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M-L — SECTION ‘A
According to New Book ' , y (Mll’kl: 17)

| (e

Note: 0 This section consists of 17 part questions and all are to be answered. Each quulkm carrios | mark,

1.

W Do not copy the part questions in your answerbook. Write only the answer jn full sgainst the proper number
of the question and its part.
i) The use of scientific calculator is allowed. All notation are used in their wsual meanings.
Select the correct answer tor each from the given options: F :
- GUCs The ratio ~l. will bz
) Apoint charge g, = 24C is located ot a distance'd ' away from another point chasge & - 3

) . 3 . }4 . 2 %

iy The work done by a centripetal force is always:
¢ Maximum

*  Quarter of maximum value S
If the cross-sectional area of a pipe decreases, then the V""F'W of fluid:

[ \ y '
. Half of maximum value

i) o ¢
* Depends on the fluid deasity L o Remams the s:mu
iv) The process of superimposing signal frequency on carrier waye is: \,
*  Transmission - Detection /% Al Reoepuon i Modulation
v) A heat sensitive device whose resistivity chanscgmth the change in tcmperatum is called: iy
*  Conductor [* Thermistor | Reslslor
vi) A ray of light enters obliquely from air into water lhen these (o or three quantities of the followu;g change:
a) _ wavelength b) frequency c) speed il) (brecﬂon) il

[ @om@ | ¢ @ad®) | L esd@
vii) 1.1se d:;:odmmdmwod\m 4. d‘vefmrsmeqada 6“amsle . .
viii) Thc rate of change of lincar momcn(um is : 7
. “Impulse Y ) Torque . Power
ix) One Degree (1°) nsequallo - X/
*  xradians (’8 / ) radcan.s‘ . (’% 80) radians . 2 radians

N Y r
x) Dimensions of kinétic me are thg m Jrose of
*  Force \ \ Wol Momentum ® Power
(=)

xi) A completely subm«gcd object always diiplwes ﬂuxd equal to its: .
¢ Weight - [ _ Volume | Density Mass

xii) In Young’ oubfe slit eypenment when the distance between slits and screen is doubled, while separation of slits is

h“'ﬂl,lhgn spacing \ wnl be

: 4 " l times * doubled e unchanged
/\ e T
xiii) A wire of unif ‘51' m,_mum * R " is cut into two equal parts. The resistivity
otubhpm W}; A" length * L* and resistance s¢ .
i B imlee A Is doubled ’ Remains same
Xiv) A clﬁgcl::;:nms on a swing in sitting position, lrIM_n._mm_\_hle time period of the swing will :
*  Remains the same < Decrease

First increase and then decrease

xv) '!hecm% ofa cnpacuor through a resistance follows:
i m y Inverse square law e Power law

xvi) m i
phyi:: l 'fh remains constant during simple harmonic motion is:
ity Acceleration - Energy . Momentum

Vi) If >
& ¥y and V, are the specd of sound in air, hydrogen and a metal at same temperature, then:
".)V")V. . V.>V‘.>V‘ s ‘,')";")',-4, - V->;’.>V‘
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2 Answer any Nine part questions from this section. All questions carry equal marks, Draw ;ihgmmg where necessary.

Use of serennitie caleulator is allowed. /4

& 1)

i)

1)

)
V)
vi)
vii)

viii)

x)
X)

xi)

Xii)

xiii)

xiv)

With the help of diagram show the forces acting on a car moving on a banked ourve and derive the mathematical

expression for banking angle. g = tan ' A
£

How far apart must two protons be if the magnitude of the clectrostatic I'or.cc aoting on cither one due w(;'_“‘_' OCM

is equal to the magnitude of the weight of a proton on earth’s surface (m <1,67x107" k&4 =1.6x1 )

/

State KirchofF's first and second law. Draw diagram for both the laws. -

A marter shell is fired at a ground level target S00m dtsmncc wuh an initial vclocity of 90ms™" . What is the

launch angle? g N

How energy is stored in a capacitor? Derive mmhemut;cal exprcsswn for the cnerg) stored in a capacitor.

Define escape velocity. Derive the relation v, = JZg Yor escape velocuy on carth’s surface.

The small piston of a hydraulic press has an arca of 1(Ltm)2 If the applned fbrce is 50 N, what must the area of the

Jarge piston (0 exert a pressing force of 4800N. ./

A block is kept on a horizontal table. The' uﬁle is \\ndugomg §m)ple harmomc motion of frequency 3 Hz in a

horizontal plane. The coefficient of smi\fncnon bctween the. block and the table is 0.72. Find the maXimum

amplitude of the table at which the block does not slip on 1h6 lablc

Derive Bragg’s equation for x-ruy di \hon o N

Calculate the viscous drag on a\ of oil 9(0.1@: radius falling through air at its terminal velocity.
(viscosity of air=1.8x IO'Q Pt)c demﬁ?’of’bi‘l 850kg /m’).

A 20 meter long wire ha.s a cmss secuonal area of 1mm* and having a resistance of SC2. Calculate the

'1" ’

conductivity of the wire. - ./

/

State the Jaw of conSe:vanon of hnear\mo;ncnmm By using the law, calculate the speed of recoil of the gun,
when a lOOgbnlletw‘ﬁrpﬂﬁoma gﬁnmdlaspccdofl()OOm/S

Prove that rolm}vmg\cgunnons n&‘ ionally correct:

P2 ’
y \.le!fl’ —I""’.ﬁ". x:mi
\\I ..~‘_, 2

anmon,s fonnula fér Ilv; speed of sound in air. What correction did Laplace made in it? Also give the

comgptmuls, . |



2024 PE &PM SECTION B

(i)-  With the help of a diagram show the force acting on a car moving on a banked curve
2

and derive the mathematical expression for the banking angle & = tan™?! (:—g)

Ans FORCES ACTING ON BANKED CURVE

A banked curve is a curve that has its surface
at an angle to the ground on which the curve is
positioned as shown in the figure. The reason for =~
banking curves is to decrease the moving object .- g . ?}a
depends on the force of friction. . o

On a banked curve, however, the normal

normal force will now be responsible f the centripetal acceleration required
to move the car along the curve.
BANKING DEPENDENCE ON AN

Consider a car on a frict d curve. If the angle 0 is ideal for the
orce equals the necessary centripetal force.

the road N. The norm ntal component must equal the centripetal force,

that is.
2
N sgﬂ S—r N ¢

p(’nt of the normal force is Ncos6, and the only other vertical force

This expression can be understood by considering how 6 depends on v and r. A
large O is obtained for a large v and a small r.



(i)  How far apart must two protons be if the magnitude of the electrostatic force acting on
either one due to the other is equal to the magnitude of the gravitational force on a proton
at Earth's surface? (Mass of proton = 1.67 X 10 %" kg, charge of proton = 1.6 x 10%° C)

k
a1 92 2

—~ —
= 1.6x1071° (¢ . g .
1.6x10719C 9 x10° x1.6x10 X 1

= 1.67X 10—27 kg 1.67 X 1027 x
=7

SOLUTION:
Electric force = weight of the object

Kirchhoff’s Current Law,
STATEMENT

The sum of the currents entering a junction always equals the sum of the
currents out of the junction

hoff’'s Current Law




sum of the currents entering a junction = sum of the currents out of the junction
11+13+15= 12+I4+l6

KIRCHHOFF’S SECOND LAW OR KIRCHHOFF’S VOLTAGE LAW(KVL)

Kirchhoff’s Voltage Law,
STATEMENT

The net electromotive force around a closed-circuit loop is equal to the sum of
potential drops around the loop

The sum of all the voltage drops
around the loop is equal to zero

VAB+VBC+ VCD+ VDA =0

D

(iv) A marter shell is fired at a ground-level target 500 m distance with an initial velocity of 90 m.
What is the launch angle?

Data:
R =500m
Vo, =90 m/s SOO—X98 = Sin26
0=9 8100
g=9.8m/s? Sin 20 = 0.6049
SOLUTION: 20 = Sin (0.6049)
20 = 37.22°
b =18.61°
And another possible angle will be,
o =90°-18.61°
o= 71.39°




(v) How is energy stored in a capacitor? Derive the mathematical expression for
the energy stored in a capacitor

Ans Energy stored in a capacitor is electrical potential energy, and it is thus related
to the charge Q and voltage V on the capacitor. Initially, when the capacitor is
uncharged, no work is required to move the first bit of charge over. As more charge
is transferred, work is needed to move the charge against the increasing voltage V.
The work needed to add a small amount of charge Aq when a potential difference V
is across the plates is the total work W = VAq needed to move total charge Q is®

equivalent to moving all the charge Q across a voltage equal to the average voltage
during the process. The average voltage i is L2 2 2 = % = g w

final voltage; so the work to move the total charge Q from o at the other is

Enerqgy stored in terms of V and C
We know that

Substituting the value of Q =C Vin t , We get

(vi) Define escape velocity. Derive the relation v,, = /2 g R for escape velocity
of the earth’s surface

Escape veloci

: ocﬁ on Earth or any other planet is defined as the minimum velocity
e body has to be projected vertically upwards from the surface of the
vther planet so that it just crosses the gravitational field of Earth or of that
ver return on its own.

rk is done at the cost of kinetic energy given to the body at the surface of the
If Vs is the escape velocity of the body projected from the surface of the earth.
Then kinetic energy of the body will escape out of the gravitational field.

1 2 _ GmMe
2 _ 2GM,
ves - R
2G M, .
Veos = P )



The gravitational acceleration at the surface of the earth is given by

G M
g = Rze
G M, = gR? ... (i0)

Substituting the expression G M. in equation (i)

2 g R?
Ves = R
Vos = J29R

ESCAPE VELOCITY OF EARTH

Vos = J29R

Vos = 2 X9.8 X 6.38 x 106

Vs = 41.25 X 108
Vs = 11.2 x103m/s
Vo = 11.2 ><Kms“1

(vii) The small piston of the hydraulic press has an area of 10 cm?. If the applied
force is 50 N, what must the area of the large piston to exert a pressing force of
4800N?

Data:
Ay =10cm? = 10 x 10~

Fl B SON
A2 =7

50 _ 10x107*
4800 A,

A, x50 =10 x 107* x 4800

4 = 10 x 107* x 4800

2 50
A, =0.096m = 960 X 107™*m
A, =960 cm?




(viii) A block is kept on a horizontal table. The table is undergoing simple harmonic motion of
frequency 3 Hz in a horizontal plane. The coefficient of static friction between the block
and the table surface is 0.72. Find the maximum amplitude of the table at which the
block does not slip on the surface.

DATA
f=3Hz

L= 0.72 ma = pumg (a = xy w?
T=241s m(xy w?) =pumg
X =7 Xow? =pg (w =

SOLUTIONS 2rf) =pg

The maximum force of static friction is X4m?f?=

given as x 4 (3.14 3 0.72) (9.8)

f= uRr

= umg
In case the body does not slip
newton'sforce = friction force

5

(ix) Derive Bragg’s equation for diffraction grating.

Ans DERIVATION OF BRAGG’S LAW

Consider two x- raN , of wavelength A which are incident on the crystal
salt. These x-ray lecte from atoms A and D of a crystal with a separation

distance (d) be ‘mlc planes.

Let 6 le made by x-rays with the layers, as shown in figure. It can be
seen in the he second x-ray covers more distance as compared to the first x-
ray, t ifference will be

th difference = BD + DC ......... (1)
er atriangle DAB,

Sinf = perp
hyp
_ BD
Sinf = E
_ BD
SI.TLH = 7

= d Sin@



reflected X-ray 1

Incident X-ray 1

reflected X-ray 2

Incident X-ray 2

e

Similarly, Consider another triangle DAC,

Sinf = perp
hyp
, BC
Sinf = D
_ BC
Sinf = 7
BC = d Sin@

Substituting the expression C in equation(i), we get

Path difference = [ [
Path difference =2 TN €13

We kno ?‘ndition for constructive interference

Pat = MA e, (iii)
uations (ii) and (iii)
Sinfd =mA

(x) Calculate the viscous drag on a drop of oil of 0.1 mm radius falling through air at this
terminal velocity. (Viscosity of air = 1.8 x10° Pa. s ; density of oil = 850 kg/m3)

Data.
r=0.1mm=0.1x103m
n=18x10°Pa.s

p =850 kg / m3

Fa="7?

Vi ="?



SOLUTION.

For v,
We know that
2r’pg
v =
t 9"

2(0.1x1073)%(850)(9.8)
9(1.8 x1075)

‘Ut=

_ 2(1x107%)(850)(9.8)
Ve = 1.62x10-*

1.66 x107*
1.62 x 104

Ut=

For F,
By Stoke's law

F;=6(3.1 ~5)(0.1x1073)(1.024)

3.48x10°8 N

(xi) A 20-meter length of cable has a cross-sectional area of 1mm? and a resistance
of 5 Q. Calculate the conductivity of the cable.

SOLUTION:
Conductivity is given by

L
o= —
R A

B 200
~(5) (1x1079)

o= 4 x107 S/m

o




(xii) State the law of conservation of linear momentum. By using the law, Calculate
the speed of recoil of the gun, when a 100 g bullet is fired from a 10 kg gun
with a speed of 1000 m/s

STATEMENT
The momentum of a system of two interacting bodies remains constant if the

net external force acting on the system is zero”.

Data: SOLUTION:
Applying the Law of c
m; = 100g = —— = 0.1k
1 & 1000 9 momentum
m, = 10 kg m,V,

Initially the bullet is atrest U; =0

.1(1000) + 10V,
Initially the gunisatrest U, =0
V; =1000m/s

VZ =?



(X11) Prove that the following equations are dimensionally correct.

Q) T=2n\/§ (i) x=m?3

L i) x =m
O T=2r |7 SOLUTION
SOLUTION L.HS = [x]

L.H.S = [T] L.H.S=][L]
L.H.S = [T]

R.H.S = 2=

fwe have [L.H.S] = [R.H.S]
Hence, the given equation is dimensionally

correct

R.H.S =2nT
{2m has no dimensio&
RHS=T 6‘

4

we have [L.H.S] = [R.H.S]
Hence, the given equation is dimensionally
correct.

(xiv) Write Newton’s formula for the speed of sound in air. What correction did
Laplace make it? also, give the corrected formula.

NEWTON’S FORMULA FOR THE SPEED OF SOUND

The speed of the sound waves in a medium solid, liquid, or gas depends on the
elasticity and density of the medium.




Elastic property of the medium
v= - -
density of the medium

E
V= -
p

If the elastic property of the medium is equal to bulk modulus B of t
the speed of the sound wave in that medium is

Where B = bulk modulus of medium.
LAPLACE’S CORRECTION

In 1816 a French mathematician “Laplac a correction to Newton’s
formula. He explained that sound travels through combination of compression
and rarefactions. At compression, the temperature of aiffises, and at rarefaction temperature
falls. Because of the very rapid occurre ompressions and rarefactions and bad
conductivity of air, there is not sufficient ti to be conducted from hot compression
to cold rarefaction. Hence the temper oes not remain constant and the isothermal

form of Boyle’s law cannot be applied.

Laplace proposed the adiabati
place. In this condition

n of sound in which no exchange of heat takes

constant

Laplace’s correction formula

YP
v = |—
p

Where

ratio of molar specific heat of gases.
e pressure
p is th density of a medium



