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Chapter 12: Magnetic Effects of Electric Current

ST 12: fagd Rt & YTk wra — HYf AieH T U &

12.1 Magnetic Field & Field Lines & 12.2 Magnetic Field due to Current-Carrying Conductors

(e &7, &5 T U9 qREr! 9e)

[EN] Hans Christian Oersted (1820) discovered that a metallic conductor carrying an electric current deflects a
nearby magnetic compass needle, proving that electricity and magnetism are linked.

[HI] &5 ferfeam sifeds (1820) = @i ht foh STar fonelt arg &6 @rTeten # gl T Uarnfad &Y STt & ot urd &t fees-g=ht (chutd) <t g3
faafta g St &, e g gt @ o Rd ofik Jaec e w&fda €1

Concept / Conductor
(TheTT [ ATeleh)

Properties & Rules (English)

i ToTend gd e (@)

1. Properties of
Magnetic Field Lines

(Terehia &¥=t Y3 & 1)

2. Straight Current-
Carrying Wire & Right-
Hand Thumb Rule (e
YRTETE TR Ud &faur-g&d
st fam)

3. Circular Loop &

Solenoid (FHTHR U1 g
gReferenT)

1. Emerge from the North pole (N) and merge at
the South pole (S) outside the magnet; inside
the magnet, their direction is from South to
North (forming closed continuous curves).

2. Closer/crowded field lines indicate a stronger
magnetic field.

3. Two magnetic field lines NEVER intersect
each other (if they did, the compass needle at
the point of intersection would point in two
directions at once, which is impossible).

« Field lines are concentric circles centred on
the wire.

e Field strength B « Currentland B « 1/
distancer.

+ Maxwell's Right-Hand Thumb Rule: Hold the
current-carrying straight conductor in your right
hand such that the thumb points in the
direction of current; then your wrapped fingers
give the direction of magnetic field lines.

 Circular Loop: Concentric circles near the wire
become nearly straight and parallel at the centre
of the loop. For n turns, field is n times that of a
single turn.

» Solenoid: A coil of many circular turns of
insulated copper wire wrapped closely in the
shape of a cylinder. Outside, its field resembles
a bar magnet; inside the solenoid, field lines
are parallel straight lines (Uniform Magnetic
Field).

¢ Inserting a soft iron core inside a current-
carrying solenoid forms an Electromagnet.
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1. e & aTeR 8 @IS IR ¢ (N) &
Frererans &faror ga (S) # fach= gift € qun
Tk 3 oieR SfRIOT & SR g 1 ok gl &
(37 3 &€ a%h it §) |

2. STgT &7 3@ fene () gidt § a8t
qIhIT & e gidT g1

3. &Y guchia &= Y@1Y i Yeh-gu &t
uferesde Tl &l

o Y URETET IR & IRT SR geehra &3
@] w@ehdl gt & w0 F g &

o EfRur-g% oE fAam: i g &
fRrega T Y fr=m & ok Tohd e, at
Sfforai a1 forge gadhia &= Yareit i
fam garfEm|

o RITERR TIRT: U127 h che TR & 3@V teft
AT IR @131 St i gt 81 n o
aTelt el T gechi & n AT T BT &1
o gf=TfereRT (Solenoid): T -uTd fome
faregaRieft afet & IR Fr Fo1T Fr s
3k O aTett gt aRATfereT & oftear
garchg & g+ feigeil = 99 (gahaar)
BT g1 A g o his Y@ R faegd gieh
CEGIE
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Magnetic Field Lines Around a Bar Magnet

Current)

FOREFINGER:

Fleming's Left-Hand Rule (Motor Rule)

All 3 fingers mutually
perpendicular (90°)

VHEDEE FINGER ShiroentF(l)
‘ummmm

Outside Magnet: North (N) - South (S) | Inside: South (S) - North (N)

Figure 12.1: Magnetic Field Lines around a Bar Magnet (N to S outside) & Current-Carrying Solenoid / 5 12.1: &g g Td URmaTS!
gfR=rTfereRt & TRl SR garhi & g — TYBA Coaching Centre

12.3 Force on a Current-Carrying Conductor & 12.4 Domestic Electric Circuits (g’aﬁa BEK]
YRTETE! ATerdh U et Td H¥e], faga afiaer)

[EN] A current-carrying conductor placed in a magnetic field experiences a mechanical force whose magnitude is
maximum when the current and magnetic field are perpendicular (90°) to each other.

[HI] i &5 & T gRTETE! Ireieh WR Uoh §el SR 81T 81 I8 91 ad S Aehad gial & 5d faeld o1 i e a1 geehr &5 &

e grER wad (90°) gt &

Topic / fawa

Explanation & Safety Rules (English)

fRra=or va gren Faw ()

1. Fleming's Left-Hand
Rule (FfiiT &1 amgs
)

2. Domestic Electric
Supply & Three Wires
(er¥eg ferege R gai i
dR)

Stretch the thumb, forefinger, and middle finger of
your left hand such that they are mutually
perpendicular (90°) to each other:

« Forefinger (asf-ft) > Direction of Magnetic Field
(B)

« Middle finger (7&gHT1) - Direction of Current (1)
(direction of positive charge flow, opposite to
electron flow)

o Thumb (3§73T) - Direction of Force or Motion (F)
acting on the conductor.

In India, domestic AC power supply is at 220 V with
a frequency of 50 Hz. Two separate ratings are
used: 15 A (geysers, AC, heaters) and 5 A (bulbs,
fans).

1. Live Wire (faef=a R — Red insulation): Positive
wire at high potential.

2. Neutral Wire (S&1#fi9 9R — Black insulation):
Negative wire (potential difference between Live
and Neutral = 220 V).

3. Earth Wire (‘IIGi'crcﬁ dR — Green insulation):
Connected to a metal plate deep in the earth;
connected to metallic bodies of appliances (iron,
refrigerator, toaster) to prevent severe electric
shock in case of current leakage.
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307 GTY Ty <ht i, weaar aur
3T ! 39 TR thersy ok & fiHT gam-
IR & TR dA9ad gl

o ol > gahia & (B) & ke

o TegHT > frega um (1) i Ramw
(eFmarsr &t Wiy Y e / geaeta &
fauda)

o S[GT > TTeich I 7T a1 IH W
SRt &It (F) <t fam

VR H TR TATardt oRT (AC) Sgfe
220 Vaur 50 Hzmql%eﬁgﬁ’r%
3t gfkuer g1 €: 15 A (ISR, Ger) an
5 A (s, Ug) |

1. foe=1a ar (Live Wire — &1et
SITEROT): TR dR|

2. JerfiF ar (Neutral Wire — &hrelt
STERUT): FUMHG dR (G & g
fasaiar = 220 V)1

3. YU ar (Earth Wire — g1
SITEROT): UTq h STTARUT JTet ATl
TofiR faga smama & s= & forg v
G UM |
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Topic / fawa Explanation & Safety Rules (English) fra=or ga gren Faw ()
3. Short-Circuiting, « Short-circuiting (F/guY=): Occurs when the live o YUY (Short-circuit): S«

Overloading & Electric wire and neutral wire come into direct contact (due  fIe[1T IR quT IR AR e dudh &
Fuse (egu¥H, sifayRor to damaged insulation), causing resistance to drop 37 A1 € o uRuer # faege ey
qd farega wge) to nearly zero and current to increase heavily and ST agd e ag STt 81
abruptly. « 3ffawRor (Overloading): U &t
« Overloading (31fa¥RoT): Occurs when too many Hiche ¥ agd I 3= 2AeRT o IJehT
high-power appliances are connected to a single St a1 SMYfd Jieedr S © g1 8
socket or due to accidental hike in supply voltage. o faregd wyEt: 5[ AU R A e
« Electric Fuse: Works on Joule's heating; melts and  aTeft St Ageaquf grem gfert|
breaks the circuit during overloading or short-
circuiting.

NCERT Intext Questions & Complete Solutions

TAHISARE qr37Td U U |quf gt ga

Intext Pages 196, 200 & 201-202

[Question - EN] 1. Why does a compass needle get deflected when brought near a bar magnet?

2. Draw magnetic field lines around a bar magnet. 3. List the properties of magnetic field lines. 4. Why don't two
magnetic field lines intersect each other?

5. Consider a circular loop of wire lying in the plane of the table with clockwise current. Find direction of
magnetic field inside and outside the loop. 6. Magnetic field in a region is uniform. How is it represented? 7.
Magnetic field inside a long straight current-carrying solenoid is: (a) zero (b) decreases towards end (c)
increases towards end (d) same at all points.

[1%1 - HI] g8 196, 200 Q& 201-202 3 UTaTd U

[Answer - EN] 1. A compass needle is itself a small bar magnet; the magnetic field of the bar magnet exerts a
magnetic force on the poles of the compass needle, deflecting it.

2 & 3. Field lines emerge from N-pole and merge at S-pole outside, and go from S to N inside (closed curves);
crowded near poles (strong field); never intersect.

4. If two field lines intersected, the compass needle placed at the point of intersection would point towards two
directions simultaneously, which is impossible.

5. By Right-Hand Thumb Rule, for clockwise current in the table plane, the magnetic field is directed into the
table (downwards) inside the loop and out of the table (upwards) outside the loop.

6. By equidistant, parallel straight lines.

7. (d) is the same at all points.

[STR - HI] 1. Rp-gft it g3 @ Uk SleT 88 o &; 88 Jach &l gahid &8 I9 UR el a2

23 3. & WY & ash gkt & (eI N ¥ S, 3iex S & N), ¢faf iR Fu gidlt & 3R apoft ufaredg 8t el
4. 9 3 ufa=ag e af ufawser foig iR Rep-gaft at fiemait i ok Tchd &weht St srefera g1

5. gfer-gwa fAam § urzr & offar A1 & a1 & sig (= Y 3ilr) Tur i & argk FuR A 2R

6. TRER THIR T4 Ay Hieft 3@rsit gril 7. (d) |t fHgeil vk awm glan @)

Intext Page 203-204 & Page 205

[Question - EN] 1. Which property of a proton can change while it moves freely in a magnetic field? (a) mass (b)
speed (c) velocity (d) momentum.

2. How is displacement of rod AB affected if (i) current is increased, (ii) stronger magnet is used, (iii) length of
rod is increased?

3. A positively-charged alpha-particle projected towards west is deflected towards north by a magnetic field.
The direction of magnetic field is: (a) towards south (b) towards east (c) downward (d) upward.
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4. Name two safety measures in electric circuits. 5. An electric oven of 2 kW is operated in a 220 V circuit having
current rating 5 A. What result do you expect? 6. What precaution should be taken to avoid overloading?

[1%1 - HI] g8 203-204 U& 205 o UIaTd U

[Answer - EN] 1. Both (c) velocity and (d) momentum change (because direction of motion changes; mass and
speed remain constant).

2. Displacement of the rod increases in all three cases because magnetic force F « |, F « B, and F « L.

3. (d) upward. (By Fleming's Left-Hand Rule: Current = West, Force/Deflection = North = Forefinger/Magnetic
Field points Upward).

4. (i) Electric Fuse, and (ii) Earthing (Earth wire).

5. Current drawn by oven | =P /V = 2000 W/ 220 V = 9.09 A. Since 9.09 A exceeds the 5 A rating of the circuit,
the circuit will experience overloading and the 5 A fuse will melt (blow off), breaking the circuit.

6. Avoid connecting too many appliances to a single socket, do not use high-power appliances simultaneously on
a 5 Aline, and use proper fuse ratings.

[S<® - HI] 1. (c) & (velocity) a2 (d) T (momentum) & uRafda gt
2. d Ffaat # 3 o1 faeuma= e st ifeh s F o« |, B, LI
3. (d) SuRFEh (upward) — TIfHT & arTged faw 1

4. (i) forga WS, o (i) sEUSh ar (Earthing) |
5. 3ffe gRT &t 18 4R | = P/V = 2000/220 = 9.09 A1 I8 5 A 31Hdieh ¥ 31fdeh g, 37d: SifaryRoT & shRoT et freet &R ge

SATQ |
6. Geh 81 Hiche F Igd T IUSHRVT 1 Sits U1 IRAd HIST & TANT |

NCERT Textbook Exercises — Complete Step-by-Step Solutions
USTYEAS ST & Toft weet & wyof fyamedt gt

Q1

[Question - EN] Which of the following correctly describes the magnetic field near a long straight wire? (a)
straight lines perpendicular to wire (b) straight lines parallel to wire (c) radial lines originating from wire (d)
concentric circles centred on the wire.

[w#1 - HI] fAafof@a & @ o= foreft s e emcrarét ar & e Jadhrr &3 o1 T8t auia sear 82

[Answer - EN] Answer: (d) The field consists of concentric circles centred on the wire.

[SR - HI] S==: (d) Gaehra &= i Tahedt & FRarsii o dhg aR g gl

Q2

[Question - EN] At the time of short circuit, the current in the circuit: (a) reduces substantially (b) does not
change (c) increases heavily (d) vary continuously.

[51%1 - HI] U= & 997 uRuy A fA[d 91 &1 A: (a) Sgd A 8 STt & (b) uRafda 8l giar (c) aga ifdeh 3¢ Sam g (d) PR
aRafdd gt g1

[Answer - EN] Answer: (c) increases heavily.

[S¥% - HI] 3I9R: (c) 9ga 3ifees 9 Sirar 8|

Q3

[Question - EN] State whether the following statements are true or false:

(a) The field at the centre of a long circular coil carrying current will be parallel straight lines.
(b) A wire with a green insulation is usually the live wire of an electric supply.

o1 - HI] F=fafEa vt 8§ 9 9 @ a1 i 3 ?

(a) forft it JRITAR URTATE Ghselt o dhe TR Jachig & TR Hieft & RaTd giar 81
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(b) & fagated aren IR U fag~1g ar giar 8|

[Answer - EN] (a) True (¥<3).
(b) False (s1a@) — Green insulation wire is the Earth wire; the Live wire has Red insulation.

[S<R - HI] (a) |§41
(b) 31 E — g MTARYT ITel AR YU aR (Earth wire) gidT 8, fae[a IR &re 31 o1 811 81

Q4 & Q5

[Question - EN] Q4. List two methods of producing magnetic fields.

Q5. When is the force experienced by a current-carrying conductor placed in a magnetic field largest?

[s1%1 - HI] 921 4: G &3 Y I0F e o &l axihl hl gt 13|

u 5: echiy &5 § & Rt 4RI TTeieh UR T aTell et chel SHThdH gidT 872
[Answer - EN] Ans 4: (i) By using a permanent magnet (bar magnet or horse-shoe magnet). (ii) By passing an
electric current through a metallic conductor, circular coil, or solenoid.
Ans 5: The force is largest (maximum) when the direction of electric current is perpendicular (at 90°) to the
direction of the magnetic field.

[S™R - HI] 3xR 4: (i) fordlt wirft gaer (S5 9ah) & Wl g, (ii) foneht areten R, dhgett a1 uRATferen # fagla o varfed sl
IR 5: T9 fagd oy i fexm gachig &5 di 2 & iRER wiead (90° uR) gidt 81

Q6

[Question - EN] Imagine that you are sitting in a chamber with your back to one wall. An electron beam, moving
horizontally from back wall towards the front wall, is deflected by a strong magnetic field to your right side. What
is the direction of magnetic field?

[1%1 - HI] 9 ifSig 3y foreht R # Sroeit dis ot fordlt Ueh SYaR & o <18 81 1S 3otag i 4ol 3imueh U1 dhl ElaR & | areft
AR <l 3R &fisTd: T ded gy fohet Tt gerchia &5 gRT 31Tueh &18 SR fA&fid 8t STt 81 dechia & i = ar g2

[Answer - EN] Electron beam moves from back wall to front wall, so conventional Current (1) is from front wall to
back wall. Deflection/Force (Thumb) is towards the right side. Applying Fleming's Left-Hand Rule, the forefinger
points vertically downwards (Seafer 4 6 3iR).

[STR - HI] Seiaei<1 ot U8 & 9= &l 31 ST 38T 8, 91d: fagd T (1) e Y $lar @ fid & Slar &t ok 81 9 (3ie) o
3R 81 wIfHT & e Faw & dadhia & i e Seafera: i &Y sik (vertically downwards) g1

Q7
[Question - EN] State the rule to determine the direction of a (i) magnetic field produced around a straight
conductor-carrying current, (ii) force experienced by a current-carrying straight conductor placed in a magnetic
field which is perpendicular to it.
[w1%1 - HI] fA=fafaa <t e &t FafRa s aren faw fafag: (i) e fagga emramgt e araes & IRt oik Ica= gachra &, (i)
forelt Jarchia &5 H &5 & clad f[Rd fagld armams! @Y =T R SR J|
[Answer - EN] (i) Maxwell's Right-Hand Thumb Rule: Hold the straight conductor in your right hand with thumb
pointing in the direction of current; wrapped fingers show the direction of magnetic field lines.
(ii) Fleming's Left-Hand Rule: Stretch thumb, forefinger, and middle finger of left hand mutually perpendicular; if
forefinger points along Magnetic Field and middle finger along Current, then Thumb gives the direction of Force.

[SR - HI] (i) a3 o1 &f8ior-ga SiTs fFram: a1fe g1 & SitoT o &t faam & gt af foradh g2 stforat dechia & ot faam
ERIGIR]
(i) TAfET o1 arg Fraw: a1¢ g1y i asiHT dadhia &5 g AerHT Ry Gl i | gt dt SRSt e <l feer Jarar 81
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Q8 & Q9

[Question - EN] @8. When does an electric short circuit occur?

Q9. What is the function of an earth wire? Why is it necessary to earth metallic appliances?

[oet - HI] w1 8: ot fargga uRuy A erguer e giar 82

U 9: qEYh IR T T RS §? YT F IR0 aTel fag[d AT ent Fufha T I Srrasaes 872
[Answer - EN] Ans 8: A short circuit occurs when the insulation of wires gets damaged or there is a fault in an
appliance, causing the live wire and the neutral wire to come into direct contact. Resistance drops to almost

zero and current increases heavily.

Ans 9: The earth wire (green insulation) provides a low-resistance conducting path for any leaked current from
the metallic body of an appliance directly to the earth. It keeps the potential of the metallic body equal to that of
the earth (zero) and protects the user from getting a severe electric shock.

[STR - HI] IR 8: 519 dRI a1 fagaRiedt simervr efausd gt 511 & faeg1a ar aur e+ ar i dudh & o 5id &, a9 gRuy &
gfaRie ST 8t ST 8 3R URT 1A §¢ ! 8 (Tgud) |

IR 9: YU IR (B 3ATaR0N) €1g & 3MMeRT H g1 ared foheft oft fagga T & aRor (leakage) & forg sreq ufeRter &1 =@rer= gy
UEJd T g, e et a1 favig offt & fav1a o aRTeR 1 381 & SR IuaiTehdl ol dfter fargga smemd =gt erar|
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