SCIENCE ACADEMY (R.) Il PUC-PHYSICS 5 MARK QUESTIONS & ANSWERS

SCIENCE ACADEMY P U COLLEGE
DAVANAGERE

5 MARK IMPORTANT QUESTIONS WITH ANSWERS

1. Derive an Expression for Electric field at a point on the axis of a
dipole (Ea).

-q®*a b a T4 1 J
< r———

. - o’ . _ 1 q
Electric - field at ‘P’ due to +ve charge is E1= 41T<SOx )2 along OP.
Electric - field at ‘P’ due to -ve charge is E;= : X — =~ along PO.
4nEy (r+a)

Electric - field at ‘P’ due to the dipole = Ea = E1 - Ea.

Eae 11
T AT 4mE, 9 [(r—a)2 (r+a)2]

En= 1 q (r’+a?+2ra)—(r? + a*-2ra)
A7 ane, (r2—a?)?
1 q X 4ra 1 qx2ax?2r
Ea= = X
anEy " (r2-a?)? 4mE, (r2—a?)2
1 2pr
Ea = X But, gx2a=P
A angy " (r?—a?)? ( q )

whena<<r, aZcanbe neglected.
1 2pr 1 2
Ea= x B0z xL,
angy rt  4m& T 13

- 1 Xz}'
Ef = 4ng,” 3

2. Derive an Expression for Electric field at a point on the bisector line of
dipole

In A OPA
PA2 = OP2 + OA2= r2 + a2

PA = (r2 + a2) %

04 a
Cos 0 = A GZral)llz

. _ 1

Field at P due to +ve charge, E; = yrr X TraD) along AP
. _ 1 q

Field at P due to -ve charge, E; = e X 07D along PB
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|E1] = |Ez]
~ two equal and opposite components E sin® cancel each other.
Field at ‘P’ due to the dipole is
Eg = E cosb + E cos® =2 E cos 0

1 q a
Eg= 2x X X cosO c0S 0 = ——
B 4nEy " (r?+a?) (r2+a2)1/2
1 2q a
Eg = X X x2a=P
B &  (r2+a?) T (r2+4a?)l/? q
1 P
Eg =

X
an&y~ (r?+a?)3/2
When a << r, a2 can be neglected.

1 P

Er=
B amEy 13

3. Derive an expression for Electric field due to a uniformly charged spherical shell.
a) At a point outside the shell:

Electric flux through this sphere is given by
® = $EcosOxds

® = $E xds (.6=0,cos0=1)
® = Efds
&= E X 4712 -—--- (1) (fds=4nr")

According to gauss theorem,

®=;xq - (@)

From equations (1) and (2) we get

1
Ex4nr?2=—xq
&o
1
E = x%
4tE r

b) At a point on the surface (r = R) :
The electric intensity E for the points on the surface of charged spherical shell is given by

=1 4
am€y = RZ
1 o 4mR? c s
e X Tw r=R (By definition, ¢ = 4an2 , .. q = 04mR?)
E - 0
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4. Expression for Electric potential at a point due to a point charge

s - ° ®
Q P B dx A
< d
X - dx L
< X

Force acting on unit +ve charge (Qo) at A due to charge ‘Q’ is given by

F=;X% Q=1C

4n &g x?2

1 Q

X 2
4nEy x

Work done in moving a unit +ve charge from A to B against the field direction is
given by, dw=-Fxdx
_ 1
dw = - 4n€y x2 dx
v Work done in bringing a unit +ve charge from « to the point ‘P ’ against the
field direction is given by

de = IEX_

W =

1 d1
-47T€0XQf°°_

1 1
- —|d
W= - X -
4y Q [ x]

0
1 1
= - ——+—
w 4-1'[80XQ[d ]
_ 1 _Q
W_47180Xd

By def W=V, Potential

411'80

LWL

5. State and Deduce of Ohm’s Law

Consider,
E=V
[
Current flowing through conductor I=ne Avq ---------------- (1)

But, a=F/m =¢E/m =eV/ml
The drift velocity of the electrons is given by, vq=axt = (eV/ml).1t
Substituting the v4in (1) : I=neA x (eV/ml) x 1

I=ne’AtV/m!
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SCIENCE ACADEMY (R.) I PUC-PHYSICS
I=(e’t/m)(A/l).V
V=(m/ne’1)(/A).I
.’.V=pél where, p=m/ne’1
V=RI
I=(1/R)V
laV

Thus current flowing through conductor is directly proportional to potential difference between the ends of
the conductor provided temperature and other physical conditions remains constant. This is called ‘Ohm’s

7

law’.

6. Obtain an expression for equivalent emf and internal resistance of two Cells in parallel.

Potential difference acrosscell E;1is  V; =E; -Iiny
Potential difference across cell Exis V2 = Ez - Irrg
E1-V1 E1-V
I = = ( Vi=V;=V)
a1 r1
Eo—V
[Ié I =
2

Main current in the circuit is given by
[=1+1]

Eq1ry+Eor v [T1+T2J

rir rir

1471 Eiro+E>r
V[l zjz 1T2+5m

r1r2 r1r2
Eqry+Eor 1T
vz faratiar [L _____ 0
r1+712 ri1+ry
Page 4
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For the combination we have
V = Eesr — I regr. -—--—-- (2)

Comparing equations (1) and (2) we get

Eq1ry+Eor 1772
eff= ————— and leff=
r1+712 r1+17

7. Deduce the condition for Wheat stone’s Bridge network using Kirchhoff’s laws.

<]

- rr—— 2

Currents flowing through different branches of the bridge will be as shown in the figure.
Applying K.C.L to the junction A, I[=51 + I - (1)
Applying K.V.L to the mesh ABDA, LP+I,G-IbLR=0 W --—--- 2)
Applying K.V.L to the mesh BCDB, (I1 - [g))Q - (I + [)S-1;G =0
LO-I.Q-LS-S-I,G=0 ---—--- (3)

Condition for balance: current through galvanometer is zero (I = 0).
equations (2) and (3) becomes, 1P - bR =0

LP=LR - (4)
And 1,Q-1S=0
LQ =S e (5)

Divide (4) by (5) , we get
LP / IlQ = ILhR / IQS
P/Q=R/S
8. Obtain an expression for Magnetic field at a point along the axis of circular coil carrying
current.

A,

x s B dB,=dB cos 0
L o dB1=dB sin 0
= _}3 'dB, =2
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From Biot Savart’s law

I dl sinf .
dB =22 == 0=90",sin0=1
4m r
Ho Idl
B:—_
d 4T 1?2

Magnetic field produced at P due to current in the full loop is given by
Y dB =Y dB cos0

—y #o Idl = ko L -
B_sz = cos @ = rZCOSQZdl X dl=2nR)

_ Ko I _
B = py r2c059x2nR In A OAP, cos 0 =R/r

2=R2+x> => r=(R2+X2)l/Z

:Z_O _ngxan P =R+ x2) 2
Tor
_£o 27R?
4m r3
Ho I 2 .
B= . .3 2nR along the axis towards the observer
T —
(R?+ x2 )2

For n turns of the coil

_po 2mR?*nlI

3
4T (R24a2)2

For field at the centre of the loop, x=0

nl

p_ benl
2 R

9. Obtain an expression for Force between two parallel current carrying conductor.
Magnetic field produced by current I; on the conductor Q is given by

Bi=w .21
4 d
The conductor Q carrying current I, in the magnetic field B, experiences a '\?;.3' CE
mechanical force F; is given by ?‘ <'
. 0
F; =B LLsin0 If =90 1A Aj&\\\&]
F, =B, LL i
P &
Fi=p .25L.LL -oommmees (1
4 d
I, conductor P experiences mechanical force F, given by
Fo=p.2L.L1L - (2)
4 d

From equations (1) and (2)
It is found that F; and F, are equal and opposite. The conductors attract each other when they
carry current in same direction. They repel each other when they carry current in opposite direction.
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10. Show that Bar magnet as an equivalent solenoid.

46 (a)
_J.'c

Number of turns in the element = n x dx
The magnetic field produced at ‘P’ due to the element is given by

_ Ko 2ma’l (nx dx)
dB = o ((r—x)2+a?)3/2

When ¥ >>>> a, a2 can be neglected compared with ¥2
dB = Ho - 2ma?lnxdx
4m
Total Magnetic field at ‘P’ due current in the solenoid in given by

_ I po 2ma?Indx
de - f—la' +3

along the axis.

3

2 2
B= Ko  2ma‘in f_+ll dx = 2ma“®In ' [x]il

a3 ¥3 L
_u 2ma’in _u 2ma®inx20 _
B = ﬁ. 3 [l+l)—ﬁxT N=n2/
Ma’=A
2M M=NTA

T 4m 3

11. Obtain an expression for current in an AC circuit containing pure inductance:

-

Let, V=Vjsin wt ---------—-- (1)
From Lenz’s law
Vi=-L.dI
dt

Applying KVL for the circuit , we get
V+V'i=0 (."R=0, IR=0)

V=L.dl

dt

Vosinot =L .dI
dt
dl=V, sin ot.dt
L

Integrating we get, | dI= | (Vo /L) sin ot . dt
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I=V, |sinot.dt
L

I =Vy [-coswt/w]
L

[=V, .sin (ot - 7/2) - cos ot = sin (ot - 7/2)
oL

Current is maximum when sin (wt - ©/2)=+1,
lh=Vo/oL when sin (wt - w/2)==*1

I=1sin (ot - 7/2) ---------—--- )

This is the expression for current in inductance circuit.
In inductive circuit voltage leads the current by 90° or /2.

12. Obtain an expression for current in An AC circuit consisting of pure capacitance:

C
| |
I
q,
N
:h’ V= Ve fS';n et
Let V=Vjysinot ---------- (1) 1s the applied alternating voltage.
I=dq/dt But,q=CV
[=d(CV)/dt
[=C. d (Vysin ot)
dt
I =CVy d (sin ot)
dt

I=C Vyocos ot

I= YV, .sin(ot+ w/2) . cos wt =sin (ot + 7/2)
(1/eC)
Current is maximum when sin (ot + w/2)==+1,
Iy= _Vqo when sin (ot + ©/2)=+1
(1/eC)
I=lpsin(wt+mn/2)  [_________ )

This is the expression for alternating current in a capacitor circuit.
In capacitor circuit voltage lags behind the current by 90° or /2.
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13. Obtain an Expression for Impedance, current and phase angle using phasor diagram.

L C R
Vo Ve Vr
LAN | g
—)
V =V, sin wt

Let V=Vjsin wt is the applied voltage.

The voltage across each of them is given by,

VL=1X, leads the current by w/2
Ve=1Xc¢ lags behind current by m/2
Vr=IR in phase with current.
In A OAE, Y4
OE’>=0A” + AE’ Bl
VZ=Vi’ + (VL Vo)’
V2= (IR)* + (I X, — I X¢)? b
V=T [R’+(XL-X0)’ ] VLT \
V2/E =R + (X —Xo)’ le-vT
2 _p2 2
Z"=R"+ (XL —Xc) { ° R
Where, Z=V /1, impedance of the circuit V:I\ o Vr X
Z=VR? + (X, - X)? l
C
This is the expression for impedance for LCR circuit.
14. Explain the action of Transistor as a Switch:
4 N )
I Cut-off region
C -— A4 . .
«—», Active region
Vo 1 .
Re Z i
i —>
£ b, C/ Vo i i Saturation region
Vi () 7 Vee ! !
ey i i
\_ AN i > J
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Let us study the working of Transistor as a switch in the following steps:

1.

2.

A small Positive voltage at Base, Positive voltage to collector and Negative voltage to emitter
is being applied.

The voltage at Base is slightly positive than that of Emitter and the voltage at Collector is more
positive than that of Base region.

Due to this arrangement the base region attracts electrons from the emitter region and the
collector attracts the electrons from the base region. So, the electrons flow from emitter to
collector and as we know that the flow of electrons is opposite to that flow of current and
hence the current flows from Collector to Emitter.

From this we can conclude that the transistor acts as switch facilitating the flow of current from
the Collector to Emitter.

Now take the case that the Base region is not connected to voltage supply, so the there would
not be any charge flow from Collector to Emitter and hence the circuit acts as switch blocking
the flow of current from the Collector to Emitter.

Thus in both the cases Transistor acts as a Switch.

15. Action of transistor as an amplifier in C-E mode with n-p-n transistor:

kil

IMPUT WAAE FORM Jlflll'

Ill ‘ 1
{1 i g .'?,-' QUTPUT WAVE FORM
»

" i
[: W :

- [T
'T\-
LN |
|

The circuit of a simple N-P-N transistor in C-E configuration is as shown in the figure. The emitter

base junction is forward biased and base collector junction of the transistor is reverse biased.

The alternating signal to be amplified is fed to the input circuit [(E-B) junction]. Because of
alternating voltage over and above the forward biasing voltage Vgg, the base current changes in the
input circuit.

As the base region is very thin most of the conduction electrons in the emitter are attracted to the

collector through the base. A small change in base voltage due to input signal causes a large
change in the voltage across the load resistor Ry. Thus a transistor amplifies a small signal into a
large one. There is a voltage amplification as well as power amplification.

Output is out of phase with the input by 180°.
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16. Explain the Einstein’s explanation of photoelectric effect.
Einstein explained photoelectric effect on the basis of ‘Quantum theory of radiation’.

vumvi= ho-W |  coooeeeev (1)

This equation is called Einstein’s photoelectric equation.
At threshold frequency, v=1v , % mv>=0

Therefore equation (1) becomes

¢u = hUo

or

KEE nax= % mv:= h (v —vy)

Verification of Laws of Photoelectric Emission based on Einstein’s Photoelectric Equation

1) Photoelectric effect is instantaneous effect and takes place due to elastic collision between

photon and electron inside the metal.
2) Ifv <wy, then Y2 MV pax 18 negative, which is not possible. Therefore, for

photoelectric emission to take place v > vy.

3) Since one photon emits one electron, so the number photoelectrons

emitted per second is directly proportional to the intensity of incident light.
4) It is clear that ¥4 mv’ max O Vash and vy are constant. This shows that K.E.

of the photoelectrons is directly proportional to the frequency of the

incident light.

17. Derive an Expression for energy of electron in an nth orbit of hydrogen atom.
Thus, for a dynamically stable orbit in a hydrogen atom

Fe = FC
muv? 1 e?
ol dreq 2 [For hydrogen, Z = 1]

Thus, the relation between the orbit radius and the electron velocity is

2

mv2 = — (1)
4megr

The K.E (K) and electrostatic potential energy (U) of the electron in
hydrogen atom are

2
=1 2 =
K = 7% mv Sreqr [ from (1) ]
e?
And U-=- (U =-2xK)
4megr

Thus, the total mechanical energy E of the electron in a hydrogen atom is
E=K+U

e? 2

e

8megr 4megr

2 272
e gon‘h
E=_ but --- rn= 9

8megr

Tme?
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62
E —_ -

8 s()nzh2

0 wme?
E, = - m2z%*
8 €,°n’ h?
for hydrogenz=1, (E, = - me’
8 € n’h?

this is the expression for energy of electron is n™ hydrogen orbit.

18. State and Prove Law of radioactive decay or disintegration law.

This law states that “the rate of disintegration of a radioactive element is directly
proportional to number of atoms present at that instant of time”.

Let ‘N’ be the number of atoms of a radioactive element present at any instant of time 1’

Let ‘dN’ be the number of atoms disintegrates in a small interval of time ‘dt’,
Then According to law, - (dN / dt)a N
(dN / dt) = -A N.

Where A —~decay constant

dN/N=-)\.dt
Integrating both sides
[AN/N =[dt
log. N=-A+k .......... (1)

where k — is integration constant
When t = 0, N = Ny (Initial number of atoms)
then (1) becomes,
logeNo = -1 (0) + k

logeNg =k

substituting the value of k in the equation (1) , we get
log. N = -At + log.Ny

log. N - logNj = -At

log. (N/N,) = -At
Expressing in index form we get

N/No =€7M

N =Noe™
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19. Derive Lens makers formula.

A
> /\ ) 'le
From the figure n, i ",}{ ’H\&‘m : o
For refraction at the face ABC o AT = B
-—-"'"x :’I \' *\'\__“—.
n n ny—n - | “m. gl
L + —f LR (i) —4{ R CSRRR| PSP P S b
—u v R4 0 & Bl |D c ! o
For refraction at the face ADC of the lens, : _
np + ny _ np—ng (”) Y || — ;“"-;,7'_"_' R
T T T e | P E— ' -
—vl v -R; Xt - "
Adding (i) and (ii), we get :
nq ny ny nq 1 1
—u T vl T —vl T v [ 2 1] Ri Ry
1 1 1 1
n[-—+=-]=In,—n [——— ............. il
1 | 2T 1=[n, 1] R, Ry (iii)

By definition (Principal focus) , whenu=0, v=f andu=f,v=00

Equation (iii) becomes : ]lc = (Z—i — 1) Ril — Riz
1 1 1
7= (-1 (5 -7)

20. Derive | N=sin(A+D)/2 for refraction through a prism.

sinA/2
In quadrilateral AOMO!
LA+ LM=180" --oeeeeemeev (1)
In A" OMO'
Lr +Lr + LM =180 —-oeeeeeev (2)

From (1) and (2)
LA+LM= |_I'1 + |_I'2+ LM

In A SOO',
Ld=(@—-r)+(i2—12)
= (1 +1) - (11 +12)
= (i1 +12)-(A)

A+d=i +ip - “

At minimum, deviation position, d=Dandi; =i, =1 andr;=1n,=r1
Equations (3) and (4) becomes

A=Ln+tLnpp=1r+71r=2r

r=A/2

A+D:i1+i2 =1+1

i=A+D
2

Substituting the values of 1 and r in the Snell’s law equation. We get

= 2i
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n=sini
sinr
n=sin(A+D)/2
SinA /2

n=sin(A+D)/2
sinA/2

21. Obtain the relation between n, u, v and R. ( Refraction at spherical surface)

In triangle PMO: tan MOP = tana = ™

PO
) PM
In triangle PMI: tan MIP = tan} = o
. PM
In triangle MCP: tan MCP = tany = o

In triangle OMC, i =a+ y = % + % , (Exterior angle is equal to sum of interior angles)

In triangle MCI, y =7+ f (Exterior angle is equal to sum of interior angles)

- _MM_PM
r=y-B=1c~m
By snell’s law,

nysini = ny sinr (as angles are small, sini~ i & sinr = r)
ni = nyr

n [PM_I_PM = [PM PM

po " pcl™ "2 [pc  pr

Moy _ 2 M2

POo ' PC ~ PC  PI
From figure: PO=-u, PC=R & PI=v

nq ng _ n nz
u R R v
. N2 ng _ n—mny
v u R

22. Expression for bandwidth of interference bands
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Let P be a point on the screen at a distance x from O. Depending on the path difference S,P - S;P of
light waves ‘P’ will be the position of dark band or bright band.

when S,P-S,P=nA --—--- (1) P be the position ofnthbrightband inA,S,FP
52P2=52F2+FP2
S,P2 —S,P2 = [D? D~ [p2 A% = D2 4y’
20 o +(x+2) B +(x—2) ' - +(x+2)
S,P? — S;P? = 2xd inA,S,EP
S,p—sp=—2t _2Zd_x__yias d <D, $4P+S,P ~ 2D] S,P? = S,E? + EP?
2 TS, p+s;p 2D D S » 91 2P = 1Pe =5
2
From (1) and (2) =D?+ (x — %)
xd
HA—F
niAD
X, = —

d
D
Xn1 = (n+1)—

AD
W= Xpy1 — Xy :7(n+1)—n

_ip

w
d
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