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CHAPTER

APPLICATIONS OF
DIFFERENTIAL
CALCULUS

y| MUST KNOW DEFINITIONS N

+  The tangent line to a plane curve at a given point is the straight line that just touches the curve
at that point.

+  The normal at a point on the curve is the straight line which is perpendicular to the tangent at
the that point.

Intermediate value theorem :

+ Iffis continuous on [a, b] and ¢ is any number between f'(«) and f'(b), then there is atleast one
number x in [a, b] such that f'(x) = c.

Rolle’s theorem :

+  Let f(x) be continuous on [a,b] and differentiable in (a, b). If f(a) =f(b) then there is atleast
one point ce (a, b) where 1’(c) = 0.

Langrange’s mean value theorem :

Let f'(x) be continuous in [a, b] and differentiable in (a, b). Then there exists atleast one point
b) —
¢ € (a, b) such that f’(c) = w
—a

+ Iff(x) is continuous in [a, b] and differentiable in (a, b) and if /’(x) > 0 Vx € (a, b) then for
X, ,X, € [a, b] such thatx, <x, wehave f(x)) <f(x,)

+ Let lim g (x) exists and let it be L and let /'(x) be continuous at x = L.
X—>o

Then lim /(g () =/ lim £(9)

A stationary point (x,, f(x,)) of a differentiable function f'(x) is where f”(x,) = 0

A critical point (x,, f'(x,)) of a function f'(x) is where /’(x,) = 0 or does not exist.

If f'(x) is continuous on a closed interval [a, b], then /" has both an absolute maximum and an
absolute minimum on [a, b].

Fermat’s theorem :

+  Iff(x) has a relative extrema at x = ¢ then c is critical number.

++ 4+

+
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+ [’ Hopital’s Rule :

hm f x)=0= hm g(x), then lim S _ = lim / :(x)
xoa g(x)  xoa g'(x)

+  limpy)=te= hm g(x), then i 7 iy fx)

X—>a

o w Sura’s ' Xl Std - Mathematics ™ Unit 7 = Applications of differential calculus
L e Y N i i Y e S e Y ) N ':
y| IMPORTANT FORMULA TO REMEMBER |\ |
1
1
h
+  Slope or Gradient of a curve hm M = f”(x) [Limit of Newton quotient] E
+  Angle between two curves tan 6 = [———— I
1+ mym, 1
1
+  Iftwo lines are parallel, then m, = m,. !
+  Iftwo lines are perpendicular, then m m, =~ 1 1
+ Taylor's Series : :
1
& " (a) \ f( ) [ (@)(x—a)" -
f@)= 2 G —ay =f @)+ ) e e !
=0 n: n: 1
1
+  Maclaurin's Series : :
n 1
Zf(O) 0+ L SO, :
! n!
:
1
1
1
1
1
1
1
1
1
1

xoa g(x) x-a g'(x)
+  Afunction f(x) is said to be an increasing function in an interval [ifa <b = f(a) <f(b)V a,be 1 !

+ A function f(x) is said to be an decreasing function in an interval I ifa <b = f(a) > f(b)V a,be 1,

d
If o (f(x)) = 0V x € (a,b) then f(x) is an increasing function in (a,b)
X
d . . L
+ If = (f(x))> 0V x e (a,b) then f(x) is strictly increasing in (a,b)
d
+ If — (f (x)) £ 0V x e (a,b) then f(x) is decreasing in (a,b)

+ If d_ (f(x)) < 0V x e (a,b) then f(x) is strictly decreasing in (a,b)
X

+  First derivative test
(i)  Iff(x) changes from negative to positive at c, then f(x) has a local minimum f'(c)
(i)  If f’(x) changes from positive to negative at ¢, then f'(x) has a local maximum f'(c)

(iii) If f"(x) is positive or negative on both sides of ¢, then f'(x) is neither a local minimum
nor a local maximum.
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+  Text for Concavity :
(i)  Iff” (x) > 0 on an open interval I, then f(x) is concave up on 1.
(i) Iff” (x) <0 on an open interval I, then f'(x) is concave down on L
+  Text for points of inflection :

(i) Iff” (c) exists and f”(c) changes sign when passing through x = ¢, then the point
(¢, f(c)) is apoint of inflection of the graph of 1.

(i) Iff” (c) exists at the point of inflection, then f”(c) = 0.

4+ Second derivative test :

1

1

1

1

:

1

1

1

1

1

:

1

1

I

1

| Suppose that ¢ is a critical point at which f”(c) =0, that f”(x) exists in a neighbourhood of ¢ and
! that f”(c) exists.

: Then fhas a relative maximum value at ¢ if /” (¢) <0 and a relative minimum value at ¢ if
! f7(c)>0.1ff” (c) = 0, the test is not informative.

I Symmetric with respect to y - axis if f (x, y) =f(—x,y) V x, y

\ Symmetric with respect to x - axis if f'(x, y) =f(x, =) V x, y

: Symmetric with respect to origin if f'(x, y) =f(—x,—y) V x,y

:
1
:
1
1
1
1
1
:
1
1
:
1
1
1

+ +++

Horizontal Asymptote :
y = L is said to be horizontal asymptote if lim f(x)=Lor lim f(x)=L
X—>0 X—>—0

+  Vertical Asymptote :

x = a is said to be vertical asymptote if lim f'(x) ==+ oo or lim+ fx)==x00
Xx—a Xx—a
+ Slant Asymptote :
A slant (oblique) asymptote occurs when the polynomial in the numerator is a higher degree
than the polynomial in the denominator.

4
1
EXERCISE 7.1 !
Raan! o - S©)=50)
verage velocity
1. A point moves along a straight line in such a | 6-3
way that after 7 seconds its distance from the 1 90-27
origin is s = 272 + 3¢ meters. : = 3
(i) Find the average velocity of the points : . QZ 21 m/s
between 7 =3 and 7 = 6 seconds. : 3
1 fee . A)
(i) Find the instantaneous velocities at 7=3 1 (i) Instantaneous Velocity V() = g 4t+3
and 7 = 6 seconds. | .
sol. (i) Givens = 272+ 3t I Instantaneous Velocity at ¢ = 3
- 1
A 5 w3243 03 1 =V(3) =15 m/sec
G) = G) : [From (1)]
= 2x9+9 | Instantaneous Velocity at¢ = 6
= 27m (D) =V(6) =27 m/sec
1
s(6) = 2x62+3(6) | [From (2)]
1
= 72+18=90m ..(2) 4
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3
x° 24
= logx=—= x=¢
24
- Ithasno Y - intercept.
3 1 X1
5 x)= ———=———
SO = % 8§ x
. X1 g
ffx) = 0= ?= —=>x=8=>x=2
X
‘. The possible intervals are (0, 2) (2,00)
Interval ©,2) (2, )
Sign of f”(x) |Sayx =1, Say x =3,
yrn _ dad |
057 [/0=573
-3 = —+ve
=— —ve
g 24
Monotonicity | Decreasing Increasing
. f(x) is decreasing in (0, 2) and increasing in
(2,00)
6. Since f’(x) changes its sign from negative
to positive, it has local minimum at x = 2.
8
2 f(2) = —=log2
F@) = 5;-log
1
D log2=0.33-0.30=0.03
7. fx) =0=er—eX=0=e =™
11 e
= — = —=1=e=1
e e e
=e="=x=0
. The possible interval of concavity are
(—oo, O) (07 °°)
Interval (o0, 0) 0, )
Sign of f”(x) | Say x =1, Sayx =+1,
1 -1
e
1= f@="%
(1+¢')’ (1+e™)
2.72 g2
(61 —62) = 3 [e € ]
(3.72)° | __0.37
=(2.72-739) | (1.37)°
— _ve (0.37-0.14)
=+ve
Concavity Concave down | Concave up

orders@surabooks.com

?
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

é

8.  Since y =0, does not exist, it has a horizon-
tal asymptote at y = 0.

9.  Since f”(x) changes its sign from — ve to +
ve, it has point of inflection (0, £(0)) = (0, o).

1V

Ll S Y
et e S

EXERCISE 7.10

Choose the Correct or the most suitable
answer from the given four alternatives :

,

d
Hint : &=3n cm’/sec,—= ?,r=
dt dt

2.

The volume of a sphere is increasing in

volume at the rate of 3 tcm?/ sec . The rate of
1

change of its radius when radius is —cm

(1) 3 cm/s (2) 2cm/s

(3) 1cm/s 4) %cm/s
[Ans. (1) 3 cm/s]

dr

v = T—Tr

dv 4 dr
= — = —qmx3r7—
dt 3 dt

2
= 34 = i,{xz(lj s
dr

dt

A balloon rises straight up at 10 m/s. An
observer is 40 m away from the spot where
the balloon left the ground. Find the rate of
change of the balloon’s angle of elevation

in radian per second when the balloon is 30
metres above the ground.

= 3 =
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ADDITIONAL QUESTIONS

. Choose the Correct or the most
suitable answer from the given four
alternatives :

1. If a particle moves in a straight line according
to s = £ — 6> — 15¢, the time interval during
which the velocity is negative and acceleration
is positive is

(1) 2<1<5 Q) 2<1<5
(3) 22 @) <2
[Ans: (1) 2<¢<5]
d
Hint : v=%232_12-15
dr
vV =0

= 3£-12t-15 =0
= 3[-4t-5] =0
= 3(-50+1) =0
SV =3(@+5) @+
Velocity is negative in [0, 5)

Acceleration = 4L =6t—12
dt
Acceleration = 6(t—2)
Acceleration is positive in (2, o)
Time interval (2,5).
2. The law of linear motion of a particle is given
by s = % £ — 16t, the acceleration at the time

when the velocity vanishes is
Hm4 @6 A 2 “4 8

[Ans: (4) 8]
. 1
Hint : s =§t3—16t
d.
L —p16:£-16=0
dt
= t =14
d’s
- =2t
dt

orders@surabooks.com
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3. If the rate of increase of s = x> — 5x? + 5x + 8 is
twice the rate of increase of x, then one value
of x is

3 10 3 1
1) = 2) — 3) — 4) —
M5 BT 05 @3N
[Ans: (4) g]
Hint : s =x"—-5x*+5x+8
s dv
dt dt
ds dx
— =B -10x+5—
dt 2 * )dt
dx dx
32 -10x+5)— =2—
Sl v
2 =3x2-10x+5
3x2-10x+3 =0
BGx-1)x-3) =0
1
x=—or3
3

4. The point on the curve y = x? is the tangent
parallel to X - axis is
M (L) 2) 22)3) 44 @ (0,0)

[Ans: (4) (0, 0)]

Hint : y =x?

d
2 oy 5 2=0
dx

= x =0 and (0,0)

5. The equation of the tangent to the curve
y=x2—4x+2at(4,2)is
(1) x+4y+12=0 (2) 4x+y+12=0
(3) 4x—-y—-14=0 4) x+4y—-12=0

[Ans: (3) 4x—y— 14 =0]
d
Hint : 2 _ox 4
dx
m = (ﬂ) =2(4)4=4
dx (4,2)
y=4x+c
2=4@)+c
c=2-16=-14
y =4x—-14
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@ Sura’s  Xll Std - Mathematics ™ Unit 7 =Applications of differential calculus 0
6. The function f(x) = x° + 3x” + 64 is increasing T 2. List - I List - 11
1) | SO
() R (2) (===, 0) i |f ’(c)=%f(a) a) | Rolles’ theorem
(3) (0, ) (4) None of these —d
[Ans: (1) R] i f(c)=0 b) Maplaurin’s
7. Ifx +y =8, then the maximum value of xy series
Sueeeereecranecnnne 2 1) ) Lagranges
(H & (@16 (3) 20 (4 24 - ZB o ma)t o) :EZirrleﬁllue
[Ans: (2) 16]
8. Thecurvey=e"is ccecvrerunene . = (0) , .
(1) conver (2) concave iv. ,12::0 o X" d) | Taylor’s series

(3) convex upwards (4) concave upwards

[Ans: (4) concave upwards] The Correct match is

(i) () (i) (iv)

9. lim iS veveerneenne (1H)b ¢ d a
%30 tan x 2 c a d b

M 1 @ -1 (30 (4) o 3 c a b d
[Ans: (1) 1] 4) c d a b

10. The statement “If fhas a local extremum at ¢ [Ans : 2)i—c ii-a iii—d iv—-b]

and if f'(c) exists then f'(c) = 07 is w.cceeueueee 3. List -1 List - IT

(1) the extreme value theorem i. |Rate of change in|a) |Steepnessofa
(2) Fermats’ theorem vertical length with hill side

(3) Law of mean respect to horizontal

(4) Rolle's theorem length

ii. | Rate of displacement | b) | acceleration
with respect to time

[Ans: (2) Fermats’ theorem]

lll. Match the following :

iii. [ Rate of change in|c¢) | velocity

I List-1 List - 11 velocity with respect
1. | f’(x)changes from | a) | neither a local to time
tveto—veatc minimum nor a iv. | Rate of change in|d) |slope

local maximum elevation with respect

to linear distance

ii. | f’(x) changes from | b) | local maximum
—veto+veatc atc

The Correct match is

(1) (@) (i) (iv)

iii. | /’(x) + ve on both | ¢) | local minimum

sides of ¢ atc
iv. | f’(x) — ve on both | d) | neither a local () a b ¢ d
sides of ¢ maximum nor a 2)d ¢ a b

local minimum

B3 d ¢ b a
4 b ¢ d a
[Ans: (3)i—d ii—c iii—b iv—a]

The Correct match is
(i) () (i) (iv)
()b ¢ d a

O - e m m m m m m m EmE e e, e ..., ., ... mme e SR L o b e m m m mm e e e e ... .- - —m—————————

2y a b ¢ d
B3) b d ¢ a
4 b ¢ a d
[Ans : (1)i—b ii—c iii—d iv—a]
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0 w Sura’s = Xl Std - Mathematics " Unit 7 = Applications of differential calculus
' = ¢
4. For the function f(x) = tan x | 2 MARKS
List - 1 List - 11 \
i. |sec’x a) | f7(x) ' 1. A particle moves in a line so that x =/r.
ii. |2 sec2x tan x b) | /”(0) ! Show that the acceleration is negative and
1 proportional to the cube of the velocity.
ii. |2 c) | f(x) ! Sol. = i
iv. | 16 d) [/Y(0) | o1
I X N\
= — 2
The Correct match is | v dr 2t (1)
i) (i) (i) (iv ! o
() (i) (iii) (iv) : Y
(I) b ¢ d a X Acceleration = ——=— ;2 |=——
@ c a d b : o dr S !
G)b d ¢ a . .. Acceleration is negative.
) 3
(4 c a b d : Acceleration = ( %)
[Ans : (4)i—c ii—a iii—b 4-d]
! 1
IV. Choose the incorrect statement : | = —2(1 2] =2V3
1. Which of the following statement is incorrect? , 2 [using (1]
(1) Initial velocity means velocity at ¢ = 0. : N _ _
(2) Initial acceleration means, acceleration at : Tige, acceleratiol ' negative proportional to
(=0 I the cube of the velocity.
y 1
(3) If the motion is upward, at the maximum | 2. A man 2 m high walks at a uniform spee(.i of
height the velocity is not zero. | 5 km/ hr away from a lamp post 6 m high.
. . . S
(4) If the motion is horizontal, # = 0 when the ! Fﬁng th.e ) af, i the SnstRgRf his
particle comes to rest. : "M A M
[Ans: (3) If the motion is upward, at the | Sol. Let AB be the lamp post. Let the man CD be
MMQMHM@HMVwMWEn&mm]: at distance x m from lamp post and y m be the
! length of his shad t time 7.
2. Identify the incorrect statement. I CHET O ;x it
(1) E%qzammmnﬂmQMnismlhwm%mg: GWmlE— =5km /hr = 5000 m/hr.
function. | !
(2) Every constant function is a decreasing | AABE and CDE are similar
function. : DE BE A
(3) Every identity function is an increasing Ngwesy = — C
function. | CD AB 6
(4) Every polynomial function is continuous s y o _xty Bx D E
[Ans: (2) Every constant functionisa | 2 6
decreasing function.] 1 = 6y =2x+2
3. Identify the false statement : - 4y =2x
(1) All the stationary numbers are critical | X
numbers. I = Yy o= B
Q)%&mWMmﬂmmmﬁmmmWWMSi _ @i:l@:lﬁmm
(3) Atecritical numbers, the first derivative does | dt 2dt 2
not exist. ! =2500 m/hr= 2.5 km/hr
(4) All the critical numbers are stationary ,
numbers. :
[Ans: (4) All the critical numbers are stationary !
numbers.] ¢
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D.ﬁ Sura’s  Xll Std - Mathematics ™ Unit 7 =Applications of differential calculus o
. _ 2 B e
" fhe angont poralllto X st |
Sol. y = x?is continuous on [-2, 2] and differentiable
on [-2, 2] 1. Prove that T < log (1 +x) for x> 0.
fl@) = f(2)= (224 e ;
fb) =fQ)= 22=4 Sol. Letf(x) = log(l+x) —m
s fa) = f(b) 70 1 (I+x)-x
Since the tangent is parallel to X - axis, f’(¢) =0 I+x (14 x)2
= 2¢ =0 1 1
= c =0 = —-

I1+x  (1+x)°

= al 2>0forx>0
(I+x)

.. f(x) is strictly increasing in (0, o)

Lx>0 = f@)>1(0)
= log (I +x)— ﬁ>0

.. Whene =0,y=0
.. AE (0,0) the tangent is parallel to X - axis.

4. Find the maximum and minimum values of
fx)=|x+3VxeR.
Sol. fix) =x+3VxeR
Now, x+3] 20V xeR
= flx) 20VxeR

.. . = log(1+x)>L
So, the minimum value of f(x)is 0

1+x

Also, f(x) = |x + 3| does not have the maximum

X
= —<1 1+
value. 1+x og (1+x)

2.  Find the equation of normal to the cure y = sin’x

53)
at | —,— |.
34

5. Findtheintervalsofincreasing and decreasing
function for f'(x) = x>+ 2x2 - 1.

Sol. fix) =X +2x% -1
2

() = 32 +4x=0 Sol. y =sin“x
= d
= *Gx+4) ¢ 4 d_y =2 sin x cos x = sin 2x
= x =0or—— X
3 dy _2n 3
4 4 m = — 3 = Sll’l? 7 7
The possible intervals are (—oo,——j(——,OJ dx [E’ZJ
and (0, ). 303 10025
.. Slope of the normal = ——=——
4 4 mo 3
Interval =S9=— -—0 (0, =) 1
3 3 . Equation of normal is y —y, = —— (x — x,)

Sign of f’(x) | Sayx=-2 [Sayx = —1 | Sayx=1
3(2)2+ |3(-1)*+4 |3(1)*+4
4(-2)=4 |[-)=-1 |(H=7
+ve —ve +ve

i =5 (1)
: —_— — = = == — —
Y™ 2 B 3

= 123y - 9v/3 = 24y + 81 [Multiply 12+/3 ]

Monotonicity | Strictly Strictly Strictly
increasing | decreasing | increasing

S 24x+ 123y =8n+943.
3. Verify LMV theorem for f(x) =x> -2 x> -x+3
in [0,1]
Sol. fix) = x*-2x2—x+3
') = 3x*—4x—-1
f(c) = 3% —4c—1
fl@) = /0)=3

O - e m m m m m m m EmE e e, e ..., ., ... mme e SR L o b e m m m mm e e e e ... .- - —m—————————
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6 w Sura’s = Xl Std - Mathematics " Unit 7 = Applications of differential calculus
fb) =fO=1r-2-1+3=1 * Sol s =1381t-49¢
Then, if atleast one C € (0, 1) such that ! ds 13849 ()
_ v=—=138-49 (1
b-a ! =13.8-9.8¢
1- _ )
=32 _4¢c-1 = — - ! When ¢ =1,v=13.8-9.8(1)
o der] = 0 E :4dr;1/sec.
4+./16-4(3) : Acceleration = ;; =—9.8 m/sec?
—1 c = 1
2(3) ! At maximum height, v=0
1
_ . - iﬁzgor% ! - 13.8-987 =0
| = 13.8 = 9.8¢
- & ! 13.8
= ¢ U : = t = —=1.40sec
| 9.8
4. The ends of a rod AB which is 5 m long moves ! Att = 1.4 sec,
1
along two grooves OX, OY which at the right , distance (s) = 13.8 (1.40) — 4.9 (1.40)?
1! _ XC
angles. If A moves at a constant speed of 3 : =19.32-9.604=9.716 m
1
m/sec, what is the speed of B, when it is 4m 1 5 MARKS
from O? :
Sol. LetOA = xm,OB=ym i 1. If Rolle’s theorem holds for f (x) = x* + bx?
24,2 — ! 1
Lhegy” -7 3 ! + ax + 5 on [1, 3] with ¢ = (2+TJ find the
B I values of a and b. 3
1
) 5 ! Sol. Given fix) = x* +bx* +ax+ b
1
y | Given that Rolle’s theorem holds for ¢ =2 + ﬁ
O et * A > [ =0
d d ' 2 =
Differentiating, 2x—x +2 y—y =0 : = 3 H2bcta =0
de. " dt - —2b++4b> —4(3)a
dy _ X dx : 59 €~ 6
dt y dt ! 3
U dv —x : _ —2b%N4b" —12a
When E = 5, ?);= 2— : 6
y 1 1 12
Wheny = 4,x2=25_)? 1 aRS> 24— = 2| LH)END 30
eny > X y ! 3 6
— x = 25-16 =3 : —b+~\b* -3a
d 3 -3 ! -
Thus ;y - = . 3
' A\ : _(=b), Vb 3a
5. A ball is thrown vertically upwards, moves | SO 3
according to the law s = 13.8 r — 4.9 # where s 1 Ay
is in metres and ¢ is in seconds. : = r 2= -b=6=>0>b=-6
(i) Find the acceleration at7=1 \
(i) Find velocity at 7= 1 ! Ao VT =3a L
(iii) Find the maximum height reached by ’ 3 NE)
the ball? .
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CHAPTER

DIFFERENTIALS AND
PARTIAL DERIVATIVES

y| MUST KNOW DEFINITIONS [N

+ Linear approximation :
Letf: (a, b) — R be a differentiable function and x; € (a,b)
L (x) =f(x0) +f,(xo) (x _x()) Vxe (a:b)

a . fa+A)-f(x)
+ E _Aliglo Ax _f(xo)

+ df =f"(x) Ax
+ Continuity : Let A= {(x,y)/a<x<b,c<y<d} cRLF:A—>R
F is continuous at (u, v) if
a) Fis defined at (u, v)
b) lim  F(x,y) =L exists
(x.0)—>(u,v)
c) L=Fu,v)
+ Clairaut’s Theorem : Let A= {(x,y) /a<x<b,c<y<d} cR:LF: A >R
If fxy and fy . €xist in A are continuous in A, then f, v fg LinA
+ Laplace’s Equation : Let A= {(x,y) /a<x <b,c <y <d} c R?, F: A - R. A function

O*u 0
U : A — R? is said to be harmonic in A if it satisfies a—Z + 8_)2} =0V (x,y)e A
x y

+ Fis a homogeneous function on A, if there exists a constant P such that F (Ax,Ay) =N F (x,y) V,
A €R such that (Ax, Ay) € A. This constant p is called degree of F. !
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@ @ Sura’s = Xll Std - Mathematics ™ Unit 8 ' Differentials and partial derivatives

y| IMPORTANT FORMULA TO REMEMBER N

+  Absolute error = Actual Value — Approximate value

Actual value — Approximate value
Acutal Value

+ Relative error =

+  Percentage error = Relative error x 100

daf=f"(x) Ax

+  Linear approximation of F at (x,, y,,z,) € A is

+

OF OF OF
F(x,yaz):F(xoayO,Zo)+_ (x_x0)+_ ()/_yo)+_ (Z_Z())
X1(x0.50.20) Ylx0.70.20) Z1(x0,50.20)

+ Differential of F is
OF OF OF
dF = —(@,y,2)dx+ —(x,y,2)dy+ — (x,y,2) dz
ox oy oz

Where dx = Ax, dy = Ay and dz = Az.

0 ow dx ow d
+ Ifw(x, y)is a function of two variables x, y then 7;‘} = 8_:;); + a—;jd—i

: . . 0 ow O0x 0w 0O

+ Ifw(x, y)is a function of two variables (x, y) then K _GNE, OV

os Ox Os Oy Os

+  Euler’s theorem : If F is having continuous partial derivatives and homogeneous on A with
degree p, then

F F F
5 Eaendty Snd tza (3,2 =pF (532 ¥ (52) B,
ox Oy 0z

’ 1 2
EXERCISE 8.1 ! ) 150 151
1 X 3 3 2
1
1. Letfix)= Yx . Find the linear approximation ! 3x?
at x = 27. Use the linear approximation to - £7(27) = L ApG0ot 1 _1
3 p f( ) v 2 3( 2) 27
approximate 327.2. | 30273 3(3%)3 3
Sol. Given f(x) = x : ~.(1) becomes,
Letx, = 27 and Ax=0.2 | \ 1
We know L(x) = £(x,) +1”(x,) | Va2 =3+ 5,02
[}
(x _xo) V x e (a,b) : = 3+4+.0074=3.0074
\ | = 272 = 3.0074
S N272 = £+ f(27)(0.2)  ...(1)
1
Now f(27) = 27 =3 I
:
¢
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Xl $td - Mathematics = Unit 8 » Differentials and partial derivatives

EXERCISE 8.8

Choose the Correct or the most suitable
answer from the given four alternatives :

1. Acircular template has a radius of 10 cm. The
measurement of radius has an approximate
error of 0.02 cm. Then the percentage error
in calculating area of this template is

(1) 0.2% 2) 0.4%
(3) 0.04% 4) 0.08%
[Ans.(2) 0.4%]
e
2nr dr
21 (10) (0.02)
[ 7= 10, dr = 0.02]
24 (146)(0.02)
#(10%)

0.04
0 x100=0.4%

Hint : Area of circle

Approximate area

x100

Percentage error

The percentage error of fifth root of 31
is approximately how many times the
percentage error in 31?

1 1
353 @35 G5 4 31

1
[Ans. (2) 5 |

Hint : Percentage error of 5" root of 31 is — times
the percentage error in 31.

0
3. Hfux,y= e"2+y2, then 6_u is equal to
b

(1) 7 Q) 2 3) Xu (@) Yu

[Ans. (2) 2xu]
x2 +y2

Hint : ux,y) = e

0 222
X 2psy (2x) = 2xu
ox

ov 0
Ifv (x,y) =log (e* + ¢), then & + hd is equal
to ox oy

1
2
@) e +e’

“4) 1
|Ans. (4) 1]

(1) e+e

() 2

Hint : v(x,y) = log(e"+¢&)

ov 1
— e’
. (€)

e* +e’

orders@surabooks.com

?
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
é

0 1
SYanh (@)
oy e’ +e’
ov ov e +e’
L—t— = =1
ox Oy e’ +e
ow |
5. Ifw(x,y)=x,x>0, thena— is equal to
X
(1) xlogx (2) ylogx
3) yx! 4) xlogy
[Ans. (3) 1
Hint : wx,y) = x
ow
. = y—1 1
w
2
6. Iff(x,y)=eY,then is equal to
O0x0y
(1) xye” 2) (A +xy)e”
(3) (I+y)e? @ (1 +x)e”
[Ans. (2) (1 +xy)e® |
Hint : flx,y) = &¥
0
g ev (x)=xeV
oy
°f _o(&
ox0y Ox\ Oy
= x.ev(y)+e¥ (1)
= e (1 +xy)

7. If we measure the side of a cube to be 4 cm
with an error of 0.1 cm, then the error in our
calculation of the volume is
(1) 0.4 cu.cm (2) 0.45cu.cm
(3) 2cu.cm (4) 4.8 cu.cm

[Ans. (4) 4.8 cu.cm]

Hint : vV =d
= error in volume = 3a*da =3 (4)*(0.1)

= 48 (0.1)=4.8 cu.cm

8. The change in the surface area S = 6x? of a
cube when the edge length varies from x to
x,tdx is
(1) 12x,+dx (2) 12x,dx
(3) 6x,dx (4) 6x,*tdx

[Ans. (2) 12x, dx]

Hint : s = 6x?

Change in surface area = 12 xdx = 12x dx
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6 @ Sura’s " Xl Std - Mathematics " Unit 8 » Differentials and partial derivatives
o *Hint: f(x,y,2) = xy+yz+zx

= R (DR ()22 (x-y) 5

0z f. = l=y+0+z=y+z
= —/+/+,2/xf—% T oOx
0

8_w+8_w+8_w P= fz. = l=0+y+x=y+x
ox oy Oz 0z

fo—f. = ytz-y-x=z-x

(1) z—x (2) y—z
() x—z 4) y—x

1

1

1

1

1

1

1

1

1

1

15. Iffix, y,2) =Xy +yz +2x, then f,— £, is equal to |
1

1

1

1

1

[Ans. (1) z —x] l

ADDITIONAL QUESTIONS

m '5. Ifu=x'+y“thenu_+u atx=y=1Iis
x Ty
! (1 o 22 1 e
I. Choose the Correct or the most | [Ans: (2) 2]
suitable answer from the given four | Hint: u +u = 10~ 4y log y—x logx +x)° !
alternatives : | Y - y=1
1. Ify=x*-10 and if x changes from 2 to 1.99, , u tu, = 1+0+0+1=2
the approximate change in y is | ) . i ou
(1) 32 @) -0.32 ) 10 SE- I oRR = Ifthen 270
(3) - 10 (4) 10 [Ans: (2)-0.32] Mm4 A1 30 4) -4
Hint : dy = 4x° dx | [Ans: (3) 0]
= 4(2)* (-0.01)=—0.32 . Hint : ey (x =y +4z-x (1)
2. If the radius of the sphere is measured as 9 ! Ox = 4P —Az—x)
cm with an error of 0.03 cm, the approximate ou Y
error in calculating its volume is : Pl 4(x—y> D) +4(y -2
(1) 9.72 cm? 2) 0.972 cm? ! Y= 4@ A2
(3) 0972mcm®  (4) 9.727mcmd : M gy 1)+ A2
[Ans: (4) 9.721 cm?] | Oz ol g (- zP + 4z —x)
1
d
3. If log,4 = 1.3868, then log,4.01 = : Yoo =0
1
(1) 1.3968 (2) 1.3898 |
(3) 1.3893 (4) none V7. OIf f (x, y, z) = sin (xp) + sin (yz) + sin (zx) then
[Ans: (3) 1.3893] | JfulS
Hint : ¥(x) = f0)+f(x,) (x —x,) ! (1) 7 sin (xy) + 2 cos (x2)
1 ! (2) »?sin (xy) — 2% cos (xz)
10g64.01 = 1.3863 + — (0.01) 1 (3) y2 sin (xy) +Z2 coS (XZ)
A 1
- 13893 ! (4) —*sin (xp) — 22 cos (x2)
2 2 .
4. Ifu=log \x*+y*,then Z—ZJrZ—l; is E [Ans: (4) 5? sin (xy) — 22 cos (x2)]
X y
(1) x*+)? 2) 0 :
G) u @) 2u [Ans: (2) 0] 1
)
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D.ﬁ Sura’s  Xll Std - Mathematics " Unit 8 = Differentials and partial derivatives 0
*
5 MARKS | Y=gy 8
1 ay
3 3 : o
1. Ifu=tan"! (x Ty J ! (lj = 6(3)-38(2)
-y | D oz
ou ou . 1 = 18-16=2
Prove that xa— + ya— sin 2u. | )
x oy | 2 ).,
34,3 ' ox? Ox\ Ox
. _ +y I
Sol. G = tan!| =22
3, .3 : oy’ ay\ Oy
X +y X
= tanu = and X . . . b
xX—y , 3. Using differential find the approximate value
let/ = tanu ! of cos 61 ; if it is given that sin 60° = 0.86603
AAG I and 1° = 0.01745 radians.
Sy = r+y : Sol. Letflx) = cosx,x,=060°dx=1°
X—y 1
1
A8yt B3 4y) : S(xp) = cos60°= —=0.5
S(x, ty) = 3 '
Ix—ty t(x-y) ! f'(x) = —sinxdx
= £2f(x,) : f'(xy) = —sinx,dx
. f(x,y) is a homogeneous function of degree 2. ! 77(60) = —sin 60°(1°)
.. By Euler’s theorem, : — _ (0.86603) (0.01745)
0 0 I
N Y, | — _0.0154
ox. ~ Oy 5 I
1 5 — ’
— R (tan u) + y. F (tan u) | S S) = () ) dx
% 4 I £(61) = 0.5-0.0154
=2 o off IR 1
5 tang [.f= tan u] ! sotand6e® = f(x,) +/7(x,) dx
= x.sectu — +ysec’u & tanu ! cos 61° = 0.4849
ox oy !
Dividing by sec’ u we get, '4. IfV=logrand r*=x?+ )% + 72, then prove
i i ! vV o'V oV 1
u y@_u _ 2511;1u=2smu | that —— + g + o= =,
ox oy sec” u 1 : ox oy 0z r
2
cos - u \ Sol. Givenr? = x?+)?+ 22
= 2sinucosu=sin2u ! log 2 = log (¥ +) + 22
Hence proved. ! = 2logr = log(@+)2+2%)
1
of of o° L2V o= log(x*+y?+ 23 V=logr]
2, Find 2L S0 {atx 2,y=3iff(x,y) 1 )
Ox Oy ox” oy L= V = —log(@+)*+22)
=242 + 3)? — 8xy . 2
so. G = 224328 : y_l_ = 2
ol. lVenf(xé;) = 2x°+3y° -8y | o 2x4p2+z20 raytaz?
el 4x — 8y ! *vV (x2+y2+22)(1)_x(2x)
! ax? (0 2 2, 2)
(le = 42303 I (452 +2%)
X /(2,3) 1 2 20012
= 8§-24=-16 ; = sz
6 (x?+y*+22)
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é @ Sura’s " Xl Std - Mathematics " Unit 8 » Differentials and partial derivatives
22V 2 4x?oy? 5. Ifz=f(x-cy)+F(x+cy) where fand F are
1k A 3 any two functions and c is a constant, show
oy (x?+y?+2%) b o2 otz o
*V _ x*+y? —z? 3 an? oy’ .
2 2
0z (x2 +y2+ 22) Sol. Givenz = f(x—cy)+F(x+c¢y)
Oz

AN AN
R TR
y2+22—x2+zz+x2—y2+x2+y2—z

2

(x2+y2+22)

L4
1
1
1
1
1
1
1
[}
1
1
[}
L}
1
1
I
1
1
1

xz+yz+z2 1 !
1
1
1
I
|
L}
1
1
I
1
1
1
1
1
1
1
L}
[}
é

= fx-ep) (D +Fx+cy) 1)
= fx-cp)+Fx+oy)

#: o)
ox? Ox \ Ox

J' =) +Fxtcy) .. (D)

ox
2

2

2, 2,27 XPayiez 0
v == S-0) P ) ©
1 Y
AN 2
r a—j = ["(x—cy) (A) + F'(x + ey)(?)
Hence proved. oy
= A" —ey) +F(x + )]
(2
0’z ] o’z
— = — using (1
o e [using (1)]
poBRR
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CHAPTER

APPLICATIONS OF
INTEGRATION

X
d
+ First fundamental Theorem of Integral Calculus F(x) =J. Jf(u)du , a <x<bthen d_ (Fx) =f(x)
iy

a

+ Second fundamental Theorem of Integral Calculus J. J(X)dx = F(p) — F(a)
a

e *x""'dx is the gamma integral T'(n)

*
S =3

+ Right end rule for Riemann Integral:

n
I F()dx = i D ()05 = xi0)
n—omax(x;—x;_1)—>0 ;1
+ Left end rule for Riemann Integral:
I f()dx = > /G =30

n—>0max(x;—x;_1)—>0 ;1

+ Mid point rule for Riemann Integral:

If (x)dx = lim o
n—>o0max(x; —X;_ 1)—>OZf (I_IZIJ(xi_xi—l)
i=1
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@ Sura’s  Xll Std - Mathematics " Unit 9 = Applications of integration @
’
EXERCISE 9.1 . . g 1
1 3. Find an approximate value of j (2 - x)dx by
1
1.5 I 1
1. Find an approximate value of J' xdx by | applying the mid-point rule with the partition
1 I {1.1,1.2, 1.3, 1.4, 1.5}.
applying the left-end rule with the partition , Sol. Herea=1,b=15,n =5andfix)=2-x
1.1,1.2, 1.3, 1.4, 1.5}. ! b— 1.5-1 05
{ 1.5 } ' h=Ar="""2="2""="2_]
3 . | n 5 5
Sol. To find f xdvin{l.1,12,13,14, 1.5} ! Mid-point rule for Riemann sum with equal
Hlere ey | width Ax is
Wi s |
b=15n=5f(x=x ! S = [f[xo_Wjﬁ(xl*_’%}f(M)
b-—a 15-1 05 ! 2 2 2
SLh=Ax = =—=—=0.1 X
n 5 5 | +f(x3+x4J+f(x4+x5j:|Ax
The left end rule for Riemann sum with equal , 2 2
width Ax is ! 1+1.1 1.1+1.2 1.2+1.3
! = + +
b ()
o dx = [foxg o) et A, AT ! 13414 14415
a = [AD+ALD+AL2)+f(13)+ , +f 5 +f 5 0.1
f(1.4)0.1) !
= (1+1.1+12+13+1.4)(0.1) 1 =[f(1.05) + f(1.15) + £ (1.25)+f (1.35)+f (1.45)]
= 6(0.1) | 0.1)
Ls I =10.95+0.85+0.75 + 0.65 + 0.55)](0.1)
: 1
" dex = 0.6 : =[2-1.05+2-1.15+(2-125+(2-1.35)
1 i : + (2-1.49)](0.1)
2. Find an approximate value of J x*dx by 1.5
1 | =(3.75)(0.1)=0.375 .. j (2—x)dx =0.375
applying the right-end rule with the partition | 1
{1.1, 1.2, 1.3, 1.4, 1.5}. I
1
1
Sol. Herea=1,b=1.5, : EXERCISE 9.2
b—a 1.5-1 05 : . DOf -
h=Ax= =——=—=0.1 . 1. Evaluate the following integrals as the limits
2 9 > ! of sums
1
The right end rule for Riemann sum with 1 1 2
0 . 1
equal width Ax is | @ [(5x+d)dx i) j(4x2 \: 1)dx
S=[f(x) +1 () +1 () 4 () + (x)Ax | 0 1
=[f(1.D)+/(1.2)+/(1.3)+/(1.4) +/(1.5)]0.1) |
S ST e
= [(1L.D)™H(1.2)+(1.3)*+(1.4)*+(1.5)71(0.1) 0
=(1.21+1.44+1.69+1.96+2.25) (0.1) !
! Herea = 0,b=1,f(x)=5x+4
=(8.55) (0.1) :
1.5 Lo f(a+(b—a)§) = f(0+1(§)) =f(§)=5 (%) +4
» X2 dx=03855 -
1 : f b-ay b r
dx = lim —— at+(b-a)t
| {f(x)x L WG R
I
¢
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Xl Std - Mathematics ™ Unit 9 ™ Applications of integration

EXERCISE 9.10

Choose the correct or the most suitable
answer from the given four alternatives :

2
1. The value of j‘
0

T T
(1 . 2) Gl

Hint :

[Ans. (1) <]

2. The value of Jz |x| dx
-1

1 3
(1 5 2 3

2 0 2
Hint : f|x|dx= I—xdx+jxdx

-1
-1

_ 1

2
3. For any

J: ecosz * cos® [(Zn + l)x]dx is

(1) g Q)

orders@surabooks.com

[Ans. (3) g |

S —
2
S

[Ans. (3) 0]

L el e

T

Hint : [ e * cos® [(2n+ )x]dx

0

2
Let e ©5 ¥ cos’[(2n + 1)x]

f(=x) =

ec"s(*x)z cos’[(2n + 1)(—x)]

2
e —cos’[(2n + 1)x]

—f (%)

. f(x) is an odd functions.

i

2
4. The value of '[ sin? xcos x dx is

(1 2

N | W

yy
2
Hint : j sin? x

5. The value of

T

2

1
)5 3) 0

cosxdx =1

[

Hnm @

+1

2
X _
2 ]+tan

1

(4)

2
Ans. (4) =
lAns. (4) 21

W | N

53
=
|
(SIE]
i INIE]

4
x +1 dx s
2

) 2 (3) 3m (4) 4m

[Ans. (4) 47|

T —1 x2 -1 x4 +1
Hint : .[ tan 1 + tan 3 dx
X+ X

1f i o[ 2
+cot~ dx
x4 +1 x4 +1

[ tan™! (x) = cot'(1)]

v g[x]i‘

[.-tan”" (x) + cot ~'(x) = e

T4 (4
2[ (4]

=8 =4z
2

Ph: 9600175757 / 8124201000 /8124301000

Send Your Questions & Answer Keys to our email id - padasalai.net@gmail.com



5's on@q%?lg www.TrbTnpsc.com

for Full Book Order Onlme and Available at All Leading Bookstores

@ w Sura’s ' Xl Std - Mathematics ™ Unit 9 = Applications of integration

ADDITIONAL QUESTIONS
m Hint : f(x) = sin®x cos® x

f(=x) = sin® (—x) cos® (—x)
= —sin’x cos® x = f(x)

- f(x) is an odd function

. Choose the Correct or the most
suitable answer from the given four

alternatives : 2

6. The area enclosed by the curve y = il , the
x - axis and the linesx=1,x=3 is

s
2
1. The value of J‘
01+tanx

2 1
M4 @83 (313 @ 43

T T : 1
H = 2 5 @ 3 4 0 . [Ans: (4) 451
To¢ 3 3
[Ans: (3) Z] . Hint : Area = jx— = —[ } =l[9—l}
% 1 ] 2 | 2 3
1-cos2x !
2. The value ofj de is ! N 1{27 1} _4l
x - 2 *3
! I
(1 P @) 2 3) 0 4 1 \ 1 7. The area bounded by the parabola y = x* and
- [Ans: (2) 2] v the line y = 2xis
3 1
dx . 4 2 51 20
3 is ! 3 z et .
I e T3 05 05 @3
T n T | 4
- i 4" Ans: (1) =
mI @65 @ | [Ans: (1) 51
: 8.  The ratio of the volumes generated by revolving
T 1
A [Ans: (3) E] I the ellipse x_2+ y_z —1 about major and minor
3 ! 9 4
Hint : I " dx2 = [tan™! x]ﬁ | axes is
+ 1
G * 1 1 I (1) 49 (2) 94 (3) 23 4) 3:2
= tan V3 —tan | : . [Ans: (3) 2:3]
_m m_4n-3n_m '9. _[e_mxx7dx is
304 12 12 ! 0
I 7 7
g3 “ o2 gl 2ok
If [ f(x)dxe=2[ f(x) then - 7 m 7 m
0 0 : |7
(1) f2a—x)= —fx) ! a a [Ans: (4) ﬁl
a5 = ) : 10. If J(;f(x)dx + {f(za—x)dx =
(3) f(x)isodd | 5 =
. o) ey ax @ 2[f(x) ax
(4) f(x)iseven [Ans: (2) f(2a —x) = fix)] | 0 0
P : 2a 2a
5. Thevalue of [ sin®xcos® xdx is ! [ revax @ [ f@-xdr
- 1 0 0 20
Mo @r @) 2n (4 4n ! [Ans: (3) jf(x)dx]
[Ans: (1) 0] l 0
orders@surabooks.com Ph: 9600175757 /1 8124201000 /8124301000

Send Your Questions & Answer Keys to our email id - padasalai.net@gmail.com



5's on@q%?lg www.TrbTnpsc.com

for Full Book Order Onlme and Available at All Leading Bookstores

@ w Sura’s ' Xl Std - Mathematics ™ Unit 9 = Applications of integration
’
RS | 3 MARKS
—4 | &
1 2
reot x
X ' 1. Evaluate dx
2 4 : '[\/cotx+\/tanx
: iy
X n
1 A 2 cotx d
Required area 1 Sol. Letl = [o———r— | v (1)
4 4 :
_[ya’x _[( X+ 1) : By the property, J. fx) dx = _[ fla—x)dx,
0 0 : 0
1
3 3 ! 2 N cot T_ x
[3 24 ] (4)z+4 ! A= dx
3 ! 0 \/cot % x) tan
_ 2apa+a=04y ! .
3 3 ' 2 Jtanx
| = dx (2
= 16;12=?sq,units : J\/tanx+ cotx )
1
5. Find the volume of the solid obtained by : r—
revolving the area of the triangle whose sides : (H+ @) =21= Jde
are x =4,y =0 and 3x — 4y = 0 about x - axis ! o Veotx ++tanx
.. ! n/2
Sol. Limits are from 0 to 4 ! = J' g [x]o _T _,_T
Q ' 2
y 7 :
»
¥ x =4 | 1=
ﬂ)’# : .o 4
1
4,0) . 2. Evaluate J log( " )
\
! —x
! Sol. Let =1
3x—dy = 0= 4y=3x , Sol. Let fiz) Og(2+x)
1
3 | 2—(=x) (2 + x)
S - = log| ——= |=log| ——
= Y=, ! J (=) g(2+(_x)J |
1
.. Required volume = nj yzdx : 207 -1 r
0 I = log l:(—)] = —log( )
4 1 2+x 2+ x
1
= njixzdx ! =—f )
0 16 I < f (x) is an odd function of x.
o0 |
_ 9| X 91t 64 ! J. log dx =0
6|3 16 3 - 2hx
0 1
=V = 12xn Cubic units :
:
1
é
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T
2 sinx
3. Evaluate J. S—dx
0 d+cos” x
b x|0 %
2 .
sinx
Sol. Let 1 = J.—2dx 1{0
0 9+cos™x

Putt=cosx = -—sinxdx=dt = sinx dx=—dt

0 1 I
S I_3zittz :.[32612 :é[tan_l (%)]0

1 0
= %[tan_1 (%) — tan_l(O)]
_ %tan—l () [ tan"'(0) = 0]

1
4. Evaluate .[ 9—dx?dx .
0

Sol. _1[\/9—4x2dx = j.2 (%)z—xzdx
0 0

1
5. Evaluate '[xe‘zxdx
0

Sol. u=ux; v=e
- e—2x
u =1; v, =
-2
- e—2x
v, —4

Bernoulli's formula

orders@surabooks.com

1
37+ o [?H
2/ 1o

2
\/a2 —x2 :E\/a2 —x2 +a—sin_1(£)
2 2 a

4
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
I
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
¢

Sol.

Juv dx = ™ — 4 v®

1
. Ixe_zxdx [x[ ¢
-2

0

T
2

Prove that _[Sin 2xlog(tan x)dx = ()
0

/2

Letl= _[ sin 2x log (tan x)dx
0

(1)

a a
Using the property J fx) dx = J fla—x)dx we get

0 0
/2
I = .([ sin 2( 7 —x) log tan (7 —x) dx
/2
= _[ sin (1T — 2x) log cot x dx
0
/2 1
= _[ sin 2x log ( )dx
0 tan x
/2
= _[ sin 2x (log 1 — log tan x) dx
0
[ log1=0]
/2
— [ sin2xlogitan )y dx  ..(2)
OETO
/2 /2
2l = f sin 2x log(tan x) dx — f sin 2x log (tan x) dx =0
0 0
~1=0

Ph: 9600175757 / 8124201000 /8124301000

Send Your Questions & Answer Keys to our email id - padasalai.net@gmail.com



Pw. Bagasalal. Net www.TrbTnpsc.com
for Full Book Order Online and Available at All Leading Bookstores

D‘ﬁ Sura’s  Xll Std - Mathematics " Unit 9 = Applications of integration @
. The limit is from =0 to £ = /3 ! 3
1 2n 5 7
NG) NE) 2 X ) j -6 +1") dt
.. Volume = nj y2dx = th (t—%) (2tdr)y 0
0 0 ! - N
1 4 6 8
[ox=7=dv=2tdi] _2m| 9 o t_:l
NG 32 X 9 | 4 6 8 0
=2nj-(3t_t)td :
o\ : ] LU L
. 9|4 8
2n \G 4.6 '
_ ! 2n(27) 3
T 9 -[ © 6" +17)t dt ! Volume = n( )= Rl cubic units
0 ! 98 4
1
1
é
PRBRB
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CHAPTER

10

ORDINARY DIFFERENTIAL
EQUATIONS

y| MUST KNOW DEFINITIONS [N

4+  The order of a differential equation is the highest order derivative present in the differential
equation.

+  The integral power of the highest order derivative appears is called the degree of the differential
equation.

+ If a differential equation contains only ordinary derivatives of one or more functions with
respect to a single independent variable, it is an ordinary differential equation (ODE).

+  An equation involving only partial derivatives of one or more functions of two or more
independent variables is a partial differential equation (PDE)

+ Ifg(x)=0in an(x)y(") +ta, (%) Y4+ a,(x)y +ayy = g(x) then it is said to be homogeneous.

+  The solution which contains as many arbitrary constants as the order of the differential equation
is called the general solution.

+  Integrating factor I.LF = eJ P i ? +Py =Q
X
4+  Solution of §+Py =Qis yejpdx = IQeIpdxdx+C
X
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a
+ A first order differential equation of the form 5y+ Py = Q where P and Q are functions of

. ) . .
x only. Here no product of y and its derlvatlveay occurs and the dependent variable y and its

derivative with respect to independent variable x occur only in the first degree.

Pdx
+  The solution of the given differential equation (1) is given by yeI P J‘Qej dx+C. Here

ej Pdx

is known as the integrating factor (L.F.)
A first order differential equation of the form d—+ Px = Q, where P and Q are functions of y

y

. Jant ¥ Ydx : :
only. Here no product of x and its derivative - occurs and the dependent variable x and its
y

derivative with respect to independent variable y occur only in the first degree. In this case, the

solution is given by xej R IQeI P d+C.

+  Ifxdenotes the amount of the quantity present at time ¢, then the instantaneous rate at which the

quantity changes at time ¢ is E

+

d
+  This leads to a differential equation of the form 7); =f(x,0).

*
EXERCISE 10.1 ! Jct
I 2
) . L i) x* s A P =0
1. For each of the following differential | 2 dx
equations, determine its order, degree !
(if exists) ! a?yY dy
i (vii) | —| =,/1+
. dy 1 dx? dx
i) —+xy=cotx 1
dx 1 2
2 ) : (viii)) —-=xy+ cos[ yj
3 3 1
(ii) ("_{} —3d—§’+5%+4:0 ! 2
dx dx | (i%) —+5 +jydx <
aty) (d d*y | o
(iii) (_2) ( yj = xsln( : J ! xy(dyj
dx dx | x) x=e ‘%
1
d
(iv) y 4 dy —Tx \ Sol. @) Ey +xy=cotx
: Given differential equation is
X ! dy
. y( )— - Dy
ST R ooy
dx dx | The highest derivative is 1 and its power is
P 1 order 1, degree 1.
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2

6.

Sol.

Sol.

Show that y = ae—* + b, where a and b are * 8.

arbitrary constants, is a solution of the
2

differential equation d—f +3 Ll =0.
dx
Considery = ae+b
Differentiating with respect to ‘x’ we get,
dy
dx

y!

673)5

= 3ae

= = 3a

Differentiating again with respect to ‘x’ we
get,

O e W ) I
e—6x

= YVe¥+3ye™ =0
e (¥ +3y") =0
yll + 3yl — O

=
[ 673x + 0]
~.y=ae >+ bis a solution of y” + 3y” = 0

Show that the
representing  the

2 =2 (x+azj

dy Y dy Y
parameter, is (yz —2xyayj =8(y—y)

dx
2
2a[x+a§j

2
2ax +2a —
3

differential
family of

equation
curves

where a is a positive

Consider > =

= Y =

Differentiating with respect to ‘x” we get,

2y = 2a(l)=a=y) ..(2)
Substituting (2) in (1) we get,
5
¥ = 2x()+2(n")?
2
- Ve = )
Taking power 3 both sides we get,
5
=x3
0 =200y = 22(')’
= (-2 = 8w
2
¥ = 2a(x+a’)
is a solution of
dy : dy ’
2] - i
(y 4 dx 7 dx

orders@surabooks.com

e

Sol.

Sol.

Show that y = a cos bx is a solution of the
2

d
differential equation dx_{+ b*y=0.

Consider y = a cos bx (1)

Differentiating with respect to ‘x” we get,
Y = —asin bx(b) =—ab sin(bx)
Differentiating again with respect to ‘x’ we get,
V" = —ab cos (bx)(b)
= —ab’cos(bx)

= Y’ = —b’[a cos bx]
= Y’ = —b?* [using (1)]
= y” + bzy — 0
. ? dy .,
..y =a cos bx is a solution of - +by =0.

EXERCISE 10.5

If F is the constant force generated by the
motor of an automobile of mass M, its velocity

dv
V is given by ME =F — kV , where k is a

constant. Express V in terms of 7 given that
V=0 when¢=0.

. 4 K .
Given equation i1s m a =F — kv on separating

the variables, we get

dv ot
F—kv m
J' dv _qat
F—kv m
log(F — kv) t
Rkt m + log ¢
—kt
= log(F—kv) = e” +logec.
—kt
= log(F—kv)—logec = e
(F—kv) -
= log =e"
c
—kt
= F_kv _enm
B
F—kv o
= = e"”
C
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10.

Sol.

When =10, T =65
2)= 65-T, = (100 Tm)eIOK
= (100—-T )(e™*)
2
= (100-T,)[ 80=Tn_
100-T,,
[using (2)]
2
= 65-T, = ®80-T,)

100-T,,
:6500—65Tm—1OOTm+Tm2 =6400 +Tm2— 160T,,
= 6500-6400 = 165T —160T
= 100 = ST,
= T = 190 _20ec

5
Hence the temperature of the kitchen is 20°C
A tank initially contains 50 litres of pure water.
Starting at time = 0 a brine containing with
2 grams of dissolved salt per litre flows into
the tank at the rate of 3 litres per minute. The
mixture is kept uniform by stirring and the
well-stirred mixture simultaneously flows out
of the tank at the same rate. Find the amount
of salt present in the tank at any time 7> 0.
Let x(¢) denote the amount of salt in the tank at
time 7.
Its rate of change is
dx )
o inflow rate — outflow rate
Now, 2 gram time 3 litres per minutes is
inflow rate = 6 grams of salt. (3x2 =6)
The out flow of salt is > times x = 3x
50 50
L ¢ 3% _ 300-3x
dt 50 50
_ 3(x-100)
50
= d - _3 g
x—100 50
= J d  _ _3 i
x—100 50
— log(x—100) = — > f+1logC
50
—log(x-100)-logC= - 3¢
50

orders@surabooks.com

L el e

:>1og("_100) N 3
C 50
x—100 3
C T e 50
= x=100 = C 5 (1)

Whent=0,x = 0
[Since initial water was pure without any salt]

= 0-100 = Ce°

= C = —-100

(1) becomes x-100= —100 =3

= x = 100- 100

= x = 100(1 - e 50 )

Hence the amount of salt in the tank at time ¢ is
x = 1001 - 5 50 )

EXERCISE 10.9

The order and degree of the differential

equation are respectively
(M 2,3 (2 3,3 3 2,6 (4 2,4

[Ans. (1) 2, 3]

Hint : ¢

1
2 5 1
~ +(ﬂ)3 +x* =0
dx dx 1
(%)
N O
d’y Ly dxdy 1
+ 4 = - —
= (dx2 ¥ ) (dx)

Order 2, degree 3

+
=

&=
|

The differential equation representing the
family of curves y = A cos (x + B), where A
and B are parameters, is

dzy dzy
D “Loy=0 @ ZZ+y=0
dzy d*x
3) Z2=0 4 “==0
3) 2 “) 0 :
[Ans. ) —3+y=0]
py dx
o —Asin (x + B)
d’y )
e —Acos(x+B)=—y
d’y
dx’ ty=0
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2

25. The slope at any point of a curve y = f (x)

dy

is given by I = 3x* and it passes through

(-1,1).Then the equation of the curve is
() y=r+2 () y=3+4
() y=3+4 (@) y=2'+S
[Ans. (1) y =x> +2]

*

dy
1 . . 2D 2
, Hint : i 3x
= dy = 3x%dx
=Y = ﬁ +c
4 3
= y = X +c
Since this passes through (-1, 1), 1 = (1) + ¢
S>l=-1+tc=c=2
.. Equation of the curve is y = x> + 2

1
1
1
1
1
1
1
1
1
1
1
1
1

¢

ADDITIONAL QUESTIONS

1 MARK
Choose the Correct or the most
suitable answer from the given four
alternatives :
The order and degree of the differential
L
. d’y) (ay\ [P _ 'y
equation [(dxz)Jr(a) = are
(11,2 221 (332 @ 23
[Ans. (3) 3, 2]
2 2 i
Hint : ay +(@) Sy
dx* dx dx®
Order 3 ; Degree 2
The differential equation of the family of
parabolas y* = dax is
(1) 2y= x(ﬂ) 2)y= ZX(Q)
4 dx 4 dx
dy dy
rewld)  oen(2)
@) y=2x|— ) y°=2x| -
dy)
Ans. (2) y= 2x| —
[Ans. (2) y ( L
Hint : ¥ = 4ax
dy
2y— =4
ydx ¢
ya o_
2 dx
dy dy
Y 2 dxx yo dx

orders@surabooks.com

T T T

3. The solution of sec’x tan y dx + sec’y
tanx dy=0is
(1) tanx+tany=c (2) secxtsecy=c
(3) tanxtany =c (4) secx—secy=c
[Ans. (3) tan x tan y = |
4. The solution of (x* — ay)dx = (ax — y*) dy is
(1) y=x>+y*—a(x +y)
Q) ¥y’ +x—ay=0
3) X¥*+y =3ayx+c
(4) (@ —ay)ax—»*) =0
[Ans. (3) x* + 33 =3ayx + c]
5. The transformation y = vx reduces b_x+y
to de  3x
) 3av. dx 2) 3dv _ dx
4v+1 v+1 X
dv 3dv dx
3) 2x— = 4 ==
@) 2 dx Y @ 1-2v X
Ans. (4 Sdvey e
[Ans. (4) 7~
Hint : HNEEry
dx 3x
3dv. _ x
1-20 da
dy 2.
6. The LF. of cosec x — + ysec’x=0is
dx
(1) e5¢c ¥ (2) etanx
(3) esecxtanx (3) eseczx

[Ans. (1) e%°7]
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! d
2 MARKS | 4. Solve: xay =x+y
1
1. Form the differential equation satisfied by ! . dy
are the straight lines in my-plane. , Sol. Given Y XY
Sol. Equation of family of straight lines in my |, dy _, XDP )
plane is y = mx — ¢ where m and c are arbitrary ! dx x
constraints. | This is a homogeneous differential equation
Differentiating, )’ = m I puty = wx
Differentiating again, y” = 0, is the required : dy y
differential equation. ) = o FY-E dx
2. A curve passing through the origin has its : . (1) becomes,
slope ¢*. Find the equation of the curve. | dv X4
dy I ViEx— = LtV
Sol. Givenslope = - = | dx X
X I dv
= dy e dx ! dx V-
de - J. ¢’ dx : = dv = &
= y = @die | % ik
Since the curve passes through (0, 0), : = Jdv = |—
0 = &+c : =) lox +
v = X
= 0 = 1+c¢ : & ¢
= c = -1 ! = Yz - logx+c ['.'v=X
y = e — 1 is the required equation of the curve. ' 5 golve: dy +y X e i
.o, :
dx
dy 0
3. Solve: = -1\ , Sol. This is a linear differential equation
dy | HereP = 1,Q=¢"~
Sol. Given PTG 1+ &7 (D! dex _ Jl~dx .
utting x — =z:>1—ﬂ=% : _ e _
p gx—y d  dv X LF. = ¢ =¢
dy dz | The solution is
” & | j j
X 1 pdx pdx
= dx +
.. (1) becomes, : re JQe e
1
1 & s ! = ye' = Je -edx+c=.[dx+c
o | = yet = x+tc
1
da\NY 1
= n € ! 3 MARKS
1
dz ! 2
= - = dx 1. Solved—y+y—2=Z
I € J i dx x X
—|le“dz = |dx ! >
o : Sol.  Given Q+y—2 -2
= = x+c ! dx x *
—1 ! = oy P 0
ef = x+c : dx 2O 2
= > = x+c !
¢
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T = logp, = 0+c=c=logp,. ...(1)
= yet = Icosx-e"dx+c I t
X -
o ! . (1) becomes, log p = 0 +log P,
= e* = ——(cosx+sinx)+ ! t
Y 2( 3 D+ : = logP-logP, = 50
! : P ¢
= _— 1 —X
= y 5 (cos x +sin x) + ce ! N log (_J _ b
o ! Do 50 N
Ie‘“ coshxdx = ——— | = t = 50 10g(—)
a +b 1 Do
[a cos bx + b sin ax] | 2P,
I whenp =2p,,t = SOlog(P )—5010g2
1
5 MARKS | ’
! = 50(0.3) =15 years
1. Solve: (1 + &) dy + (1 + y*)e* dx = 0 when , Hence the population doubles in 15 years.
y0)=1 ; -
. 3. The surface area of a balloon being inflated
: +e¥)dy+ (147 =
Sol. Given (I ed) dy+(l+y x)ex dx=0 | changes at a constant rate. If initially, its
4 ~ = —° i | radius 3 units and after 2 seconds it is 5 units,
I+y 1+e™ ! find the radius after 7 seconds.
dy e“dx i Sol. Let s be the surface area of the balloon after ¢ sec.
J1+y2 - _Il+(ex)2 .= s = 4w’
' ds dr
tan"!(y) = —tan’!(e%) +c; : = 8mr- =
#0) = 1= whenx=0,y=1; ! d J
t = e=>di=e"dx : Given that _ [ constant = k
J' dt tan- (1) I dt
= 1
1+7° an ' dr
1 8mr— =k
= tan"!(e") ! dt
stan (1) +tan! (%) =c; | = 8nrdr = kdt
1
T T T I = J87rr dr = kjdt
= —+— = c=>c=— 1 )
4 4 2 ! r
1 = 8- ? = kt+c
1
.. (1) becomes, tan™! (y) + tan”'(e*) = < Wthh 1 A
is the required solution. : = At = hite (1)
5 . I whent = 0,r =3
. A population grows. at the rate of 2% Per ! N 4m(32) = 36(0)+c
year. How long does it take for the population , _ 36
to double? 16000 ¢ T 288
Sol. LetP,bethe initial population and the population 1 whent = 2,r=5
after ¢ year be P. | = 4m(52) = 25(k)+36
: 2 d 1 = 100r = 2k+36m
leen—p - £ e ' = k = 32n
dt 100 dr 50 :
! (1) becomes, 4> = 32mt+ 367
_ d_Pzﬁ;sjd_szﬁ R P o= 8+9
p 50 p 50 I
p : = r = J8+9
= —+c
= log p 50 (D) !
whent = 0,p=0 :
¢

orders@surabooks.com

Ph: 9600175757/ 8124201000 /8124301000
Send Your Questions & Answer Keys to our email id - padasalai.net@gmail.com



W'ﬁ%@%ﬁ@é}'ﬂ\'&% www.TrbTnpsc.com

Online and Available at All Leading Bookstores

CHAPTER

11

PROBABILITY
DISTRIBUTIONS

y| MUST KNOW DEFINITIONS [N

+  Arandom variable. X is defined on a sample space S into the real numbers R is called discrete
random variable if the range of X is countable.

4+ If X is a discrete random variable then the function
fix) =P (x=x,)fork=1,2,3 .. nis called the probability mass function of X. (p. m. f.)

+ The Cumulative distribution function F(x) of a discrete random variable X such that

x, <x,<..with p. m. f. f{x)) is

+ F(x):P(XSx):Zf(xi),xe R.

X; <X

Let S be a sample space and let a random variable X =S — R that takes on any value in a set I or
R. Then X is called a continuous random variable if P (X = x) = 0 for every x in L.

+  Let x be a random variable associated with a Bernoulli trial by defining it as X (success) = 1 and
X (failure) = 0 such that

p i x=1
+ xX)= where 0 <p <1.
/() {q=1—p if x=0 g

+  Xis called a Bernoulli random variable and f{x) is called the Bernoulli distribution.

+  The binomial random variable X, equals the number of successes with probability p for a success
and g = 1 — p for a failure in n independent traits, has a binomial distribution

+ Thep.m. f. of Xis flx) =nC p*¢"*,x=0,1,2,..n.

+

orders@surabooks.com Ph: 9600175757/ 8124201000 /8124301000
Send Your Questions & Answer Keys to our email id - padasalai.net@gmail.com



RS AR Slimsic

www.TrbTnpsc.com

for Full Book Order Online and Available at All Leading Bookstores

(®
(i) Var (x) = E(%) - [E@)]?
(iii) Var (ax + b) = a® Var (x).

One point distribution

Two point distribution

p for x=x ) .
= ,0<p<
t M l1-p for x=x, P
0 if x <X
+ Fx)=qp if x <x<x,
1 if gz

For Bernoulli’s distribution

+ pu=pandc®=pgq

For Binomial distribution

+ pu=npandc®=np(l-p).

EXERCISE 11.1

1. Suppose X is the number of tails occurred
when three fair coins are tossed once
simultaneously. Find the values of the random
variable X and number of points in its inverse
images.

Properties of mathematical expectation and variance.

E (ax + b) = a E (x) + b where a and b are constrants.

+  Arandom variable X has a one-point distribution if F x, such that p. m. f. f{x) is f{x) = p(X =x,) = 1

+  Arandom variable X has a two point distribution if F two value x1 and x2 such that

Sol. When 3 fair coins are tossed, sample space
s = {HHH, HHT, THH, HTH, HTT, THT, TTH,
TTT}
Let X denote the number of tarits occured.
X (notail) = {HHH} =1
X (1tail) = {HHT, THT, HTH} =3
X (2 tails) = {HTT, THT, TTH} =3
X (3 tails) = {TTT} =1
.. X takes the values 0, 1, 2, 3.
Values of random
variable X 0 ! 2 ([3(otal
Nu.mber of elements | 3 3| 2
in inverse images

orders@surabooks.com

T 2. In a pack of 52 playing cards, two cards
: are drawn at random simultaneously. If the
1 number of black cards drawn is a random
: variable, find the values of the random
! Yariable and number of points in its inverse
i images.

| Sol. Sample space s ={26 black cards, 26 red cards}.
| Let X denote the number of black cards drawn.
| X (no black card) =26 x 25 = 650

! Taking 2 cards from red]
I X (1 black card) =26 x 26 = 676 [1 black card &
| 1 red card]

| X (2 black cards) =26 x 25 = 650 [Taking 2 cards
! from black]

: .. X takes the values 0, 1, 2.

| Values of random

: variable X 0 ! 2 Total

| Number of elements | o | | 650 | 1976

, | in inverse images

I

é
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@ E’ﬁ Sura’s = Xll Std - Mathematics ™ Unit 11 " Probability distributions
o ’
~ frterean | EXERCISE 11.5
1
’ . \ 1 1.  Compute P(X = k)for the binomial distribution,
1
= 16 ¥’ ~e*"‘dx=16x% ! B(n, p) where
1
0
1
. | i) n=6,p=—_-,k=3
_ n! |1 3
J.x"e “dx=—+ 11
0 a : 1
i) n=10,p=—,k=4
RO | (i) P=3
= l6X— =< :
64 2 X 1
N . (i) n=9,p=—,k=7
2 2 ! 2
EQ@?) =[x f(x)d .
‘ :
o] 1 1
= J-x2~16xe4xdx , Sol. Givenn=6,p=§,k=3
0 1
o | | The binomial distribution
— 16jx3e_4xdx: 16><3—A; | n
d 4 oa PX=k) = ( k)p"(l -p)
Hx3xE 3 | 0,1,2
= == n=2012,...n
8/1/6/X/1/6/ 8 : n
~Var(X) = E(X?) - [Ex)]? I “PX=k = ( k) P —pyt,
P 1
e E_(l) 3.1 : no=012...n
8 \2 8 4 '
1 6 /
3-2 _1 ! 1
DS ! PX=3) = -l a-p*3
2 =2 | (x=3) [3)(3)( »)
1 1
s T o 6
: 3)03) 3
8. A lottery with 600 tickets gives one prize of : 5 xX5%4 1 8
200, four prizes of X100, and six prizes of ! = Ix Zx1 57 o7
% 50. If the ticket costs is T 2, find the expected 1
s . . ! 160
winning amount of a ticket. ! P(X=3) = ——
(M) . o ! 729
Sol. PX=k) = k p(l=p)™, : 10 (1 4( 1)10—4
i)  PX=10) = —|{1-=
BX) = 200%—— 1100% = ! W e 5) 3
5 PP A 1
600 600 : _(10)(1)4(ﬂ)6 ) 10><%3><X><7
F50x-2 _gx 800 4 J\5) 5 AxFx7Zx1
600 600 1V 6
200 400 300 : < (_) (i)
= —+—+——-1] I 5 5
600 600 600 |
| 1 4 4 6
900 3 3-4 I - 2101 =112
600 2 2 |
1
- oz 050 :
2 é
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@ Sura’s Xl Std - Mathematics ™ Unit 11 " Probability distributions @
Hint : k+2k+3k+4k+5k = 1 ¢ Hint : IPX=4) = P(X=2)
= 15k =1 = 9[6C 4p4q2] = 6C2pzq4
o PR = 96Cp'e*] = 6Cp7q*
15 N 9p2 — q2
E(X)—-2k—2k+0+4k+ 10k = 9? = (1-p)
= 10k = ot = 1+p=2p
_ o 2 = 8pr+2p—1 = 0
15 3 = (@p+DEp-1) = 0
18. Let X have a Bernoulli distribution with N —_1
mean 0.4, then the variance of 2X —3) is = p= 2’
(1) 0.24 (2) 048 (3) 0.6 (4) 0.96 1
[Ans. (4) 0.96] P 4
Hint : For a Bernoulli distribution, 1
= p = — =025
u = pandc®=pq 4

20. A computer salesperson knows from his

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
|
1
1
1
1
Givenp = p=04 !
H p 1 past experience that he sells computers to
1
1
1
1
1
1
1
1
1
1
1
1
1
I
I
1
L}
1
1
1
1
1
¢

= qg = 0.6 one in every twenty customers who enter the

Variance (X) = pg showroom. What is the probability that he will
= (0.4)(0.6) sell a computer to exactly two of the next three
— 024 customers?

57 57 193 57

s Var(2x-3) = 4 )

Var(X) = 4(0.24)
= 0.96

) ©) @ —=

200 200 T 20° 20
19 [Ans. (1)

\ A
Hint : Givep= 20 — andn=3

19. If in 6 trials, X is a binomial variate which »q = 20

follows the relation 9P(X =4) = P(X =2), then
the probability of success is

(1) 0.125 (2) 0.25 (3) 0.375 (4) 0.75
[Ans. (2) 0.25]

ADDITIONAL QUESTIONS

l. Choose the Correct or the most
suitable answer from the given four
alternatives :

19 3x19 57
P(X=2)=3C
( )= (20) (20) 20 200

2. IfF(x)is the probability distribution function,
then F(e) is
(H1 (2 2 (3) o “) 0
[Ans. (1) 1]
Hint : F(0) = land F () =0

*
1
1
1
I
:
' 1 1
. 3. IfF(x)= =, E(?) = — then var(x) is
1. IfF(x) is the probability distribution function 1 2 4
1
1
1
:
:
1
¢

then F(—o) is 1o 5 1 ; 1 -
(1 ) 2 3) o ) 0 ) @ 5 3) 5 4)
[Ans. (4) 0] ! Hint , JAnS (B 0]
Hint : F () = land F (—e)=0 Ik Var (X) = F;(X 1)(E(X))
= ———=0
4 4
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@ E’ﬁ Sura’s = Xll Std - Mathematics ™ Unit 11 " Probability distributions
? 3. A player tosses two unbiased coins. He wins
3 MARKS : % 5if two heads appear, < 2 if one head appear
1 . .
1. The p.d.f. of X is given by | and < 1 if no. head appear. Find the expected
! amount to win.
X -2 2 5 \ 1
Sol. PH) = P(T)= <
1 1 1 : ) = PM=7
PE=0 1 71 7| 2 ' P(X=5) = P(HH)= ~x= — -
| 2°2 4
then find 4E(X?) — var(2X) : P(X=2) = P(HT)+ P(TH)
Sol. E(X) = pr(x) : X lxl+lxl _ 1
_ 2(1)+2(l)+5(1) : 2 27272 72
47\ 20 AT
PX=1) = P(TT)= X7 =—
= % : X=1 ID=7%3=7%
I g . . . . .
4.E(X?) - Var2X) = 4E(X)- 4[E(X2)7(E(X1)2)] : Hence, the probability distribution function is
= 4EX)-4EX*)+4[EX) ! X 1 2 5
= 4[EX))? ! 1 1 1
5 2 25 : P(X = x) Z E Z
9 4(5) :4(7):25- |
2. If a continuous random variable X has the S Ex) = 1><1+ 2><l+5 ><l
p.d.f. f(x) = 4x(x — 1)’, then find P(1 <X <2). ! 4 2 4
1 5
Sol. Given f(x) = 4kx—1P,1<x<3. B 1 - il
1
3 1
Since f(x) is a p.d.f [ /(x)dx =1 ! 14445 10
1 ! = =—=2.50
. 4 4
3 . A\
. _[4k(x = | Hence, the expected money to win is ¥ 2.50.
i \ 1 4. The probability that an event A happens
— Ak (x-1* - | in one treat of an experiment is 0.4. Three
4 | 1 independent treats of the experiment are
o K204 = 1 : performed. Find the probability that the
: event A happens atleast once?
= 16k = 11 ' Sol, Givenp = 04,n=3
= k= — 1 g = 1-04=0.6
16 : PX>1) = P(X=1)+P(X=2)
2 1
+P(X=3
APA<X<2) = [ [ : e DU
b | =3C,(0.4)'(0.6) + 3C,(0.4)(0.6)
2 y | +3>C3(O.4)3(0.6)0
= |=(x-1)dx !
Jat=D . 3{1}(&) + {E)(i}ﬁ
, | 10 /1100 100/\10/ 100
4
o e L il 2 o
ab 4 b I 1000 )= Tooo ~ 0784
1
1 1 1
- 14_ 04 [—
TARRAET: :
I
é
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CHAPTER

12

DISCRETE
MATHEMATICS

y| MUST KNOW DEFINITIONS [N

+  Abinary operation * on S is defined as follows: V a, b€ S,a * bisunique anda *bh € S

+  Abinary operation * defined by *: S xS — S; (a, b) = a * € S must always lie in the given set and
not in the complement of it. Then S is closed w.r.t. to * |

+ A binary operation * defined on a non empty set S is said to satisy the commutative property if :
a*b=b*aVabeS

+ Ifa*(b*c)=(@*b)*cVa, be S, then S is said to satisfy the associative property.

+ Anclement e € S is said to satisfy the identity element of sif Vae S, a *e, =¢ *a =a.

+ Ifforeverya e S, there exists b in S such thata * b=5b * a = e then b € S is said to be the inverse
element of a.

+  In an algebraic structure, the identity element and the inverse of an element must be unique.
+ A Boolean matrix is a real matrix whose entries are either O or 1.
1 if either a, =lorb; =1

+ J01ntoanndB,AvB=[aij]v[bl.j]=[al.jvbl.j]=[cl.j]wherecl.j;{0 if both a, =0, b, =0

1 1fb0tha =1b =1

)

0 1fe1thera =0,b.=0

>y

+ MeetofAand B,Av B= [aij A bl.j] = [cl.j] where ¢, ={

+ Addition moduls n

Leta, b € Zn. Then a + b = the remainder of a + b on division by .
+  Multiplication moduls n

Leta, b € Zn. Then a % b = the remainder of a x b on division by .

+ A statement is said to be a tautology (II) if its truth value is always T irrespective of the truth

values of its compound statements. |

+  Astatement is a contradiction (IF) if its truth value is always F irrespective of the truth value of !
its compound statements.

+ A dual is obtained by replacing II by F and I by II
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+ Any two compound statements A and B are said to be logically equivalent if the columns ,
corresponding to A and B in the truth table have identical truth values. (A= B) or A < B.

+ Laws of equivalence.

1
1
1 1
1 1
1 1
1 1
1 1
: 1. Idempotent laws: (i)p v g=p (i)pag=p :
: 2. Commutative laws: (i) pvg=¢q Vv p (i)pArg=qArp :
: 3. Associative laws: ) pv (gvr)=(pvqg) vr ) pagan=@arqg)ar :
: 4. Distributive laws: () pv (g Ar) =@V AV () pAa@vr=@Arqg) v (@Aar) :
1 1
! 5. Identity laws: (i) pvIl=pandpVvEF =p (i)pall=pandp AF =p :
| 6. Component laws: (i) pv~p=Ilandpa~p=F (i)~ =Fand~F =11 |
| 7. Involution law (Double negation law) ~(~p) = p |
: 8. DeMorgan's law: (i)~ (p A @) =~p Vv ~q (i) ~(pVv g =~pAr~q |
| 9. Absorption laws: () p v (p A q)=p ) prpve=p |
1 1
—————————————————————————————’ ———————————————————————————— o
EXERCISE 12.1 1 2. On Z, define ® by (m ® n) = m" + n" : Vm,
: ne Z.Is ® binary on Z ?
1.  Determine whether * is a binary operation on | 50+ ~ Givenm®n=m +n, Vm,ne Z
the sets given below. | Letm,ne Z
(i) a*b=a.|blonR. \ Considerm = -3, n=2
1 A
(i) a*b=min (a, b) on A ={1,2,3,4,5} : m®n= (372427 B
I 72+1
(iii) (a*b)=a~/b is binary on R. : = 9+§: Y & Z
Sol. (i) a*b=a.|blonR. : _— . .
Givena*b = a-|b|onR. | .. ® is not a binary operation on Z.
Leta,be R. ! 3. Let* be defined on R by (¢*b)=a+b+ab—17.
Thena*b = a.|ble R. | Is * binary on R? If so, find 3 *(_—7) .
Sincea - |p| = abifb>0 ! Sol. Givena*b=a+b+ab-7
= —abifb<0 ! 3*(—_7) A el I
na*() = a-bleR : 15 15 15
* is a binary operation on R. ! [Herea =3, b= =7
(i) a*b=min(a,b)onA={1,2,3,4,5 ! oI5
Leta,be A : = 3_1_2_7
Then min (¢, b)) = aorbanda,be A ! I5 15
~a*b = min(a,b)e A : _ 45‘7‘21‘105:_1—228
. * is a binary operation on R. ! 15
(iii) (a*b)=a+/b is binary on R. ! 3*(—_7) - _1_858
Leta,be R ! 2
[ square root of negative numbers does |
not belong to R] 1
1
a*b = aJbe Rifb<0
* i3 not a binary operation on R. :
¢
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13. Using truth table check whether the * _
statements —(pvq)v(—pAq) and —p are : EXERCISE 12.3
logically equivalent. | .
. Choose the Correct or the most suitable
Sol. ~(pv q)V (~p Aq)and~p. 1 answer from the given four alternatives :
1
> . . . .
- = - 2 = : 1. A binary operation on a set S is a function
N R > % §1 N é ! from
SR N RO (1) S—5S (2) (SxS) =S
TITl T F F F F ! (3) S—(SxS) (4) (SxS) — (SxS)
T[F| T | F [F[F F : [Ans. (2) (Sx8) — §]
F|T| T F T T T | 2. Subtraction is not a binary operation in
F|F| F T | T| F T : MR @ Z @) N 4 Q
The entries in column (5) and column (7) are : [Ans. (3) N]
identical. : . L .
' ! 3. Which one of the following is a binary
So~(p VvV g) Vv (~p A g) and ~p are logically , operation on N?
1 1
equiyalent- ' (1) Subtraction  (2) Multiplication
14. Prove p—(q—r) = (pAq)—r without using ! (3) Division (4) All the above
truth table. c ae .
Sol. Prove that p — (¢ = r) = (p A q) — r without : [Ans. (2) Multiplication]
using truth table. From example 12.17 we know | 4. [n the set R of real numbers “*’ is defined as
thatg —4q4=~PVdq (1) : follows. Which one of the following is not a
Consider LHS =p — (¢ — 1) : binary operation on R?
=p—>(qvr)  Tusing (D] (1) a*b=min (a.b) (2) a*b=max (a,b)
=~pV (~q \Y I") [agam using (1)] 1 (3) atb=a (4) arh = ab
=(~pv~q)Vr [using associative property] |
C . . [Ans. (4) a*b = a®)
=~(pAq)Vvr [using Demorgan's law] ! _ .
:(p/\q)%r [usmg(l)] :Hlnt: Leta:O,b:O,:}O éR(4)a b=ab
=RHS ! ) ab
Hence proved. ! 5. T.he operatlon. * defined by a*b = o is not a
I binary operation on
15. Prove that p—(—qvr) = "pv(—qvr) using truth ! +
1 2) 7 3) R 4) C
o, Qe @z 0 )
Sol. 2T 75 . ! . [Ans. (3) Z]
7|~ ~  Hint : Leta=3,b=2
P14 T vr (~qVvr) p v r) ! e r w32 6
T|{T|T|F|T| T |F| T || =a*th=3%2=—7"=-¢éz
T|IT|F|F | F F F F : 6. In the set Q define aeb = a + b + ab. For what
TIFI|TIT T T F T : value of Yy, 3@@@5) =17?
T[F[E[T]T] T [F[ T |+ () ,=2 @ ,-2
F|T|T|F|{T| T |T T : 3 3
F|T|F|F|F T T T ; 3) y:—_3 ) y=4
FIF|T|T|T T T T | 2 _
FIF[F|T[T| T [T T |! [Ans. (2) y=—-]
ﬂwemh%thanm)mﬂcdmmlw)me:lhnt:@b:a+b+ab
identical. ; L3®Y®5)=T=23F+5+5y)="7
Lp=(qVvr)=~pV(~qVr) é
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Hint :

ADDITIONAL QUESTIONS

Choose the Correct or the most
suitable answer from the given four
alternatives :

The binary operation * defined on a set s is
said to be commutative if
(1)a*be SVa,be S
2)a*b=b*aVabeS
B)(@*b)y*c=a*(b*c)Va,beS
@ a*b=eVabeS

[Ans. Q)a*b=b*aVa,be S]

Hint : axbe saV b e s - closure

If * is defined by a * b = a*> + b* + ab + 1, then
@ *3)* 2is

(1) 20 (2) 40 (3) 400 (4) 445
[Ans. (4) 445]
2%3)*2=(22+32+2x3+1)*2

=(@+9+6+1)*2=20%*2
=202+22+20%x2+1
=400+4+40+ 1 =445
The number of binary operations that can be
defined on a set of 3 elements is
(1) 3 2) 3° 3) 3° (4) 3!
[Ans. (1) 3?]

X x
Theidentity element of {{ )
X x

xeR,sz}

under matrix multiplication is

1 1
1o ol
M {0 1) @11 1
4x 4x
i L 1 L
2 2 2x  2x
o 81 @ fasia
2 2 2x  2x
L.k
2 2
[Ans. (3) 11 |
; 1 0 5 5
Hint : 01 not belongs to S.

orders@surabooks.com

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
é

5.

Which one of the following is not a statement?
(1H)2+3=5

(2) How beautiful is this flower?

(3) Delhi is the capital of Tamil Nadu

(4) A triangle has found angles.

[Ans. (2) How beautiful is this flower?]

Hint : (2) is a question

6.

Which of the following is a tautology?

@) pnrq
4 gnr~q

[Ans. (3) g A ~q]
Which of the following is a contradiction?
M pvyg (@) prg
(3)gv~q 4 gnr~q

[Ans. (4) g A ~q]

The identity element in the group {R — {1}, x}
wherea *b=a+b—abis
(a) 0 (b) 1

(d)
-1 a—1|Ans.(1) 0]

(Hpvg
(3) qgv~q

a

Hint : ¢ *0=a+0-a(0)=a

9.

Define *on Zbya*b=a+b+1Va,be Z.
Then the identity element of 7 is
(1 20 31 4 -1

[Ans. (4) 1]

Hint :a*c= d+c+1=4

10. A binary operation *

c=-1
is defined on the set of

a

positive rational numbers Q* by a * b = ik
1.1)

Then 3 * g — | is

2
3 3
1) — — 3) — 4) —
()160 ()160 () ()40
Ans. (1)—
[ ()160]
11 1
Hint : 3*(—*—) = 3% 5 2
5 2
4
1
Ix —
_ el w0 3
40 4 160
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Inverse of w2 is w.

@ Sura’s ' Xll Std - Mathematics ™ Unit 12 " Discrete mathematics @

2. Show that p v (g A r) is a contingency. *

; 2 B 3 MARKS

ol. 1
1
pl| r q gar | pv(gnar i 1. Write the truth value for each of the following
1
| T T T T : statements.
T F | F F T I (1) 3+5=8and V2 is an irrational number.
TI T | F F T | (2) 5 is a positive integer or a square is a
T F = F T ! rectangle.
1 (3) Chennai is not in Tamilnadu.
F| T T T T \ Sol. (1) p:3+5=8
F| F T F F . OB
: q: V2 is an irrational number.
F| T |F F F ! Tand T=T
F| F F F F | (2) p:5isapositive integer.
= p V(g Ar)is acontingency. I q: A square is a rectangle.
I —

3. In the set of integers under the operation * | 3) T.()é}i I:nZi s not in Tamilnad
defined by @ * b= a + b — 1. Find the identity 11;' .
element. : )

Sol. Let a be any element and e be the identity : 2. In(z, *) where * is defined by a * b = ab, prove
element. 1 that * is not a binary operation on z.
Thea*e=e*a=a :SOI Leta=2,b=71 1
a*e=a=ate-l=a=e-1=0=e=1 : .'.a*bzab:>2*—1=2*1=5ez

1
.. The identity element is 1. I *is not a binary operation on z.
1
4. LetS be the set of positive rational numbers | 3. Let G={1,i,—1,—i} under thebinary operation
ab T . . .
and is defined by @ * b = — . Then find the ! multiplication. Find the inverse of all the
| ) ) 2 q elements.
identity element and the inverse of 2. ' Sol. Clearly 1 is the identity element of (G,).
Sol. Leta e S and e be the identity element. : Inverse of 1is 1 [.. (1) (1) =1]
.. o . B A = _.2 —
Thena*e = a= %€ =4 : Inverseofns.z[..(z)(z) i-=1]
I Inverse of =1 is—1 [.. (-1) (=1)=1]
= ae = 2a=e=2. : Inver of i is i [.. (—i) (i) =—* = 1]
Let a”! be the inverse of l : 4. In (z, *) where * is defined as a *b=a + b +
2 : 2. Verify the commutative and associative
Then 1 al = e> 1y al=e I axiom.
2 2 | Sol. (a) Leta,be 2.
a'al | 1 Thea*b=a+b+z=b+a+tz=b*a
= S 5 - 2=a =8 | (z, *) has commutative property.
1 (b) Leta,b,ce G

5. Let G = {1, w, w?) where w is a complex cube , (@*b)*c=(a+b+2)*c=a+b+2+c+2
root of unity. Then find the universe of w’. | o at b+ ¢+ 4 .

Under usual multiplication. 1 < z is associate under *.

Sol. Clearly 1 is the identity element of G |
w.al=e=w?.al=al=w I

1
Since w? . w=w?= I
I
1
1
1
1
1
¢
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5. Construct the truth table for (~p) v(gAr) ¢ 3. Verify (p A ~p) A (~¢ A p) is a tautlogy,
Sol. | contradiction or contingency.
1
Plg| T | ~pgArr|(p)VGAT) ! @ A~p) A
=~ A~p) | ~q | (~q) A
Tt T F | T T ! plg|p|p p)q(q)p(~qu)
TIF| F|F| F F : T|T|F| F |F F F
T|F|T|F]| F F : TIF|F| F |T| T F
T|F|F|F| F F : FIT|T| F |F| F F
FlTl Tl TI T T | F|F|T F T F F
FIT!| F T F T : Since the entries in the last column are F,
FIFl T T F T ! (» A ~p) A (~g A p) is a contradiction.
F|F| F T F T . 4. Let S be a non-empty set and 0 be a binary
! operation on s defined by x 0 y = x; x,
5 MARKS 1 y € S. Determine whether 0 is commutative
| and association.
1. Show that ~(p A q) = (=p) v (~¢) ! Sol. Given s is a non-empty setandx 0 y=x,x,y € s
Pla|P|~q| @A |[~@rD [PV (]! Y=Y
T|T|F|F T F F : xou #yx = 018 not commutative.
T F|F|T F T T ! Now, x, (v;2) =xy =x
F|T|T|F F T T ! and (x») 0z=x,z=x
The entries in column (6) and column (7) are | 0 is associative
e.qujg? A Q)= () V (~q) . 5. In (N, *) where * is defined by x * y = max
B D=P 4 ! (x, y) check the closure axion and identity
2. Construct the truth table for (p A q) v r. | gioN
p q 7 (p/\q) (p/\q)\/r : Sol. Letx,ye N.
T|T| T T T : . x if x>y
| x * y=max(x, y) = .
T|F F F F . y if x<y
1
T|T| T T T | c*yeN.
;1; E }; 112 i : N is closed under *.
17 log F = : Forle N,x*1=max(x,1)=x Vxe N.
=0 v T | . 1 is that identity element.
| (N, *) has identity element.
F|F| F F F |
1
é
RBER
orders@surabooks.com Ph: 9600175757 /1 8124201000 /8124301000

Send Your Questions & Answer Keys to our email id - padasalai.net@gmail.com



MNW.Papqsalgi.th www.TrbTnpsc.com
is'is only for Sample
for Full Book Order Online and Available at All Leading Bookstores

Register Number | | | | | | |

12% SURA’s MODEL QUESTION PAPER - 1
Std .
Mathematics
(English Version)
Time allowed : 2.30 hours] [Maximum Marks: 90

Instructions: (1) Check the question paper for fairness of printing. If there is any lack of fairness, inform the
Hall supervisor immediately.
(2) Use Blue or Black ink to write and underline and pencil to draw diagrams.

PART - I
(20 x 1 =20)

Note: (1) Answer all the questions.

(2) Choose the most appropriate answer from the given four alternatives and write the option
code and the corresponding answer.

35 :
1. A= , B =adj A and C = 3A, then [adi B _
12 C|
M < @ =+ 3 = @ 1
3 9 4
5 e cosO sin0O I _{k 0} P
’ ~| —sin0 coso | ™" (adj A)=| g 75 then ™
(1) o (2) sinB (3) cosB 4 1

3. Aballoon rises straight up at 10 m/s. An observer is 40 m away from the spot where the balloon left
the ground. Find the rate of change of the balloon’s angle of elevation in radian per second when
the balloon is 30 metres above the ground.

1
(D) ZiS radians/sec ) 2i5 radians/sec 3) %radians/sec 4) 3 radians/sec

4. The maximum value of the function x?e™*, x > 0 is

(1) - ® ® = @ &
e 2e e? et
5. The area of the triangle formed by the complex numbers z, iz, and z + iz in the Argand’s diagram is
1 2 3 2
1 3 2] 2 2 3) r | z] (4) 22
6. If|zg|=1,z|=2,[z,]=3and |9 zz, +4z z,| +z,z,= 12, then the value of |7, + 7z, + 7| is
(D 1 @ 2 3 3 4 4
7. If z=x+iyis a complex number such that |z + 2| = |z — 2|, then the locus of z is
(1) real axis (2) 1imaginary axis (3) ellipse (4) circle
orders@surabooks.com Ph: 9600175757 /1 8124201000 /8124301000
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Case (ii)
When VNS —§:>x+l=—é
2 X 2
x* +1 -5
= - =
X
= 2x2+2+5x = 0
= 2x*+5x+2 = 0
= x+2)2x+1) = 0
—1
= x = -2, 7
*. The roots are 3 l -2 _—1
.. D) 3 ) D) 2 .
BB
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12th SURA’s MODEL QUESTION PAPER - 2
Std Mathematics
( Tamil & English Version)
Time allowed : 2.30 hours] [Maximum Marks: 90

Instructions: (1) Check the question paper for fairness of printing. If there is any lack of fairness, inform the
Hall supervisor immediately.
(2) Use Blue or Black ink to write and underline and pencil to draw diagrams.

PART -1 (20 x 1 =20)
Note: (1) Answer all the questions.

(2) Choose the most appropriate answer from the given four alternatives and write the option
code and the corresponding answer.

20 1 4
1. IfA= and B= then |adj (AB)| =
15 20

(1) —40 2) -80 3) 60 4) 20

2. Find the point on the curve 6y =x*+ 2 at which y-coordinate changes 8 times as fast as x-coordinate
is

(1) &,11) 2) @11 3) (4,11 4) (—4,-11)

3. If 0 <06 <1 and the system of equations x + (sin O)y — (cos 0)z = 0, (cos O)x —y + 7z =0,
(sin O)x + y — z =0 has a non-trivial solution then 0 is

21 3n Sm o
1) — 2) — 3 — 4) —
M 5 @ ORI “@
4.  The principal argument of (sin 40° + i cos 40°)° is
(1) -110° 2 -70° (3) 70° (4) 110°
5. The number given by the Mean value theorem for the function l, xell,9]is
X
(1 2 2) 25 3 3 “4) 35
10
1+/3i )
6. The value of —1_ J3i is
1) cis 2F @ cis 2 @PNGs 2F (@) SR
3 e 3 3 3
7. W f(x,y)=e?, then is equal to
Ox0Oy
(1) xye” 2) (A +xy)e” () d+ye” 4 (1 +x)e”
8. Ifx®+12x?+ 10ax + 1999 definitely has a positive zero, if and only if
(1) a=0 2) a>0 3) a<o 4) a<o0
[224]
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. e 2

44. (a) Find the principal value of sec! | —

NE)

(OR)
o
(b) Evaluate : JJ‘E dx
5+4sin® x

0

45. (a) Find the equations of the tangent and normal to hyperbola 12x* — 9y> = 108 at 6 = z . (Hint:
use parametric form) 3
(OR)

olve the differential equation: + -X =
(b) Sol he diff ial equati o+ pP)dy—xPydx=0

46. (a) Using vector method, prove that if the diagonals of a parallelogram are equal, then it is a
rectangle.

(OR)
x 0O0<x<1
(b) The probability density function of X is f(x) =12-x 1<x<2

Find 0 otherwise
i P0.2<X<0.6) (ii) P(1.2<X<1.8) (i) PO.5<X<1.)5)
47. (a) Verify whether the following compound propositions are tautologies or contradictions or
contingency
O @erpr—(pve) i)  (vor—p)—q (i)  @E—=>9>Cp—9)

(iv) (P—=>PA(g—r)—=>(p—r)
(OR)
(b) Parabolic cable of a 60m portion of the roadbed of a suspension bridge are positioned as shown
below. Vertical Cables are to be spaced every 6m along this portion of the roadbed. Calculate
the lengths of first two of these vertical cables from the vertex

ANSWERS
SECTION -1
1. @ -80 2. (1) (4,11) 3. (4) g
4 (1) -110° 5. (3) 3 6. (1) cis%”
7. @2)  (1+xp)e” 8. (3) a<o0 9. (4) %
10. ) L 1. (4) 2 12. (4) —
. 5 - e
2
3.0 14. (3) 10 15. (1) 2,3
11
16. (4) 40 17. (1) — 18.(3) 2,1
@) M 35 3 2
19. (3)i-b ii—ciii-div—a 20. (3) (iii), (iv)
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SURA’s MODEL QUESTION PAPER -3
Mathematics

42th
Std

Time allowed : 2.30 hours]

(English Version)

[Maximum Marks: 90

Instructions: (1) Check the question paper for fairness of printing. If there is any lack of fairness, inform the

Hall supervisor immediately.

(2) Use Blue or Black ink to write and underline and pencil to draw diagrams.
PART -1 (20 x 1 =20)

Note: (1) Answer all the questions.

(2) Choose the most appropriate answer from the given four alternatives and write the option

code and the corresponding answer.

0

1 x
1. IfP=|1 3 0O]is the adjoint of 3 x 3 matrix A and |A| = 4, then x is
2 4

-2
(1) 15 2 12 3)

14

@) 11

2. The volume of a sphere is increasing in volume at the rate of 3 tcm®/ sec . The rate of change of its

. N |
radius when radius is E cm

1
(1) 3 cm/s (2) 2cm/s (3) lcm/s 4) Ecm/s
3 3 4
3. IfA=|2 -3 4| then adj (adjA) is
0 -1 1
3 -3 4 6 -6 8 -3 3 -4 3 -3 4
(1 |2 -3 4 2) 4 -6 8 3) -2 3 4 4 |0 -1 1
0 -1 1 0 -2 2 0 1 -1 2 -3 4
4. Ifv(x,y) =log (e + &), then@+@is equal to
ox Oy
1
(1) e+e 2) - 3) 2 “4) 1
e’ +e’
5. If -1 is purely imaginary, then |z| is
z+1
1
O 7 @ 1 (3) 2 “4) 32
ou .
6. Ifu(x,y)=x*+3xy+y—2019, then — is equal to
X 4,-5)
(1) —4 2 3 3 -7 4) 13
[229]
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ANSWERS
SECTION -1
3 -3 4
4 1 2. (1) 3cm/s 3. (1) |2 -3 4
0 -1 1
4 1 5.0 862N 1 6. 3) -7
5
4 -4 8. (2) — 9. 3) 2
10. (1) |oc|<L ma - 12.(1) =
. = \/5 . 2 . E
13. (2)  unique solution 14.(3) 1,1 15. (2) 2(a*+ b?)
: : : 1
16. (2) mean exists but variance does not exist 17. (1) E
2
18. (4) 5.004 19. (3) 45° 20. (2) df +9y
X
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