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SECTION - A

Note: Select the most appropriate option from those given below each
question :

1. Photons of energies 1eV and 2eV are successively incident on a metallic
surface of work function 0.5eV. The ratio of kinetic energy of most energetic
photoelectrons in the two cases will be 1 Mark

(A)1: 2
(B)1:1
(O)1:3
(D)1:4
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Ans: For the first photon:
E1 =W+KEl1

0.5=1+KEl1

KE1=0.5

For the second photon:

E2 =W+KE2

2=0.5+KE2

KE2=1.5

On dividing KE1 and KE2

KE, 1.5
KE, 1
KE, 3

So, option C is correct.

2. Which of the following statements is not correct according to Rutherford
model ? 1 Mark

(A) Most of the space inside an atom is empty

(B) The electrons revolve around the nucleus under the influence of coulomb
force acting on them

(C) Most part of the mass of the atom and its positive charge are
concentrated at its center.

(D) The stability of atom was established by the model

Ans: Option D is incorrect according to Rutherford model as he was not able to
explain stability of atom

3. The resolving power of a telescope can be increased by increasing: 1 Mark
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(A)wavelength of light.
(B)diameter of objective.
(O)length of the tube.
(D)focal length of eyepiece.

Ans: resolving power can be increased by decreasing the wavelength and
increasing the diameter of objective.

So, option (B) is correct.

4. The magnetic dipole moment of a current carrying coil does not depend
upon 1 Mark

(A) number of turns of the coil.
(B) cross-sectional area of the coil.
(C) current flowing in the coil.

(D) material of the turns of the coil

Ans: The magnetic dipole moment of a current carrying coil depends upon the
number of turns, cross sectional area and the current flowing in the coil. So, the
correct answer is option D.

5. For glass prism, the angle of minimum deviation will be smallest for the
light of 1 Mark

(A) red colour.
(B) blue colour.
(C) yellow colour.
(D) green colour

Ans: Red light is having maximum wavelength so it angle of minimum deviation
will be smallest for it.
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6. A biconvex lens of glass having refractive index 1.47 is immersed in a
liquid. It becomes invisible and behaves as a plane glass refractive index of
the liquid is 1 Mark

(A) 1:47
(B) 1.62°
(C) 1.33
(D) 1.51

Ans: According to lens maker’s formula,

l[ﬁ_IJKL_L)
flw R, R,

As the biconvex lens dipped in a liquid behaves as a plane sheet of glass,
f=00
So, l=0

f

He
Ky

1=0

n,=p,=1.47

So, the correct answer is option (A).

7. The resistance of a metal wire increases with increasing temperature on
account of 1 Mark

(A) decrease in free electron density
(B) decrease in relaxation time.
(C) increase in mean free path.
(D) increase in the mass of electron.

Ans: Relaxation time is defined as the time interval between two successive
collisions of electrons in a conductor when current flows through it. The
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resistance of a conductor increases with an increase in temperature because the
thermal velocity of the free electrons increase as the temperature increases. This
results in an increase in the number of collisions between the free electrons and a
decrease in the relaxation time.

So, the correct answer is option (B).

8. An electric dipole placed in a non-uniform electric field can experience
1 Mark

(A) a force but not a torque.
(B) a torque but not a force.
(C) always a force and a torque.
(D) neither a force nor a torque

Ans: Given an electric dipole placed in a non-uniform electric field. An electric
dipole always experiences a torque when placed in uniform as well as non-
uniform electric field. But in a non-uniform electric field, the dipole will also
experience net force of attraction. So the electric dipole in a non-uniform electric
field experiences both torque and force.

9. If the net electric flux through a closed surface is zero, Then we can infer
(A) no net charge is enclosed by the surface.

(B) uniform electric field exists within the surface.

(C) electric potential varies from point to point inside the surface.

(D) charge is present inside the surface. 1 Mark

Ans: If the net electric flux is zero, then no net charge is enclosed by the closed
surface. ... Since electric flux is defined as the rate of flow of electric field in a
closed area and if the electric flux is zero, the overall electric charge within the
closed boundary will be also zero. So, the correct answer is option A.

10. Kirchhoff's first rule at a junction in an electrical conservation of

(A) energy
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(B) charge
(C) momentum
(D) both energy and charge 1 Mark

Ans: The first law of Kirchhoff's is based on charge conservation, as it talks about
the summation of current to be zero at any junction, which means that if current
is conserved that implies that charge is also conserved.

So, the correct answer is option B.

Note: Fill in the blanks with appropriate answer:

11. A ray of light on passing through an equilateral glass prism, suffers a
minimum deviation equal to the angle of the prism. The value of refractive
index of the material of the prism is 1 Mark

Ans: The minimum

12. According to Bohr's atomic model, the circumference of the electron
orbit is always an multiple of de Broglie wavelength.
1 Mark

Ans: According to Bohr's atomic model, the circumference of the electron orbit
is always an integral multiple of de Broglie wavelength.

Explanation: Bohr, in his atomic model, considered an electron to be in form of
a standing electron wave and if this wave is to be continuous over the
circumference of the stationary orbit that the electron lie in, the circumference

must be a integral multiple of its wavelength (n}).

Or

In B-decay, the parent and daughter nuclei have the same number
of 1 Mark

Ans: In B-decay, the parent and daughter nuclei have the same number of protons
and neutrons.

Explanation: In beta decay number, the mass number of the beta particle remains
unchanged and we know that the mass number is the number of protons and
neutrons.
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13. The number of turns of a solenoid are doubled without changing its
length and area of cross-section. The self inductance of the solenoid will
become times 1 Mark

Ans: The number of turns of a solenoid are doubled without changing its length
and area of cross-section. The self inductance of the solenoid will become 4
times.

2
Explanation: The expression for the self inductance of a solenoid is L=@ :

So, we can see that LaN*.

So, on doubling the number of terms, the self inductance becomes 4 times.

14. Laminated iron sheets are used to minimize in the core of a
transformer. 1 Mark

Ans: Laminated iron sheets are used to minimize eddy currents in the core of a
transformer.

Explanation: The iron core of a transformer is laminated with the thin sheet; the
laminated iron core prevents the formation of eddy currents across the core and
thus reduces the loss of energy.

15. The magnetic field lines are by a diamagnetic substance 1 Mark
Ans: The magnetic field lines are feebly repelled by a diamagnetic substance.

Explanation: Diamagnetic substances are those which develop feeble
magnetization in the opposite direction of the magnetizing field. Such substances
are feebly repelled by magnets and tend to move from stronger to weaker parts of
a magnetic field.

16. Why cannot we use Si and Ge fabrication of visible LEDs? 1 Mark

Ans: We cannot use Silicon or germanium in the fabrication of LEDs
because they produce energy in the form of heat, and not in the form of Visible
light of IR. It is not much sensitive to temperature.
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17. The variation of the stopping potential photosensitive surface the
frequency (v) of the light incident on two different photosensitive surface M1
and M2 is shown in the figure. Identify the surface which has greater value
of the work function. 1 Mark

IIl'lll'..l.il.

Ans: As per the figure given above the stopping potential the variation of the
stopping potential photosensitive surface the frequency (V) of the light incident

on two different photosensitive surface M1 and M2.

So the figure representation is for the same value of VO but v differs in both the
case and the work function depends on the value of v that means greater the value
of greater is the work function hence surface M2 has greater value of work
function as, v,>v,.

18. How does an increase in doping concentration affect the width of
depletion layer of a p-n junction diode ? 1 Mark

Ans: If we increase doping, the number of majority charge carriers (holes on the
p-side and electrons on the n-side) will also grow. This would result in an increase
in the width of the depletion layer, which is dependent on charge carriers.

19. The nuclear radius of ’, Al is 4.6 fermi. Find the nuclear radius of $Cu
? 1 Mark

Ans: We know that the expression for nuclear radius is R=E A"

where,
R is the nuclear radius

R, 1s a constant
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A 1s the mass number

This can be written as,

4
R.=—R
Cu 3 Al

On putting the value of R, we get,

4
R, =~ x4.6
Cu 3

R,=6.1 fermi

So, the nuclear radius of 5,Cu is R, =6.1 fermi.

Or

A proton and an electron have equal speed find the ratio of de Broglie
Wavelengths associated with them 1 Mark

Ans: The expression for de Broglie wavelength is,

h

mv

The expression of de Broglie wavelength for an electron is,

LI

m_,v
Similarly, the expression of de Broglie wavelength for a proton is,

= (2)

l’l’lpV

On dividing equation (1) and (2),
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e — p
A, myv
Ao _my
A, m,
Now, we know that o @
me
A, 1836
A 1

So, the ratio of de Broglie wavelength associated to an electron and a proton is
1836:1.

20. How is displacement current produced between the plates of a parallel
plate capacitor during charging? 1 Mark

Ans: In between the plates of the capacitor due to the time-varying electric
field, there is a change in electric flux which constitute a current. This current is
known as displacement current.

SECTION-B

21. Two long straight parallel wires A and B separated by a distance d, carry
equal current I flowing in same direction as shown in the figure

2
v

2 Marks

(a) Find the magnetic field at a point P situated between them at a distance
x from one wire.

Ans: The magnetic field due to wire A at the point P is,
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Bl
21X

B,=

The magnetic field due to the wire B at the point P is,

__ kl

B
* 2n(dx)
So, the net magnetic field is,

B=B1-B2

=Ml LL)
2\ x d-x

w1l d-2x
B="to"
2| X(d—x)
This is the desired expression.

(b) Show graphically the variation of the magnetic field with distance x for 0
<x<d

Ans: The graphical representation of the variation of the magnetic field with
distance x for 0<x<d is:

Bt

e e e L L L]

22. Using Bohr's atomic model, derive the expression for the radius of nth
orbit of the revolving electron in a hydrogen atom. 2 Marks

Ans: In accordance to the Bohr’s postulates,


http://www.vedantu.com/

L =mv r = ﬂ
21

For a dynamically stable orbit present in the hydrogen atom,

r, 4me, 1)
, 1 ¢
mV = _—
4ne, T,
2
2 e
V —_——_—
" 4me mr
Tc o n

On taking square root on both the sides,

e
= (1
o \J4me mr, (1)

We also know that,

o)

2mmr,
On equating equation (1) and equation (3),

V:

n

e nh

4ne mr, ~ 2mmr,
On squaring both sides, we get,
eZ n2h2

dne mr,  4n'm’r’

n

e’ n’h’

g, mmr,
n’h’,

r =

n 2

mme


http://www.vedantu.com/

This is the desired expression.
Or
2 Marks

(a) Write two main observations of photoelectric effect experiment which
could only be explained by Einstein's photoelectric equation.

Ans: The two main observations of photoelectric effect experiment which could
only be explained by Einstein's photoelectric equation are:

(1) There is a particular frequency below which the emission of electrons does
not take place. This frequency is known as threshold frequency.

(2) The kinetic energy of the electron linearly depends on the frequency and
does not depend on the intensity of radiation.

(b) Draw graph variation of photocurrent with the anode potential of a
photocell

The graph showing the variation of photocurrent with the anode potential of a
photocell is:

=
g
ET
L
E |3 = IZ > |1
o /—-—-— I,
/-.__- |2
/_ I
1
Stopping
potential \
-Vo O Anode potential V —>

<— Retarding potential

23. Define the wave front of a travelling wave. Using Huygens principle,
obtain the law of refraction at a plane interface when light passes from a
rarer to a denser medium. 2 Marks

Ans: Wave front is an imaginary surface over which an optical wave has a
constant phase or in same phase and the shape of a wave front is generally
determined by the geometry of the source.

Derivation of law of refraction:
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Incident
wave front

<~— Refracted
wave front

Huygens principle states that:
Every point on a primary wave front act as a source for the secondary wavelets.

These secondary wavelets are connected tangential in the forward direction give
secondary wave front.

Here AB acts as incident wave front or we can say as primary wave front.
DC act as refracted wave front or we can say secondary wave front.

Consider the light incise on the denser medium having reflective index p, and
get refracted through the are medium having refractive index p, .

Now from the figure,

BC
sini _| Ac |_BC
sinr | AD | AD

AC

sintr - v,T v,
Now we know that,

1
vo—

v

Hence the above equation become,
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sini
—= B2 _ onstant
sinr W,

Or

1 11
Using lens marker’s formula, derive the lens formula —=—-— for a biconvex

v u

lens. 2 Marks

Ans: consider the diagram which will show the geometry of the image formation
by a biconvex lens.

u (%

Now applying the equation for refraction at the spherical surface ABC of the
biconvex lens we will get,

From the figure,

0 Ny,
OB BI BC,
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Similarly now applying the same procedure on the second surface ADC we will
get,

DI, DI DC,

From this lens we get,
BI=DI,

Now adding above two equation we will get,

Let us assume that the object is at infinity then,

OB > x
and the image will be at focus, DI=f

So we will get,

%z(nz-nl)(BLqB_CJ ...... (2)

Hence from equation (1) and (2) we will get,

Considering their respective lens and applying sigh conversion we will get,
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BO =-uand DI =+v

So we will get,

1. .1
-u +v f
1 1 1
:>___:_
vu f

Above equation is known as the lens makers formula for a biconvex lens.

24. Explain the principle of working of a meter bridge. Draw the circuit
diagram for determination of an unknown resistance using it. 2 Marks

Ans: Meter bridge also known as slide Wire Bridge which is a practical form of
wheat-stone bridge, which is used to measure the unknown resistances. The
working principle of Meter Bridge is the ratio of the resistance of the two lengths
of the wire across the position of jockey, where the galvanometer shows zero
deflection which is equal to the ratio of the known resistance R and an unknown
resistance S.

Let us assume resistance per cm length of the wire be r.

Now mathematically representing the principle of Meter Bridge,

_Lr R
(100-L)r S
100-L
= S= 00 xR
R 5
iy o, |_ B
L N R
Y. 4 [i:‘!if -t ¢ —
e
Mrter Soals
L P  — 1 |
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25. Explain the terms ‘depletion layer, and ‘potential barrier, in a p-n
junction diode. How are the (a) width of depletion layer, and (b) value of
potential barrier affected when the p-n junction is forward biased? 2 Marks

Ans:

Depelation Layer

[ 1

Si
-
-

©

t= 1

P
OO

Byl
Slalof!
OO Q"

19.Q Qp
©

a) Width of the depletion layer:

The depletion region is the layer which is created around the p-n junction which
is devoid of free change carriers and also has immobile ions. It is created around
the p-n junction due to diffusion of majority carriers across the junction.

When the p-n junction diode is biased with forward biasing, the negative terminal
of the battery (potential) repels the electron toward the junction and provides the
required energy to cross the junction and recombine with the holes which is also
being repelled by the positive terminal. This will lead to the decrease in the width
of the depletion layer.

b) Potential Barrier:

It is a potential difference or we can say junction voltage that is developed across
the junction due to migration of the majority charge carriers across it when the p-
n junction is formed.

It opposes the further migration of the majority charge carriers across the p-n
junction and it appears as if a fictitious battery is connected across the p-n
junction. The batter acts in such a way that the positive terminal is to the n-region
and the negative terminal is to the p-region of the p-n junction.

The value of the potential barrier is 0.3V for Ge and 0.7V for Si semiconductor
diodes. Hence the forward bias voltage opposes the potential barrier and due to
the reduction in potential barrier thus the width of depletion layer also decreases.
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26. N small conducting liquid droplets, each of radius r, are charged to a
potential V each, these droplets coalesce to form a single large drop without
any charge leakage find the potential of the large drop. 2 Marks

Ans: Given:

N small conducting droplets are present each of radius r and potential of each
droplets is V.

Potential of each liquid droplet,

Where, k is a constant term, r is the radius of the droplet and q is the charge of
the conducting droplet.

Now for N such liquid droplets the charge will be,

NVr

:N:
qu

Now the radius of the larger drop will be,

1

R=N3r
As the volume will remain the same in both the case.

The potential of the new droplet will be,
v_kQ
R'
kNVr

1

kN>t

= V'=

= V'=VN?3


http://www.vedantu.com/

27. Define activity of a sample of a radioactive substance. The value of the
disintegration constant of a radioactive substance is 0.0693h™ . Find the time

after which the activity of a sample of this substance reduces to one-half that
of its present value. 2 Marks

Ans: Activity of a sample of a radioactive substance is defined as the number of
disintegration that has taken place in a given sample per second. In other word
we can say decaying of a radioactive substance.

Given: The value of disintegration constant of the radioactive substance is
0.0693h™" or we can say rate constant k=0.0693h"'

Here we have to find the time after which the activity of a sample reduces to one-
half, in short we have to calculate the half life time of the radioactive substances.

Half life, t, :g

2
Now putting the k value we will get,

_ 0.693
L 0.0693h"

2

= t,=10hours
2

SECTION - C

28. In a single slit diffraction experiment, light of wavelength A Illuminates
the slit of width ‘a’ and the diffraction pattern observed on a screen. 3 Marks

Ans: In single slit diffraction experiment, let the wavelength of light be A and
the slit width be ‘a’.

(a) show the intensity distribution in the pattern with the angular position 0

Ans: The intensity distribution in the patter with the angular position 0 can be
shown as,
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Intensity
of Light

Max 1 Max I

Max II Max 11

Screen

angular position(0)

21 A 0 A 21
a

a

(b) how are the intensity and angular width of central maxima affected when
Ans: We know,

Angular width is inversely propositional to the width of the slit, ‘a’ which is
represented as,

2
a

Angular Width=

And the intensity is directly proportional to the area or we can say width of the
slip as well as the separation between the slit and screen while angular width has
no relation with separation between the slit and screen.

(i) width of slit is increased, and

Ans: When the width of the sit ‘a’ increases then the angular width decreases and
the intensity of the central maxima increases.

(ii) separation between slit and screen is decreased

Ans: When the separation between the slit and screen decreases then the intensity
of the central maxima also decreases while there is no change in the angular

width.

29. With the help of a simple diagram, explain the working of silicon solar
cells, giving all three basic processes involved. Draw its I-V characteristics.
3 Marks

Ans: Diagram:
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The construction of a silicon solar cell is usually made up of thick layer of n-type
semiconductor which is layered by a thin layer of p-type semiconductor. Then the
electrodes are placed on the top of the p-type semiconductor and then another
electrode for collecting current is attached to the bottom of the n-type
semiconductor.

Working principle:

When light strikes on the source of the cell, it get penetrated to the p-n junction
which is crested by the fusion of p-type semiconductor and n-type semiconductor.
Then the photons are able to create electron and hole pairs. These free electrons
in the depletion region will migrate to the p-type and two charges are built up on
the opposite side of the junction which crest a potential difference across the
junction. Hence when load is connected current will flow through it.

The three basic process involves are:
Generation of electron and hole pair are due to the light close to the junction.

Separation of electros to n side and hole to p side is due to the electric field in the
depletion region.

And the electrons reaching n side is collected by front contact and the holes
reaching p side are collected by back contact.

I-V Characteristics:
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30. A resistance R and an inductor L are connected in series to a source
V=V, sinwt

Find the
Which of them is ahead? 3 Marks

Ans: Diagram:

S| -

O
&

V = Vysinwt

The given circuit show that the resistor and the inductor are connected in series.
Hence the peak value of current through the circuit will be,

-

Z

Where the resultant impedance of the circuit will be,

7= [,

Now the current will become,

IO=—*VO

(a) peak value of the voltage drops across R and L,

Ans: The peak value of the voltage across the resistor R will be,
V,R

The peak value of the voltage across the inductor L will be,

Vi =I,R=
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v, =1,X, =

==L
(b) phase difference between the applied voltage and current.

Ans: The phase difference is the angle between the resistor and inductor,

Hence,

X
tan g=—L
¢ R

X
= ¢=tan L

As in the circuit inductor is present then the voltage will leads the current by an
angle of ¢ as the voltage and current in resistor are in same phase.

31. 3 Marks

(a) Write the expression for the speed of light in a material medium of
relative permittivity € and relative magnetic permeability p_.

Ans: The speed of electromagnetic waves is represented as,

1

T

Where, ¢ is the electric permittivity and p is the magnetic permeability.

Given:

Relative permittivity €,
Relative permeability
We know,

L

And e=¢ g,

Now using this speed of the light in the material medium,
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1 1
V= =
\/E \/Hruogrgo

(b) Write the wavelength range and name of the electromagnetic waves are
used in

(i) radar systems for aircraft navigation and

Ans: The electromagnetic wave use in radar system for aircraft id the microwave
whose wavelength range is in between Imm to 0.1m.

(ii) Earth satellites to observe the growth of the crops.

Ans: The electromagnetic wave used in earth satellites to observe the growth of
crops is the infrared wave or we can say IR ray whose wavelength lies in the
range lmm to 700nm .

32. 3 Marks

(a) Two cells of emf E, and E, have their internal resistances r, and r,

respectively. Deduce an expression for the equivalent emf and internal
resistance of their parallel combination when connected across an external
resistance R. Assume that the two cells are supporting each other.

Ans:

Given,

Emfare E, and E,.
Internal resistances r, and r,.

Here the total current I is,
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Let V is the potential difference between point A and B.

Then V=E, -l

Now putting equation (2) and (3) in equation (1) we will get,

E-V E,-V
= +

L L

T T 1
LI L5

Or we can say,

V= Er+E 1 | A%
r1+r2 r1+r2

If we replace this with a single cell it can be written as,

I§

V=E

equivalenet _Irequivalent

Now on comparing we will get,

E — E1r2 +E Zrl
equivalenet
I+,

r — I'1 r2
equivalent rl +r2

(b) In case the cell are identical, each of E=5V and internal resistance r=2€
calculate the voltage across the external resistance R=10€Q2.
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Ans: Given:

r,=1,=2€)

2x2
I‘equivalent - {mj - 1 Q

E,=E,=5V

5x2+5x%2
equivalenet - ( J :SV
2+2

Now the external voltage will be,
E_.=IR

E

I: equivalent

R+r

Now,

eXt: equivalent ><1{
R+r

ZﬂX10=4.54Volts
10+1

ext

33.

3 Marks

(a)write an expression of magnetic moment associated with a current (I)

carrying circular coil of radius r having N turns

Ans: Magnetic moment of a current carrying circular coil of radius r and having

N turns is given as,

M=NIA where A is the area bounded by the circular loop.

Now we can write the area as,

A= 7’

On putting the magnetic moment will be,

M= NIA= NI nr’
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(b) consider the above-mention places in YZ planes with its magnetic Field
due it at point (x,0,0).

Ans:

dB,

Now according to the above figure due to the current carrying element dl which
at A the magnetic field at P is given as,

dixr
dB “0 ‘ 3
4n r
Since vector dl and r perpendicular to each other, dlxr=dlr

Now it become,

dB= pol dl
4n 1?

From the figure, r’=X’+R’

Hence,
B— Kol 2dl :
4t X°+R

Consider a current elements opposite to that of A that is on B, then we can see
that the Y component of the magnetic field the current element get cancelled and
that of X component is present.

Now,

dB,=dBcosb

The net magnetic field at P will be,
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B=J dB, =I dBcos0

I 1
B-[Hel T coso
4 X°+R

From figure, cosb=

B— n,l dl R
4 X*+R* X2 4R?
_bI R
— B=22 3 Idl

4r (X2+R2)5

-l R om

4r (X*+R?)?

1o IR’
3

2(X2+R2)5

= B=

R

Or
3 Marks

(a) Define current sensitivity of a galvanometer. Write its Expression

Ans: Current sensitivity of a galvanometer is defined as the ratio of deflection
produced in a galvanometer to the current flowing through it.

We can also say it as the deflection per unit current.

Expression for the current sensitivity as,

Where, 0 is the deflection and the I is the current.

So its SI unit is radian per ampere.

(b) A galvanometer has resistance G and shows full scale deflection for

current Ig.
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Ans: We have a galvanometer having resistance G and shows full scale deflection
that is Ig.

(i) How can it be converted into an ammeter to measure current up to 10
I0>Ig) ?

Ans: A galvanometer can be converted into an ammeter by connecting a shut
parallel to it so as to measure the current up to 10.

Expression for such type of connection is,
(L,-L,)R,=LG.
Where, RS is the shunt resistance.

(ii) What is the effective resistance of this ammeter?

Ans: As the shut is connected in parallel with the galvanometer the effective
resistance will be,

_ RG
eff RS+G

Where, R ||G.

34. The nucleus *)Y , initially at rest, decays into %, X by emitting 234 231 4
an a particle ,,Y — , X+,Het+energy.

The binding energies per nucleon, the daughter nucleus and o particle are
7.8MeV, 7.835MeV and 7.07MeV respectively. Assuming the daughter
nucleus to be formed in the unexcited state and neglecting its share in the
energy of the reaction, find the speed of the emitted a particle.

(Mass of a particle = 6.68x107") 3 Marks

Ans: Given: The binding energies per nucleon is 7.8MeV, the daughter nucleus
is 7.835MeV and the a particle is 7.07MeV.

We know the energy released is,

Q=| M(™'X)+M(*He)-M(*Y)|¢’
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=[(7.835x231)+(7.07x4)-(7.8x235) [MeV
=[1809.9+28.28-1833]MeV

=5.18x1.6x10™]

Now this entire kinetic energy is taken by the a particle as,

%mv2=5.18><1.6><10'13J

Mass of the o particle = 6.68x107

Now,
%6.68>< 1077v*=5.18x1.6x10™"J

, 2x5.18x1.6x10™
=V = >
6.68x10

\/2><5.18><1.6><10'13
V:
6.68x107

Hence the speed of the a particle is,

v=1.57x10"ms™".

SECTION -D
35. 5 Marks

(a) Derive the expression for the torque acting on the rectangular current
carrying coil of a galvanometer. Why is the magnetic field made radial.

Ans:
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Brush

£S5 //
/ /
+ |p=
|U

From the figure let us consider a loop ABCD in a uniform magnetic field strength
donated as B and a current through the path is 1.

The magnetic forces of AB and Cd are equal and opposite to each other but have
a different kind of action.

Hence the force produce in the rectangular coil ABCD be,
1=F*xPD

Where PD is the perpendicular distance between two force arm i.e bsin0 and the
force is also represented as, F = IIB where, 1 1s the length of the rectangular coil,
I is the current flowing through is and B is the magnetic field strength.

Now torque,
1=I1Bbsinf
Where Ib = A,
1=IABsinf

The magnetic field is made radial because I is not directly proportional to ¢. We

can ensure this proportionality by having0=90°. This is possible only when the
magnetic field. In such filed the plane of rotating coil is always parallel to B.

(b) An a particle is accelerated through a potential difference of 10kV and

move alone x-axis. It enters in a region of uniform magnetic field B=2x10"T
acting along y-axis. Find the radius of its path. (Take mass of the a particle

= 6.68x107kg)
Ans: Given:

Mass of a particle = 6.68x107'kg
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B=2x10"T
V=10kV
Q= 2x1.6x10"C

We know the radius of circular path is,

1 [2mV
I: R [
BY Q

1 2%6.68x10%"x10%10°
=
3 2x1.6x107™"

2x10° 50 10*° 10"

Or

5 Marks

(a) With the help of a labelled diagram, explain the working of a Step-up
transformer. Give reasons to explain the following:

X P
>< A X AV
X
X X — 0
B
x
C C’
x X Q <

Ans: We can explain this with help of the diagram
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Soft Iron Core

]
§ N\> <;J\
] RS

The transformer work on the principle of the mutual induction that is whenever a
current is associated with the primary coil charges then an emf is induced in the
secondary coil. Hence when a transformer in which the output that is the
secondary voltage is greater than its induce or primary voltage it is known as step
up transformer.

Now the induced emf across the primary coil is,

d
E,=N, d—‘f

Where, NP is the number of turns in a primary coil, ¢ is the flux associate in the
coil.

Similarly induced emf in the secondary coil is,

d¢
ES :_NS a

Where, NS is the number of turns in a secondary coil, ¢ is the flux associate in
the coil.

Taking the ration of both the induced emf,
Es Ny

EP NP

(i) the core of the transformer is laminated

Ans: The core of the transformer is laminated so as to reduce the eddy current
produces due to the flow of current

(ii) Thick copper wire is used in windings.
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Ans: Thick copper wire is used in winding so as to reduce the heat loss because
large amount of heat is produce during this process.

(b) A conducting rod PQ of length 20 cm and resistance 0.1  rests on two
smooth parallel rails of negligible resistance AA' and CC'. It can slide on
the rails and the arrangement is positioned between the poles of a permanent
magnet producing uniform magnetic field B = 0.4 T. The rails, the rod and
the magnetic field are in three mutually perpendicular directions as shown
in the figure. If the ends A and C of the rails are short circuited, find the

Ans: Given:

Length of PQ = 20cm = 0.2m
Resistance = 0.1Q2

B=0.4T

(i) external force required to move the rod with uniform velocity v=10 cm/s,
and

Ans: v=10 cm/s 0.1m/s
Now the external force require to remove the rode will be,
B*vI?
R

F=

_ 0.42x0.1x0.2?
0.1

—F =6.4x10°N

(ii) power required to do so
Ans: We know power is the product of force and velocity.
P=Fv

= P=6.4x107x0.1=0.64x10"°Watt

36. 5 Marks

(a) Draw the ray diagram of an astronomical telescope when the final
image is formed at infinity. Write the expression for the resolving power
of the telescope.
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Ans: The ray diagram of an astronomical telescope when the final image is
formed at infinity is as given below:

fo fe

Here, fO is the focal length of the objective lens and fe is the focal length of the
eyepiece lens.

The expression for resolving power of the telescope is gien as,

D
Resolving power = ———
ep 1.22%

Where, D is the diameter of aperture objective lens and the A4 is the wavelength.

(b) An astronomical telescope has an objective lens of focal Length 20 m and
eyepiece of focal length 1 cm .

Ans: Given:

Focal length of the objective lens = 20cm (fO)

Focal length of eyepiece lens = 1cm = 0.01m (fe)

(i)Find the angular magnification of the telescope.

Ans: Angular magnification of astronomical telescope is given as,

Angular Magnification = f—OZZO—mZZOO
f. 0.0lm

c

(ii) If this telescope is used to view of the Moon, find the diameter of the
image formed by the objective lens.

Given diameter of the Moon is 3.5x10°m and radius of lunar orbit 3.5x10°
is 3.8x10°m.

Ans: Given:
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Diameter of the Moon is D=3.5x10°m .

Radius of lunar orbit is x=3.8x10°m .

Diameter of the image = ??

We know,
b_x
d f,
6
g=Dlo 351020 ¢ 4102m-18.4cm
x 3810

Or
5 Marks

(a)An object is placed in front of a concave mirror it is observed that a
virtual image is formed. Draw the ray diagram to show the image formation
and hence derive the mirror equation.

Ans:

From the diagram,
From AA'B'F and AMPF using similarity criteria we get,

MP FP
We have,
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PM=AB

Now,
AB FP

Now from AA'B'P and AABP using similarity criteria we get,
AB'_BP

AB BP
Now equation (1) and (2),
BF_BP

FP BP

Where,

B’F = v+f

BP=u

FP=f

B’P=v

Therefore,

BF_BP

FP BP

vtf v

f u

Dividing both side by v and applying sign convention we will get,

Hence proved.
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(b) An objectis placed 30 cm in front of a Plano-convex lens with its spherical
surface of radius of curvature 20 cm. If the refractive index of the material
of the lens is 1.5, find the position and nature of the image formed.

Ans: Given: R=20cm
Object distance, u=30cm

By lens maker formula,

For Plano convex lens,
R,=R
R,=o

p=1.5

Therefore,

L iof]

312(1.5-1){ ! }
f 20cm

=40cm

Now using mirror formula we will get,

1 1 |
+

40cm v 30cm
= v=-12cm

Therefore the image is virtual.

37. 5 Marks
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(a) Using Gauss law, derive expression for electric field due to a spherical
shell of uniform charge distribution a and radius R at a point lying at a
distance x from the center of shell, such that

Ans: Let us assume that R be the radius of the spherical shell and Q be the charge
that is uniformly distributed on the source

(i) 0<x<R,and (ii)x>R
Ans: 0<x<R
For a point inside the shell s,

By using Gauss’s Law we can write,

E><47tx2=$
8O

Here x be the distance from the center of the shell and the charge Qin inside the
shell is zero.

Hence,

E=0

(i1) x>R

For a point outside the shell is,

By using Gauss’s law we can write,
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E><47rxz=—Q°ut
80

Where x is the distance from center of shell and the change Qout is on the surface
of the shell.

E: Qout
4nx’e,

(b) An electric field is uniform and acts along + x direction in the  region
of positive x. It is also uniform with the same magnitude but acts in - x
direction in the region of negative x. The value of the field is E=200 N/C for
x>0 and E =-200 N/C for x <0. A right circular cylinder of length 20 cm
and radius 5 cm has its center at the origin and its axis along the x-axis so
that one flat face is at x =+ 10 cm and the other is at x =- 10 cm. Find :

Ans: Given: E=200 N/C for x > 0 and E = - 200 N/C for x <0.
Right circular cylinder of length 20 cm and radius 5 cm has its center at the origin.
(i) The net outward flux through the cylinder.

Ans: The net outward flux = 2EA
¢ = 2EA = 2x200x3.14x(0.05)" =3.14Nm*C"

(ii)The net charge present inside the cylinder.

Ans: The net change present inside the cylinder, Q is
Q=¢, x ¢ =8.854x10"°x3.14=27.8x10""C
Or
S Marks

(a)Find the expression for the potential energy of a system of two point
charges q1 and q2 located at ri and r» and respectively in an external
electric field E.

Ans: Given: two point charges q1 and g2 located at i and 1 respectively in
an external electric field E.

Now work done in bringing ql from the infinity against the electric field is
represented as,
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W,=q,V [y

Similarly work done in bringing q2 from the infinity against the electric field
is represented as,

L

Wi=q,V

Now work done g2 against the filed due to q1

W: qqu
4me 1,

Hence the potential energy of the system = Total work done in assembling
the system.

V. =W AW, +W=q,Vr[+q, V2| —1d2_

system
e L,

(b) Draw equipotential surfaces due to an isolated point charge (— q)
and depict the electric field lines.

Ans: Equipotential surfaces are always perepmdilar to the electric field. This the
diagram of an equipotential surface due to an isolated point charge of -q charge.
The electric field lines terminate on negative change or we can say direction of
electric field lines are inward.
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(c) Three point charges, 1pC-1pC, and 2pC are initially infinite distance

apart. Calculate the work done in assembling these charges at the vertices of
an equilateral triangle of side 10 cm.

Ans: Three point charges:

q,=1pC, q,=-1pC and , q,=2uC are present in an equilateral triangle of side
r=10cm

q1 = 1HC

r = 10cm r = 10cm

=2uC
ro3 = 10cm s :

We know,

Work done = Charge in potential energy

w{k 49; , 99 g s }

P I3 L3

Where,

1,,=1,; =, =1=10cm=0.1m
k

W= ? [qlqz Tq,957q,9; ]

9x10’
0.1

W:

[-1+2-2]=-9x10"J
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CBSE Question Paper 2019
Class 12 Mathematics

Time allowed: 3 hours
Maximum Marks: 100

General Instructions:

(i)
(ii)

(iif)
(iv)

(v)

All questions are compulsory.

This question paper contains 29 questions divided into four sections A, B, C and D.
Section A comprises of 4 questions of one mark each, Section B comprises of 8
questions of two marks each, Section C comprises of 11 questions of four marks
each and Section D comprises of 6 questions of six marks each.

All questions in Section A are to be answered in one word, one sentence or as per
the exact requirement of the question.

There is no overall choice. However, internal choice has been provided in 1
question of Section A, 3 questions of Section B, 3 questions of Section C and 3
questions of Section D. You have to attempt only one of the alternatives in all
such questions.

Use of calculators is not permitted. You may ask logarithmic tables, if required.

SECTION-A

1. If A is a square matrix of order 3 with |A| =4 then write the value of |—2A|

Solution. Since, order of the matrix, n = 3

Al=4
[2A|=(-2)"|A|
[-2A|=(-2) x4
[-2A] =-32

Therefore, the value of |—2A| is—32

2. If y =sin"x+cos™x, find A

Solution.

dy
X



y =sin"" x+cos™ x

S i(sin‘l X+c0s™* x)
dx dx

d d 4

= &(sm x)+&(cos X)

1 1

J1I-x2  J1-%?

=0

Therefore, ay =0
dx
d'y Y dy V|
3. Write the order and degree of the differential equation Ld—i[j = {X + (d_yj ]
X X

Solution. Since,

a4y Y dy Y |

dy) X{—yj

dx dx

4. \? 6 2 4
d Z/ :x3+£ﬂ) +3x2[d—y] +3x(ﬂj
dx dx dx dx

4

The highest power raised to % is 2and degree of the differential equation is 2
X

4. If the line has the direction ratios -18,12,-4, then what are its direction cosines?
OR
Find the Cartesian equation of the line which passes through the point (-2,4,-5) is parallel

X+3 _4-y z+8
5 6

to the line

Solution.



The direction ratios of the lines are —18,12,-4

. ) . 18 12 4
Direction cosines of the lines are — , =
V1824127 + 42 182 +122 + 4% 182 +12% + 42
Hence, direction cosine of line are —g,g,—g
1111 11
OR

The cartesion equation of the line which passes through the point (—2,4,—5)and is parallel to the line
Xx+3 y-4 z+8iS X+2 y-4 745
3 -5 6 3 -5 6

SECTION - B

5.1f *isdefined on the set R of all real number by *:a*b = Ja? +b? find the identity element
if exist in R with respect to*

Solution. As per the question
Let b be the identity element then

a*b=b*a=a

a*b= (a)2 +(b) =a

N

=b=0
Similarly,

b*a= (b)2 +(a)2 =a

= (0)'+(a)’ =(a)

=b=0

Therefore, 0 is the identity element

0 2 0 3a .
6. IfA= and kA = then find the value of k,aand b
3 -4 2b 24

Solution. Given,



kA:

|

3

0
3k

|

0
3

: o

2k

2
,implies kA =

2k 1 [0 3a
4k | |2b 24
-4k =24=k=-6

3a=2k=>a=-4
2b=3k=b=-9

7. Findj

sin X —Cos X

J1+sin2x

Solution. According to question,
sin X —Cos X
let _I

dx 0<x<—

\/1+S|n 2X

sin X —Cos X

I Jsin? X + cos? X + 2in X-CoS X

= Gnxroox

sin X —cos X
dx

\j(sin X + COS x)2

sin X —cos X

sin x+cosx
letsinx+cosx =t

= (cos x —sin x) dx = dt

I=I_T1dt

8. Flndj

=—Int+C

ol

1= e
sin X +Cos X

OR

n(x-a)

dx
sin(x+a)

Find I(Iog x)2 dx

Solution

3?( —4k} (i)

dx,0<x<m/2

dx



Let] = J-sm(x a

)
sin(x+a)

gL

dx

cos(x+a)sin(2a)
X+a)

x+a)-sin(2a)dx

_J.S|n(x+a) cos(2a
sin

)- X
(
:J'cos a)dx — J'cot(
= x-cos(2a)—log|sin (x+a)}-sin(2a)+C

OR

Letl = I(Iog x)2 dx

2

== Il-(log x) dx

= | =x{log x)2 —J.ZXI)?ngx

= | :x-(logx)z—ll+cl ..... ()

l, :IZ-Iog xdx

= |, =2x-log x—2'|'§dx

=1, =2xlogx-2x+c, .. (i)

| = x(log x)2—2x-logx+2x+cl—c2

| =x{(log x)’ —2x-log x + 2x +C (whereC =c, —c,)

9. From the differential equation representing the family of curves y* :m(a2 —Xz)by

eliminating the arbitrary constant m and a



Solution

The equation y* =m (a2 -~ XZ) where m and a are arbitrary constants
y'=m(a®-x*) .. (i)

Zy%:—me ..... (i)

~ om=2Y W
X dx

d?y (dy 2]
2| y—+|—| |=-2m ... il
ydx2+(de (i)
2 2]
deQJ Y
dx dx X dx

N

L 2 -
yd_g{ﬂ) _(zjﬂzo
dx dx X ) dx

2 2
therefore the required differential equation is yd—2/+ AN AL =0
dx dx X ) dx

10.Find the unit vector perpendicular to both the vectorsa and b, whered = i - 7j+ 7k andb = 3i - 2j + 2k
OR

Show that the vectors i - 2j + 3k, -2i + 3j - 4k andi - 3j + 5k are coplanner

Solution
d=i-7j+7kandb =3I —2]+2k
letfi be the vector perpendicular to @and b

-2
. 19410k 1 . o
n= =—=|]+k

197 +197 ﬁ( )

OR



leta=i-2j+3k

b=-2i+3]-4k

C=i-3]+5k
1 -2 3

|abc]=]-2 3 -4
1 -3 5
=1(15-12)+2(-10+4)+3(6-3)
=3-12+9
=0

therefore, &,b,care coplanar

11. Mother, father and son line up at random for a family photo. If A and B are two events
given by A = Son on one end, B = Father in the middle, find P(B/A).

Solution

If mother (M), father (F), and son (S) line up for the family picture, then the sample space
will be
S = {MFS, MSF, FMS, FSM, SMF, SFM} = A= {MFS, FMS, SMF, SFM}

P(AmB):Z:%

WIN Wik o]

12. Let X be a random variable which assumes values x1, x2, x3, x4 such that 2P(X = x1) =
3P(X = x2) = P(X = x3) = 5P(X = x4). Find the probability distribution of X.

OR

A coin is tossed 5 times. Find the probability of getting (i) at least 4 heads, and (ii) at most
4 heads.

Solution



P(%)+P(x:) +P () +P(x,) =1
X X X
—+—+Xx+—-=1
2 3 5

30
X:_

61

15 10

P(X :xl)za;P(X :Xz):a’P(X :Xa):a;P(x =X

So, the probability distribution function will be

X 1 2 3 4
p(x=x) 18103 6

61 61 61 61
OR

Total number of probability of tossing a coin 5 times is 32
(i) Probability of getting atleast 4 heads



_6_3
32 16
(ii)probability of getting at most 4 head

P(X :1)+ P(X :2)+ P(X :3)+ P(X :4)

5 5 5 5
af3)els) veli) el
2 2 2 2

l 5
== [5+10+10+5]
2

15

16
SECTION-C

14. If tan ' x—cot* x=tan™* (ijx > Othen find the value of x and hence find the value

J3
of sec™ (Ej
X

Solution



tantx—cot* x=tan™ (ijx >0

3
=tan'x—tan™ (E] =tan™ (ij
X NE)

1
- 1
= tan™* X 1= tanl(—j
1+ x-1 ﬁ
X
x*-1 1

2X _ﬁ
— 3x2-2x-/3=0
= 3% -3x+x-+/3=0
:>\/§x(x—\/§)+1(x—\/§):0
:>(x—\/§)(\/§x+1)=0

1

:X:_ﬁ’ﬁ
x>0, x:\/§

= sec™ 2 =sec‘1(ij
X J3
= sec™ 2 =sec‘{sec£}
X 6
= sec™ 2|z
X 6

15. Using properties of determinant prove that

b+c a a
b c¢c+a b |=4abc
c c a+b
Solution

{ cottx=tan™ ( 1

X

s

10



b+c a a
LetA=| b c+a b

c c a+b
R, >R -R,-R,
0 -2¢c -2b

A=b c+a b

cC Cc a+b
Expending R,
b b
c a+b

c+a b
—(-2 -2b
c a+b ( C) +( )

:2c(ab+b2 —bc)—Zb(bc—c2 —ac)

= 2abc + 2cb?® — 2bc?® — 2b%c + 2bc? + 2abc
=4abc

b c+a
c ¢C

A=0

. . dy

16. If (sinx)’ =x+v, find =2

(sinx) y, find =
Solution

(sinx)’ =x+y
log(sinx)” =log(x +Y)
= ylog(sinx)=log(x+y) ... (i)

%4— y-%[log (sinx)]= %['09 (x+y)]

. .dy  cosx 1 dyj
| Y - 1+
= log(sinx) dx+ysinx (x+y)\ "X

log (sin x):

:‘%{"’g“‘”x)‘(xiy)}<xiy>‘y'°°“

dy 1-(xy+y*)cotx
== :
dx (x+y)log(sinx)-1

17.1f y = (sec™ x)2 x> 0showthat x* (X’ —1)3—)2(2/+(2x3 —x)%—z =0

Solution

11



y :(sec‘lx)2 x>0

-1
Ly, dlsecTx)
dx X

d’y 1 4 24/x% -1
= e _2_X2(X2_1)_+25ec X XZ(XZ—l)
d’y ] . 1 x(1—2x2)
= e =2 XZ(XZ—l) +2sec XXM[XZ(XZ—:L) ..... (i)

5 2[(11)}%”—21“

= xz(x2 —l)(;%+(2x3 —x)-g—i—2=0

X_
18. Find the equation of a tangent and the normal to the curve y =((T()3)at the
X—2)(x—

point where it cuts the x-axis

Solution

12



Equation of the curve is
__(x=7)
Y= x=2)(x-3)
put y=0 in the above equation we get x=7
dy (x—2)}{x—3)—(x—=7)(2x-5)

dx (x—2)2-(x—3)2
The slope of the tangent at point(7,0)is
_dy 20 _1
' dx|;, 400 20

(y—O):ziO(x—Y): x—20y-7=0

m,-m, =-1

=m :_—1:—20

et

Equation of the normal is
(y—0)=-20(x—-7)=20x+y—-140=0

) sin 2x
19. Find '[(sinz x+1)(sin2 x+3) dx

Solution

13



sin 2x
J-(sinz x+1)(sin2 x+3) x

Ny :,[ 2sin X-€0S X dx
(sin2 x+1)(sin2 x+3)
letsin? x+3=t = 2sin x-cos xdx = dt

Therefore,

dt
| =
I(t—2)t
—1=2 [L_%jdt
27\t-2 t

= =%[In(t—2)—lnt]+c

1 t-2
=1==In T +C

2

t—2
=Il=In,—+cC

t

HJ

sSin® x+1
=1 =In,|—— +c

Sin“ X+3

b b
20. Prove that jf (x)dx = If (a+b—x)dxand hence evaluate

a

Solution

%

!

%

dx

1+ x/tan X

14



leta+b-—x=t
= dx =—dt
whenx=a,t=band x=b,t=a

j f(

—[f (a+b—t)dt

f(a+b—t)dt {

Il
D — T D —T c—'—.g;

f (a+b—x)dx {

let | _i dx j— \Jcos xdx
»1l+tanx 5 Jcosx ++/sinx
6 6

T T
cos| =+ =——x |dx
3 6
T T . T T
COS| =—+=——X |+ [sin]| =+=—x
J (3 6 j J (3 6 J

Jsin xdx (i

Jsinx++cosx 77

Il
@‘,\q!—’w‘,ﬁ

Il
DN [N

21 = fox =[x} = E =7
] "376 6
6

21. Show that (l+ x? ) dy + 2xydx = cot xdx

Solution

15



(1+ %% ) dy +2xydx = cot xdx

dy 2xy cotx
-t 2~ 2
dx 1+x° 1+x
The Linear differential equation is

2X

pdx
IF=el ™ — e 1 14
the general solution is

y(L+x*)=] [ff:tx); (1+ xz)} dx+C

= y(1+x*)=log[sinx]+C

22.letd,b, Cbe the three vectors such that [&| = 1, ‘5‘ = 2,[¢| = 3. If the projection of Zand b

is equal to the projection of ¢ along @ and b, ¢ are perpendicular to each other then find |33 - 2b + 2¢

Solution

&) =1[b|=2[c|=3

the projection of b alonga= |—"'|§
the projection of ¢ along a = %
ba ca
=TT o
a  |a
—>bd=ca .. (i)

(3a-2b+2c){3a—2b +2¢) = 9|a|’ ~6ab + 6ac —66-a+4\6\2 —4b-C + 66— 45D +4c[*
3826 +2¢[ =9|af* +4[p| +4|c|" ~12ab +124¢ -8b<

3826 +2¢| =9faf* +4fp] +4ef

= |3 -25+2¢| =9x1+4x4+4x9=61

= [3ad-2b +2¢| = 61

SECTION-D

16



23.Find the value of A for which the following lines are perpendicular to each other

1
X-5 _2-y_1-z_§_y+§_z-1
BA+2 5 171 2 3
hence, find whether the lines intersect or not

Solution

50+2 -5 1 (1)
and

y+1
x_T 2 _z2-1 (2)
1 2 3

a,a,+bb, +cc,=0
(54+2)-5(24)+1(3)=0

-51+5=0
=>A=-1
1 1 1
241fA=|0 1 3| findA™
1 -2 1

hence, solve the following system of equations
X+y+z=6

y+3z=11

X-2y+z=0

Solution

17



1 1 1
0 1 3
1 -2 1
Cofactors
A11:7’A12:3’A13:_1
A21:_3’A22:0vA23:3
A31:2’A32:_3vA33:1
i Adi(A)

A

7 3 1] [7 -3 2

Adj(A)=|-3 0 3| =/3 0 -3

2 -3 1 -1 3 1
[Al=9
7 -3 2
a1
A ==13 0 -3
9
-1 3 1
For system of equations
AX =B
X =A"'B
x| 1_7 -3 216
y 25 3 0 -3|11
| Z | -1 3 1)0
- 1_9
==|18
y 9
1 Z) | 27
x=1y=22=3

25. Show that the height of a cylinder, which is open at the top, having a given surface
area and greatest volume, is equal to the radius of its base.

Solution

18



Let R be the radius
H be the height
V be the volume
S be the total surface area
V =7R’H
S=7R*+27zRH

S —zR?

27R

Substituting value of H in V

1
v =E(SR—7IR3)

=H-=

d—V=1(S—3;zR2)
dR 2
v _,
drR

1
:>E(S—37ZR2)=O

R= /i
3z
dv 1
=—(0-67zR
=-37R

V is greatest when R = i
3

S—7r><i
H= 372'
272",8
3r
2S
H = 3
2 s
3
Ho |2
3z

26. Find the area of the triangle whose vertices are (-1, 1), (0, 5) and (3, 2), using

integration.

Solution

19



Let A(-1,1), B(0,5) and C(3,2)
The equation of line AB is
5-1
1=
y 0+1
y=4x+5
The equation of line BC is
2-5
-5=——(x-0
Y 3—0( )
y=—-X+5

The equation of line CAis

(x+1)

Required area = Area of AABC
The equation of line CAis

1-2
2= -3
y —1—3(X )

= — 4 —
y 4 4

20



27. Find the equation of the plane passing through the intersection of the planes

A N A N

T (i +j+ k) =1and 7 <2i +3j — k) + 4 = Oand parallel to x-axis. Hence, find the

distance of the plane from x-axis.

Solution

X-2 y-5 243
-2-2 -3-5 5+43|=0
5-2 3-5 -3+3

X-2 y-5 z+3
—|-4 -8 8 |=0

3 -2 0

= (x—2)(16)—(y—-5)(—24)+(z+3)(32)=0
= 2x+3y+4z=7
2(24+3)+3(24+1)+4(34+5)=7
= 224 =-22
=>A=-1
Therefore, point of intersection is (1,-1,2)

28. There are two boxes | and Il. Box | contains 3 red and 6 Black balls. Box Il contains 5
red and black balls. One of the two boxes, box | and box Il is selected at random and a ball
is drawn at random. The ball drawn is found to be red. If the probability that this red ball
comes out from box Il is ' a find the value of n

Solution

21



E, = selecting box I

E, = selecting box Il

A = getting a red ball from selected box
1

N
X

Wik N
+

n+5
3 15

5 n+20

(n+20)3=75
3n=15
n=>5

22
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Date: 21.03.2018 Mathematics - Solutions
Section- A
1. If ¢ *p denotes the larger of ‘a’ and ‘b’ and if a0 b = (a*b)+3 , then write the value of (5)°(10), where

* and o are binary operations.

Sol:  (5)°(10)=(5*10)+3=10+3=13

2. Find the magnitude of each of the two vectors , and g , having the same magnitude such that the angle

9
between them is 60° and their scalar product is )

Sol:  Given:
2] :‘E‘ and 0 =60° and a-b _2
2
~a-b= |5”B‘cos 0

2 | [a]cos 60°
2

= =fa <
2 2
it =9
[a] =3= o]
0 a 3
. A == 2 0 3 . [P ] [3 )
3. If the matrix is skew symmetric, find the values of ‘a’ and ‘b’.
b 1 0
Sol: -+ Ais skew symmetric matrix

a,=-a, =>a=-2

and a,, =-a,; = b=3



4. Find the value of tan™' ﬁ—cot“ (—\@)

Sol:  tan™ (\/g)—co‘f1 (—\/g) =k(say)
as cot” (—x)=m—cot™' x

k= tan ! (V3) - (m-cot” (45))

T s
=——m+—
3 6
T
=—-T
2
__I
2
Section- B
5. The total cost C (x) associated with the production of X units of an item is given by

C(x)=0.005x" —0.02x* +30x +5000. Find the marginal cost when 3 units are produced, where by

marginal cost we mean the instantaneous rate of total cost at any level of output.
Sol: C(x) =0.005x> —0.02x> +30x + 5000

Marginal cost (C,; )= di(C(x)) =0.005x3x” —0.02x2x +30
X

v x=3

C,; =0.005%x3x9-0.02x2x3+30

=0.135-0.12+30

=30.135-0.12
=30.015
1
6. Differentiate tan™' ( +.COS al j with respect to x.
sin x
s Lety=tan" (1+.cos xj
sin x



. y=tan” 2co0s’ %
2sin%cos¥,

dy_dfr_x)_ 1
dx dx\2 2 2
‘ 2 3
7. Given 4 :{ 4 7 } compute 4! andshowthat 24 =9/-4.

Ao 2 3
Sol: 4 7

A|=14-12=2
LAL=T A, =4 Ay =3 Ay,=2

A A T T

A, Ayl |3 2] |4 2

1 1/7 3
LA =—adj(A)==

nIOR AN

7 3
LHS. =2A"'=
4 2

9 0 2 3 7 3
RHS.=9I-A= - =
o ok T

L.HS. =R.H.S.

N

3

8. Prove that : 3sin’1x=sin’l(3x—4x3), Xe{—l l}
22

1 1
. When ——<x<—
Sol: > >
We have,
1

——3xs%:> “ITco<Io Tasp<l



Also, —%gs%: —1<3x—-4x’<1

. sin30 =3x —4x°
= 30 =sin"’ (3x —4x3)

—3sin”' x =sin”' (3x —4x3)

9. Ablack and ared die are rolled together. Find the conditional probability of obtaining the sum 8, given that
the red die resulted in a number less than 4.

Sol:  S={(1,1),(1,2)....(6,6)}
~.n(s)=36

A =Red die resulted in a number less than 4.

={(1,1),(1,2),(1,3),(2,1),(2,2),(2.,3),(3,1),(3,2).(3,3),(4.1),(4.2).(4.3),
(5,1),(5,2),(5,3),(6,1),(6,2),(6,3)}

n(A)="C, =18

B =sum of number is 8

B={(4.4).(6.2).(26).(5.3).(3.5)]

n(B)= °C, =5

ANB={(5.3),(6,2)}

n(AﬂB)zzC1 =2

B
P(x]=Probability of sum of number 8 when Red die resulted in a number less than

:P(AﬂB) n(ANB) 2

1
P(A) n(A) 18 9

10. If @ is the angle between two vectors 2_2}' +3k and 32_2}‘4. k find sin@ .
Sol:  @=i-2j+3k, b=3i-2j+k

j
:(4)f+8j+412

|
N
Y B

[axB|=/(4) +(8) +(4) =I6+64+16 =96



=46
a]=(1)+(4)+9 =14
[b]=vo+d+1=114

96 | a6 246
Ji4x 14| 14 7

Sin9=‘

I1. Find the differential equation representing the family of curves y = ge™**, where a and b are arbitary
constants.

Sol:  y=ae™xe’
y=ae™ xe’

y=ae™ where e’a =a
Differentiate w.r.t. ‘x’

Again differentiate w.r.t. X’
dy _dy dy
dx* dx dx _
; =
y

d’y dyjz
Ra AN e A
ydx2 (dx

cos 2x +2sin” x
12.  Evaluate: .[ > dx
cos” x

dx

cos2x +2sin’ x
Sol: | =j

cos’ x

I:J'1—2sin2xz+25in2xdX
cos” X
I:J.seczx dx

I =tanx +C



13.

Sol:

14.

Sol:

Section- C

dzy dy 2
If y=sin(sinx), that +tanx—+ ycos  x=0
y ( x) prove tha 0 e y
y =sin(sinx) ....(1)
dy
dy . dx .
——=cos(sinX )xcosx = —=—=cos(sinXx)..... 2
5, = cos(sinx) oo = cos(sinx).....(2)
dzy
" =—cos(sinx)xsinx —cosx sin(sinx )cosx .(3)
X
Put(1)and (2) in (3)
dy
5 &
d—};:— X Iy sinx —ycos’x
dx COSX
2
d—};:—gtanx—ycoszx
dx dx
&y

i +j—ytanx+ycoszxzo
X X

Find the particular solution of the differential equation e* tan ydx + (2 —e ) sec’ ydy =0, giventhat ¥ =

when x =(
e*tan ydx+(2—e")sec’ ydy=0

e tan ydx =(e* —2)sec’ ydy

e'dx  rsec’ ydy
J.e"—2_J. tan y

ln‘ex —2‘:1n|tany|+lnC
In|e" ~2|=In(C tan y)

e'—2=Ctany

, T
Given: x=0, y =7

e"—2:Ctan(£j
4

i
4



e"—2=Ctan(£]
4

1-2=Cx1= C=-1
Set—2=—tany

e —2+tan y=0

(OR)

d . T
Find the particular solution of the differential equation d_i +2ytanx =sinx, giventhat y = 0 when x = 3

Sol: ﬂ+(2 tan x)y=sin x
dx

dy
— 4+ —
P )

P=2tanx and Q=sinx

Ide _ eZItanxdx :eZInsecx

I.F=e

_ Insec? x

=e™* * =sec’ x
Soln. y(I.F)=[ Q(I.F)dx
y-sec’ xzj‘sinxxsec2 xdx
ysec’ x:Itanxsecxdx

ysec’ x=secx+C

T
Given ¥y=0 XZE
sec£+C=0

3

C:—seczz—2
3

. ysec’ x=secx—2

ysec’ x—secx +2=0



15. Find the shortest distance between the lines.
?:(42—})+2,(2+2}—31}) and?:(E—}+2l})+u(2§+4}—5/€)

Sol: ?:(42—})+1(2+2}—3/€)=5+M§ (say)
;=(f—}+2l€)+y(2§+4}'—51§)=2+y3 (say)
.-.E-Z:(?—}+2/€)—(4§—})=—3§+0}+21€

N

ik
S bxd=|1 2 -3|=2i-j+0k
2 4 -5

|bxd |=4 + 1=+/5

Shortest distance= M
|bxd |

= ‘_—6‘ —iunits
NI

16. Two numbers are selected at random (without replacement) from the first five positive integers. Let X
denote the larger of the two numbers obtained. Find the mean and variance of X.

Sol: X can take values as 2,3,4,5 such that

P(X =2) =probability that the larger of two number 2.

=prob. of getting 1 in first selection and 2 in second selection getting 2 in first selection and 1 in second

selection.
P(x=2)=txi LI 2
574 20

similarly,
P(x=3)=2xLy 124
4 20
P(x=4)=2x1312-0
20



17.

Sol:

P(x) | 2

[\

[\ ]
SIEYS

[\
| oo |

E(X):2><£+3><i+4><£+5><i
20 20 20 20

= =4
20

E(XQ)=4xii+9xi£+16xfi+25xfi

20 20 20 20

_340 _
20

17

V(x)=E(x*)~(E(x))
=17-16
=1

Using propeties of determinants, prove that

1 1 1+3x
1+3y 1 1 :9(3xyz+xy+yz+zx)
1 1+3z 1

1 1 143«
LHS.=[1+3y 1 1
1 143z 1

C,—>C-C,;C,—C,—C,

0 1 3x
=3y 1 0
-3z 1+3z -3z
0 1 X

:(3><3) y 1 0
—z 143z -z

9[—1(—yz—0)+x(y+3zy+z)}

9(yz+xy+3xyz+xz)




=9(3xyz+xy+yz+zx) =RH.S.

Hence proved.

18. Find the equations of the tangent and the normal, to the curve 16x* +9y° =145 atthe point (xl, yl) where
x,=2and y, >0
Sol: . P(x,»)=(2,5) lieson 16x* +9y* =145
16(2)" +9y7 =145
9y, =145-64
9y =81
»=9
y=%3
Buty, >0 ..y =3
o P= (2,3)
16x° +9y° =145 (1)

32x+18yﬂ20
dx

Q_ -32x -—l6x
dx 18y 9y

—-16x2 =32

Slope of tangent = m, ;) = o3 "7
\ 27
Slope of normal =7, 5) = —32

Equation of tangent is,
-32
-3)=—(x-2
(r-3)="22(x-2)
27y—-81=-32x+64

32x+27y-145=0
Equation of normal is,
27
-3)=—(x-2
(r-3)=2(x-2)
32y-96=27x-54
27x-32y-544+96=0

27x-32y+42=0

(OR)



Sol:

19.

Sol:

4

Find the intervals in which the function f (x) = % —x =5x" +24x+12 is

(a) strictly increasing, (b) strictly decreasing.

f'(x)=x"=3x"—10x+24
S'(x)=(x+3)(x=2)(x-4)
f(x) isstrictly increasing

iff'(x)>0

A
<
®

nxe(-3,2)u(4,x)

f (x) isstrictly decreasingif /"'(x)<0

noxe(—0,-3)u(2,4)

2cosx

Find : J.(l—sin x)(1+sin2 x)

2cosx
(1—sin x) (1+sin” x)

Let 1=j

Let sinx=t¢

cosdx=dt

a2
A-0)(1+¢%)
Consider

2 A Bt+C

=+
(I-0)1+2*) 1-t £ +1

_ A +D)+(Bt+C)(1-1)

dx

(1-)(£* +1)

"2=At*+ A+ Bt+C—-Bt* - Ct

=(A-B)* +(B-C)t+(4+C)

- A-B=0,B-C=0 A+C=2

¢
\ 4

4 +o0



20.

Sol:

A=1, B=1,C=1

.'.I=j 1+ Et +21 t
I-t 2(t°+1) ¢t +1

:_4ogp—¢y+%iogpz+4\+tm11@)+<?

2 +1

11y +tan” (1)+C

1
=—lo
508

sin® x+1
(1-sinx)’

1

=—log

5 +tan™ (sinx)+C

Suppose a girl throws a die. If she gets 1 or 2 she tosses a coin three times and notes the number of tails. If
she gets 3,4,5 or 6, she tosses a coin once and notes whether a ‘head’ or ‘tail’ is obtained. If she obtained
exactly one ‘tail’, what is the probability that she threw 3,4,5 or 6 with the ride ?

Let 4 be the event that girl will get 1 or 2

2 1

"6 3

Let B be the event that girl will get 3,4, 5 or 6
4 2

"6 3

P(4)

P(B)
3
P (%) = Probability of exactly one till given she will get 1 or2 = 3

1
P (%) = Probability of exactly one till given she will get3,4,5or 6 = )

PO v
S AT

1

2
=X
3
3
7X7
3 8

1
2
2 1
7X7
372

-

o0 | —
W | —



[—
-

&x3

8
11

21. Let a = 4§+5}'—l;, Z=§—4}+51Ac and ¢ = 3§+}—1Ac .Findavector ;7 which is perpendicular to both .
and b and d-a =21

Sol:  Since 4 is perpendicular to both . and p, therefore, ifis parallel to ¢xp

- d = A(cxb)
ik
=B 1 -1
1 -4 5

/1{(5—4)2—(15+1)}+(—12—1)12}

/1{2—16}—1312}
Given that

d-a=21
/1{2—16}—1312}-(4§+5}'—12):21

A(4-80+13)=21

22. An open tank with a square base and vertical sides is to be constructed from a metal sheet so as to hold a
given quantity of water. Show that the cost of material will be least when depth of the tank is half of its width
. If the cost is to be least when depth of the tank is half of its width. If the cost is to be borne by nearby

settled lower income families, for whom water will be provided, what kind of value is hidden in this question
?



Sol:  Let the length, width and height of the open tank be x, x and y units respectively. Then, its volume is x*y
and the total suface area is x* + 4xy.

Itis given that the tank can hold a given quantity of water. This means that its volume is constant. Let itbe V.
Then,
V=x’y
The cost of the material will be least if the total surface area is least. Let S denote the total surface area.
Then,
S=x’+4xy
We have to minimize S object to the condition that the volume V is constant.
Now,
S=x’+4xy

= S:><2+4—V
X

2,
§=2x—4—\2/andds=2 ﬂ
dx X dx X

ds
The critical numbers of S are given by o =0. y

Now,§= 0 X y
dx X

4V

= ZX—?=O X

2x -4V =0
2x* =4x’y

U

U

= X =2y

2
Clearly,d—§ =2+ 8—\3] > 0 for all x.
dx X
Hence, S is minimum when x =2y i.e. the depth (height) of the tank is half of its width.
Comment : Base is directly proportional to height.

23, 1f(x+y) =xy,ﬁnd%.
Sol: Given:
(x2 +y° )2 =Xy

xt+ytH2x7 Yt =xy

diff. wr.t. x.



4x3+4y3d—y+2 2xzyd—y+2xy2 = xﬂ+y
dx dx dx

dy dy dy
4y’ = +4x’y——x—=y—4x’ —4xy’
Y dx ydx dx Y 4

ﬂ(4y3 +4x2y—x) =y—4x’ —4xy’
dx

dy _ y—4x’ —4xy’
dx 4y’ +4x’y—x
(OR)

d
If x=a(20-sin20) and y = a(1—cos20), find —i when 0 :%_

d.
dy .
Sol:  y=a[l-cos26], E=a(0—2sm20)
b _ —2asin 20
do

x=a(20-sin26), %:a(2—2c0s29)

dy
:Q:ﬁ: —2asin20 (ﬂioj

dx dx  2a[l-cos20] do

do
-2sin @ cosO
—————— = —cotf

2sin” @
ly T 1
— =—cot| — |=——
dx (J NG
Section- D

/4

24. Evaluate : J.

0

sin x + cos x
x
16+9sin2x

/4

Sol: Letl = J.

0

sin X +cos X
—dx
16 +9sin2x

Here, we express the denominator in terms sin X - cos X which is integration of numerator.



. 2 . . .
Clearly, (smx—cos X) =sin’ X +cos’ X —2sinx cos X = 1—sin2x
. . 2
= sin2x =1—(sinx —cosx)

et sin X +cos X
L= dx

o 16+9{1—(sinx—cosx)2}

n/4 .
sinx + cos X
=1= | _ ~dx
o 25-9(sinx —cosx)

Let sinx—cosx =t.Then,d(sinx —cosx)=dt = (cosx +sinx)dx =dt.
Also,x:0:>t:sin0—0050:—1andx:E:M:sinE—cosE:O
4 4 4
T l} dt _lf dt
25-9t 9725 . 91[5j2_t2
9 3

11 { |5/3+t|}
= [=—x lo
9" 2(5/3) R

2/3 1 1 1 1 1
=1 logl—-lo logl—1lo =—1/|logl+logd4|=—I1og4=—1Ilog?2
30[ & g(8/3ﬂ 30{ & g(4ﬂ 30[ 8 & ] 30 & 15 8

(OR)

3

Evaluate : .[(xz +3x+e’ )dx

Sol: I=J.(x2 +3x+e" )dx:If(x)dx (say)

when f(x)=x"+3x+e"; a=1,b=3

h= -2 -

S
S

f(a+rh)=fA+rh)=1+rh)* +3(1+rh)+e""
=4+5rh+r*h* +exe”

=r’h’ +5rh+4+exe”

j‘f(x)dlei_r){loihf(a+rh)



25.

Sol:

= hrnZh(r W +5rh+4+exe™)

n—»0

—llm(2r2h3+52rh2+z4h+e2e xhj

n—»0

(E n(n+l)(2n+l) L 4 e 2 an(e [e"h—1D_h]
3 2 2 eh—l

n n

n+1
=lim —>< >< jx(&+lj+§xnx(ﬁ+lj+8+ (-1

n—e non 2 n \n n e'—1
h

as n—owo .. h—o0

4 1 1 1 . e =D
jf(x)dx-—xlth I+— |[xlim| 2+— |[+lim10x1x| 1+— +8+11mh—
3 n—s n) noe n) noe n h—0 (e —1]

h

e(e’ -1)
1

= §><1><2+10><1x1+8+
8 3
=—+10+8+¢e —e
3
:§+18+e3—e

=—+e —e
3

A factory manufactures two types of screws A and B, each type requiring the use of two machines, an
automatic and a hand - operated. It takes 4 minutes on the automatic and 6 minutes on the hand oper-
ated machines to manufacture a packet of screws ‘B’. Each machine is availble for at most 4 hours on
any day. The manufacturer can sell a packet of screws ‘A’ at a profit of 70 paise and screws ‘B’ ata
profit of Rs. 1. Assuming that he can sell all the screws he manufactrures, how many packets of each type
should the factory owner produce in a day in order to maximize his profit ? Formulate the above LPP and
solve it graphically and find the maximum profit.

Let the factory manufactures x screws of type A and y screws of type B on each day.
Sx20,y20
Given that



Screw A Screw B Availibility
Automatic machine 4 6 4x 60 =240 minutes
Hand operate machine 6 3 4x 60 =240 minutes
Profit 70 paise 1 rupee

The constraints are
4x+6y <240
6x+3y <240
Total profit
z=0.70x+1y
.. L.P.P.is
maximise z =0.7x+ y
subjectto,
2x+3y <120
2x+y <80
x>20,y>0 T

80 E(0.80)

70—

60 —

50

\40 C (0,40)

30—

20 B (30,20)

10—

[ I [ I I
10 20 30 40 50 60 70
A (40,0) D (60,0)

.. common feasible regionis QCBAO




26.

Sol:

Correct point Z=07Tx+y
A(40,0) Z(A4)=28
B(30,20) | Z(B)=41 maximum
C(0,40) Z(C)=40
0(0,0) 7(0)=0

The maximum value of ‘Z’is 41 at (30,20) . Thus the factory showed produce 30 packages at screw A

and 20 packages of screw B to get the maximum profit of Rs.41

Let A={xeZ:0<x<12} showthat R = {(a,b) ca,be A,
relation. Find the set of all elements related to 1. Also write the equivalence class [2].

We have,

a— b|} is divisible by 4} is an equivalence

R = {(a,b) : |a—b|isamultip1e0f4},Wherea,b eA={xeZ:0<x<12}={0,1,2,...,12}.

We observe the following properties of relation R.
Reflexivity : For any a € A, we have

|a—a| =0, which is a multiple of 4.
= (a,a)eR
Thus, (a,a)eR foralla e A.

So, Risreflexive.

Symmetry : Let(a,b) e R. Then,

(a,b)eR

=  |a—b|is amultiple of 4

= |a—b|=4A for someLeN

= |b—a|=4A for some L e N [~ ]a—b|=|b-al]

= (b,a) eR

So, R is symmetric.

Transitivity : Let (a,b)e R and (b,c) e R.Then,
(a,b)eR and (b,c)eR

= |a - b|isamultiple of 4 and |b - c|isamultiple of 4
= |a—b|:4k and|b—c|:4u for some A,pe N

= a—b==14\ and b—c=+4p
=

a—c=t4r1t4p



Sol:

—  a—cisamultipleof 4

=  |a—c|isamultipleof 4

= (a,c)eR

Thus, (a,b)eR and (b,c)eR = (a,c)eR

So, R is transitive.
Hence, R is an equivalence relation.

Let x be an element of A such that (X,l) € R.Then,
|x—1|isamultipleof4

= |x-1=0,4,8,12

= x—-1=0,4,8,12

= x=159 [ 13 ¢A]
Hence, the set of all elements of A which are related to 1 is {1, 5,9} i.e.[1]=[1,5, 9].
& [2]=[2,6,10]

(OR)

X
Show that the function f: R — R definedby /' (X ) = 1 , Vx € R is neither one — one nor onto.

Also,if g: R — R isdefinedas g(x)=2x~1 find fog(x)

X

X+

f:R—>R, f(x)= 1,‘v’xeR

X

Jf(x)=

x; +1

J(x)=f(x,)

X Xy

i+l X+l
20—l
XXy + X =X,X +X,
2 2 _
XX, — X% +x,—x,=0
X%, (x, —x,)—1(x,—x,)=0
(0, =1 (2, —x,) =0
xx,=1 or x,=x,

.. f(x) isnot one-one



X
also y:m
x’y—x+y=0
A>0 if xis real
5. B*—44C>0
(=1)> —4x yx =0
1-4y°>0
(1-2y)(1+2y)=0
2y-H(2y+DH<0

1 1
s =< y<—

2 2

Codomain € R

1 1

el——, —
Butrange [ 5 2}
. Function is not onto

X
x*+1

f(x)= as f:R—R

g(x)=2x-1las g:R—>R

_ _ 8
(ﬁ%)ﬁﬂ—fcﬁxn—aizgiﬁ-

_ 2x—1
(2x—1)2 +1

_ 2x-1
4x” —4x+1+1

o 2x-1
4x* —4x+2
27. Using integration, find the area of the region in the first quadrant enclosed by the x —axis, the line y = x
and thecircle x* + )* =32
Sol: Put y=Xxin x2+y2:32

LxP+xr=32



2x* =32

x*=16
x=4
4 NEY 457
A =.[ylinedx + J. ycircled‘x (4, O) (\/5, 0)
0 4

4 V32
A=.[xdx+ J~ (V32 —=x7)dx
0 4

:(x_;] +JJ37\/(«/3_2)2 —x’dx

0

=(8)+[0+16><%—(2\/E+16Sin1 (%n]

=8+87—8—16sin™" (Lj

V2

=87r—16><%=87r—47r=47r sq units

2 -3 5
28. If A={3 2 —4{,find 4. Useitsolve the system of equations.
1 1 =2
2x-3y+5z=11

3x+2y—4z=-5

x+y—-2z=-3

2 3 5
Sol. AT 2
1 2

S |A|=2(-4+4)+3(-6+4)+5(3-2)=0-6+5=-1%0



Now, A, =0,A,=2,A, =1
A, =-1LA,,=-9,A,=-5
A, =2,A,=23A, =13
0 -1 2 0 1 -2
" A“=ﬁ(ade)=— 2 -9 23|=|-2 9 -23 (1)
1 =5 13| |-1 5 -13

Now, the given system of equations can be written in the form of AX = B, where

2 -3 5 X 11
A=|3 2 —4|,X=|y|andB=|-5
1 1 =2 X -3

The solution of the systemof equations is givenby X = A™'B,
X=A"B

X 0 1 -2 (11
=ly|=[-2 9 -23||-5 [ Using(1)

z -1 5 -13||3

0-5+6 1
=[-22-45+39|=|2
~11-25+39| |3

Hence, x =1,y =2,andz =3

(OR)
1 2 3
Using elementary row transformations, find the inverse of the matrix A= 2 5 7
-2 -4 -5
1 2 3
Sol: A= 2 5 7
-2 -4 -5

|4|=1(-25+28)-2(-10+14)+3(-8+10)
=3-2(4)+3(2)=9-8=1=%0
A7! exists.

A-A" =1



1 2 3 1 00
2 5 714'=(0 1 0
-2 4 -5 0 0 1

R,=R,-2R ; Ry, = R, +2R,

1 2 3 1 00
01 1|4'=[=2 1 0
0 0 1 2 0 1
R =R —2R,

1 01 5 20
01 1|4'=|=2 1 0
001 2 0 1

1 00 3 2 -1

01 0/4'=|-4 1 -1

0 0 1 2 0 1
3 2 -1
I-A'=4"=|-4 1 -1
2 0 1

29. Find the distance of the point (—1,-5, -1 O) from the point of intersection of the line
r= 22—}+2/A€+/1(3;+4j]\'+2/€) and the plane ;(;—}+/’€) =5
Sol:  Cartesian equation of line and plane,

x—=2 y+1 z-2
3 4 2

:(Line)

x—y+z-5=0 : (Plane)

LetQ (a , B, 7/) be point of intersection of line and plane which will satisfy both equation.

a-2 p+1 y-=-2
= = =2{ Sa
3 4 2 (say)

a=31+2,=41-1y=21+2
alsoa—-pB+y-5=0
3A+2—-4A+1+2A4+2-5=0



2=0
La=2,f=-ly=2=0=(2,-12)

((PQ) = J(-1-2) +(=5+1)’ +(~10-2)’
=\V9+16+144

=169

= 13 units



SET-1 MATHEMATICS

Series GBM Paper & Solution Code: 65/1
Time: 3 Hrs. Max. Marks: 100

General Instruction:

(i)  All questions are compulsory

(i) The question paper consists of 29 questions divided into four section A, B, C and D. Sections A comprises of questions of
one mark each, Section B comprises of 8 questions of two marks each, Section C comprises of 11 questions of four marks each
and Section D comprises of 6 questions of six marks each.

(iii) All questions in Section A are to be answered in one word, one sentence or as per the exact requirement of the question.

(iv) There is no overall choice. However, internal choice has been provided in 3 questions of four marks each and 3 questions of
six marks each. You have to attempt only one of the alternatives in all such questions.

(v) Use of calculators is not permitted. You may ask for logarithmic tables, if required.

SECTION - A
Question numbers 1 to 4 carry 1 mark each

8 0
1. If for any 2 x 2 square matrix A, A (adj A) = {O 8} then write the value of |A|.
Solution:

8 0
A (adj A) {0 8},

by using property
A(adj A) =|A| In

8 0
=|All, =
0 8

10
| A|l, =8 —|A|=8
01

2. Determine the value of 'k' for which the following function is continuous at x = 3:

(x+3)2—36
~ < ——  Xx#3
f(x)= x—3
k Xx=3
Solution:
“mf(x):"m(x+3)——36
X—3 X—3 X —
:"m(x+3—6)(x+3+6)
Xx—3 (X—3)
=12

given that f(x) is continuous at x = 3
Iirr31 f(x)="1(3)

=k=12




A2 2
. sin“ X — €os” X
3. Find: J‘_—dx
Sin Xcos X
Solution:
J-sinzx—coszx
Sin Xcos X
—C0S2X
=zj :
sin X
:—2jcot2xdx

_ —2Iog|sm2x|+C
2
=—log|sin2x|+C

dx

dx

4. Find the distance between the planes 2x —y + 2z = 5 and 5x — 2:5y + 5z = 20.
Solution:

2X—y+2z=5...(1)

5x-2:5y+5z2=20

or2x—y+2z=8...(2)

Distance between plane (1) & (2)

_ d1_(:12 —‘i‘—l
Ja?+07+c?| N9

SECTION - B
Question numbers 5 to 12 carry 2 marks each

5. If A is a skew-symmetric matrix of order 3, then prove that det A = 0.
Solution:

0 a b
LetA=|-a 0 c| beaskew symmetric matrix of order 3

-b —c O

0 a b

~|AEl-a 0 c

-b -c 0

| A|=-a(0+bc)+b(ac-0)
= —abc + abc = 0 Proved




6. Find the value of ¢ in Rolle's theorem for the function f(x) = x* — 3x in [—/3, 0].
Solution:

f(x) = x® - 3x

(i) f(x) being a polynomial is continuous on [ —/3, 0]
(i) f(—/3)=f(0) =0

(iii) f'(x) = 3x% — 3 and this exist uniquely on [ /3, 0]
=~ f(x) is derivable on (—/3, 0)

=~ f(x) satisfies all condition of Rolle's theorem

=~ There exist at least one ¢ € (—/3, 0) where f'(c) =0
=3c°-3=0
=>c=tl=c=-1

7. The volume of a cub is increasing at the rate of 9cm % . How fast is it surface area increasing when the

length of an edge is 10 cm?
Solution:
Assumed volume of cube =V

Given that, ?j_\t/ =9cm®/sec

@A _,

dt

I=10cm

NV _dgy_g=ard g

dt dt dt

dl 3

= s 1

dt 12 @
dA d di 3

Now — =—(61%) =121 — =12l x = (form (1
t dt( ) dt Xlz( 1)

= 36 = 36 =3.6 cm?/sec

I 10

8. Show that the function f (x) = x*>—3x? +6x—100 is increasing on R.
Solution: f(x) = x2 — 3x? + 6x - 100

fi(x) =3x* - 6Xx + 6

f(x) =3 (x*—2x +2)

P(x) =3 [(x - 1)2 +1]

f(x) > 0 for all x € R

S f(x) i< increa<ind on R




9. The x- coordinate of a point on the joining the points P(2, 2, 1) and Q(5, 1,-2) is 4. Find its z-coordinate.
Solution:

P R Q
(2,2,1) (5.1,-2)
Let R divides PQ in the ratio k: 1
R(5k+2 k+2 —2k+1j
k+1' k+1' k+1
Given x co-ordinate of R = 4

. 5k+2:4
k+1
=k=2
.. Z co- ordinate = Mz—l
2+1

10. A die, whose faces are marked 1, 2, 3 in red and 4, 5, 6 in green, is tossed. Let A be the event “number
obtained is even" and B be the event "number obtained is red". Find if A and B are independent events.

Solution:
3 1
A={2 4,6} P(A)=—==
{ } P(A) rar
B={1,2 3}
ANB={2} P(B)—§—E
6 2
P(AﬂB)=l
6
1 1 1
Here, P(A) P(B) = —=x—=~—
(A) P(B) 5%5=2

Since, P(A N B) # P(A) P(B), so events A and B are not independent events.

11. Tow tailors, A and B, earn ¥ 300 and X 400 per day respectively A can stitch 6 shirts and 4 pairs of
trousers while B can stitch 10 shirts and 4 pairs of trousers per day. To find how many days should each of
them work and if it is desired to produce at least 60 shirts and 32 pairs of trousers at a minimum labor cost,
formulate this as an LPP.

Solution:
Tailor A Tailor B Minimum Total No.
No. of shurts 6 10 60
No. of trousers 4 4 32
Wage Rs 300/day Rs 400/day

Let tailor A and B works for X days and Y days respectively

S x>0, y=>0
Minimum number of shirts = 60




. 6x+10y >60
3X+5y=>8

Minimum no of trouser = 32

L AX+4y>32

= X+ y=>8

Let z be the total labor cost

. z=300x+400y

.. The given L. P. problem reducers to: z = 300x + 400y
Xx>0,y>0,3x+5y>30andx+y > 8

12Fmdj_x v

Solution:

__IL
M (x+ 4?2 -21

_J' dx

I (22)7 - (x+ 4)?
1 f+(x+4)|
_2F N (x+4)\

SECTION-C
Question numbers 13 to 23 carry 4 marks each

13. If tan™ 3+t ‘lX—+3:E, then find the value of x.
x—4 X+4 4
Solution:
X—3 X+3

tant| X=4_ x+4|_T

[ xX*-9 4
x* —16
(X+4)(x=3)+(x+3)(x—-4) _
(x> -16)— (x*-9)

2x* —24 =T
2X* =-T+24
=
2
x=t [
2

114 1 lcina nraonartice nf deatearminante nrove that




a®+2a 2a+1
2a+1 a+2 l=(a-1)°
3 3
OR
Find matrix A such that
2 -1 -1 -8
1 0|A=|1 -2
-3 4 9 22
Solution:
Use R: = R1 — Ry} R, = R,— R3; R3 = R3
L.H.S.
a®-1 a-1 0
=2a-2 a-1 0
3 3 1
(a-)(a+1) (a-1) O
=l 2(a-1 (a-1) O
3 3 1
Taking common (a—1)?
(@a+) 1 0
=(@a-* 2 10
3 3 1
= (a—1’[(a+1)(1-0)~1(2-0)]
=(a-1D[(a+1)-2]
=(a-1°
=R.H.S.

OR
Let matrix A is

uxl

2 -1 -1 -8
a b

1 0 L d} =1 -2
-3 4 9 22
[ 2a-c 2b—d -1-8

a b =1 -2

| —3a+4c —3b + 4d 9 22
Comparing both the sides
2a—c=-1,

la 1’y A 0O




After solving we get

C=3,d=-4
1 -2
So, A=
3 4
15. If XY +y*=a°, then find d_y
dx
OR
2 2
If e’ (x+ 1) =1, then show that d—zl :[ﬁ) :
dx dx
Solution:

We have x’ +y*=a"
. - d d, .
Differentiating W. r. t. x, we get —(x’)+—(y*)=0. ...... (1)
dx dx

Letu=x" .. logu=ylogx

or i(xy) :xy(zﬂog xﬂJ ...... 2)
dx X dx

Using (2) and (3) in (1),

We get. xy(z+ log xgj+ y* (§ﬁ+ log yjzo. ....... @))
X dx y dx

dy  y*logy+yx™

= (X’ logx + xy“)ﬂ =—(y*logy+yx’™") or —== —
dx dx  x’logx+xy*

OR

Lete¥(x+1)=1




e’(1) + (x + 1)e¥ ] =0
dx

Again differentiating W. r. t . X,

2
(x+1)d—§’+(d—y).1:0

dx dx
dy
d_zyz_ dx
ax*>  (x+1)
d’y  dy dy .
— =——_— [equation (1
dx® dx dx Leq (L]

dy _ (ﬂf
dx*  dx

coso 40
(4 +5sin”0)(5—4cos* 0)

16. Find: j

Solution:

J- coso 40
(4 +5sin” 0)(5—4cos* 0)

=J- cosO
(4 +5sin?0)(5—4(1-sin®0))
J' cos6 do

(sin®0 +4)(4sin* 0 +1)

Putsin 0=t
CosH do =dt

o= j L dt
4+t (1 +4t%)

Consider




1 _At+B Ct+D
(4+t2)(1+4t) A+t 140
1= (At + B)(1+4t?*) + (Ct + D)(4 +t%)
= At + B + 4At® + 4Bt* + 4Ct + Ct® + 4D + Dt?
= (4A+C)t° + (4B + D)t* + (A+4C)t + (B +4D)
4A+C=0=C=-4A
4B+D=0=D=-4B
A+4C =0= A=—4C
B+4D =1

By solvingwe get A=0,B = —i C:i

1 y /5

(4+t )(1+4t) 4+t 1+4t
1
15 4+t2 1 t2

= _%x%tanl(%j+%x%tanl[il+c
Ve

2

(1) + 2 tan “@2t)+C
2) 15

= 3tan‘1(23in 0) —itan‘l(wj +C
15 30 2

T Xxtanx
17. Evaluate: j—dx
5 SEC X+ tan x

OR
4
Evaluate: I{|x—1|+|x—2|+|x—4|}dx
1

Solution:

T

J‘ xtan x

= [—222
4 SeCX + tan x

ax ..

Uy

_ J- X(1— X)(—tan x) dx
5 —Secx—tanx

J-(n x)tanx e

secx+tan X
Adding (1) & (2)




= mtan X
21 =_|. —  dx
0 sec X+ tan X
/2 tan x
:>2|:an ——dx
0 secx+tanx

{ J.Oza f(x)dx = 2'[: f(x)dx whenever f(2a—x)= f(x)}

_ _ tanx

- -[ secx+tanx

_ Jn/Ztan X(sec x —tan x) dx
sec’ X — tan® x

I = nJ- (sec xtan x — tan® x)dx
= njo (sec xtan x —sec’ x +1)dx

| =n[secx—tanx+ x]zl2

=7| lim (secx—tan x)+g—sec0

x>
2
1-sinx m?
=g lim —_—
(% COSX 2
2
) 1-sin?x n°
=glim——M+— —x

& COSX(L+sinx) 2
2

OR
Letf(X)=|x—1]+x-2|+|x—4
We have three critical points x =1, 2, 4
() whenx<1
(i)whenl < x<2
(iif)when2 < x<4
(iv) whenx > 4

FX)=—(x-1)-(x-2)—(x—-4) if x<1
=(Xx-1)-xX-2)-(x-4) if 1<x<2
=Xx-1D+(Xx-2)—(x-4) if 2 <x<4
=(Xx-1D+(x-2)+(x—4) if x<4

s f(x) =-3x+7 if x<1
=—Xx+5 if 1<x<2
=x+1 if 2<x<4
=3x-7 if X =>4




f (x)dx

f(x)dx+j f (x +1)dx

(- x+5)dx+j(x+1)dx

{-*—Sm} 5]
(4 (o e

Z412-4=22
2 2

I|
P — N P — N C—

18. Solve the differential equation (tan™ x — y)dx = (1 + x?) dy.
Solution:

We have

dy tan”x-y

dx 1+ X2

dy y  tan'x

— 4 —

dx 1+x* 1+x°
1
———dx

F =gl

y tant :J'T:]_ XX tan’ldx

tan~tx

=€

Putt= tan™

1.dx

dt =
1+ x?

=te' — jl.e‘dt

1
ye™ x=te'—e' +c
ye™ x=(tanx—1)e™ X +c

tan* x

y=tan"x—1+ce

19. Show that the points A, B, C with position vectors 2f — j+k, I —3] —5k and 3i —

are the vertices of a right-angled triangle, Hence find the area of the triangle.

47§ — 4K respectively,




Solution:

AB=-i-2]-6k
BC=2i—j+k

CA=1-3j-5k

BC.CA=0

BC LCA

A

C B
.. AABC is a right angled triangle

A:%@'”m

A:%J4+1+141+9+25
= 2635

= %\/210

20. Find the value of A, if four points with position vectors 3 +6] +9K, 1 +2] +3k, 2i +3] +k and
4i +6] +2K, are coplanar.

Solution:
We have
P.V.of A =31 +6]+9K

P.V.ofB =i +2j+3k

AB=-2{ —4j-6k
AD =—i-3]-8K
AD =1+ (L—9)k




Now,

2 -4 -6
AB.(ACxAD)=|-1 -3 -8 |=0
1 0 (-9

= 2(-3A+27)+4(-L+9+8)—6(0+3)=0
= 6A—-54-41L+68-18=0

2 -4=0

A=2

-+ AB, AC, AD are coplanar and so the points A, B, C and D are coplanar.

21. There are 4 cards numbered 1, 3, 5 and 7, one number on one card. Two cards are drawn at random
without replacement. Let X denote the sum of the numbers on the two drawn cards. Find the mean and
variance of X.

Solution:

X denote sum of the numbers so, X can be 4, 6, 8, 10, 12

X | NMumber on card | P(x) X P(x) | X" P(x)
4113 1.1.,.1 23 |83
4 3 6
6 0.9 1,1, 1 L
4 3 6
8 | (3.5or (1.7 lxlx2+lxlx2:1 83 64/3
4 3 4 3 3
10 3.7 1.1, ,_1 53 50/3
4 3 6
12 .7 1,1, ,_1 2 24
4 3 6
Mean = XP(x) =8
Variance = XX?P(x) — (EXP(x))* = % —64= ?

22. Of the students in a school, it is known that 30% have 100% attendance and 70% students are irregular.
Previous year results report that 70% of all students who have 100% attendance attain A grade and 10%
irregular students attain A grade in their annual examination. At the end of the year, one student is chosen at




random from the school and he was found to have an A grade. What is the probability that the student has
100% attendance? Is regularity required only in school? Justify your answer.

Solution:
Let E1 be students having 100% attendance
E> be students having irregular attendance
E be students having A grade

30 70

P(E1):m P(Ez)—m

pE1-79, 30 219
E,) 100 100

p| B 210, 70 o
E,) 100 100

By Baye's theorem,

So, P(Ej =
E

E
P(E)P| — 30 21
(&) [Elj _ 100100  _ 63 _ 63
E] 30 21 70 7 63+49 112

= X +
E 100 100 100 100
2

P(El)P£:J+ P(EZ)P[

2

23. Maximize Z = x + 2y
Subject to the constraints

x+2y>100
2X—y=<0
2x +y <200
X,y=>0

Solve the above LPP graphically.

Solution:
X+ 2y =100
2X—y=0...... (1)




e 2 +y =200
PR
-
e
o,

d (100,0) X
x+ 2y=100

Corner points are A (100, 0), B(50, 100), C(20, 40)

Cormer points L=x+12y
A(100. ) 100 <€——— minnmm
B(50, 100) 250 f——t— maximum
C(20, 40) 100 €&—t— mininmum

Maximum at point B and maximum value 250

SECTION-D
Question numbers 24 to 29 carry 6 marks each

-4 4 411 -1 1
24. Determine the product | -7 1 3 ||1 -2 -2 | and use it to solve the system of equations
5 -3 1|2 1 3
X—y+2=4,x-2y—-22=9,2x+y+3z=1.
Solution:
Product of the matrices

-4 4 41 -1 1
-7 1 3|1 2 -2
5 3 -1)j2 1 3
[4+4+8 4-8+4 -4-8+12
=|-7+1+6 7-2+3 -7-2+9
| 5-3-2 5+6-1 5+6-3

8 0 0
=0 8 0|=8l,
0 o0 8
1 -1 17" [4 4 4

Hence |1 -2 -2 :% -7 1 3
2 1 3 5 3 -1

I U D T T Y - P I R T < P o | D




1 -1 17'x] [4
1 2 2| |yl|= 9]
2 1 3 z 1
T/1 -1 17" [4
=1 -2 =2 —{9]
z] |2 1 3 1
X -4 4 4 4
y :1 -7 1 3|=|9
2] 85 3 1 |1
[x] [-16 +36 +4]
y 1 -28 +9 +3
2| 820 27 1
X 24
y :1 -16
| Z | 8_—8
L2 16 8
8 8 8

Xx=3,y=-2,z=-1

25. Consider f :R —{—f} >R —{ﬂ} given by f (x) = XF3
3 3 3x+4

and hence find f* (0) and x such that f* (x) = 2.

. Show that f is bijective. Find the inverse of f

OR
Let A=Q x Q and let * be a binary operation on A defined by (a, b) * (c, d) = (ac, b + ad) for (a, b), (c, d) €
A. Determine, whether * is commutative and associative. Then, with respect to * on A
(1) Find the identity element in A.
(i) Find the invertible elements of A.
Solution:

F(x) = X+3 XER—{—E}
3X+4 3

F isone —one —»

Let X1, X2 e R— {_%} and f (x1) = f (x2)

4x, +3  4x,+3

3x +4 - 3X,+4
= 12X, X, +16X, +9X, +12 =12x X, +9x, +16X, +12
ST =TX,=>X =X,

.. fisone —one

C ic AntQn




Letk eR —{g} be any number

4x+3
3x+4
= 4x+3=3kx+4k

4k -3
X=——
4 -3k
AlSO M = _ﬂ
4 -3k 3
implies — 9 = — 16 (which is impossible)
~£[2=3) S ke fisonto
4-3k
.. The function f is invertible i.e. f* exist inverse of f
Let f1 (x) =k
f(k)=x
4k +3
= =X
3k+4
K= 4x -3
4 —-3x

L f(x) = X3 XER—{—E}
4 —3x% 3

f(x)=k =

3
fH0)=-—=

(0) n
and when
f1(x)=2

4x -3
=

4 —3x
= 4Xx-3=8-6X
=10x=11

11
=X=—=

10

=2

OR

(i) Let (e, T) be the identify element for *
- for (a,b) € Q x Q, we have

(8, b)* (e, f)=(ab)=(e,f) " (ab)

= (ae,af + b) =(a, b) = (ea, eb + f)
—ae=aaf+b=Db,a=ea, b=eb+f
—e=1laf=0,e=1,b=(1)b+f
(*.-a need not be '0")
—=e=1f=0e=11=0
S(e,H=(1,0 € QxQ

Y 2 Y - X Y- | PN DR T N [y T < , ¥




(ii) Let (a,b) € Q xQ

Let(c,d) e QxQ

such that

(8, b)*(c,d)=(1,0)=(c,d) *(a b)
= (ac, ad + b) = (1, 0) = (ca, cb + d)
=ac=1l,ad+b=0,ca=1,cb+d=0

:c:l,dz—g,(ljb+d=0(a¢0)
a a \a
(c,d):(l, _—bj(a;tO)

a a

~for a=0,(ab)"= (1 _—bj
a a

26. Show that the surface area of a closed cuboid with square base and given volume is minimum, when it is
a cube.
Solution: If each side of square base is x and height is h then volume
\Y
V= th - h = —
X
S is surface area then

S =4hx +2x% = 4(12]x+ 2x°
X

4V

=S =—+2%°
X
Diff. w. r. to x
2

d—S=—¥+4x and d §:+%+4
dx X dx X
NOWd—S:OZ>4X:%

dx X
=X =V =x=V"?
atX:V1/3,dLZS>O

dx

= S is minimum when x = V**
and h:%:\%zvuszxzh

= X=h means it is a cube

27. Using the method of integration, find the area of the triangle ABC, coordinates of whose vertices are A
(4, 1), B (6, 6) and C (8, 4).
OR
Find the area enclosed between the parabola 4y = 3x? and the straight line 3x — 2y + 12 = 0.
Solution:




A B (6. 6)

(4.1) A,

A

L ]I:) %
4 % B
: : 6-1
Equationof ABisy—1= m(x_4)

= 2y—-2=5x-20

=>y=—-9
Y 2

Equation of BC is
4-6
=>y-6=——-(x-6
y=6=2—5(x-6)

= y=-x+12
Equation of AC is

4-1
=>y-1l=—-(x-4
y-1=g— -4
= 4y -4=3x-12
=>y=—-2

Area of AABC = area ABED + area BEFC — area ADFC

6( 5X 8 6( 3X
:L[;—9)dx+.|.6(—x+12)dx—f4(I—Zjdx
2 6 2 8 2 6
51—9x —X+12x 3L—2x
4 4 2 6 8 4

Parabola 4y = 3x2 ...(1)
line3x—-2y+12=0...12)
3x+12

2
putting this value of y is (1) we get
6X + 24 = 3x?
= X=4,-2
when X =4 theny =12
X=—2theny=3
Required area

+

=7 sq units

OR

from(2) y=

4 4
= _[(y of line) dx — I (y of parabola) dx
-2 -2




:%J:(8+2x—x2) dx

2 4
_3 8x+ x? - X =27 sq. units
4 31,

28. Find the particular solution of the differential equation (x — ) Q =

1.
Solution:
d
(=) g =
dy x+2y
dx X—y
Lety=Vx
&y
dx dx
dv  x+2(Vx)
dx X—VX

(x+2y)

=V +X

dx 1-Vv
Xd_V_1+2V ~V +V?2
dx 1-V
LAY gy
1+V +V X

“I{(ZVH) 3} av = [9X
1+V +V?2 S x

1 2V +1 dv
=3 s

1+V +V?2

BE
X

(X+2y), given that y =0 when x =




:»—1|og|1+V+v2|+§j av ~=log|x|+C
2 2 1 2 \/§
V+j +|
2 2
1
1 3 2 V43
=-"log|1+V +V?|+=—=tan™ =log|x|+C
2 23 3
2
= —>log[l+ 2 + 2| +/3tan'| —X*— |=log| x|+ C
2 X X 3
we have y=0whenx =1
1
:O+«/§tanl(—J:0+C
NG
1
= C=+Btan'—
3
.. Solution
y
2=+1
1 y Yy’ 4 Tx L1
= —=log[l+=+=|++/3tan =log| x|+v3tan" —
SlogL=+ 7 gl x|+3 NG

29. Find the coordinates of the point where the line through the points (3, —4, -5) and (2, -3, 1), crosses the
plane determined by the points (1, 2, 3), (4, 2, —3) and (0, 4, 3).

OR
A variable plane which remains at a constant distance 3p from the origin cuts the coordinate axes at A, B, C.
Show that the locus of the centroid of triangle ABC is iz + iz + iz = iz :
<y z p

Solution:
Equation of line passing through
(3,-4,-5and (2,-3,1)
x—3:y+4:z+5 ()

-1 1 6
Equation of plane passing through
(1,2,3)(4,2,-3)and (0, 4, 3)

Xx-1 y-2 z-3

3 0 -6 =0

-1 2 0
= (x-1)(12)-(y-2)(-6)+(z-3)(6)=0
= 2X+y+z-7=0...(2)
I et anv noint on line (1)




\
AR

isP(-k+3,k—4,6k-5)

it lies on plane

~ 2-k+3)+k-4+6k-5-7=0
5k =10

= k=2

L P(@,-2,7)

Let the equation of plane

XY 2 ..(D

a b c

It cut the co-ordinate axes at A, B and C
.. A 0,0),B(0,b, 0),C(0,0,c)

Let the centroid of AABC be (X, Y, z)

given that distance of plane (1) from origin is 3p

=3
1 1 1 P
PO
1 1 1 1
= 2+F+g_9—pz

OR
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SET-1 MATHEMATICS
Series SSO/1 Paper & Solution Code: 65/1/1/D
Time: 3 Hrs. Max. Marks: 100

General Instructions:

(i) All questions are compulsory.

(i) Please check that this Question Paper contains 26 Questions.

(iii) Marks for each question are indicated against it.

(iv) Questions 1 to 6 in Section-A are Very Short Answer Type Questions carrying one mark each.
(v) Questions 7 to 19 in Section-B are Long Answer | Type Questions carrying 4 marks each.

(vi) Questions 20 to 26 in Section-C are Long Answer 11 Type Questions carrying 6 marks each
(vii) Please write down the serial number of the Question before attempting it.

SECTION - A
Question numbers 1 to 6 carry 1 mark each.

1.0f 5:7f+]—4k and 5:2€+6]+3k, then find the projection of aonb.

Solution:
,_ab_8
ﬂ 7

2. Find A, if the vectors a=1 +3j+k,b=2f — j—k and € =2j +3k are coplanar.

Solution:
1 3 1
2 -1 -=0=1=7
0O 4 3

3. If a line makes angles 90°,60° and 8 with x, y and z- axis respectively, where 8 is Acute, then find 0.
Solution:

T
cos? ”2+cos,2 7T3+c0520=1:¢9=g

. . . -]
4. Write the element a,, ofa 3 x 3 matrix A = (aij) whose elements a, are given a, :%.

Solution:
_2-3_1
Ay = 5 o

5. Find the differential equation representing the family of curves v = A + B, where A and B are arbitrary
r

constants.

Solution:

2
y:_ﬁzljrzd_\zl_FZr@:O
dr r dr dr
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6. Find the integrating factor of the differential equation

(%_L]d_x:l

Jx o x )dy
Solution:
I.LF = j—dx 2%
SECTION -B
Question numbers 7 to 19 carry 4 marks each.
2 0 1
7.1f A=|2 1 3| find A*~ 5A + 4l and hence find a matrix X such that A>—5A+4l+X=0
1 10
OR
1 -2 3
IfA=l0 -1 4| find (A)".
-2 2 1
Solution:
5 -1 2
Getting A>=|9 -2 5
0 -1 -2
5 -1 2 -10 0 -5 4 00
A’ -5A+41=|9 -2 5 |+|-10 -5 -15|+|0 0 O
0o -1 -2 5 5 0 0 0 4
-1 -1 -3
=-1 -3 -10
5 4 2
1 1 3
~X=1 3 10
5 4 2
OR
1 0 -2
A=-2 -1 2
3 4 1
|A'|=1(—9)—2(—5)=—9+10=1;t0
-9 -8 -2

AdjA'=| 8 7 2
5 -4 -1
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-9 -8 2
A(AYT=l8 T 2
5 4 -1
a -1 0
8.1ff(x) =| ax a —1|, using properties of determinants find the value of F(2x) - f(x).
ax’ ax a
Solution:
a -1 0
f(x)=|ax a -
ax’ ax a
R, —>R,—xR and R, >R, —x’R"
a -1 0
f(x)=|0 a+x -1 (For bringing 2 zeroes in any row/column
0 ax+x* a

- f(X)=a(@® +2ax+x*) =a(x+a)’
SR - f(X) = a[2x+a]2 —a(x+a)2
=a X (3x+2a)

9. Fid: | ———M
jsm X +Sin2x

OR
Integrate the following w. r. t. X

X% —3x+1

J1-x?

Solution:

J- dx :I dx :_[ sin x - dx
sin x+sin2x  <sinx (1+2cosx) < (1—cos x)(1+cos x)(1+2cos X)
dt

B _I(l—t)(1+t)(l+ 2t)
_I(%Jr H % Jdt

where cos x =t

1-t 1+t 1+2t

:J% log[1—t| +% log[1+t| —% log[1+ 2 cos x| +¢

J-x —3x+1 _ —Xz)

I 3x—(1
e ° J1-x

OR

dx




'(ﬁliﬂ’t)(llt?(ﬂ .5 EXAMINATION

dx —3'[

1 X
=2| — ——dx— x/:L—X2 dx

—2sin x4+ 31— X2 —%«/1— X2 —%sin‘l X+C

or :gsinlx+%(6— X)N1-x? +¢

10. Evaluate : I(cosax—sin bx)?dx

Solution:

| = ]Z(cos ax —sin bx)2 dx = T(cos2 ax+sin2bx)dx— T 2cos ax sin bx dx

-7 /2 -

_|1_|2

l, = ZJ'(cos2 ax +sin”bx)dx (being an even fun.)
0

I> =0 (being an odd fun.)
=1 —I(1+ cos 2ax +1—cos 2bx) dx

{ S|n2ax SII‘]ZbX}
2a 2b |,

27r+— -sin 2axr — szibﬁ} or 2z

11. A bag A contains 4 black and 6 red balls and bag B contains 7 black and 3 red balls. A die is thrown. If 1
or 2 appears on it, then bag A is chosen, otherwise bag b. If two balls are drawn at random (without
replacement ) from the select bag, find the probability of one of them being red and another black.

OR
An unbiased coin is tossed 4 times. Find the mean and variance of the number of heads obtained.
Solution:
. Let E1: selecting bag A, and E : selecting bag B.

~PE)= 13 P(E)=2

Let A : Getting one Red and one balck ball

4C1.6 C, _g 3 7C1-3Cl _1
P(A/El): 1OC2 _15’P(NE2)_ 1OC2 ~15
P(A)=P(E,)-P(A/E)) +P(E,)- P(A/E,)

18 27 22

315 315 45

OR
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X 0 1 2 3 4
4 3 2 2 3 4
P (x) C, 1 ‘C, 1r(L ‘c, (L ‘c, 11 ‘C, 1
2 2) 2 2) 2 2 )\ 2 2
_ 1 _ 4 _ 6 _ 4 _ 1
16 16 16 16 16
Pix) - 0 4 12 12 4
xP(x) - 16 16 16 16
P () 0 4 24 36 16
xXP () 16 16 16 16
32
Mean = x P(X):EZZ

Variance = x* P(x) - (ZxP(x))2 =% —(2)' =1

12.1f r=xi+yj+zk, find (rxi) . (rxj)+xy
Solution:
FxT:(xf+ yj + zIZ)xf =—yk+7j

rx

:(xf+yj+zl2) j=xk—z
(Fxf),(Fx])=(of+z]—ylZ)-(—zf+oj+xI2)=—xy
(Fxf)-(?x])+xy=—xy+xy+0

13. Find the distance between the point (-1, -5, -10) and the point of intersection of the line
X—-2 _ y+1 _ z-2

3 4
Solution:

and the plane x -y +z =5.

X—=2 y+1 z-2

412
If this is the point of intersection with plane x -y +z=5
Then 31+2—-424+1+124+2-5=0=>4=0

.. Point of intersection is (2, -1, 2)
2
Required distance = \/(2 +1)* +(-1+5)* +(2+10) =13

. Any point on the line is (31+2,44-1122+2)

14. 1f sin [cot‘l(x +1)]: cos (tan™x), then find x.
OR

2
If (tan™x)*+ (cot™'x)* = 5% then find x.

Solution:
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1

4/1+(x+1)2

Writing cot™(x+1) =sin™

1
1+ X

-.sin sin*l; = C0S (cosl#j
1+ (x+1)? 1+ x°

1+x2+2x+1=1+x2:>x=—%

and tan*x=cos™

2

OR
2 2

2
(tan™ x)2 +(cot™ x)2 = 5% = (tan™ x)2 + (% —tan™! xj - 5%

2
2(tan‘1 x)2 _rtantx— g
8

+\7° +31° ju
f_gﬁk _

_ T T
tanlx =

=Xx=-1

J1+ X2 +41-X2
J1+x2 —\1- X2

x*><1, then find Q

15. Ify = tan™
y [ dx

Solution:
Putting X* =cosé, we get

y=tan V1+cosé ++/1-cos@
J1+c0sO —\1—cosé

_tan c039/+sm6/ 1+tan%
cos/ sm9/ 1—tan%

v 6 1 1.2
=240/ -7~ costx
y 4 / 4 2

dy 1 1 X

= — . 2X=—
dx  2{1-x* 1—x*

_ . . ,d’y dy
16. Ifx=acos® +bsin0,y=asin® - bcosO , show that y? d——xd +y=0.
x?

Solution:

ﬁz—asin @+bcos @
de

%zac050+bsin9
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. dy acosf+bsingd X

dx asin@+bcosd y

Or y%+x=0

Y B
dx?  dx dx

17. The side of an equilateral triangle is increasing at the rate of 2 cm/s. At what rate is its area increasing
when the side of the triangle is cm ?

Solution:
Let x be the side of an equilateral triangle
% = 2cmls.
dt
2
Area (A) = 3
dA_ B dx
a2 dt
—, 0A \/_ )=20,/3cm?/
dt
18. Find : J.(x+3)\/3—4x—x2dx.
Solution:

Writing x+3=—%(—4—2x)+1
.'._[(X+3) 3—4x—x? dx=—2£'|‘(—4—2x)x/3—4x—x2 dx+j 7—(x+2)* dx

:—%(3—4x )/ x+2\/3 4x—X? +7S|n (%ZJ C

19. Three schools A, B and C organized a mela for collecting found for helping the rehabilitation of flood
victims. They sold hand made fans, mats and plates from recycled material at a cost of Rs. 25, Rs. 100, Rs.
EO, each. The number of articles sold are given below :
“~._School
Artic‘l‘g"“--.& A B ¢
Hand-fans 40 25 35
Mats 50 40 50
Plates 20 30 40
Find the found collected by each school separately by selling the above articles, Also Find the total founds

collected for the purpose. Write one value generated by the above situation.
Solution:
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HF. M P
A(40 50 20) (25 7000
B| 25 40 30| |100 |=| 6125
Cl35 50 40) {50 7875
Funds collected by school A : Rs. 7000,
School B : Rs. 6125, School C : Rs. 7875

Total collected : Rs. 21000
For writing one value

SECTION-C
Question numbers 20 to 26 carry 6 marks each.
20. Let N denote the set of all natural numbers and R be the relation on N x N defined by (a, b) R (c, d ) if
ad (b +c) = bc (a + d). show that R is an equivalence relation.

Solution:
Va,beN,(ab)R(ab)asab(b+a)=ba(a+b)

- Risreflexive ... 0]

Let (a, b) R (c, d) for (a, b), (c,d) e NxN
~ad(b+c)=bc(@a+d) .. (i)

Also (¢, d) R (a, b) - cb (d + a) =da (c + b) (using ii)
2. RIS symmetric ... (iii)

Let (8, b) R(c,d)and (c,d) R (e, f), fora, b,c,d, e, f eN
sad(b+c)=bc(a+d)andcf(d+e)=de(c+f)

b+c a+d d+e c+f
= and =

bc ad de cf
1
c

. 1 1 1 11 1 1
e —+==—+—and = +—=—+-
b d a e d f c
addingwegetl+l+l+1:£ 1
c b e d d a

= af(b+e)=be(a+f)
Hence (a, b) R (e, f) .. Ris transitive ................... (iv)
Form (i), (iii) and (iv) R is an equivalence relation

1
f

Ol

4+ 4+

21. Using integration find the area of the triangle formed by positive x- zxis and tangent and normal to the

circle x> +y* =4 at (1,«/5).
OR

3
Evaluate j(ez‘3X +x*+1) asa limit of a sum.
1

Solution:
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Eqgn. of normal (OP) : y = J3x
Eqgn. of tangent (PQ) is

Coordinates of Q (4, 0)
1 4
". Req. area = j«/@x dx+_[
1

0

& } ﬁ{“‘xﬂ

zg [16 8—4+ —} 23 sq. units

OR

(ez‘3X +X2 +1) dx here h = 2
n

—limh[f @)+ f L+h)+ f @+2h) +.......+ F A+ (N=D))]

P C—

=limh [(e‘1 +2) +(e‘1‘3h +2+2h+h2)+(e‘1‘6h +2+4h+4h2)+ .......

h—0

+(e‘l‘3(”‘l)h +2+2(n=1)h+(n —l)2 h? )}

—=lim h{el(l+e3h +e 4 . +e3(”l)h)+2n+2h(1+2+....+(n—1)2)J

h—0

o - h(nh—h)(2nh—h
—limh e‘l-e% 1'h+2nh+2nh(nh h)+n (n )( n )
h—0 e n—l 2 6
e -1 5
:e’l( )+4+4+§:—e’le 1+g
-3 3 3 3

22. Solve the differential equation : (tan™'y —x)dy = (1+ y*)dx.

OR
Find the particular solution of the differential equation % = ny > giventhaty =1, Whenx=0.
X X*+y

Solution:

Given differential equation can be written as
dx 1 tan”y

— 4 > X = >

dy 1+vy 1+y




'(2{=$[:=Xllr?~(ij .5 EXAMINATION

. Integrating factor is ™"y
. i} tanty-e™ ™
. Solution is : x-e*"'y=|————d
y=[= vl
=x-e"ly= jt e'dt where tan™ y =t
—te'—e'+c=e""" (tan‘1 y—1)+c
or x=tanty—1+ce™ ¥
OR
q y
Given differential equation is =Y. — — X
X 1+(%)
Putting X:v to get v+x%: v >
X dx 1+v
dv. v ‘—VS
X— = V=
ax 1+V? 1+V?
vZ+1 dx
= dv=—|—
I v: X
= log |v|_i=— log x| +¢
2v°
X2
slogy—-—5=c
gy 2y?
X2
x=0,y=1=c¢c=0..logy———=0
2y
23. If lines X1 = y;l = 2;1 and Xls = y; k.2 intersect , then find the value of K and hence find the
equation of the plane containing these lines.
Solution:

x-1 y+1 z-1

. Any point on line is(24+1,31-1,44+1)

3
22+1-3 :3/1—1—k _ 4ﬂ+1:>/1:_§’ hence k :g
1 2 1 2 2
Egn. of plane containing three lines is
x-1 y+1 z-
2 3 4 =0
1 2 1

=—5(x-1)+2(y+1)+1(z-1)=0
i.e. 5x—2y—-z-6=0
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24. 1f A and B are two independent events such that P(ANB) = %and P(ANB)= l then find P (A) and

P (B).
Solution:
P(Zm B):%: P(K)- P(B):%

B) 1

P(AN —:>P(A) P(E3)=6
~.(1-P(A))P(B) =%or P(B)—P(A)P(B)== .eooeeiieirnnnn, (i)
(

P(A)(1-P(B )):%orP(A)—P(A)-P(B)zé ............................. (i)
From (i) and (ii) P(A)-P(B)=>-—=

_ o (1
LetP (A)=x,P(B)=y ..x= [30+y)

()=y|- (%+yjy_ 5 - 30y*—29y+4=0

Solving to get YZ%OH’Z%
..x:}/orx=7
Hence P(A) }/ ( %5) OR P(A A P(B:%)

25. Find the local maxima and local minima, of the function f(X)=sinx, 0 <x<2m. Also find the local

maximum and local minimum values.
Solution:
f (x)=sin x—cos x, 0 < x < 27

f'(x)=0 =cosx+sinx=0o0r tanx=—1,

7
g, 17

1 1 . . .
W3/ \ = =~ _3r
f ( A)_ NG l.e ve so, X 218 LocalMaxima
1 1. . -
" 7 - _— _7
and f ( %)— \/E+2 l.e ve SO, X= 7T4 is LocalMinima

. 1 1
Local Maximum value = —+— :\/5
22

.. 1 1
Local Minimum value :————:\/5
NG

26. Find graphically, the maximum value of z = 2x + 5y, subject to constraints given below :




XAMINATION

2X+4y <8.
3X+y<6
X+y<4
x>0,y>0
Solution:

Correct graphs of three lines
Correctly shading

feasible region

Vertices are
A(0,2),B(1.6,1.2),C(2,.0)

Z = 2x + 5y is maximum

at A (0, 2) and maximum value = 10
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MATHEMATICS

Paper & Solution Code: 65/1
Time: 3 Hrs. Max. Marks: 100

General Instructions:

(i) All question are compulsory.

(i) The question paper consists of 29 questions divided into three sections A, B and C. Section A comprises of 10 questions
of one mark each, Section B comprises of 12 questions of four marks each and Section C comprises of 7 questions of six
marks each.

(iii) All questions in Section A are to be answered in one word, one sentence or as per the exact requirement of the question.
(iv) There is no overall choice. However, internal choice has been provided in 4 questions of four marks each and 2
questions of six marks each. You have to attempt only one of the alternatives in all such questions.

(v) Use of calculators is not permitted. You may ask for logarithmic tables, if required.

SECTION A
Question numbers 1 to 10 carry 1 mark each.

1. If R={(x,y):x+2y=8}is arelation on N, write the range of R.

Solution:
R={(xy):x+2y=8}isarelation on N

Then we can say 2y = 8 — X

X
—4-Z
y 2
S0 we can put the value of x, x=2,4,6only

wegety=3atx=2
wegety=2atx=4
wegety=1latx=6
so range = {1, 2, 3} Ans.

2.1f tan x+tan'y :%, Xy <1, then write the value of x +y + xy.
Solution:

tan™ x+tan'y = %

-1 X+y _z

1-xy 4
X*Y _tanZ
1-xy 4
Xty

= tan

=lor,x+y=1-xy
1-xy

or, X+ Yy+xy=1Ans.
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3. If Ais a square matrix such that A2 = A, then write the value of 7A — (I + A)3, where | is an identity
matrix.
Solution:
A2=A
TA—(1+ A3
TA-[(1+A?(1+A)]=TA-[(11+AA+2A]) (1 +A)]
=7A-[1+ A%+ 2AI11[1 + A]
=T7TA-[I+A+2A] [l + A]
=7TA-[1+3A] [l + A]
=7A—[11+ 1A+ 3Al + 3A7]
=7TA-[I+A+3A+3A]
=7A—[I +7A]
=—1 Ans.

4. If =Y - 4,findtheva|ueofx+y.
2X—y W 0 5

Solution:

If{ *=J Z}:{_l 4} thenx+y=7?
2X—y W 0 5

we can compare the element of 2 matrices. so
X—y=-1...(Q1)

2x—y=0...(2)

On solving botheq"we get > x=1,y=2
sox+y=3Ans.

5. If 3 7‘:‘8 7‘, find the value of x.
-2 4/ |6
Solution:
3x 7 B 8 7
-2 4 _‘6 4

on expanding both determinants we get
12x +14 =32 - 42

12x + 14 =-10
12x =-24
X =-2 Ans.
6. If f (X) :Itsin t dt, then write the value of f ' (x).
0
Solution:

f(x) = [tsintdt
0

=>f (x)=1xsinx-0
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=X sin X Ans.

7. Evaluate :
4
X
_[ 5 dx
5 X +1
Solution:

IZJ.ZLdX

5 X*+1
at x=2
= 2xdx = dt t=5
atx=4

1
dx = = dit
Put x2+1=t Xx=3 t=17

Y1/2
o= | —=Edt
15

4
1 17
- E[Ioghﬂ 4
1
= E[Iog 17 —log 4]

= %Iog (17/4) Ans.

8. Find the value of 'p' for which the vectors 3i + 2] +9k and i —2pj +3k are parallel.
Solution:

Let a=31+2]+9k, b=i—2pj+3k

If a, bare parallel vector then their exist a, A such that

a=Ab
So(3r+2j+9ﬁy=z(i—2ﬁ+3£)
compare 3 =3 4 2=-2pk 0=3j
A=3

put A =3 in 2= —2pL
2=-2p.3

1
=—— Ans.
P=73
9.Find a.(bxc),if a=2i + j+3k,b=—f +2]+k and c =31 + j + 2k.

Solution:
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If a=2i+]j+3k b=—1+2]+k,c=3+j+2k

2 1 3
Then é.(BxE): -1 21
3 12
expand along R1=2[4-1]-1[-2-3]+3[-1-6]
=6+5-21=-10

-X_y+4 21-6
7

. : : 3 : . .
10. If the Cartesian equations of a line are , Write the vector equation for the line.

Solution:
Cartesian eq" of line is 3-x_y+4_22-6
7 4
we can write it as x-3_y+4_z-3
-5 7 2

so vector eq" is T =(3i—4j+3K)+ 1 (=51 +7]+2K)
where A is a constant

SECTION B
Question numbers 11 to 22 carry 4 marks each.

11. If the function f: R — R be given by f(x) =x? + 2 and g : R — R be given by g(x) = Ll x# 1, find
X_

fog and gof and hence find fog (2) and gof (-3).
Solution:

f:R>R f(X)=x*+2

g:R—>R;g(x)=L,x¢1
x—-1

fog = f(9(x))

(5

=X—22+2

(x-1)

X2 +2(x -1)?
o
_XP42x2—4x+2
(Y

3 —4x+2

(x-1)
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gof =g(f(x))
=g(x"+2)
(¥*+2)  x242 1
= > =1+—2
(x2+2)—1 X2 +1 X

3(2)° - 4(2)+2
(2-17
1 u_,1

- fog(2) = =6

90f (=3) =1+ 371" 10 ‘10

12. Prove that tan‘l[ COS X, — < x<1

Jm_m}_ﬁ 1

Arx+l-x| 4 2 J__
OR
If tanl(iijﬂanl(iﬂ:%, find the value of x.
X— X+
Solution:
Arx-vi ”—1cos X, L <x<1
x/1+x+»\/ 2 "2
In LHS
put X = cos 20

ot J1+c0s26 —/1-c0s26
J1+¢0s26 ++1—cos20

=tan~

) _«/1+ 200520 —1 —/1—1+ 2sin? 9}
| V1+2c0s?0—1++/1-1+2sin?0
:tanl_cose—sine}
| C0SO+sInO

J1-tan®
_1+tan6}
L[ tan(z/4)—tan® }

| 1+tan(z/4).tan 6
=tan"[tan(7/4) - 6]

=tan”

=tan

X =C0s520
7T
=—-0 as -1
4 so,ecos2 X

I lcos‘1 x=RHS  proved
4 2

OR
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tan™ (X;Zj + tanl[izj - a
X—4 X+4) 4

X—2 X+2

X—4 x+4 _T
1_(x—2j(x+2) 4
x—4)\ x+4

:>tan—1[(X_Z)(XM)JF(HZ)'(X_“)}=f
(x—4).(x+4)—(x-2).(x+2) | 4

Use formula, tan™

X*—8+2X+ X" —8-2x _

1
X2 —16—x>+4
2_
2X 16:1
12

=2x2=-12+16=4
=x2=2 x=t/2

13. Using properties of determinants, prove that

X+y X X
5x+4y 4x 2x|=x°
10x+8y 8x 3x

Solution:

X+y X X
To prove, |5x+4y 4x 2x|=X°
10x+8y 8x 3x

X X X y X X
LHS =|5x 4x 2x|+|4y 4x 2X
10x 8x 3x| 8y 8x 3x

1 11 111
=x*|5 4 2/+yx*|4 4 2
10 8 3 8 8 3

Applying C; — C1— C,, C2 — C2 — Cs in the first determinant
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0 01
=x*1 2 2/+yx*x0
2 5 3

As the first two columns of the 2™ determinant are same.
Expanding the first determinant through Ry

1 2
= x3.1.‘2 ‘ =x}(5-4)

5

= x% = RHS thus proved

14. Find the value of g_y at e:%, if x=ae’(sin0—cos0) and y =ae’(sin0 + coso).
X

Solution:
y = ae’(sinB + cosO)
x = ae’(sin 0 — cos0)

dy dy/d6

dx dx/do

(Applying parametric differentiation) ... (1)

Now, % = ae’(cos0 —sin0) + ae’(sin + cos0)

=2ae’(cos0) (Applying product Rule)

j—g = ae’(cos0 +sin0) + ae’ (sin 0 — cos 0)
= 2ae’(sin0)

Substituting the values of ﬂ and % in (1)
do do

dy 2ae’cos6 _

= o =coto
dx 2ae’sin0
Nowﬂate:E
dx 4

[cotb],_, ., = cotg =1

15. If y = Pe® + Qe show that
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9 (arb) y+aby 0.

d 192
Solution:
Ify=Pe™+Qe™ .. .(1)
Y _aper bQe™  ..(2)
dx
d22y =a’Pe™ +b’Qe™  ..(3)
dx

multiplying ... (1) by ab
we get, aby = abPe® + abQe™ ... (4)
multiplying (2) by (a + b)

we get,, (a+ b) = (a+Db)(aPe™ +bQe™) = (a’Pe™ +b?Pe™) + (abPe™ + abQe™)

or, (a’bPe™ +b’Qe™) —(a+b) % + (abPe™ + abQe™)
X

2
or, (;—2—(a+b) y+aby 0

16. Find the value(s) of x for which y = [x (x — 2)]? is an increasing function.

OR
2 2
Find the equations of the tangent and normal to the curve X—2 —# =1 at the point (\/5 b).
a
Solution:
y=[x(x-2)

we know, for increasing function we have f'(x)>0
, d
() =2x(x—2)] [d— X(X — 2)}
X

or, f'(x)=2[x(x— 2)]i(x2 —2X)
dx

=2xX(x—2) (2x - 2)

=4x(x—-2) (x-1)

For f'(x)>0

e, 4x(x-1)(x-2) >0

the values of x are :
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R e e
0 1 2
x [0, U[2,]
OR
X2 y2
The slope of the tangent at (JE a,b) to the curve Pl =1
2x  2yy'
PO
SUR.| . N
&% | payy @D a

The equation of the tangent :
y—-b :M(x—\/ﬁa) {using point-slope form : y —y1 = m(x — x1)}

a

ay —ab =by2x —2ab

or by2x—ay—ab=0

Normal :
The slope of the normal = L
dy / dx
_-1__a
oE b
a

Equation of Normal :

=2
y—b—bﬁ(x J2a)

yby/2 —b?/2 = —ax +/2a?

or ax+by2y—2(@*+b?) =0

17. Evaluate :

T

,[ 4xsin x

————ax
o 1+cos” X

OR
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Evaluate :

J' X+2
X2 +5x+6

Solution:

¢ 4xsinx
= [ XX g
o 1+Cos” X

) '([ 4(1“+ c)(;?s,SI(:c(n X)X)dx {Applying I fa-x= -[ o

dx

J~ 47sin X dx J- 4xsin x

<1+cos’x  gl+cos’X

Or,

I :J- 47sin X dx— |

< 1+cos’ x

T
sinx
4nI
< 1+cos’ x

/2

21 = 4.2 x j _SINX Applymgjf(x)dx 2j fdx i f(2a - x)= f (x)
1+COS X

n/2 -
sinx
I :47:.[ ————dx
o 1+C0s” X

put cos X =t = —sinxdx = dt

aswell forx =0, x=m/2

t=1 t=0
bt
1+t2
|=4nj at {Tf(x)dx:—jf(x)dx
J1+t? |2 b

| = 4n[tan’11—tan’1 0]

—dnxE =2,
4

OR
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J' X+2 dx

VX* +5x+6
d .
put, x +2 =){d—(x +5x+6)j+
X

X+2=2AX+51+p
comparing coefficients of x both sides
1=2A=A=1/2

comparing constant terms both sides,

2=50L+p
1
or, 2=5[ = |+
(5) "
5 -1
or, u=2——=—
H=em575
= 2x+5)——
X+2 (
L 2 24y {as x+2=A(2x+5) +u}
'[\/x +5x+6 J.\/x +5X+6
—(2x+5)
.'.I—J. dx——I
\/x +5x+6 \/x +5x+6
(1) (1)
Sh=1=1,
= I (2x+5) dx, putx*+5x+6=t
#x +5x+6

. (2x+5)dx =dt

-1/2+1

= _[ ! +C=t"24+C=Jx*+5x+6+C
——+1
2

| _1 dx

2 2 % +5x+6

1 dx 1 dx
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LR SRS

%.Iog (x+gj+«/x2+5x+6}+c

Substituting the values of 1y and 12 in (1)
we get,

| =v/x* +5x+6 +%Iog{(x+gj+«/x2+5x+6}+c

18. Find the particular solution of the differential equation % =1+ X+ Yy+Xy, given thaty = 0 when x = 1.
X

Solution:

L] =1+x)+yl+x)

dx

Or,ﬂ =1+y)@d+x)
dx

Or, A = (1+ x)dx
1+y

Ili—yy: J@+xax

X2
Iog|1+y|:x+?+C

giveny=0whenx=1
. 1
|.e.,Iog|I+O|=1+§+C

:>C:—E
2

.. The particular solution is

NG 3
log|l+yl=—+XxX——.
gll+y]| 5 >

or the answer can expressed as
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x*+2x—3

log[1+yl=——

or 1+ y = e(x2+2x—3)/2

or, y — e(X2+2X—3) _1

19. Solve the differential equation (1+ xz)% +y=e"",
X

Solution:

(1+ X ) etan —1x

dy 'y etan?
— 4+ —
dx 1+x* 1+x°

It is a linear differential equation of 1% order.
comparing with standard LDE

Y, px)y =Q(x)
dx

etan™
+x°

P(X)— 2,Q()—

; fidx
Integrating factor IF =/P® =g 1+¢ =g

Solution of LDE
y.IF =le Q(x)dx+C
tan—1x

_ _1x €
y'etan 1x :J'etan 1X.—2dX+C
1+X

tan™ X
g X_j(e “x1C D)y

To solving

tan™ x\2
Cal Y
1+Xx

Put e X =t

Lt

-1
OI’ etan X. >
1+Xx
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tant x tan~tx

I%dx:ftdt

2 tan™ x\2
2 2

+C
Substituting in (1)

a1
tan* x _ (etan X)2 +C

£
y 2

20. Show that the four points A, B, C and D with position vectors 4i +5j+k, — j —k, 3f +9] + 4k and
4(— + ] +k) respectively are coplanar.

OR

The scalar product of the vector =1 + j+Kk with a unit vector along the sum of vectors b = 2i +4j —5k
and €=\l +2]+3K is equal to one. Find the value of A and hence find the unit vector along b +¢.

Solution:

IfP.Vof A=4i +5]+Kk

~

~j-k

os]i
Il

C=31+9]+4k

D=4(—i + ] +Kk)

Points A, B, C, D all Coplanar if [Eﬁﬁ]:o =1
So, AB=PV.of B—PV.of A= —4i—6j—2k
AC=PV.of C—PV.of A= —i-4j+3k
AD=PV.of D—PV.of A= —8 —]+3k

So, so for [E AC ﬁ}

4 -6 -2
=-1 4 3
8 -1 3

expand along R1 —

_4[12 + 3] + 6[-3 + 24] — 2[1 +32]
=_ 60 + 126 — 66
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=0

So, we can say that point A, B, C, D are Coplanar proved
OR

Given > a=i+]+k

b=2i+4]-5k

C=M+2]-3K

So,b+E=(2+A)i +6]—2k

2+ +6] -2k

Unit vector along (5+5)=J( )2
2+A) +36+4

_(2+0)i+6]-2k
J@+21)? +40

given that dot product of & with the unit vector of b +¢ is equal to 1
So, apply given condition

(2+1)+6-2 _
\/(2+X)2+4O

Z>2+7\,+4=»\f(2+7m)2+40

Squaring 36+A% +12A =4+ )1* + 40 +40

1

—=8\L=8
=A=1

21. A line passes through (2, -1, 3) and is perpendicular to the lines

F=(@+]j—K+1r@2 —2j+k)and

=2 — j—3K) +p(i +2] +2K). Obtain its equation in vector and Cartesian form.

Solution:

Line L is passing through point = (21 — j +3k)
If L=>F=@+]-K)+A2 -2]+k)

L =F=(21—j—3k)+u( +2]+2K)

Let drof line L = a, a2, a3
The eq" of L in vector form =
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F=(2 — j+3k)+k(aj +a,] +ak)

k is any constant.
so by condition that L1is perpendicular to L aiaz + bibz + ¢1c2 =0

2a1 —2a+a3=0... (1)
and also

L1L,

S0, a1 +2a +2a3=0...(2)
Solve (1), (2)
3a1 +3a3=0

= & =-9
put it in (2)

ai+2a—2a1=0
sodrofL = (ai,%,—aij

so we can say dr of L = (1,%,—1]

so eq" of L in vector form

N

fz(2f—i+3l2)+k(f+——l2j

N

Xx-2 y+1 z-3

3-D form —» =
1/2 -1

22. An experiment succeeds thrice as often as it fails. Find the probability that in the next five trials, there
will be at least 3 successes.
Solution:

In Binomial distribution

(p+q)"="C,.p"+"C.p" " +"C,.p" ?.q° +......+" C..q
if p = probability of success

g = prob. of fail

given that p =3q ...(1)

we know thatp+q=1

S0, 3g+qg=1
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_1
=3

3
So, p=—
P 4

Now given = n =5 we required minimum 3 success
(p+0)° =°Co.p° + °Crp".q" +°Co.p°.0°

(G

3 53 103
TS
_F+53'+4103° F[9+15+10] 34x27 459
£ £ 16x64 512’
SECTION C

Question numbers 23 to 29 carry 6 marks each.

23. Two schools A and B want to award their selected students on the values of sincerity, truthfulness and
helpfulness. The school A wants to award X x each, X y each and X z each for the three respective values to
3, 2 and 1 students respectively with a total award money of X 1,600. School B wants to spend X 2,300 to
award its 4, 1 and 3 students on the respective values (by giving the same award money to the three values
as before). If the total amount of award for one prize on each value is X 900, using matrices, find the award
money for each value. Apart from these three values, suggest one more value which should be considered
for award.

Solution:

Let Matrix D represents number of students receiving prize for the three categories :

D=

Number of students | SINCERITY TRUTHFULNESS HELPFULNESS
of school

A 3 2 1

B 4 1 3

One student for each | 1 1 1

value

X
X =|y | where x, y and z are rupees mentioned as it is the question, for sincerity, truthfulness and
z
helpfulness respectively.
1600
E =| 2300 | is a matrix representing total award money for school A, B and for one prize for each value.
900
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We can represent the given question in matrix multiplication as :
DX=E
3 2 1]x 1600
or{4 1 3| yl|=|2300
11 1]z 900
Solution of the matrix equation exist if | D | #0
3 21
e, 4 1 3=31-3]-2[4-3]+44-1]
1 11
=-6-2+3
=-5
therefore, the solution of the matrix equation is
X=D'E
To find D: D = |—[1)|adj(D)
Cofactor Matrix of D
2 -1 3]
=-1 2 -1
' 5 -5 -5
Adjoint of D = adj (D)
(-2 -1 5]
=-1 2 -5
'3 -1 -5
{transpose of Cofactor Matrix}
-2 -1 5
~D* _ L -1 2 -5
-5
3 -1 5
Now, X = DE
-2 -1 5 ]/1600
_ L -1 2 -5{ 2300
™3 -1 500
200
=1300
400
~ X =200,y =300, z=400. Ans.
Award can also be given for Punctuality.

N < X

24. Show that the altitude of the right circular cone of maximum volume that can be inscribed in a sphere of

radius r is % Also show that the maximum volume of the cone is 28—7 of the volume of the sphere.
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Solution:
Let R and h be the radius and height of the cone.
r be the radius of sphere.

To show h :£

and Maximum Volume of Sphere

= 8 Volume of Sphere
27

In AABX, AC=h-r
= (h—r)?+ R? = r? {Pythagorus Theorem}
=R’ =r’~(h-r)’

Volume of cone ; V :%nth
l 2 2

or, V :én(r —(h=r)9)h
Y =%n[r2 —h =%+ 2hrh

1 2 3
\Y :én[Zh r—h’]
For maxima or minima, z—\; =0

av 1

Now, — == n[4hr —3h?]
dh 3

Putting, v =0
dh
We get 4hr = 3h?

:>h=£
3
dv 1
pme; =§n[4r—6h]
. 4r
Puttingh= —
9 3
ddv 1 ( 6.4rj
=T 4r ————
dh® 3 3

= —%n[4r]
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Which is less than zero, therefore
h= % is a Maxima

and the Volume of the cone at h = %

will be maximum,

\Y =1nR2h
3

=:—13ﬂ:[r2 _(h=ryTh

1|, (4r jz {41
== rr—|—-r| || =
3 3 3
1 [8r? {41
= —1T0| — _—
379 || 3
_E 4nr®
270 3

= 28_7 (Volume of the sphere)

25. Evaluate :
1
j cos* x +sin* de
Solution:
1
J-cos4 X +sin’ de
14 dx
_ [cos"x
1+ tan* x
_ Jsec xsec’ xdx
1+tan* x
_ I(1+tan X)sec” xdx
1+ tan* x
put tan X = t = sec?x dx = dt
j(1+t )dt
1+t*

(+,+Ddt
- J'%lz—{dividing each by t*}
t—2+t2

(e
(t-) +2
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Putt—%—z :>(1+tjdt dz

_I = —tan*1 74C
2°+2
= itan‘l(tan X_L}FC
V2 tan x
1 -1
=—=tan"(tanx—cotx) +C
7z )
26. Using integration, find the area of the region bounded by the triangle whose vertices are (- 1, 2), (1, 5)
and (3, 4).
Solution:
Let A=(-1,2)
B=(1,5)
C=(34
_+B(L.5)
J:l_{: _LE ;_.’ —— ———:11“(3 (3. 4)
[ | |
- M N

We have to find the area of AABC
Find eq"of Line AB > y—-5= (21 5) (x-1)

3
_5=2(x-1
y 2(x)

2y—10=3x-3
3X-2y+7=0..(1)
_3x+7
S22

Eq" of BC — y—4=(%)-(x—3)

1
y—4—_—2(x—3)
2y—-8=—-x+3
X+2y-11=0 ... (2)
11-x
B
Eq"of AC > y—-4= [_21 2) (x-3)

y—4:%(x—3):>2y—8:x—3
X=2y+5=0...03)
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X+5
RGN

1 3 3
So, required area = I(3X+7jdx+_[(11_xjdx_j(x_+5jdx
AN L2 L2
2 ! 2 PR 2 3
R 9 I PTDSR B DS
212 "], T2 2 | 2|27,

A G oo )

= %[14+ 22 -4 -24]= %[36—28] =4 square unit

27. Find the equation of the plane through the line of intersection of the planes x + y+z =1 and 2x + 3y +
4z = 5 which is perpendicular to the plane x —y + z = 0. Also find the distance of the plane obtained above,
from the
origin.
OR
Find the distance of the point (2, 12, 5) from the point of intersection of the line
F=21 —4]+2K+A(31 +4] +2K) and the plane F.(i —2] +k) =0.
Solution:
EqQ" of given planes are
Pi= x+y+z-1=0
Po= 2x+3y+4z-5=0
EqQ" of plane through the line of intersection of planes Py, P2 is
Pi+ AP2=0
(x+y+z-1)+ A(2x+3y+4z-5)=0
LT+20)x+(1+30)y+(1+40)z+(-1-51)=0...(1)
given that plane represented by eq" (1) is perpendicular to plane
X-y+z=0
so we use formula a1a; + bibz + c1c2 =0
sO(1+21)1+(1+31).(-1)+(1+4A).1=0
1+20-1-31+1+41 =0

3r+1=0
-
3

Put A = —% ineq" (1) so we get

(1—§jx+(1—l)y+(l—gjz+§=0

3 3 3
X—z+2=0Ans.

OR
General points on the line:
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X=2+3A,y=—4+4),2=2+2%

The equation of the plane :

r.(—2j+k)=0

The point of intersection of the line and the plane :
Substituting general point of the line in the equation of plane and finding the particular value of .
[2+30) +(—4+40) j+(2+20)K].(T—2] +k) =0
(2+30).1+(4+40)(-2)+(2+21).1=0
12-3A=0o0r,A=4

=~ the point of intersection is :

(2 + 3 (4), -4 +4(4), 2 + 2(4)) = (14, 12, 10)
Distance of this point from (2, 12, 5) is

= \/(14 -2 +(12-12)* +(10-5)*  {Applying distance formula}

=12% + 52

=13 Ans.

28. A manufacturing company makes two types of teaching aids A and B of Mathematics for class XII. Each
type of A requires 9 labour hours of fabricating and 1 labour hour for finishing. Each type of B requires 12
labour hours for fabricating and 3 labour hours for finishing. For fabricating and finishing, the maximum
labour hours available per week are 180 and 30 respectively. The company makes a profit of ¥ 80 on each
piece of type A and X120 on each piece of type B. How many pieces of type A and type B should be
manufactured per week to get a maximum profit? Make it as an LPP and solve graphically. What is the
maximum profit per week?

Solution:

Let pieces of type A manufactured per week = x

Let pieces of type B manufactured per week =y

Companies profit function which is to be maximized : Z = 80x + 120y

Fabricating hours Finishing hours
A 9 1
B 12 3

Constraints : Maximum number of fabricating hours = 180
S9X+12y <180 = 3x+4y <60 K

Where 9x is the fabricating hours spent by type A teaching aids, and 12y hours spent on type B.
and Maximum number of finishing hours = 30
S X+3y <30

where X is the number of hours spent on finishing aid A while 3y on aid B.
So, the LPP becomes :

Z (MAXIMISE) =80x + 120 y

Subject to 3x+4y <60

X+3y <30

x>0

y>0

Solving it Graphically :
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Z = 80x + 120y at (0, 15)

= 1800

Z =1200 at (0, 10)

Z = 1600 at (20, 0)

Z =960 + 720 at (12, 6)

= 1680

Maximum profit is at (0, 15)
=~ Teaching aid A=0
Teaching aid B = 15

Should be made

29. There are three coins. One is a two-headed coin (having head on both faces), another is a biased coin that
comes up heads 75% of the times and third is also a biased coin that comes up tails 40% of the times. One of
the three coins is chosen at random and tossed, and it shows heads. What is the probability that it was the
two-headed coin?

OR
Two numbers are selected at random (without replacement) from the first six positive integers. Let X denote
the larger of the two numbers obtained. Find the probability distribution of the random variable X, and
hence find the mean of the distribution.
Solution:
If there are 3 coins.
Let these are A, B, C respectively
For coin A — Prob. of getting Head P(H) = 1

For coin B — Prob. of getting Head P(H) = %

For coin C — Prob. of getting Head P(H) = 0.6
we have to find P(é{_| ) = Prob. of getting H by coin A

. i P(%).P(A)
(D)= P(H/A)P(A) +P(Hg)P(B)+ P(H/C)-P(C)

Here P(A) =P(B) =P(C) = % (Prob. of choosing any one coin)

(1)) ()0

Put value in formula so

So, we can use formula




'(1151::)3[:2031: EXAMINATION

1
1
P(%)_1.1+3.1+1(0.6) ~1+0.75+0.6
3 43 3
100
235
:QAns
47
OR
First six numbers are 1, 2, 3, 4, 5, 6.
X is bigger number among 2 number so
Variable (X) | 2 3 4 5 6
Probability
P(X)
ifX=2
for P(X) = Prob. of event that bigger of the 2 chosen number is 2
So, Cases = (1, 2)
S0, P(X)=—— =%__1)
°C, 15
ifX=3
So, favourable cases are = (1, 3), (2, 3)
2 2
P(x) = C, _15....(2)
if X =4 = favourable casec = (1, 4), (2, 4), (3, 4)
3
P(X) _E""(B)
if X =5 = favourable casec = (1, 5), (2, 5), (3, 5), (4, 5)
4
P(X) _E""(4)
if X =6 = favourable casec = (1, 6), (2, 6), (3, 6), (4, 6), (5, 6)
5
P(X) _E""(S)
We can put all value of P(X) in chart, So
Variable (X) | 2 3 4 5 6
Probability 1 2 3 4 5
P(X) 15 15 15 15 15
and required mean = 2(i) + S[EJ + 4(ij + S(ij + G(EJ
15 15 15 15 15
_n = EAns.

15 3




'(2{=$[:=Xllr?~(ij .3 EXAMINATION

MATHEMATICS

Paper & Solution Code: 65/1
Time: 3 Hrs. Max. Marks: 70

General Instructions:

(1) All questions are compulsory.

(if) The question paper consists of 29 questions divided into three sections A, B and C. Section A comprises
0f10 questions of one mark each, Section B comprises of 12 questions of four marks each and Section
Comprises of 7 questions of six marks each.

(iii) All questions in Section A are to be answered in one word, one sentence or as per the exact requirement
of the questions.

(iv) There is no overall choice, However, internal choice has been provided in 4 questions of four marks
each and 2 questions of six marks each. You have to attempt only one of the alternatives in all such
questions.

(v) Use of calculators is not permitted. You may ask for logarithmic tables, if required.

1. Write the principal value of tan™* (y/3) —cot (-3
Solution:
tan*(\3)=n/3
cot*(—3)=n-n/6
Hence
nl/3-(n—n/6)=-m/2

2. Write the value of tan™! {Zsin (Zcos‘l ;H

Solution:

cos™

|G

T
6
=tan™(2sin( 2.n/ 6))

= tan‘l[z.sin Ej
3

= tan‘l{z. ?] =tan*«3=m/3

0o 1 -2
3. For what value of x, is the matrix A={ -1 0 3 |askew-symmetric matrix ?
x -3 0

Sol. The value of determinant of skew symmetric matrix of odd order is always equal to zero
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0o 1 -2
-1 0 3 |=0
x -3 0

~1(0-3x)-2(3-0)=0
= 3x-6=0 =

1 -1]
4. If matrix A = L1 and A? = KA, then write the value of k.

Sol. Given A2 = kA
11 ], 1 4
-1 1|1 1] |11

=L e

-2 2]|-k k

5. Write the differential equation representing the family of curves y = mx, where m is an arbitrary constant.

differentiating with respect to x, we get

dy/dx = m
=~ differential equation of curve
_ xdy
Y=
2 3 5
6. If Ajj is the cofactor of the element ajj of the determinant| 6 0 4 |, then write the value of as; - As..
1 5 7
2 -3 5]
Sol. 6 0 4
1 5 7]
A,, = (-1)**?M,,where M.,is the minor of a,,.
52 5
Az, = (_1)3 ’ 6 4‘
2 5
A, =— 6 4 = A;, =—(8-30)
A, =22

. auA,, =5(22) =110

7. P and Q are two points with position vectors 3a—2band a+ b respectively. Write the position vector of
point R which divides the line segment PQ in the ratio 2 : lexternally. 1
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Sol. P.V.of Pis 3a—2b

P o R

PV.ofQis a+b
Point R divides segment PQ in ratio 2 : 1 externally.
(P.V.of p)1-(P.V.of Q)(2)

PVof R =
1-2
PVof R = (3a—2b)(1)—(a+b)(2) _a-4b
1-2 1
PVof R=4b-a

8. Find \i\ if for a unit vector a, (x —a).(x +a) =15.
Sol. Given‘a‘ =1
(x—a).(x+a) =15
—~12 —12
X —[a] =15
—2
x| —1=15

2
=15+1

2

=16

x|

X

=4

X

9. Find the length of the perpendicular drawn from the origin to the plane 2x — 3y + 6z + 21 = 0.

Sol. _ ax1+by1+czl+d|
Ja? +b? +c? ‘
_|ovororar| a1 2
J22 +32 + 62 J49 7
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10. The money to be spent for the welfare of the employees of a firm is proportional to the rate of change of
its total revenue (marginal revenue). If the total revenue (in rupees) received from the sale of x units of a
product is given by R(x) = 3x? + 36x + 5, find the marginal revenue, when x = 5, and write which value does
the equations indicate.

Sol. R(X) = 3x?+ 36X + 5

MR =d—R=6x2+36
dx
when x=5

MR =30+36 + 66

11. Consider f: R+ — [4, o) given by f(x) = x>+ 4. Show that f is invertible with the inverse f* of f given
by
f-1(y) = \/[y—4, where R+ is the set of all non-negative real numbers.
Sol. f:R" —[4.c0)

f(x)=x*+4

f(x)=x*>4 . (one—one)

Asf(x)=x*+4>4

— Rage =[4.00) = co—domain

onto
Further:y =x*+4
so f is invertible.

= y-4=x* = Xx=tJy-4

Asx>Osox:4/y—4
oy =x—4=F*(x)

or f(y)-\y-4

12. Show that :

tan (lsiné] _4-N7 V7
2 4 3

OR
Solve the folowing equation :

cos (tan™x) = sin(cot‘lg)
Solution:

Let lsin’l§ =0 then 3_ sin 20
2 4 4

Now tan (Esin‘l g) =tan®
2 4
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if sin 26:§then2Ln?:§
4 l+tan“0 4

8 tan6=3+3tan’0
3tan’0-8 tan6+3=0

8+.,/64—-4x3x3|
6

8+28 4+.7
6

3
4+ﬁ0r4—ﬁ
3

3
tan (lsin1 gj = 47 Hence proved.
2 4 3

OR

tan6 =

tan0 =

tan0 =

cos(tan™ x)
LHS.Irttan*x=0 = x=tan®
1 1

cos0 = =
J1+tan?0 1+ x2

Hence cos (tan™" x) = !
NG
43 3
R.HS Letcot " —=0= —=cot0
4 4
thensin® = ! — = L :ﬂ
J1+cot? 0 \/1+9
16
Now LHS = RHS
1 _4
Vi+x? 5
25=16+16x"
, 9 3
X*==— =x==
16 4

13. Using properties of determinants, prove the following :
X X+y X+2y
X+2y X X+Y|=9y*(X+Y)
X+y X+2y X
Solution:
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X X+y X+2y
X+2y X X+Y|[=9y* (X +Y)
X+Yy X+2y X
X X+y X+2y
LHS|x + 2y X X+y
X+Yy X+2y X
Now, applyC, - C, +C, +C,
3X+3y X+Yy X+2y
3X+3y X X+Yy
3X+3y X+2y X
3X+3y X+y X+2y
3(X+Y)|3x +3y X X+Yy
3X+3y X+2y X

-y 2y
3(x+Yy) ‘

A
3y*(x+ y)‘_2 1‘

3y? (X +Y) (=1+4) = 9y?*(x +y). Hence proved.

14. 1f y* = &YX prove that—= dy _(L+logy)*
dx logy

Sol. y*=e"

= X log, y=y—-X (D)
Differentiating w.r.t.x
ldy _dy
= lo +X.= -1
9 Y ydx dx
= log, y+1:d—y 1—— {form(l)—= ! }
dx y 1+log,y

dy 1
log, y+1=—|1-
= 190 dx[ 1+log, yj

d lo
= (log, y+1) d_y[lﬁJ

2
_ dy _ (@+log, y)
dx log, y

15. Differentiate the following with respect to x :
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Sin_l 2x+1.3x
1+(36)"

Solution:

y=sint| 23 |
1+(36)* |

y =sin-t 2".2.3"
1+ (36)*

[ 2y
y =sin L+<6>2X}

y =2 tan*(6)*
dy 2

—= = 6" log 6
dx 1+(6)* g
dy _2.6"log6
dx 1+(36)"
NI+kx —VI-KX jf 1<x <0
16. Find the value of k, for whichf(x) = X , is continuous at x = 0.
2x +1 i
, if 0<x<l1
x-1
OR
_ 3 o wind d’y T
If X = a co0s’0 and y = a sin°0, then find the value OfF ato =€.
X
Solution:
VI+kX - VI-KX jf _1<x <0
f(x)= X ,
2x+1 if 0<x<l1
x-1

function f(x) is continuous at x = 0
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£(0) =lim f (x)
0+1 £J1+kx—\/1—kxj

=——=Iim
X

~ _1—lim J1+kx —1—kx | V1+kx ++1—kx
x>0 X J1+kx ++/1-kx
— _1—1lim (1+2K)—(1—kx)
x=0 X[\1+ kx ++/1—kx]
= -1=Iim 2K
x>0 1+ kX ++/1—kx
:>—1:2—k = k=-1
2
OR
X =acos’ 0 and y=asin’0
d—x=—3acosz"sineand ﬂz?:asinzecose
do do
X =acos’0 and y=asin®0
d—)(:—3z;1c0329sin6and d—y:3asin26ﬁ
doe do
dy
0y _do
dx dx
do
:>d—y:—tan6
X
2
:d—gz—secze 12 .
dx (—3a cos” 6.sin6)
2
:>d—¥:isec46cosece
dx° 3a
[d_yj _L(Lj“z_z
dx? oz 3al 3 27a
17. Evaluate :
_[ COS2X — CO0S 20
COS X — COS L
OR
Evaluate :
J-X—+2dx
X% +2x+3

Solution:
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_[ COS2X —CO0S 20

dx

COS X —CoSsa

-
-

(2cos® x —1) — (2cos® o —1) dx
COS X — COS QL

2(cos®* x —1)(2cos® o —1) dx
COS X —COS oL

= 2_[ (cos x + cos ou)dx

=2

(sin x+xcosa)+c

OR
IZI X+2

— —dx
X2 +2x+3

B I{¢ X
IX?+2x+3

Izj{—(x+1) x+j{—1 }dx
VX2 +2x+3 VX2 +2x+3
I=1,+1,
In 1,let x* +3=t?
(2x+2)dx =2t 2t
— (x+1)dx = tdt
tdt

|1: T t

l, =+/Xx?+2x+3

Now in |1:j; dx:jd—x
X2 +2x+3 X2 +2x+3
l, =log[(x +1)? +4/(x +1)%+2]

Now I=1 +1,

= I = X%+ 2x+ 3+ log(x +1+ /X + 2x+|3) +¢C

18. Evaluate :

dx
.[)(()(S—Jr

Solution:

3)
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dx
! :J-x(xs +3)

| :J‘ﬂ
X(x° +3)

Let x*> =t = 5x“dx =dt

1 dt
IZEIt(t+3)

N | OO
53\t t+3

I = %{Iog t—log(t+3)}+c

1 t
l=—log || —
15 Ogmus}c

19. Evaluate

J.zn#_dx
0 14"
Solution:

1= ("L g ()

0 1+ esinx
2n 1
I = _[0 sin(2n— x) dX
l+e

e
0 1+e Sin X

o esinx
l=| ——
J.O esmx+1
Adding (1) &(2) we get
= 21:_[27[ i dx
0 l+eSInX
= 21=[x]"

= 21=2n
l=m

20. Ifa=i—j+7kand b=5i+ j+Ak , then find the value of A, so that a+b and a—b are perpendicular

vectors.
Solution:
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a=i—j+7k
b= 57+]+ Ak
+b=6i-2j+(7+1)k
a—-b=4i-0j+(7-1k
given (a + b) and (a — b) are perpendicular
.. (@+b).(a=b)=0
{6i — 2j+ (7 + M)K}x{4i—0j+ (7-1)k}=0
6(-4)+0(-2)+(7T+A)(7-A)=0
~24+49-)*=0

A =25=

QD

21. Show that the lines
r=3i+2j—4k +A(i + 2]+ 2K);
r=3i+2j+u(3i+2j+6k)
are intersecting. Hence find their point of intersection.
OR
Find the vector equation of the plane through the points (2, 1, —1) and (-1, 3, 4) and perpendicular to the
plane x — 2y + 4z = 10.
Sol. If the given lines are intersecting then the shortest distance between the lines is zero and also they have
same
common point r = 3i+2j— 4k +A(i + 2+ 2K)
X-3 y-2 z+4
= = =
1 2 2
LetPis(A+3,2A+2,20—4)
Also, 1 =5i — 2+ u(3i + 2j + 6K)

Xx-5 y+2 z-0
=2 2=t S e

LetQis(u+5,2u—2,6u)

If lines are intersecting then P and Q will be same.
A+3=3u+5 (D)

2A+2=2u-2 ...(2)

20 —4 =6u ...(3)

(=2)(Let)
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Solve(2) &(3)
A+l=p-1
2h—2=3n
_ L

3=2un-1
4=2n

put p=-2 ...(3)
20 —4=6(-2)
2A=-12+4
2\ =-8
A=-4
put u & Ain (1)
A+3=3u+5
-4+3=3(-2)+5
-1=-1
. from A =-4then Pis (-1,-6,-12)
from u=-2then Qis (-1,-6,-12)
as P and Q are same

=~ lines are intersecting lines and their point of intersection is (-1, -6, —12).
OR

A2 1.-1):B(-1.3.4)

given plane

90°

[/

AB=0B-0A
AB =-3i+2]—5k
given plane x —2y+4z =10
. M=i-2]j+4k
The required plane is perpendicular to given plane.
Therefore n r of required plane will be perpendicular to n; and AB.
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. n || (nxAB)
n=i- 2] +4k
AB = -3i + 2j—5k
. NixAB =-18i-17]-4k
required plane is
r.n=an
r.(-18i —17j—4K) = (2i + j— k).(-18i —17] - 4k)
I.(~181—17]-4k) = 36 -17 + 4
I.(~181—17]— 4k) = —49
18X +17y +4z = 49|

22. The probabilities of two students A and B coming to the school in time are ; andg respectively.

Assuming that the events, ‘A coming in time’ and ‘B coming in time”’ are independent, find the probability
of only one of them coming to the school in time. Write at least one advantage of coming to school in time.
Sol. If P(A come in school time) = 3/7

P (B come in school time) = 5/7

P (A not come in school time) = 4/7

P (B not come in school time) = 2/7

P (only one of them coming school in time)

=P(A) xP(B) +P(A).P(B)
. 3,2,54_2
77777 10

Y

23. Find the area of the greatest rectangle that can be inscribed in an ellipse _+F =
a

OR

Find the equations of tangents to the curve 3x2 — y2 = 8, which pass through the point (%Oj

Y

Sol. Given ellipse i |s—+— =
h2

v

(acosB. bsmf)
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Area of reactangle

A=2a=c0s6. 2bsin6

A =2ab.sin 20
S A =2ab

OR
Leta point (X,,Y,)
3x*—y*=8=6x-2y.y'=0
3X

= y'=_
y

. Tangenty-y, = X (X—x,)
1

It passing throgh[g,oj

y _ﬁ(ﬂ_xj
1 yl 3 1

=~y =4x, -3 = yi=4x,-3X;
= 33X} —8=3x —4x,

X =2

So 12-y* =8

=y =4 =y =%2

24. Find the area of the region bounded by the parabolay = x?> and y = | x|.
Sol.

Required area = 2[area of AOAB — Area of curve OCBA]
5|1 12
A= 2{5 M) - jo X dx}

a-2|3-3| =a-23|-1
2 3 6] 3

25. Find the particular solution of the differential equation (tan-1y — x)dy = (1 + y?)dx, given that when x =
0, y=0




'(ﬁliﬂ’t)(llt?(ﬂ .3 EXAMINATION

Sol. (tanty — x)dy = (1 + y?)dx
dx _tan”y X
dy 1+y® 1+y?
dx x  tan'y
-+ —
dy 1+y® 1+y?
oy
IF=e*
IF=g™Y

x.IF:IQ.Ide+c

tan'y

etan’lyd c
ey

= x.e®™ Y =I

Puttan'y =t
= x.e™ Y =(te)—(e')+¢

1 -1 -1
= x.e™ YV =tany.e™ Y -e" Vic

26. Find the equation of the plane passing through the line of intersection of the planes F.(?+3]) —6=0and

r.(3]—]—4k) =0, whose perpendicular distance from origin is unity.

OR
Find the vector equation of the line passing through the point (1, 2, 3) and parallel to the planes

r.(3i—j—2k)=5and r.(3i+j+k)=6

Sol. Pis r.(3i+])—6=0
Risx+3y—-6=0
Pis r.(3j—j—4k)=0
Pis3x—-y—-4z=0

Equation of plane passing through intersection of P1 and P2 is P1 + AP2 =0
(X+3y—6)+A(3x—-y—-42)=0
@QA+3A)xX+(B-A)y+(41)z+(-6)=0

Its distance from (0, 0, 0) is 1.

| 0+0+0-6 |
|J+30)7 + 3—0) + (—40)? |

36 =(1+30)2+ (3—1)2 + (40
36=1+9)02+ 61 +9+ A% — 61+ 16)2
36=26A2+10 =2602=26 = A>=1=

Hence required plane is
ForA=1,(x+3y—-6)+1(3x-y-4z)=0
4x+2y-4z2-6=0
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Fora=-1,(x+3y-6)—1(3x-y-4z)=0
—2X+4y+4z-6=0
OR
Pis r.(i—]j+2k)=5
n=i—j+2K
Pis r.(G3i—j+2k)=6
N2 =3i—]+k
The line parallel to plane P1 & P2 will be perpendicular to n: & n:
bl (n:xn2)
ﬁlz?—]+2k
:Bi—]+k
N x Nz =—3i+5j+4k
b——3|+51+4k
Pointis (1, 2, 3)
a=|—1+3k
required lineisr=a|+Ab
r=(i+2]+3K)+ (-3 +5]+ 4| k)

27. In a hockey match, both teams A and B scored same number of goals up to the end of the game, so to
decide the winner, the referee asked both the captains to throw a die alternately and decided that the team,
whose captain gets a six first, will be declared the winner. If the captain of team A was asked to start, find
the irrespective probabilities of winning the match and state whether the decision of the referee was fair or
not.
Sol. P(6 get) = 1/6
P(6 not get) = P (69¢t) =5/6
P.(A win) = P(Aget6) + P(6get).P(6get)P(6get) + P(6get).P(6get) .P(6get). .P(6get)P(6get) +.....+ o0

1 551550565

P.(AAWiNn) ==x—=X=x=X=X—=X —><—><£+ 400
6 6 6
2

6 6 6
1 [5 1 [5)“ 1

=—+| = | X=+| = | X=+...4©
6 \6) 6 (6) 6

1
1
6 36 6

Similarly winning for B
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P(B win) = 1 — P(A win)
1. 6_5
11 11

28. A manufacturer considers that men and women workers are equally efficient and so he pays them at the
same rate. He has 30 and 17 units of workers (male and female) and capital respectively, which he uses to
produce two types of goods A and B. To produce one unit of A, 2 workers and 3 units of capital are required
while 3workers and 1 unit of capital is required to produce one unit of B. If A and B are priced at j— 100 and
j— 120per unit respectively, how should he use his resources to maximise the total revenue ? Form the above
as an LPP and solve graphically. Do you agree with this view of the manufacturer that men and women
workers are equally efficient and so should be paid at the same rate ?

Sol. if Zmax- = 100x + 120y

typeA | typeB
worker | 2 3 30
capitl 3 1 17
Subject to,
2x+3y<30
3x+y<17
x>0

Let object of type A =x
Object of type B=y

pts | coordinate | Z™*=100x+ 120y
O |(0,0) Z=0
NP

3 3
E |(3.8) Z=300+960=1260
C |(0.10) Z=1200

maximum revenue = 1260.

29. The management committee of a residential colony decided to award some of its members (say x) for
honesty, some (say y) for helping others and some other (say z) for supervising the workers to keep the
colony neat and clean. The sum of all the awardees is 12. Three times the sum of awardees for cooperation
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and supervision added to two times the number of awardees for honesty is 33. If the sum of the number of
awardees for honesty and supervision is twice the number of awardees for helping others, using matrix
method, find the number of awardees of each category. Apart from these value, namely, honesty,
cooperation and supervision, suggest one more value which the management of the colony must include for
awards.
Sol. Given
x+ty+z=12....(1)
3(y+tz)+2x=33....(2)
x+2z)=2y.....3)
X+y+z=12
2x+ 3y +3z=33
X—2y+z=
X 12
2 3 3|y|=|33
1 -2 1|z 0

AX=B
A-1(AX) = A-1(B)
- X=A-1B
X=A-1B
X = (Adj.A).B

|Al

1 1 1
|Al =2 3 3

1 -2 1
|A|=13+6)-12-3)+1(-4-3)
|[A|=9+1-7=3

|A[#0
9 3 0

(Adi A)=| 1 0 -1
-7 3 1
9 -3 0 12

(Adi A)B=| 1 0 -1| |33
__7 3 1 3x3 O 3x3
9

(Adj. A) B=|12
15

o _ (AdiA) B

|Al
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9 3 X 3
X=%12:>X=4:>y=4
15 5 z 5

x=3,y=4,2=5.
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