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(Theory)
Full Marks : 70
Pass Marks : 21
Time : Three hours
The figures in the margin indicate full marks
for the questions. 3t
" Q. No. 1 carries 1 mark each | o . 1x8 = 8 °
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Q. No. 3 carries 3 niarks each | B ‘ 3x6 = 18
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1. (@

(b)

Mention one difference between mass and charge.

©F W% S TS {6 B w1 S 40

The colours on a carbon resistor are yellow, violet, brown and gloden

- respectively from left to right. If the corresponding numbers for the

colours are 4, 7, 1 and 5, what will be the resistance of the resistor_ ?
' 1

B} T @We%a@%ﬁaﬁcﬁmﬁawa\mﬁmww
ca\\:ﬁ‘w AT e Gl F9THRN | T IR 3R ACATE FHLAPTIE T 4,

" g 1@1@5@ m@rmﬁ@am’z‘a?

(c)

(@

@

Name the beaut1ful natural phenomenon that occurs in the sky of

polar regions of earth due to helical motion of charged particles.

_ ) 1
Wﬁ%ﬂ%ﬁ%ﬁ@%mw«mwﬁmqim('
WW%{%{W?@?' ‘
What is eddy current ? . | | | 17
9% &3z A1 I e[ ¢

() Name the portion of the electromagnetic spectrum in between

ultraviolet and infrared regjons. £t 1

" ﬁﬂﬂﬂﬁﬂaﬁwﬁmmwmﬁ—w%mwﬁwmm
9w &

Or/ W?MT

. (if) © What is the radiation pressure on earth’s surface ? 1
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Name the equipment Whlch can transmit optical 51gnal through it
and are used as ‘light pipe’. - ) : 1

ﬁWWMWWWﬁ\Wﬂmﬂ%mW'
AR Tt RBsies WA W

()  Guess the shape of the curve which shows the variation of
with v in the case of photoelectric emission shown by the relation
where the symbols have their usual meaning,

vM, b 3 L
Vo=|—|v-220 . - .
‘ 0 (ej"_ e 1
89T il NI 2Pl T SICEre-gfess Rsfiem cvae 1,

R v 3 RS (Y6 TR T (0 T TN IR B
Or/ w2 |

(zl) The de Broghe wavelength of a heavier particleis
(Fill up the blank)

()
S B : 1
G5! 514 IR AE@ G W ORAWH | 5 3
- | (T 312 79 1)
()  The loss of strength of a mgnal while propagating through a medium
~ is called e ; | (Fill up the blank)
: 1
' ﬂmmm:mﬁﬁ@ﬁ—mrw\mrrﬁ?m IR
@R L (3R oA )
2. (@
30T PHYS

@ A cloéed‘spherical surface encloses a chargé g at its centre. Show

that electric flux through the closed surface is .%0 ol 2

| 41 TR $% B @ q‘mmwﬁ IR et @
o[ AT AR T2 AR YT T Y, |
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(if)

@

makes an angle 6 with E. Write the expressions for torque .r

'Or/'\ﬂ?faT

A pair of charges +q and -q, separated by a small distance 2a

is placed in an electric field E so that the line joining the charges

and also |7 . 1.,.1:2

szamwwwmmm-q, B @Weﬂ-@@uﬂm
w‘@zmwmﬁm‘?ﬁ @IS E @ TS emcwﬁm
% 7 Wi | 7]-9 g i i '

In the following network, L =%A, I,= %A and I3 = 1%

Calculate the total voltage drop over the closed loop

BADEB. h . C e 2

ev{a@fﬁm@ I =%A, 12_%A e 13=1%A Wwﬁ
BADEB@‘{QSWWSTWW|
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(i) Find the equivalent resistance across the terfninals A and B,
shown in the figure below.- ' | BRI -

40 - 62 - 30 20

oS (T9edl TN A S B T oS gD e Fef
| P R

(c @) How would you connect resistances 142, 202 and 32 so as to
get an equivalent resistance of 3-6602. Draw the required circuit
diagram. =~ | 1Ya+% =2

L0, 20 SR 30 @i ROl S FHE 37660 N T
&I A ¢ e oA fod Sl | |

Or/ 9%q -

(ii) Draw a circuit diagram required to compare the e.m.fs. of two
- cells using potentiometer. Write also the mathematical formula

required for it. , g 1%+Y% =2
st TRER IR T o Rz B8 3¢ TR PR 2RI
mﬁﬁaﬁwwﬂwﬁmmmﬁﬂmﬁ%me
GRS | |
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(1)

(i)

You know, if a charge g, movihg with velocity § enters a uniform

magnetic field B, it experiences a force F =q(z7x§).‘ Name the

paths described by 4 when the angle between v and B is

(1) £6=90° and.(2) £6 <90°. . - 1+41=2

o o @ 3w b QN ST @51 WY g 94T I FIICHA
B 22l 3, ¥ F=q(oxB) 1 e a1 3 & @i B 7 Wi

(1) £8=90° 1% (2) £6 < 90° T, FHICHAT [S0T SLITHE
sifosiel (@ T Tt \

Or / gt

A beam of ions with velocity 2x 105ms -1 enters normally into a |
uniform magnetic field of 0-04T. If the specific charge (i e )
of ion is 5x107 Ckg~1, find the radius of the cm:ular path
described. : ‘ 2

AR SR 2% 105ms -1 @TAE R 0- ‘04T TR (7 2t R
Tfit ST ANCARS e (2 9/ ) 5 %107 Chg -1 27, mofﬁ—sm
ISR +197 P [ )

Of two metals A and B, it is found that 7, > 1 and -1< Xg<0.
Name the types of materials to which the metals A and B do
belong. Give one example of each. ; (2x 1/2)+(2>_< 15)=2 -

YOl 4g A W% BI A 2, 1. W% —i<):B<0| 4y 7Y
ﬁ%m%wﬁwwwmmlmﬁmam%mﬁ

famt |
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(i) Define magnetic declination. How does it depend on latitudes ?

©

()

(i)

0N

30T PHYS

| i e s | oriReR weiee T R e e

1+1=2

Ina circuit, current decreases from 5A to 0A is 0-1s. If the average

induced e.m.f is 200V, calculate the self-inductance of the circuit
and write its unit also. * - 1%ta=2

B TETS 015 © 5A T 7 0A T Rige 3 sl 3AR AR W
s SIS Repleds 200V HR T, TSGR T FCPT S siell

.mi?nﬁawﬁﬂmu

Or/ w2

When a coil of area 5m2 and number of turns 100 is placed
perpendicular toa magnetic field of 10T, the flux passing through
it is 5x103Ab. If the coil is removed from the field in 0-1s,

calculate the induced e.m.f. | 2

cfent 5m? CFawa S 100 AT AT &5t FEA 10T AT
G (IS CFaS (@R W, e e AR 2 @Rl G T
27 5x103Wh | TR 015 © TS GiRRTTIE o[ TR Sl

=7, OIS & ol SRR Reple IR AR ot S

Taking the example of a charging capacitor, name the currents
that are responsible for the process of charging and also state
which current flows outside and which flows inside the capacitor.

| L (2xVa)+(2x¥2)=2

o SR @B a1 o g @
ﬁqga@iﬁ«mﬁmmm@wmmm'w

' @mﬁammﬁwlmﬂﬁaﬁmw&@ﬂl
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(i) Match the following and rewrite : ax1=)
w¢Ea@ W)
of@m o,
o 0%
wgEa o @o

(i)

| (i)
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A concave mirror of focal length 18 cm produces 3 times
magnified errect image of an object. Find the position of the -
object. : B £ 2

_18cm zﬁ’asrzmﬁ G SO WA nﬂﬁa@a 3 @ viﬁ?fﬁw ﬁfﬁﬂ

mmlwwﬁcan|
Or/ qqt

In a combination of lenses in contact, fhe power of the
fi'rst lens is +2:5D and the focal length of the second lens is
-25cm. Calculate the power or focal length of the lens

combmatlon : 2

AT T (2 A [ (TR AN ] +2:5D mfﬁmﬂa

ﬁwm-250m|ﬂﬁgﬁ? (5T 0! TG TR 7 %WWRH

18]
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In 1885, a Swedish school teacher observed a series of spectral
lines in the visible region of the hydrogen spectrum. Name the
spectral series. If R (Rydberg constant) =1-097x107m™ and

. %2 -_}g2)=_0-138, calculate the wavelength 4 of H, line.

(i)

G @

30T PHYS

| 71/2+11/2=2
1885 57 HIGHS amﬁwnmmm@ﬁw@maﬁam
e g @l e st | oiR 3R o A v A
R (Roanf &%) - 1-97x10m1 o |Y2- Vp)=0138 =,
(oTE H, (RO SRt A o <1 |

COr/9q

A difference of 2:3eV separates two energy levels in an
atom. What is the frequency of radiation emitted when
the atom makes a transition from the upper level to the .

lower level ? , Ty 2

| Bt AR WWWW‘?HWZ%WWWW

fars SOOI mmﬂamqwﬁmﬁﬁﬁwﬁ%z‘awmw
e . :
Write the complete expressioné of conversions of (1) fg P

to S due to g~ decay. and (2) ff Nz to Ne due g* decay.
| | ' - 1+1=2

B anz;» ,g? o AT (1)Af§Pl<ﬂﬁ= (2)ffNa R T S T

Nemﬁﬁaﬁﬁmwmdwmﬁ@tﬁw
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(i)

(i)

(i)

Or / 9441.

Explain in brief, how do the positive'ly charged protons reside

unitedly within the nucleus. . | 2

awwﬁwwmwamﬁm%mm
Sienie o T

When Si is doped with B, what will be the type of resulting :
semiconductor ? Will it possess overall charge neutrality ? Under
what condition n.n,, ._n ? ' YatYo+1=2

anmSwaw@,wwﬁa@mamﬁsﬁ?m

oS WY TRl AR 2 B 5. nny, =n’ 7 2

Or / 93t

You want to run an electric motor using a self-made full wave
rectifier. Draw a neatly labelled diagram to serve your purpose.
(Use the symbol © for the electric motor). - 2

ﬁwwaﬁmmﬁwtﬂmwﬁaﬁmﬁam
iR | comig Soeel e @RI <@l ﬁﬁ@aﬁawmm@

-WWl(ﬂ%«W@WWWD

(i)

Video signals for transmission of pictures require about 42 MHz
of bandwidth. A TV signal requires 6 MHz of bandwidth for
transmission. Explain in brief. Mention the bandwidth for speech

’ s1gna1 ' st . 11/2+1/2—2

) IS B (2R M 42 MHz onr%ma e & TV
TS (A A AT 28 6 MHz ﬁf%mwstﬁasamnaww

R iNead C@%WW%W&W@%&IW|
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(i) From the diagram of a pulse shaped signal shown below indicate

the following parts of it. : 4x1/5=2

omrs Gred sl i Bt sl Rrafeifie seenE B
| e i

(a) Pulse rise
AR T

(b) " Pulse duration
S{feTZd T

() Dulse fall
AR S

(d) Pulse amplitude

sfid "SR

30T PHYS [11] | Contd.



3. @ @

(1)

In the following diagram the potential difference between the
points A and B is V. Find an expression for total current I. Show

that 142=3
V _ Elrl +E27’2 —.I 1’17‘2
n+1 n+n
| 5
I R I
Al " E, B :
l 3
F
o :
k& 1% >

ewm@AmBﬁﬁ@aww Vi’caw%‘{b
ﬁgmmwaﬁwmﬁ%ﬁ\@w SR @,

Ein+Esr, 1 nt
r]_ + 7'2 i 'Tl + r2

B

Or/ w2

Ry and R; are two resistors. Rey(s) and Re(p) are their equivalent
resistances when they are connected in (1) series and (2) in

- parallel. Draw two circuit diagrams for (1) and (2) and show

30T PHYS

that Regis) % Req(p) R1><R2 | . Yo+ 14 +2=3

R 9% RZ@ @Wl ch(s) i< Req(p) f“:{ @TWW A9 g

afen (1) @Tm FeEe wiw (2) TR e FHAel I = |

(psnaa (2)1@@(3@3’1@1@% G4SN @ Rap(e) x Reg()= Ry xRy |
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i)

(ii)

Write Biot-Savart law in vector form and mention the direction
of magnetic field. Which term in the law works as a vector
source and produces the magnetic field ? Mention onte similarity

‘and one dissimilarity between Biof-Savart law for magnetic field.

and Coulomb’s law for electrostatic field. (Va+¥a)+1+(Ya+¥2)=3

- ! (B s il s e o e B |
FaBTe 2 (PCE! AR @bt (S37 TTME TN I pEAEIE (Fd

5if e PRI CFE AR IRl v o F agfee o

s FoTTR I YOI FETS A 57 AP A Y TIAD TS
el : | |

Or/ 9%t

An electron of charge e is revolving around a nucleus along a

circular path of radius r and with speed v. Starting from the -

relation 4 =IA, where the symbols have their usual meaning,
show that, - ' ] ; '

el

8T 4 =
(i) #= 5 and (2) H “om,

Here [ is the magnitude of angular momentum of the electron

" of mass m,. : : 112+1%2=3

.e?ﬂTﬁF{W <51 TG  IPTE TER AL <51 FEFIne siReTA
o wfora R Rl gy = 1A T HRE IR, TS TGS TP

ate LR AR PR, (Y &,

. eur . = el
() m=y T () A5

S [ %o m, O TERGOR @ﬁﬁmﬁm
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(c)
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(i)

(ii)

" Draw a ray diagram of a compund microscope forming

an inverted and magnified image of an object. Which
lens in the compound microscope acts as a simple
microscope ? If fo=lem, f,=2em and L=20_Cm_
respectively, éalcu]ate the total magnification of the

microscope. ’ 1Y2+Y2+1=3

@Ol R Wﬁ'mlw i W ARG R 5

(I <51 AAREIT o7 =k 311 | FHCBI© AF @I ETC 5 F7e
SR THWCE I IE? W fy=lem, f,=2cm S L=20 cm
W, (08 SR THOR AR S sl 31|

Or/ 33t

You know the phenomenon of scattenng of light by the
atmospheric particles. Write a few lines about the blue
colour of sky and reddish colour of sky in the mornmg as

well as in the evening. - ‘ 1v4+1%%=3

WWNWWWW‘ECWWQWIWWQ\
mmwmﬂm—mww@w«%ﬁm@%@m |
it |
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(i)

(if)

In a prism r; +r,=A and §=i+e-A. When the prism is at the -
position of minimum deviation D,,, show that, refractive index
of the material of the prism is . ‘ ‘

) (A-PD"I)
Sin| ——
0 2 '
TITIONL  J

. A
sin—
2

Also derive the expressxon for D,, for small angled prism. _
2+1=3

1 TS 17y = A S S=ite-Al oot ferencst e Ry
@ D,,S A, (46 @, e aife A ef SR 29,

. (A+Dm)
sin| —————— .
N 2 )

. A :
Sin—
2

#:

e (9T [@ETR AR D, amaﬁﬁtﬁﬁﬂn
Or/ &

Which optical dev1ce can produce optical dlspersmn and which.
property is responsible for dispersion of light ? Draw a diagram
to show that it is possible to obtain white light again after
dispersion. - - Ya+141Y2=3

I ST SR (oiree g XOR #II o TR b ol
wcwﬁszqqm@?ﬁs@%—cwotmmww lES]
s SR GTRCH! (r4aITe ol o Wk F 1
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(e)
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0

What did de Broglie propose regarding wéveleﬁgth (1)
associated with a particle of mas m ? An electron of mass m and
charge e is accelerated from rest through a potential V. Show
that the de Broglie wavelength of the electron is 3

,L227
N

=1'227:]

I[Given B
' 'VQme'
m SI TN &MWWW\W A3 R W 30 & qIR

'maﬁ&mmwmewmﬂ{@ﬁﬁw Vﬁmﬂmﬁ

wﬁ—ml et miﬁﬁwﬁmaﬁwa\m

(i)

T

[ﬁzn wIE T =1-227J

.Or/@?/aT

The threshold frequency for a certain metal is"33x101"; Hz. .If
light of frequency 8 2 x 101Kz is incident on the metal, predict
the cutoff voltage for the photoelectrlc emission. 3

B g AT T 335101 s | g0 679 82 x 10141

T (M SNASS Lo SIene-agos Fofer IR eifeqs;
ﬁwwmﬁﬁﬁﬁwﬁwﬁsﬁmi’aﬁcﬁrW| |
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)

(i1

(i)

Write a few lines on Bohr Model of hydrogen atom. -3

RYEA A TGS 9 Tow A wifEe [ @R,
' Or/@?faTl

What are the types in which radioactive decay takes place ?1f
N is the number of nuclei in a radioactive sample and AN

_.undergo decay in time At, show that 3xVYa+1%=3

 N(t)=Nye ™

- & oafFmE r@ﬁ@ﬂwmﬁaﬁﬂ@ﬁ—iﬂwﬁmc—ﬁfﬁ

ﬁmaﬁ{m—wﬁ%@sﬂwvmﬁr\l@m At FITS AN VI\'«‘U?F

| ﬁ%@ﬂmﬁﬂmw (oTT (IS T,

N(t)=Nye™*

State Gauss’s law in electrostatics and write it in its mathematical

form. Calculate the electric field E at the point P due to a charged
thin spherical shell, shown in figure (1). What will be the field

E shown in figures (2) and (3) ? Given surface charge densxty
is o. (1+1/2)+21/2+ (Ya+%2)=5

96

ﬁﬁﬁwwwmmmiﬂwmmﬁ%wﬁ
%ﬁmmﬂ«fﬁa)@m@mﬁmmwmﬁmm
3 (FE AE P e w@pfes v E o I (2) W% (3)F
crarel £ e 290 fal iy, Ses o 99 o |

- — -

(1)

[17] , Contd.
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(i2)

(iid)

SRl

Or / &3t | |
You are to bring two charges ¢; and g, from infinity to the
points represented by the potentials V; and V3 in an'electric‘
field E. If the distance between 4; and g, within the field E is
7, find the total work done in assembling the configuration.

Imagine an electric field Ez(20f +30]A')I\IC'1 in a space. The

potential at the origin is zero. Find the potential at the point
(2,2)m. 2Y2+2Y2=5

Q¥R e cRa Be ¥l 5t g Rew @t v, o V| T B
BICET SIS #1451 S T g W g, Wﬁﬁaﬁﬁlﬂﬁﬁﬁ@ﬁ_b

IR G 7 W, (90 A O (SCT FeH SR o B

IR wfeR [l 11 | 3 |

% TR R E=(207 +307)NC™ 31 T 4 1 2 AR
Wﬁw*ﬁ]mm(z,z)-mﬁmawﬁwﬁﬂﬁﬁﬁ@
] Or/ 9t :

What is a capacitor ? You know that the capacitance of a parallel

. plate air capacitor is C=04/ . What will be its new capacitance

C” of the capacitor if a material of d.e.c. K is inserted between

. the plates ? Calculate the capacitance of the capacitor shown

=7, l
| -e

413 {3 2 QWA 4 TG 9oy T, 419 B g C=%04/|

it A G WS K R et @ Wi 1% ol =, corm
YRR T 4G C',ﬁwm_ﬁ? 8 fouae orear e

Wﬁ‘ﬂ‘ Ll
[18]



(b)) () What do you mean by electromagnetic induction ? Name fwo

30T PHYS

(i)

great experimentalists who carried a long series of experiments
on electromagnetic induction. You are given two coils, one
galvanometer, one battery and some connecting wires. Describe
an experiment that can show the production of electromagnetic-
induction. . . , 1+ (Y2+12)+3=5

ﬁ@wﬁﬂw@mﬁsqm?ﬁmmwwm'
R ATwre 8 (R 7o SRR A1 | (oS 75! e,
GOt (T RR, @B @R Wi Ry AR g o

ze | R TR S B @R @Bt A9 o w4

Or/ 9%t

What is motional e.m.f. ? Deduce an expression for it from the
following diagram. If R be the resistance of the loop PQRS at a
given instant, what will be the induced current at that instant ?

A straight conductor of length 0-1m moves with a speed of

10ms-1 perpendicular to a magnetic field of indubtiop 1Whm™2.
Calculate the induced e.m.f. State Lenz's law. - 1+2+1+1=5

AB

ﬁ@uﬁg«maﬁﬁs ? @oige T el 3 AR <t wm I

ff 3911 W @ @B FA® PQRS I I6qR @Y R W, (IS

(300! S B @RI Wi Rye oy fes =32 0-1m ¥R oI
AR 1 Whm 2 TR FIRR (FG &1 © 10ms! wforq oife
Rz wIRE s 5153 i1 <=1 | e pats FRar

(9] Contd.



(c)
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Or / T2

(m) Draw a labelled dlagram of an AC generator Show that it

(i)

(i1)

produces sinusoidal e.m.f. or current. What is its frequency of

rotation in Indla ? - 1Y2+3+14=5

ﬁﬁtﬁﬁﬁmﬁqﬂwww\#%@—ﬁﬁmfﬁm
el | (1S (T BB (sine) 4R s Ble 92 A 21T BT A |

. ORORHE TYER T T R e

State Huygens’ principle in optics. Using this principle derive
the law of refléction or refraction. Which quantity remains

unchanged when a light wave suffers refléction or refraction ?
1+3+1=5

(of1ZF SRR AP QoremiT JAco! 1l | U2 95a et IR (ofies

efogem A Ao @ Ry 39| (ol o=t (OR elfSwer At

aifooRe T 2R @ﬁﬁtaﬁﬂaﬁ@ﬁﬁaﬁ—mﬁmﬁﬁ ?
Or/W?HT

With the help of Young s double- slit arrangement to produce |

. interference pattern, derive an expression for fringe width 4.

" Mention at least one difference between the interference fringes

.~ and diffraction fringes. Are two identical bulbs of same power

and manufactured by the same company coherent sources ?
- 4+Y+14=5

. Wﬂﬁﬂﬁﬁﬁﬁﬁ??ﬁw?@wﬁfiﬁwwmﬂ

AT @Bt 2 I [efa 4
WW%WWW%WWW by ML Tra

B9 | (rfREeT IR T, uﬂwwmuﬂwwﬁmm

W@‘TWW\W%@W ?

[20]



Or / 941
(i) Write short notes on any two of the followihg : | - 2x2Y=5
TS Tt R FHIT eor SERR Bt |
(1) Diffraction
R
(2) Doppler effect
GG AR
(3) Polarisation of wave
TR IR e
" (d (i) Inwhich of the following case (s) the bulb will not glow, e'xplain. _

in very brief. Calculate the forward and reverse resistance of a
Si diode from the following V-1 characteristics shown in

figure 4. 2+115+1%=5
I~ o _~J
al | {} ——
- 60V . 6-0V 0-6V
1 - @ | )
' I{mA) 1\ . ' ‘
20mA
- /i
10mA Loy
- 1oV 0 :

41,4 07V 08V v (volts)

(Z)I(}LA)

@993 BT (YT (DHIBE/ (PITIDR (FIO© TS FKYE !
SRR, S 53LE TR0 w4 | a1 4 © (7ed @Bt Si TR V-1 Tf¥E
T[] TITGHR TS| SIS AGIEIST (Y St 4 |

30T PHYS | [y o ~ Contd.
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- work satisfactorily.

Or / 91

(i) You know that in order to get a regulated dc voltage we ;onnéct

a Zener diode across the output terminals of a rectifier. Draw a
circuit diagram comprising a Zener diode, series resistor (Rs)
and a load resistor (Ryp)- Indlcate the directions of currents

Iy, Ig ( I, the total current ) and J; passing through Zener diode,

Rs and Rp respechvely. Choose the correct option from the

following,

M) L=z @) IL>Iz @) L<lz

- How can we achieve the right option ?

In such a circuit if V, =60V, I, =40mA, Iz =20mA and the

" unregulated input is 10V, calculate the value of series resistor to

1+Ye+Y2+142=5

mmmwmmﬁaﬁ—wﬁvﬁvn«wwﬁ*w
iTHobe Wil (ST TRE TR TR | G5 (G OR'G, (TS
@w(RS)m@ﬁw@W(RL)W\WWQWWWW|'_
(@I OIS, Rg W R -3 Aceli e:1Ze [ge @ 1, Ig (=1, 18
mmlbaﬁﬁfﬁﬁraﬁrlwmmﬂtﬁﬁm@ﬁa@WW

(1) IL IZ (2) I,_>IZW(3) IL<IZ 2l

‘@ﬁmﬁwwﬁm?

G Bt 84T® AWM V, =60V, I, =40mA, I, =20mA 9% SRIHe
o5 10V =, (908 IOANBIR TMITGHFOIE TV IRACE (T
@I R e 79 I SR 551

(2]



Or / G{l

(iii) ‘What is a logic gate ? Identify the 1ogic operaﬁon carried out by
the two circuits shown below and write the truth table for each
1+ (1/2+1/2) + (1 + 2) =5

of them.

[OR

e, of% e @siw® mmmmﬁﬁmmwmﬁm
ol 1 IR 2O quaﬁvm_' _
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