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(A) Select the correct option ‘ 12
ijb ii) a iii) d iv) ¢ v) b vi) a
Answer in one sentence : [ 03

A unit vector of the given vector is a vector of unit magnitude and has a direction
as same as that of the given vector.

An equation containing the derivatives of one or more dependent variables, with
respect to one or more independent variables is said to be differential equation.

The transverse wave is that wave in which the particles of the medium vibrate
about their mean position in a direction at right angle to the direction of
propagation of the wave.

©)

Fill in the blanks | 05

i) wavelength 1i) time period  iii) L/R iv) Nabla v) Non dispersive

[}

(A) Attempt any one \ 08

i)

The scalar product of two vectors 4 and £ is defined as the product of magnitudes
of the two vectors and cosine of angle between of them. Thus 3.5 = Hi 18l cos 8

the product is scaler, the product may be +ve or -Ve dependir;g upon the angle
between them.

1. DOT product is commutative (4 - § =F. j
. DOT product is distributive (A-{(E+¢ )=4-B+4 - C.
. Dot product of a vector with itself gives square of magnitude.

2

3

4. The DOT product of two perpendicular vectors is zero.

S. The DOT product of two vectors may be negative, if angle & > 507,
6
7

. A is parallel to B then, A- B = AB cos 0 = 4B.
. If 4 is antiparallel to B then i+ § = AB c05180 = —AB. And so on

ii)

(a) Vo = %‘fi + %j + i—f% = 2xi + (=2y + 22)j + (2y 42)k;

(V@12 =20+6j+ 0k =2i+6j.
é

b) 7= (P2 +) -+ ko) (st + 35+ zk) (Z+ T+ F)=1+1+1=3

(B) Attempt any one 08

i)

3 ~ - = 3 | e e E] 2 2 H
lety =xi + yj + z kthen 17| = JXEEyR 4z = (v +2);
1 - -
In|7| = 3 In(x? +y2 + z2);

E’}qb == Vin(x?2 +y2 +z2)

=

Xt+vi+zk
Ans; =175

x3+ySaz3
Vo= ()= V{2 +y 4207}

-1
(xT+y*+22)":

L R O S S (O SN R O SN SNRIP SO i
._xax(x +v +z)z+;ay(x +yv¥+z9) T k

¥




xE+yi+zk = 5
= ———— =—— Ingeneral Vr*=nr" 27
(xT4+y= 42203 »

(a) Using Dot product, A-B = |A|

; AE [2iwzj=8)(8i-3j+Ik] 3 . fa -
1Bl cos 6 = cos = === = —: 6= cos ~{—)= 79°

|3 -t At =4

s am . o=
| R Nr T 21

iy

(b) Let & be the unit vector in the direction of A then, projection of B+ € on
A= Proj. of Fon 4+ proj. ofCon i ; (§ + C—jﬁ =Fé+ 56, multiplying by i
(§ + C_)h =4 .B+f-A By commutative law of for DOT product
1. @+ Ty=4 Fed L

(€)

Attempt any one ‘ 04

|4 + Bl = J(AT + BT+ 24Bcosd) and §4 - B = (47 + BT— 24Bcosd)
But 1A+ 3| =|4- 3] JOAT ¥ BT + 24Bcos) = /(A% + B:— 2ABcosh),
A’ 4 B4 24Bcosd = A + B2 —24Bcos# ; 4AB cosf = 0, cosf = 06="907 , (AL B)

x4+ v )+ 2%k

Q.3

Attempt any one ‘ 08

=
cvy

Ayl
ax

The general equation in standard™form is + B :—; + gy =0

where po and qp are constants. Let us write above eq. in the form of Ed; by D

(D% + py D+ gy = 0,--(1) The algebraic equation is D* + py D + g, = 0 ----(2) this
eqn. Is called auxiliary equation. Its roots are found by the method of factorization.
If the roots are real and equal (repeated)
Let mi= mj = m, then eqn.(1) is (D-m) (D-m)y = 0 ----(3);

let (D-m)y = y1. Then eqn.(3) becomes (D-m) y:= 0O;

s 3 = €y ™, substituting this in above eqn.

(D-m)y = C, ¢™; i—i —my =, ¢"™ the standard form of first order inhomogeneous

differential eqn. is j—i + P(x)y = Q(x), After comparing, we get

Px)=-m and Q(x) = ¢y ™ ~I.F.= gleldde = pfomdx = 4omx an4 the solution is: y
x[LF]=fQ(LF]dx+C; ye ™ = [C, 6™ o™ qx + .

ye ™ =, fdx+C; ye ™ = (,x+C; Ans: y = (Cyx + C)e™

circuit Diagram

Growth of current: when the c1;1'rrent is growing, back induced emf (—L %}, then
resultant emf is in the circuit (E -1 %), using Kirchoff’s voltage law the emf eqn.
for the circuit £ -1 :—Y = Ri; ‘—‘+—_z‘. e f; == Z:— f:‘, intergrating— ln(g— z) = ft + €
att=0,i=0; .'.—ln6)= C; -"—En(i—i)=ft——ln(§),
ip= i final steady state; i = f(l —e T )

when the current has reached its final value then the current in the circuit is
maximum.
di

Decay of current: E = 0, then emf eqn. of circuit —L f—: Ri; == —_5 dt, integrating

both side Ini = ~Z +¢, t=0,i=i, lnig=C; Ini = —

e |

£ +1ni,

4
~i=ie ¢ this gives the expression for the decay of current with time in LR series
circuit. '

(B)

Attempt any one l 08

(a) standard form of this differential equation is Z—i-l—P(x]m = Q(x); then

Px)=1, 0(x) = e, I.F.= o PGx _ olIdx — p% then solution is




yx[I.F.1= JQWI.Fldx+C; ye* =x+(; ANS.»y = (x+0e =

(b) The given DE can be written as: x2dx = e¥dy, On integrating [ xidx= [e>dy
Q.'S X

. g¥ = = —C sy=In (—:s -C ), which is the required solution.C is arbitrary

constant

1s

: 2 acitar ©
11) Consider a circuit having an iaduc:unc‘c .. & Ci!l’: !l:!:-lrnugh
and o resistunce R placed in scrlcf\: with 2 :-l:.zl" 2
the key FK(K, or Ka)as =hown in Fig. 4.16. Initia R
he capacitor
d throupgh the

Ky and K2 are epen the charge on t Es S P
losing the key Ki capacitor starts goetting ]
Fnducts = resistance R. Let g be the charpge ©n the H
n the capacitor slowly i_J

E

inductunce I and
capacitor at any instant . The churgcdo
Cf
grows due to which there is current = dtl
P.D. across R=IR =R —?ﬁ P.ID. across CEEq"
. s 2
Back emf in the inductor L = — L. -::—‘: = L-‘IJ;-
dt 3
o
Thus, the resultant emnf in the circujt = E— L = .._fl
. - Lt
3y KVL, the z_smf equation for the circuit is, E—L dgq =i+R dqg
de*. de

d2qg d 2
—2+RF?'+%“E=° Ag.Bde..4 49 EY
~de? L dt =
®_ . 1 . ava 2o
~=3™ and =T - —_— . I T =
" e =™ ai- B e S = by
' e s variable fre o x i 5=
Q- =0 e change variable from g o X by punting N = q-— -
LR

Tarn T AT
87x _ 479 gypstinuting in eqn- 47 Lap SXixii=o0
2 = dr= ds

at any instant.

<
ccond order DE which may be solved inthe form.

dx x =
* and "i—‘} =Te™ @™+ 2boe® KR =0

&2 +2ba+ K =0 This is a quadratic cquartion in & Iis roots aws
s

T -2
=—2b:i:'\.-:b — K = bhadbs —K°
As there are c\;o values of <. the most generl solution of differential cquatian
S-en e 1 =
[0 SR T i ] —beyBF=RKT e L w2
X = Ac[ “+ Be( & J L 1L =
where A and B are arbitrary constants. X = q — = =q-—EC = q—qo
- LK

where qo is the final steady value of charge on the capacitor

- qQ—ga= Ac _z-+.J:=T__;..'_3']. +‘Bc{-b_ b-“’c_)‘ -
_h*m)l +Bc(—t~—\h-=-u=]x rae

q = Ac
(i} Att=0, q=0.eqn. becomes O=A+B+gy, - A+B=—qo

R R dg
(i) Att=0, i=—=0.egn becomes
§ i hoer—K?
(o= .(_b_\;g;—*‘ =5 )

i= %=(—b+\!b=-1~c= Ae
0= (_b+1.4b=_1<3)p.+(_b_,/b=_Kz)B —b(A+B)+-\/b2—K3(A_B)=0

- A= 9o 1+ b B=_&‘l_ b
2 = 2 2 b'!_KZ
]c(-m-‘/r_l(:). _gof,_ b (~b_ f_ﬁ__b:-uz): .
2 b = € + Qo
- K- .

Q=qo[l I(H _b }(jh*“—:——x’)'_i[l_ . ]e(-b_m).]

2 3 =
—K?
04

[E|

(=N

) ; —,=kxa.‘x; integrote J)—?=kxdx.lny=k

™ l @
g
o

Ans: Ly = &
ii —L==i 2 —iR) =+ s 10). & 50 _
) E-L— =R, =1 (E—iR}; - (100 5x10)% —===54/s

| 08
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Q.4 | (A) | Attempt any one
i) [x=4Asn(wt+a) and y = B sin(lwi+ f),

X . . u . A
Zsin 8 = sinwt cosa sinf +coswt sing sinf;




o =

sing = sinwt cosaf sina +coswt sinf sinag substrecting

Gsinﬁ— %sina:) = sinwt (cosa sinf —cosf sina ) = sinwi sin{f —a)

Gcosﬁ— % cosa) = coswt (sine cosf —sinf cosa ) = - coswt sin{B — a)

-3 v3 2 i =
x ) ) x ¥ *¥ e tan 2 %
=4 ¥ _ 9% cos(f —a) = sin*(f—a), Ans: —+ = —2—cos6 = sinZé,
A= B AB A= Py AB
u] T cos- T Tcos &
, 4
A B3 L o sing- G
We assume, - o
. .
1. The string has a uniform linear density, i.e., mass per unit length.
2. The ansverse vibration are contfined to a single plane.
3. The tension T remains the same when the string is deformed from its equilibrium position
-+ Thn_e: effect of gravity is negligible, i.e. The weight of the string is negligible since the tensio
acting tangendally at any point is larze endugh, — -
= Note ZPOC = ZQOC = — | where ZPOQ =9.
Tonl tension alon® €O = 27 sin 2 2T sin % = mséx Y_
" For small angle of 9, - ] - - K
st oo = —
2 2
- 2 &x Arc
[} . v PO i 0= —, angle =
. 2T| = |=mdéx — s T(0)=mdx—  Substilute 0= i i
g (2J R R R Radius
. - .
e - T [~
Hid% _ mpd g _ml v =.]1
s m m
Thus we can say, velocily of transverse wave along the stretched string depends upon tension (T)
and the density (linear) of wire (m). If [ be the length of string which vibrates in p segments, then the
length of each segment is equal to the ratio of length (/) / segments (p). But each segment corresponds
)
o =.
2 21 . 2 _ T
; Ao dlon=2 Ao v=nAthenv=nx — soonx ==y
2 p P P P
= N L‘fl
2t m 2/¥m
(B) | Attempt any one : ‘ 08

xq = A sinlwt +a) and %, = A sin(wt + B);by using superposition principle
X = xy+x;; = sinwt{dcosa+ B cosB) + coswt{Asina + B sinf)

Rcos8 = (Acosa+ Bcosf)......{1) and Rsind= (dsing+ Bsinf.......... (2)
after solving the resultant motion is simple harmonic motion
x = R sin(wt + 6). Finding the resultant amplitude R is obtained by squarin
and adding eqn.(1) and (2 and solving LHS =
R%cos?8 + R¥sin?s = R¥*(Asina + cosf) = R? ; RHS =

A%+ B? 2AB(cosacosf + sinaSinf3) then R? = A*+ B* + 2A4Bcos(a — f);
RY= A2+ B? + 24Bcoss; tan § = S5m0  AsinetBsind

Rcosé  Acosa+Bcosf

Case 1: 8=a—F=2n+1;R=4—B

Case 2: If A=B then « and f are different § = -‘i:_’r') = %(ﬂ +8

Case 3: If A=Bthen 8§ = ¢ —f = (2nn};Rypx=A+B=A+A=24




GROUP VELOCITY

(C) | Attempt any one

\/\/\/\/\/\/\J ‘I'he principul behind group veloclty

is the concept of wave packe:. We know
that from the expression of wave velocity.,
the wave or phuase velocity §is greater thnn
the velocity of light In  order
overcome the above problem.

Cwhich consists of panicles)
group of wave or a waove packeis insteus
of single waves, Thus, wave packeiy =
the cancept behing the group velosiny,
Connider a P ©f two or mess
individiunl seaves witlhh o slight Siffereaces
in theirc wovelengih. as shown =3
Figg. G.3(a) The supsrpositon ol =
T T individunal waves takes pipce ond heno=.
the resultant wawve in o =c as showmn =

Fig- S5.3(). The armpllouds of
resuloant
Fim. 6.3{‘;): Superpositicn of Individuaal svaves

L3
Taner
MovVeL BE n

Fig: 6:3(a): Individuaal waves

E=2d
wawe consist of a number of
companenta AN it Siffeoen
wavelengths. The resultant  wave s
CW v Emeies Enown aup of waves or wave
Th e e AF tocity of
3 sy in o medium which i3 different from the ve
phirieeiny st gt “’"ll"’l:l-.-_x::r;tﬂ n\ey walocity of the wave pachets which trovel in o medium is
e - = ey b Anh
“newn as o =l'tl:.lp welocity. The mporance of groeup ¥ im the o
Conslder two travelling waves with the same Brmp

of enerpy o n wove.

Hisde but stightly differen: frequoncies on
W: Bnd waove numboer ki and ks Let Yieend ys be the displacermonts
hence, the eguation for the displasement of wave is.

and
far the two wravelling waves and
y=z = A sin(wzt — kzx)>
y=y1+y2
¥y = A sinf{wit — Kkix) + A sin(wa2t — kzx)
= A [sinCCeit — kax) + sin(wzt — k2xJ]
i a+b a—b
We know that sin a + sin b = 2 sin ( = J cos ( J
' . Cwy —wad &y —Ka)
ey, +ka) : _ -
Yy =2A sin [(_ub_%tggl‘___l_,_g_( =% |=cos =k = x
Consider, w = M. b o= ey +kgd A = ) — w32 and Ak = k; — k2
2 -
¥ = 2A sin [owt —kx] = cos[‘ﬁ—ml_&,‘]
2 2
Y = 2A cos Ir%t —ATkx-Ixsin [cot — kex ]
Amplitude of resultant wave = 2A cos (Aco Bk
Aw Ak ) 2 2
-—2 t——x=0 w -2 __ A

3 2 = Ak T AR Therefore, the group velocity, when A® _ .
‘ i 2 Ak T g is Ve= Sw
Eis oo

The pha tocity PHASE VELOCTT Y -
= hes wolaocit 5
is the phent R TR i A Al :,’_l"n"F is tho rate

Fonant of the wave iravels.
R 9 pt oF the wnvalang
" T " k
Thus, the velocity of component waves ol
wt — kx = Constant .
- @ dt — Kdx = O

f & wave packet ia called the phase velocity the phase
- Ve ax w

1.

=13 K
Tn the dispersive rmedium, the phase velocity is fre.

y e <
Since. w = kV,, Vo= S _ 4

£ o Th sion 1 i
expresses relation -between angular freqQuency w and the wave nurmber.
(‘k’\l D= Vp+k v,
dk dkc e ®

Ve
d

T -

dV, 27 AW
v, =V, e o, =3
o (aaiadar=T °+(x 2
o =%
. I ES j
1 1 :
But df 3 |=-dax
- (7..) a=
v‘_vp_;.,d__e_"
ax

2.

vV,
same phase velocity and hence — &

For non-dispersive medium the different waves with different wavelengehs uavel with the
= o.
A
velocity Vg = V.

Therefore, group velocity is equal to phase

04
If y=f&—ct) + f(x +ct) is the solution of the wave eqn.
a.v , , .
L= - teflctet) and L= Flr—ct) +cflx+ct)
o, G —ct) + ¢*fy (x + ct) and%: flx—ct) + £(x+ct)

1 a: 3
Hence proved PRy ;::J‘)

Attempt any four

i)

B . . 1 1
Difference in frequencies =

Frequency of first tuning fork=250Hz; Time for complete one cycle =T=0.2 S
iy 0.5Hz; Then possible frequencies for the other
fork are 250+5 = 255Hz or 250-5 = 245Hz.

| 20
Ax(BxC)=(4-C)B- (A-B)C; Ex(CxA)=(B-4)8 —(5-C)A
Cx(AxB)=(C B)A- (C -A)E, adding all three

(C-A)B—(A-B)C+(4 -B)C- (B-CYa+(B-C)A— (C-A)B=0

j k
a3 2 _
ax 3y gz |

0i+ 07 +(—siny+siny)k=0, Vx V=0
COSY XSIny COSZ




s

iii) | Consider an eqn. & ﬂf—i: ; M(x,y)dx +N(x, y) dy = O; let the soln.F(x, y)=C

dx Nix
_aF ¥ . _ o . 0F 98 , _ .. = €5 -
dF—ardx-I-aydy—D-- 3:dx+3yd}—0’M(X,Y) ax’N(x’Y) 3x
dugxyy _ 838 _ 3F
3y - 3y 3x = axay ox dx 8y 3x3y
then order of differentiation of F is immaterial and hence

aM _ 3§ . . . . .
o = 5 1S said to be an exact differential equation.

AN{x,¥) 3 ar

and —/——=——= 2F If F has continuous first derivatives,

B
V) | P.E=V= i!(xz, Force actingon F = -2 , F =§X(2ﬂ = 2x,F=-Kx

éx




