment of the loop    1 ½  
(b)  the torque acting on the loop     1 ½  
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                                                        SECTION D   
29.  (i)   (a) (C) Majority charge carrier is n type semiconductors are holes. 

           OR 
       (b) (D) The drift current and the diffusion current cancel each other. 
(ii) (B) Phosphorus 
(iii) (A) 0.72 eV 
(iv) (C) Increases and the depletion layer width also increases. 

1 
 
 
1 
1 
1 

 
 
 
 
 
4 

30.  (i) (a) (D) 2.59 cm 
             OR 
      (b)  (C)  9.47 cm 
(ii) (B)  10  
(iii) (A) Real inverted and magnified. 
iv) (B) The object is at a distance more than f0 and less than 2 f0 from the  
                  objective 

1 
 
 
1 
1 
 
1 

 
 
 
 
 
 
4 

                                                     SECTION E   

31.   

(a) 

 

 

 

 

 

(i) (I)
 
Charge will become half 

    Charge will flow from capacitors A ( high potential) to capacitor B (low 
potential) till they achieve equilibrium. 

Alternatively  

                 cv 0A Bq q   

                  

cv

2c

v

2

A B
common

A B

q q
V

c c


 





 

            
' cv

cv
2 2

A
A common

q
q     

(II) Potential difference will become half. 
 
 

                        
cv 0 v

2c 2

A B
common

A B

q q
V

c c







 

 

(III) Energy stored will becomes one fourth  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
½ 
 
 
 
 
½  
 
½  
 
 
 
 
½  
 
 
½  
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(i) Calculating the new value for the capacitor with justification 
(I) Charge      ½ + ½  
(II) Potential Difference   ½ + ½  
(III) Energy stored     ½ + ½ 

(ii) Drawing the pattern of electric field lines for  
(I) Positively charged conducting sphere  1 
(II) An electric dipole    1 
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2

' 2

2

1

2
1

2

1

2 2

A

A common

U CV

U CV

V
C





   
 

 

                                        
4

AU
   

 
   (ii)   
      (I)  

 
(II)  

             
 
 

OR 
 

(b)  
 

 

 

 

 

 

(i)   1 2
21 212

0 21

1

4

q q
F r

r


 
     

Alternative:   1 2
12 122

0 12

1

4

q q
F r

r


 
 

              OR    1 2
2

0

1

4

q q
F r

r


 
      

 
For determining electric field  due to a system of point charges 

 
 
 
 
 
 
 
 
½  
 
 
 
 
 
 
 
 
1 
 
 
 
 
 
 
1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(i) Writing coulomb’s law in vector form          1 
      Determining the electric field due to a system of point charges        2 
(ii) Finding sign and magnitude of q           2 
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1
1 12

0 1

2
2 22

0 2

1

4

1

4

p
p

p
p

q
E r

r

q
E r

r









 

 
     

  and so on 
             
By superposition principle 

          1 2 .............. nE E E E   
   

 

         
2

10

1

4

n
i

ip
i ip

q
E r

r 

 
 

 

 
(ii)  
 

    

                 

 
 
 
 
 
½  
 
 
 
 
 
 
 
 
 
 
½  
 
 
 
 
 
½  
 
½  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
½  
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From the figure 

     
2

0

1
.

4AB

q
E

r



 

                    
6

2
0

1 2 10
.

4 l


  

   

6

2
0

1 2 10
.

4AC

AB AC

E
l

E E










 


 

      ∴  Resultant of  ABE


 & ACE


 

BC AB ACE E E 
  

 

     2 cos30BC ABE E 


 

        
6

2
0

1 2 10 3
.

4 2BCE
l





 

   
2

0

1
.

4 3
2

AM

q
E

l


 
 
 


 

      Net electric field at A is zero.          

      ∴   AM BCE E   

6

2 2
0 0

1 2 2 10 3
. .

4 4 23
2

q

ll 


 

 
 
 

 

                63 3 3 3
10 C μC

2 2
q or 

    

 
 
 
 
 
 
 
½  
 
 
 
 
 
 
½  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
½  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5 

32.   (a)  
 
 
 
 
 
 

           

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Deducing expression for refractive index of glass prism in terms of angle 
of minimum deviation and angle of prism                         4 

 Writing condition for n for refraction to place on opposite face of prism 1 
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      A + δ = i + e 
   and A  = r1 + r2 

 
at angle of minimum deviation , δ=Dm  
          1 2,i e r r r         

        

2

2

m

m

A D i

A D
i

 




 

         2
2

A
A r r    

From Snell’s law 

       
sin

sin

i
n

r
  

    
sin

2

sin
2

mA D

n
A

 
 
 

 
 
 

 

For refraction to take place on opposite face 
 
 

                    

2

1

1
2

1

sin

1
sin

1
sin

c

c

c

r i

n
i

i
n

r
n









   
 
   
 

 

 
OR 

 
(b)  
 
 
 
 
 
 
 
Huygen’s 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. 

½  
½  
 
 
 

½ 
 
 
 
 
 

½  
 
 

½  
 
 
 

½  
 
 
 
 
 
 

½ 
 
 
 
 
 

½   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Stating Huygen’s principle       1 
 Drawing diagram       1 ½  
  Discussing the case of refraction of plane  wave of light from rarer to 

a denser medium       ½  
 Deriving Snell’s law      2 
  
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Discussion : In time τ distance BC travelled by the incident plane wavefront 
with the velocity 1v  is 1v τ.  To determine the shape of the refracted wave 

wavefront , draw a sphere of radius 2v τ(=AE) from point A and draw a 

tangent from C to E as shown in the diagram. 
From the above diagram  

        

1

2

1

2

sin

sin

sin
.........................(1)

sin

ABC and AEC

vBC
i

AC AC
vAE

and r
AC AC
vi

r v





 

 



 

 

      1 2
1 2

As n n
c c

and
v v

   

     1 2

2 1

..................(2)
v n

v n
   

From equations (1) and (2)  
      1 2sin sinn i n r  

 
 
 
 
 
 
 
 
 
 
 
 

1 ½  
 
 
 
 
 
 
 
 

½  
 
 
 
 

½  
 

½  
 
 

½  
 
 
 
 
 
 
 

½ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5 

33.  (a)  
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

(i)  Obtaining  
    (I) Impedance of the circuit using phase diagram     2 
    (II) Expression for the instantaneous current      ½  
    (III) Phase relationship of current to the applied voltage    ½   
(ii) Defining power factor of ac circuit      1 
      Stating conditions in which power factor is  

(I) Maximum          ½  
(II) Minimum            ½  



Page 17 of 19 
 

(a)   (i) (I) Let resistance R, inductor L and capacitor C be connected in series 

with an alternate e.m.f. 
                
 

                   
 

                
 

                   2 2 2[ ( ) ]L cI R X X     

                   
2 2R ( )L C

Z
I

Z X X




    

 

      (II)          sin( )m
m

V
I t

Z
    

     

     (III)    Phase angle tan ϕ = 
VL – VC

VR
 

(ii)    V VP E I cos  where P = true power and V VE I is the apparent power. ϕ 

is phase difference between current and voltage. 
Power factor is defined as the ratio of true power to the apparent power. 
                                                

           Power factor = 
True Power (P)

Apparent power (EV IV) = cos ϕ 

(i) Power factor is maximum when ϕ = 0 purely resistive circuit(It 

occurs when 
1

LC
   at resonance in an LCR series circuit). 

(ii) Power factor is minimum when  ϕ = 
2


, in pure inductive or 

capacitive circuit. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
½  
 
 
 
 
 
½ 
 
½  
 
½  
 
 
½  
 
 
 
½  
 
 
 
 
1 
 
 
 
 
½  
 
 
½  
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(b)  
 
 
 
 
 
 
 
(i) Let the voltage across the source be  
              sin tm    

      
Using Kirchhoff’s loop rule  

                 

0

sin

sin t

m

m

di
L

dt

di
t

dt L L

di dt
L










 

 



 

Integrating  

          
cos

sin( )
2

m

m

i t
L

i i t









 
              

 

This show that current lags behind the voltage by 
2


rad. 

Voltage is ahead of current in phase by 
2


 rad 

 
(ii)   (I) Graph for induced e.m.f. 

 
 
 
 
 
 
 
 
 
 
 
 
½  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1 
 
 
 
 
½  
 
½  
 
 
 
 
 
 
½  
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(i)  Proving that the voltage is ahead of current in phase by π/2 radian 
in an AC circuit containing an ideal inductor    3 
(ii) Drawing graph showing the variations of 
    (I)  Magnitude of induced emf with rate of change of current 1 
    (II) Energy stored in inductor with current    1 
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   (II) Graph for energy stored 
 
 

                  
 

 
 
 
 
 
1 
 
 
 
 
 
 
 
 
 
 
 
1 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5 

 


	55-S-3-physics.pdf (p.1-27)
	XII_042_MS(55-S-3)_.pdf (p.28-46)

