Demo Pages of Book 12t (Mathematics)

Strictly As Per

Boards
New Syllabus

11" afo 12 (Science) = ge7e
English 3 Scientific i 7e3. .

My Favorite Guide on

MATHEMATICS

& STATISTICS

With Solutions of
Board Question Papers
Feb / March - 2022
Feb / March - 2023
Feb / March - 2024
Feb / March - 2025

Author/:|Prof: Prajaktal Prashant Bhaskare
MSc.|(Mathematics) - PAH[Solapur. University

Authors :
Qualitied and Experienced Stafls From :
PUNE | LATUR PATTERN |

wavid - : i

Dnyanada Publication House Pune Page 1



Demo Pages of Book

12t (Mathematics)

TOPIC - 01

MATHEMATICAL LOGIC

Logical connectives
Statements:

Simple and Compound

i) Simple statements: A statement or proposition
whose truth value does not depend on another
statement is called a simple or atomic statement.

ii) Compound statement: If a statement is combination
of two or more simple statements, then it is said to be a
compound statement.

iii) Component statement: The simple statements are
called component statement.

iv) Logical variables: Statements are represented by
the letters as p, q, 1, s... These letters are called logical
variables.
Ex.i) p=the sun sets in the East.

ii) q= Sum of the angles of a triangle is 180°.

v) Logical connectives: The connectives joining two or
more simple statements are called logical connectives.
There are five connectives in mathematical logic.

Sr. | Connectives Term used in Symbol
No. Compound
statement
1 Not negation ~
2 And conjunction
3 Or disjunction v
4 If...then implication/ -
conditional
5 | Ifand onlyif | Double implication/ ©
Bi-conditional

i) Simple statements: ST statement = truth value 3%
SHIUTTET statement =T truth value X depend (3173!?'1@3) ad
ARl e simple statement 0TI,

ii) Compound statement- ST U@ statement & S fohal
EIPED simple statement UTET TIN 2, e compound
statement FUTdId.

iii) Component statement (q¥ Fcl?ilﬁ')- Simple statement
AT Component statement FUTdld.

iv) Logic variables - statement represent FOAEE ST
letters ST ST, T logical variables ¥UTdld. AT
examples YT

v) Logical connectives: ST connective words, logical

statement join FOIST TReA ST, <A logical
connective U, fafaer connectives, = A Sy
symbols TeTeT table Teat fIelt 3T, T STaAIsh .

Truth Table:

A table showing the truth values, of the compound
statements is called a truth table.

It has a number of columns and rows.

Note: for n statements, there are (2)n rows.

Some connectives:

1) Conjunction: Any two statements can be connected
by the word "and" to form a compound statement is
called the conjunction of the original statements.

In other words if p, q are two statements then ‘p and q’ is
called as conjunction. It is denoted by '‘p A q’ and it is
read as ‘p conjunction q’ or ‘p and q’. The conjunction p A
q is said to be true if and only if both p and q are true.

Truth table for conjunction: (pAq)

p q pAq
T T T
T F F
F T F
F F F

2) Disjunction (or Alternation):

Any two statements can be connected by the word "or"
to form a compound statement is called the disjunction
of the original statements.
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In other words if p, q are two statements then ‘p or q’ is
called as disjunction. It is denoted by ‘p V q and it is read
as ‘p or q’ or ‘p disjunction q.

The disjunction p V q is false if and only if both p and q
are false.

Truth table for Disjunction: (p vV q)

m=| =<

|| 3o
I I =)

3) Implication or conditional statement:

Any two statements can be connected by the word "If
..then.." to form a compound statement is called
implication.

In other words if p, q are two statements then ‘if p then
q’ is called as conditional. It is denoted by p = qorp =
g and it is read as ‘p implies q’ or ‘if p then q.

The conditional statement p—q is False only if p is true
and q is false. Otherse it is true. Here p is called
hypothesis or antecedent and q is called conclusion or
consequence.

Truth table for Implication: (p—q)

I I I
1|3 || fe
o
R ICIEIEI
o]

4) Double implication or Bi-conditional:

Any two statement can be connected by the word “if and
only if” to form a compound statement is called
biconditional.

In other words if p, q are two statements then ‘p if and
only if q’ is called as biconditional. It is denoted by 'p &
q'orp & q. It is read as ‘p biconditional q’ or ‘p if and
onlyif q".

Biconditional statement p < q is true if p and q have
same truth values. Otherwise it is False.

Truth table for Double implication: (p © q)

P19 ]|Peq
T T| T
T F| F
F|T| F
FIF| T
5) Negation: If p tsastaterrerrcuren the "not p" is called

negation of statement p and it is denoted by "~p".
Note: Negation of negation of a statement is the
statement itself. Thatis, ~ (~p) =p

Truth table for Negation: (~p)

p ~P
T F
F T

Truth table:

T table e fetean compound statement =T Truth value
e B, M truth table FUTAT.

1) Conjunction:

ST fSeiel 9 statement join FHRUATIIS and & word ST
A T & logical connectives ©T conjunction *UTAld.
Conjunction et (A) B symbol ST

S p and q%‘ﬁ%gf T Wﬁ?p /\q?ﬁ Truthvalue T 3/
otherwise F 379

?) Disjunction (or Alternation):

STT f§eiedt S statements connect SFUATEIR! or & connective
AR ST T, T statement T disjunction ¥UTdTd.

S p and q AT Tl statement = value S F 3THA o pV
q 9 Truth value F 3T otherwise T 3T,

3) Implication or conditional statement:

ST fSeiett T4 statement join U0 o1l | — then =T
ST e 3THA X T compound statement T implication
ToRaT conditional statement TEUTCI.

ST p AT statement = value T 37T q AT statement =T value
F 318 TR p—q =¥ truth value F 3T otherwise T 319,

4) Double implication or Bi-conditional:

ST feeledl 317 statements connect FHUATART If and only if
& connective word TR 3T\°|Fﬁ?’f, ¥ AT statement AT
Double implication AT bi-conditional FEUTATA,
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TOPIC - 04

PAIR OF STRAIGHT LINES

Introduction:

Important Results and formulae:

1) Distance formula:

i) The distance of the point P(x, y) from the origin 0(0,0)
is given by 1(OP) = {/x? + y?

ii) The distance between the points A (x4,y;) and
B(x;,y,) is given by

1(AB) = \/(Xz —x1)2(y2 —y1)?

2) Section formula: (TS )
i) If the point P(x, y) divides the line segment AB

internally in the ratio m : n where
mx,+nxq

+
A(x1,y1) and B(xz, y,) then x= =258 y = =282

ii) If the point P(x, y) divides the line segment AB

externally in the ratio m : n where
A(xq,y;) and B(x,,y,) then x= 21y — TY27

m-n m-n

iii) Mid-point formula: (77 559 9)
If P(x, y) is the midpoint, of segment AB then
XatXe o Vatys

2’ 2
Where A(x4,y;) and B(x,,y,)

X

iv) Centroid formula: (& ¥UTd 55 )

If G(x, y) is centroid of AABC, where B(x,,y,) and C
(x3,y3) then

_X1t+Xp+X3  y1ty2ty3
-3 T 3

Distance formula (3R qA):

)FEEEIET pxy) @ R FewEE g 1(0P) =
N ety

ii)A(x4,y1) and (x5,y5) AT =) point YT 3T SHlEvar
k&l

1(AB) = \/(Xz —x1)%(y2 —y1)? % 3'“”%

Section formula: |i?’>1‘14|51=lla g):

1) ST point P(x, y) @ line segment AB ¢ internally
(STOIAMA) m:n AT ratio Hed UM 3WAT T,
A(X4,y1)and B(x;,y,) then

x= mx2+nx1, y: my,+ny; %_ ,qu

m+n m+n

i1) ST point P(x, y) @l line segment AB ©T externally
(FET¥Ed)  m:n AT ratio Ea 1 B o ) o SR [ S
A(x4,y1)and B(xy,y,) thenx= mxri::xl’ y= m}r’:l:zh g
e,

Mid-point formula: (H%4 %@ﬁ gA): ST point P(x, y) @l
line segment AB T Wﬁg‘ 3T, T

_XatXe o yitys
2’ 2 . ’
Centroid formula: (&7 HUq o5 )
SR point G(x, y) & traingle ABC =T Centriod (& TUT)
IWA T,

_X3tXp+X3  y1ty2tys3
x= 3 0T 3

3) i) Any point on x-axis is (* a, 0).
ii) Any point on y-axis is (0, + b).

4) i) The inclination of a line is the smallest positive
angle made by the line, with the positive direction of the
X-axis.

a) The inclination of the x-axis or a line parallel to the x-
axis is 0°.

b) The inclination of the y-axis or a line parallel to the
y-axis is 90°.

c) The inclination of the line bisecting the angles of the
first and the third quadrant is 45°.

d) The inclination of the line bisecting the angles of the
second and the fourth quadrants is 135°.

ST feIe T line o inclination (IS / heT) = line 3T smallest
positive angle, positive direction T A A W

a) X-axis T inclination fohaT x-axis T parallel STHUT=AT line
T inclination 0° 3T,

b) Point a) IO y-axis T inclination 0° 3T,

¢) First & third quadrant T A (Angle) SHISTSH
FHIUT=AT line o inclination 45° 3T

d) Second & fourth quadrant #Y angle 1T bisect (FHISTh)
& STUT=AT line o inclination 135° 379
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Solved Examples

Ex.11) What is the distance from the point (2,3,4) to
i) the XY plane? ii) the X-axis?
1ii) origin iv) point (—2,7, 3)

Solution:

a) The distance from (2,3,4) to the XY plane is |z| = 4
units.

b) The distance from (2,3,4) to X-axis is \/m =
V32 + 42 = /25 = 5 units.

c) The distance from (x,y,z)=(2,3,4) to origin (0,0,0) is
VX2 4y2+22=224+324+42 =4+ 9+ 16 =29
units.

d) The distance from (2,3,4) to (-2,7,3) is
J2+2)2+(B-7)2+@-3)2=V16+16+1=
/33 units.

Ex.12) Prove that the line segment joining the
midpoints of two sides of a triangle is parallel to and
half of the third side.

Solution: Let the triangle be ABC. If M and N are the

midpoints of AB and AC respectively, then AM =
%ﬁ and AN = %A_C) Thus by triangle law

i C

LA M B
AN = AM + MN .'.W:W—W:AC;AB=%

Thus, MN is parallel to and half as long as BC.

Ex.13) In quadrilateral ABCD, M and N are the mid-
points of the diagonals AC and BD respectively.

Prove that AB + AD + CB + CD = 4MN

Solution:

12t (Mathematics)

A D
' B C
AB = AM + MN + NB . (1)
AD = AM + MN + ND . (2)
CB = CM + MN + NB o (3)
CD = CM + MN + ND . (4)

Add (1),(2),(3),(4) to get
AB + AD + CB + CD = 2AM + 2CM + 4MN + 2NB +
2ND
= 2(AM + CM) + 4MN + 2(NB + ND)
= 2(AM — AM) + 4MN + 2(NB — NB)

( MC = AM and DN = @)
=2 x (0) + 4MN + 2(0) = 4MN

Tormelf T a’ieT ex. Hed STTUeATAT quadrilateral ABCD
fSeTell 3R, ER point M, N, € diagonal AC & BD &
mid point 3HA Dia FHGT HUT TR AT TS Hifec e

vector =T basic properties dT use o ERiC) example prove
.

Ex.14) Express —i—3j+4k as the linear
combination of the vector 2i + j — 4k, 2i — j + 3k and
3i+§ -2k

Solution:

Let F=-1-3+4k a=214+]—-4k,b=1-7+
3k c=3i+j—2k

Consider T = xa + yb + zc

—1—3j + 4k = x(21 +§ — 4k)i + (21 —j + 3k) + z(31 +

j — 2k)

—1—3]+4k = (2x+ 2y + 32)1+ (x —y + 2)] + (—4x +
3y — 22)k

By equality of vectors, we get —1 = 2x+ 2y + 3z,—3 =
X—y+2z4=—-4x+ 3y — 2z

Using Cramer’s
Therefore T = 2a + 2b — 3¢

rule we get, x=2,y=2,z=3.

Dnyanada Publication House Pune
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Solved Examples Ex.2: Find the feasible solution of the system of

inequations 3x + 4y > 12,2x+ 5y > 10,x > 0,y = 0.
Ex. 1: Find the graphical solution of the system of

inequations. To draw | Draw | x | y | Line Sig | Regio
2x+y<10,2x-y<2,x>0y=>0 (Inequation | line passes | n n
s) throug
Solutions: To find the solution of the system of given h (x,y)
inequations - 3x + 4y Li3x+| 0] 3] (03) > Non-
Draw X y | Line passes | sign | Region =12 4y = 4101 (40 origin
lines through(x,y) 12 side of
L,2x 0 10 | (0,10) < origin Line
+y 5 0 (5,0) side L, L4
=10 2x + 5y = L,2x [ 0|2](0,2) > Non-
L, 2x 0 -2 1(0,-2) < Origin 10 + 5y origin
-y=2]1 0 |(1,0) side L, =10 {50/ (50) side of
Line
The common shaded region OABCO is the graphical L,
solution. This graphical solution is known as feasible
solution. Solution: Common shaded region is the feasible
solution.

R example T solve FTE.

fommelt fsr ader example qe YA 9 line o
equation feot omea wmEE x amfor y intersect he1 A 9 B
a@aﬁ'—rpomtwﬁﬁam line draw 0T 3T =l
equation qTal 0T ATTHN origin test & T common
region find O & Al shaded 0T ATAT 3T graphical

solution 379 TEUTAT 37T AT graphical solution T feasible
solution 378 TEUTA

Remark: The restrictions x > 0,y = 0, are called non-
negativity constraints.
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Miscellaneous Exercise - 4

A)0 B) 1 )2 D) T

I) Choose the correct option from the given FEUHNMIECRORY KX

alternatives:

3 X
1) fZ x(x3-1) =

A)3108(55) B)3los(555) ©)og(G55) D) log (555)

sin? x-dx

)f() (1+cosx)2 -

mn—4 T 441U
N B) = O4-3 D=~

log5 e*VeX-1 _
3) Jy g dx=
A)3+2n B)4—m QO2+m D)4+ m
4) [2sin®x cos®xdx =
Az B) 52 ©) 356 D) 725
5)Iff0m = 3,thenkisequalto
MVI(ZI-2)  BZ(2-2V2)
0) 222 D) 42
21 1!

6) [{ sexdx =
AVe+1 B)Ve—1 C)ve(Ve—1) D)¥t

1
7) Iff2 [logx (log—x)z] dx =a+,—, then
A)a=eb=-2 B)a=e,b=2
CJa=—eb=2 D)a=—eb=-2

2 X
8) Letl; = [° X andl, —fze—dx,then
e logx X
Al =31, B)I; +1,=0
C) 11:212 D) 11212
X

9 Jp Jrvoms 9X
A)9 B) < )0 D)1
10) The value off4 log (2+Sm e) dois

1| A 3 B 5 D 7 A 9 | B
2| A | 4 C 6 C 8 D |10 | A

II) Evaluate the following:

cosX
) fo 3-cos x+sinx

COS X
Solution: Let]l = [2———
0 3 cosx+sinx

Let cosx = A(3cosx + sinx) + B% (3 cosx + sinx)

~ cosx = A(3cosx + sinx) + B(—3sinx + cosx)

s~ cosx = (3A+ B)cosx + (A —3B)sinx

Comparing the coefficients of cos x and sinx, we get

3A+B=1,A-3B=0

By solving these equations, we get

A= % and B = 1—10

5 COSX = i (3 cosx + sinx) + i (—3 sinx + cosx)
= f_ (3cosx+smx)+ ( 3smx+cosx) dx

3 cosx+sinx
= 1
—_ 2 JE—
o fo Tdx ++

T .
> —3sinx+cosx
0 3cosx+sinx

— 130 [x]7/? + [log|3 cosx + sinx|/?
[ fff((x)) dx = log|f(x)| + c]
=153~ 0) + 55 log 3 cos (5) + sin ()
—log|3 cos 0 + sin 0|
]
LN

[log(3 x0+1)—log(3x1+0)]

=%+E(log1—log3)

=z—n+i(0—log3)
3m
[==——log3

fommelt Tl aieT example T&4 UoHa: N o A(D)
d :
+ B& (D) AT form e \c_'|§-'-| co-efficient compare H&ET

A @ B FEAT Value FEU. F 3T IEECHIH!
simplification & integration formula =T IO hEd I
limit put & integration solve .
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Solved Examples:

Ex. 1) Find the area of the region bounded by the
curves y?> = 9x and x* = 9y.

Solution: The equations of the curves are

y?2 =9x....... (I)
and x? =09y ... (1D
Sy
i A xZ_ 9y
; P(a,a)
i X< o B —> X
a v ot

Squaring equation (II)

x* = 81y? x* =81 (9x) ...by (1)
x*=729x  ~x(x3-93)=0
ie.x(x3-93)=0

=x=0 or x=9

From equation (II),y =0ory =9
-~ The points of intersection of the curves are (0,0), (9,9).

2
~ Required area A = f09\/9x dx — fog% dx

9 9
S
=2-9§—27

A = 54-27
= 27 sq. units

Now, we will see how to find the area bounded by the
curve y = f (x),X — axis and lines
b if f(x) is negative i.e.f(x) < 0 in [a, b]

X=aXx=

Toremett &Bﬁ:ﬁ, Il example e g fSeledn curve =T
equation YT¥ 34T SR TSHTOT diagram hIgT U FR
33T, IRATSCATHTOT T simplification &1 x oy AT value
G 0T

A= fxx:ab f(x)dx — f::ab g(x) dx|
& required area FHIE.

Il formula ©T 99T

12t (Mathematics)

Ex.2) Find the area bounded by the curve y =
x2,X —axis and lines x = 1 and x = 4.

Solution: Let A be the area bounded by the curve y =
—x? X —axisand 1 < x < 4.

........................................................

i Y
A X :—rx;_m4 » X
E o) 3| 4
| ‘
| Y y =
The required area A
4
= [y dx
- (*_,2
= ), —x“dx
x31*
-[-%],
64 , 1
BRI
A=-21,
But we consider the area to be positive.
~ A =|-21]| sq. units =21 square units.

Thus, if f(x) <0orf(x) >=0in[a,b] then the area
enclosed between y=f(x),X—axis and x=a,x=

bis |fab £(x) - dxl.

T example e y = —x? T curve Tel 31T, IRETaeATIHIot
diagram%'ﬁA%Tx-axisFﬂ x = 1 30T x = 4 4T line 7
bound OTMAT y = —f (x) AT curve T area I™.AWA =
ffydx = SR HEA 331 STEIIAA! area SHEUI ST
3T9YT area Bl positive consider FHeAT T y = f (x),X — axis
T x = a,x=b

SAYUIT=AT curve ©l area Bl |fab f(x) - dx| T 3.
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If the area A is divided into two parts A; and A, such that
A;isthepartofa < x < twheref(x) < 0and

A, isthe partofa <x < twheref(x) =0

then in A; the required area is below the X-axis and
in A,, the required area is above the X-axis.

Now the total area A = A; + A,

= |fatf(x)dx| + |ftb f(x)dx|

Diagram e RIS Area &I part T divide
BT SWATRA, Tparta < x <t f(x) < 0 3 WA
A, B parta <x<tdf(x) =0 3 A A; ®Tarea
X—axisEIT@'IFﬁFR'AZ 2T area X — axis T % lie Tl
Y total area

TA=A +A,  =|f;f0dx]| +|f] f(x)dx| o sren

Ex. 3: Find the area enclosed between the X-axis and
the curve y= sin x for values of x between 0 to 2.

1) Area A, = area lying above the X-axis

=f0nsinx dx = [—cosx|]
= —[cosm — cos0] = —(—1,—1)
A1 = 2

2) Area A, = area lying below the X-axis = fnzn sinxdx =
[— cosx] 2™ = [— cos 2T — cos ]
= —[-1-(-1)]
A, =-2
~ Totalarea=A; + |A;| = 2 + [(—2)]| = 4 sq. units.

X — axis 37T curve T&T enclosed EIUTRT area & X — axis
=T @t 30T 5 equal part e divide Bl ST ﬂﬂﬁ?’}l
positive 3ot negative 379l 341%, A; BT X — axis =T above
lie ShYUTRT Area dX A, @l area X — axis =T below lie ShTOTRT
Area T A; = f: sinxdx & A, =f;nsinx dx 37T UEA
33T, TRATTATIHTOT simplify F&T A = A; + |A,| Total area
U,

Ex.4): Using integration, find the area of the region
bounded by the line 2y + x = 8, X-axis and the lines
X = 2 andx = 4.

Solution: The required region is bounded by the lines
2y + x = 8,and x = 2,x = 4 and X- axis.

Ly = % (8 —x) and the limits are x = 2,x = 4.

Solution: The area enclosed between the curve and the Y ;
X-axis consists of equal area lying alternatively above 1
and below X-axis which are respectively positive and
negative.
a - a
X' - \%\ ; + X
: O] x=2 x=4 '\A i
| 2y+x=28
Yl
\ 4
Yl
Dnyanada Publication House Pune Page 9
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TOPIC - 07

PROBABILITY DISTRIBUTIONS

1) Random experiment (trial):
Any action in which all the possible results are known in

advance, but none of them can be predicted is called a
random experiment.

2) Sample space:

The set of all possible outcomes of a random experiment
is called the sample space of that experiment and is
denoted by S.

Every element of the sample space is called the sample
point. The number of sample points in a sample space S
are denoted by n(S).

3) Event:
An event is a subset of the sample space and is usually
denoted by capital letters A, B, C, etc.

4) Equally likely outcomes:

The outcomes of a random experiment are called equally
likely, if all of them have equal preference. In the
experiment of tossing an unbiased coin, the outcomes
'Head' and 'Tail' are equally likely.

5) Complement of an event:

The set of all outcomes in a sample space excluding those
of an event is called the complement of an event. It is
denoted by A, B',C’, etc.

Using a Venn Diagram we represent the Sample Space
(S), an Event (A), the Complement of an Event (A') etc.,
as shown above.

Some commonly used events and their notations are
given below:

Event Notation

Not A Aor A’ or A°

at least one of A, B occurs AUB

both A and B occur ANnB

A occurs but not B ANB

B occurs but not A A'NB

neither A nor B occur A'nB

atleast one of A, B, C AUBUC

Exactly one of A and B (ANnB)U (ANB)

All three of A, B, C ANBNC

Exactly two of A, Band C (AnBNnC)u
(AnBNnC)u

(ANBNC)

foramea=it s fgeiear |a event 3T Notation T 3T
I HYET,

6) Exhaustive events:
Two events A and B defined on a sample space S are said
to be exhaustive if AUB = S.

7) Mutually Exclusive events:

Two events A and B defined on a sample space S are
called mutually exclusive events if they can not occur
simultaneously, i.e.,AN B = ¢ .In such a case A and B are
disjoint sets.

Note: If two events A and B defined on a sample space S
are mutually exclusive and exhaustive, then they are
called complementary events.
That is, f AUB=S and AnNB = ¢ then A and B are
called complementary events.

8) Tossing a coin/coins:
If one coin is tossed n times or n coins are tossed
together, then n(S) = 2"

9) Throwing a die/dice:
If one die is thrown n times or n dice are thrown
together, then n(S) = 6"

Dnyanada Publication House Pune
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10) Playing cards:

A full pack of playing cards, also called the deck, consists
of 52 cards.

It does not contain any joker.

Amongst these 52 cards, there are 4 different suits, each
containing 13 cards.

Of these four suits, 2 are red and 2 are black.

The two red suits are the hearts © and the diamonds (¢).
The two black suits are the spades (4) and the clubs (#).
In each suit, each of the thirteen cards is assigned a
definite number, from 1 to 13, called its denomination.
In each suit, there are 3 picture (face) cards, viz. a jack, a
queen and a king.

The card with denomination 1 is called an ace.

1) Random experiment (trial):

FIUAET Fel SAHA g G UROTH SIS Hifgdt
TN, U7 TATIh! STIUT FIEFE! | ITehd ATl 3T Fefterl
39T random experiment 3T TRUTA,

2) Sample space:
Random Experiment Tl 9 |9 gRomTHTET (All

possible out comes) set (EED AT 3MYUT sample space Erc)
U, df s A SV S, Sample space T TE
element T sample point U S, F o n(s) F guifaet
ST,

3) Event:
Sample space AT subset T event 3T WU ST ST o

capital letter A, B, C, etc = ST S,

4) Equally likely outcomes:
TE™ random experiment e §d E@9red arong %’ ST

ST equal preference T&A fHead 31T A TAT equally
likely out comes 378 TEUTATA.

5) Complement of an event:

Sample space Tl 3T element ST event HE ATET ATeAT
3T AT set =T compliment 319 Ul ST A', B/, C element
3THT TRATSIEAT ST,

6) Exhaustive events:

ST A 9 B 7 T set o union el STFAT AT sample
spaces ST a8 X TATeT 3TIUT exhaustive events

TEOTC,

7) Mutually Exclusive events:
ST A @ B 9T 89 set ¥ intersection et AT STTITAT

FHIUTATET element AT TUT TUSTT ¢ Head ST o e
MUY mutually exclusive event 3T TEUTA 3T9M cases TeA
AdBE disjoint set 3THId.

Note:

ST event A I B & 3% mutually exclusive o exhaustive
AT O T event T 3{TI0T complementary event I

TEUTA,

8) Tossing a coin/coins:

ST U coin n time tossed AT fHaT n coins tossed et AT
T AT n(s)=2" & 3TE.

9) Throwing a die/dice:

ST Ush die n time thrown <hedl fohal n die Uha thrown Hel

T T GHISIAT n(s) = 6" & 3.

10) Playing cards:

ToremeiT it 3907 e Ut et STl e Ior
pack of playing card U deck TEUTAT St &t UR cards =
. S T jocker T T THT YR card & AR parts
TSI T e T 23 cards ST, THUT ¥ part Tl 3
part & red 3T R part  Black 3T, o1 4 red part e
T heart (95H), Ush diamond (Eﬁzh?) A T I Black
part e U spade (Q'@ﬁav‘) 37T T clubs (ﬁh?fla'{) 3T,

PED part et 23 card € 2 d 23 F number defined el
3M&T T denomination 3T TUEH S, Uedsh part ey
%3 card, T A face TS Ued TaTd T Jack,
queen afoT king ¥UTAId. card SITE denomination one 3
T ace 3T TUTAT.
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i

1) Let X represents the difference between number
of heads and number of tails obtained when a coin is
tossed 6 times. What are possible values of X?

Solution: X represent the difference between number of
heads and number of tails.
Sample space of the experiment is.
S = {(0 heads, 6 tails). (1 head, 5 tails).
(2 heads, 4 tails). (3 heads, 3 tails).

(4 heads, 2 tails). (5 heads, 1 tail).
(6 heads, 0 tails). }

The value of X corresponding to these outcomes are as
follow:

X(0 heads, 6 tails) =0 —6 = —6

X(1 heads,5 tails) =1 -5 = —4

X(2 heads, 4 tails) =2 — 4 = -2

X(3 heads,3 tails) =3 -3 =0

X(4 heads, 2 tails) =4 -2 =2

X(5heads,1tails) =5—-1=4

X(6 heads, 0 tails) =6—-0=6

-~ Possible values of X are {—6,—4,—2,0,2,4, 6}

T example T x B number of heads 3T tails HEeT
difference represent AT 3TV TR GRATACT STI0T
sample space ﬂ_ﬁﬁ AT, ST H 0 heads 3THAA o
I 6 tails [Hobet, 3T9M W MU sample space
fafeen  amfoT U e /RO
TR simplification sh%& possible value of x hlgT
e,

sample point

2) State which of the following are not the
probability mass function of a random variable. Give
reasons for your answer.

i)
i) X 0 1 2
P(X) |04 0-4 |02
ii)
X 0 1 2 3 4
P(X) |01 0-5 0-2 -0-1 |02

X 0 1 2

P(X) 01 0-6 0-3

iv)

Z 3 2 1 0 -1
P(Z) 0-3 0-2 0-4 0 0-05
v)

Y -1 0 1

P(Y) 0-6 0-1 0-2
vi)

X 0 -1 -2
P(X) 0-3 0-4 0-3

Solution: i) Here,p; > 0,Vi=1,2,3
Now consider,
¥ pi=04+04+02=1
~ Given distribution is p.m.f.
ii) Here, P(X =3) =-0.1<0
=~ Given distribution is not p.m.f.
iii) Here,p; > 0,vi=1,2,3
Now consider,
Y pi=01+06+03=1
=~ Given distribution is p.m.f.
iv) Here,p; =0,Vi=1,2,...5
Now consider,
> ,pi=03+02+04+0+0.05=095#1
=~ Given distribution is not p.m.f.
v) Here,p; > 0,Vi=1,2,3
Now consider,
¥ pi=06+01+02=09 %1
=~ Given distribution is not p.m.f.
vi) Here,p; > 0,Vi=1,2,3
Now consider,
¥ pi=03+04+03=1
=~ Given distribution is p.m.f.

A T example e ST pi =T value & 0 T&T TSt 378
T feiet distribution & p-m.f. 3TE 3T 3TTYUT T,
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Multiple Choice Questions:

1) A. p.m. f. of r.v.X is given below:

X=x 2 4 |6
Poc=n | 13| 1
8 8 2
Then E(X) =
(A)5.25  (B)4.25 (C) 4.75 (D)5.75

2) Ar.v.X has the following probability distribution

X -1 -2 1 2
PO | 1 [T [ |1
3 |6 6 |3
Then E(X) =
3 1 2 1
A) 5 B); 03 D) <

3) Number of stars in the sky is an example of
A) continuousr. v.

B) discreter. v.

C) both continuous and discrete r. v.

D) neither continuous nor discrete.

4) The total probability of all the exhaustive events
is

A)0 B)1 0 -1 D) +1

5) Atmospheric pressure at a certain place in % is
A) continuous . v.

B) discreter. v.

C) both continuous and discrete r. v.

D) neither continuous nor discrete.

6)If P(x) =
A3 B)

1,2,3 is p.m.f. of X, then k =
1 1
Q) < D) >

1]

kx
3

X =
1
4

7) A die is thrown at random, what is the expectation
of the number on it?
A) 3.5 B) 3.6 C) 4.5 D) 4.6

8) If a pair of dice is thrown and X denotes the sum
of the numbers on them. Find the expectation of X.

A)5 B) 0 01 D)7

9) For the given probability distribution, find E(X)
X 1 |2 3

12t (Mathematics)

P=0 1] 1[5
4 8 8
11 17 19 21
A)— B) 5 O+ D)=

10) In a game, a person is paid Rs.5 if he gets all
heads or all tails when three coins are tossed and he
will pay Rs.3 if either one or two heads show. What
can he expect on an average per game?

A) gain of X 2 B) gain of X 1

C)lossofX 1 D) No loss no gain

11) A random variable X has the following
probability distribution values of X,

X: |01 2|3 |4]|5]|6 7
P(X):| 0 | k| 2k | 3k | k? | 2k% 2k% 7k®* +k
Find value of P(X > 6).
13 17 21 19
A) 706 B) 755 (8 R D) s

12) The probability distribution of a discrete
random variable X is given below:

X 2 3 4 5
P(X) 5 7 9 11
Kk k k
Thenk =
A)8 B) 32 C) 16 D) 48

13) Let X be a random variable. The probability
distribution of X is given below:

X 30 10 —10
Py | 13 11
5 10 2
Then E(X) =
A)6 B) =5 C) 4 D) -3

14) Let X be a discrete random variable assuming
values x4,X,,X3 ...., X, with respective probabilities
P1,P2,P3 ----Pn- Then variance of X is given by

A) E(x?) B) E(x?) + E(X)

C) E(X*) — VEX) D) E (X*) — [EX)]?
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II) Solve the following

1) Find the principal solutions of the following
equations:

i) sin20 = —% ii)tan30 = —1  iii) cot® =0
Solution: i) sin 20 = _71
sin20 = —sing

sin20 = sin (n + g) [+ sin(m+ 0) = —sin 0]
sin20 = sin%1T

Since sin® = sina implies® = nm+ (—1)" a,neZ

. — _1)n’m .=, (_1)’"

S 20=nm+ (-~ . 8=—+(-1)"2

Values of n Values of 6
0 7T
12
1 —TC
12
2 191
12
3 11m
12
4 31t
12
5 23T
12

Since 0 < 0 < 2m, the required principal solutions are
_7m 11m 19m 23m
127127 127 127

ii)tan30 = -1
Sol: Home work

iii) cot0 =0
31

-~ cotB = cot (g) and cot0 = cot (n + g) = cot (7)

suchthat0<§<2nand0<37n<2ﬂ

-~ The required principal solutions are 6 = g and 6 = 3711

Toremell fFfi et Wel example & Ex 3.8 W&l Wieaoied!
example T T hed Hreaur,

2) Find the principal solutions of the following
equations:

i)sin20 = — =

7 ii) tan50 = -1

iii) cot20 = 0

1
NA
. . 5T
sin 20 = sin—~

Solution: i) sin20 = —
sin20 = — sing,
Since sin 6 = sina inplies® = nm + (—1)" «
. 20 =nm+ (—1)“%1T

n

DT, 4yn5T
=" (-pn

Values of n Values of 6
0 51
8
1 -n
8
2 131
8
3 7T
8
4 21m
8
5 151
8

Since 0 < 6 < 2w, the required principal solutions are
51 131 mn 15T

0=—,—
8’ 8

g’ 8"

ii) tan50 = -1
tan50 = —tan= = tan (3—11)
4 4

Sincetan @ = tan a implies® = nm + a

31 nTt 31
50 = nmt+ e . 0= = + 20
Values of | Values of
n 0
0 3m
20
1 7T
20
2 11w
20
3 15m
20
4 191t
20
5 23T
20
6 27T
20
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Distance between skew lines:

Theorem:
The distance between linest =a; +A;b;  and
(3,—31).by x by

F =2, +\,b, is 1
2 272 [by X by|

Proof:

Let L; and L, be the
a; +Mb; , T =2, +A,b, respectively. Let PQ be the
segment which is perpendicular to both L; and L, .

To find the length of segment PQ.

Lines L; and L, pass through points A(a;) and B(a,)
respectively.

lines whose equationsare r =

Lines L, and L, are parallel to b; and b,respectively.
As PQ is perpendicular to both L; and L, , it is parallel to

i b

s et

i A (51 P/
| H :

1"

b2

i B (az) Q L2

The unit vector along PQ = unit vector alongb; x b, =
i ( say)
PQ = The projection of AB on PQ = AB. 1
(@2—a1).( b1 x by)

PQ= [by x by
The shortest distance between lines
f =a; +\b;andt =23, +A;b, lis
(3,—a1).(by x by)

[by x by|

F =a, +Ab, 3MUTF =3, 4+ A,b, AT line et distance
%. (@8z—a;).by x by %- 3:"%-

Two lines intersect each other if and only if the shortest
distance between them is zero.

Lines T =a; + A;b; and r =a, + A,b, intersect
each other if and only if (a, — a;). ( b, X 52) =0

Z—7, X—X;

q X—X
Lines = = and = =
aq b1 Cq ap bZ C2

intersect each other if and only if

Xp0=X1 YV,=V, 22— 7
dap bl Cq =0

a; b, C2

T line THHSMT intersect hegl AT Siegl L
shortest distance & zero 378 37T ¥ vice versa prove 2.

Distance between parallel lines:

Theorem 6.7
The distance between parallel lines T =a; +Ab

andt =3, +Abis|@, —a,) x b

b . B
Proof:
L,
d
0 N ] .
A(a_u) M L,

Letlinesrepresentedby r =a; +Ab; andr =3a, +
Ab bel;andl,

Lines L; and L,pass through A(a;) and B(a,)
respectively.

Let BM be perpendicular to L, . To find BM

AAMB is a right angle triangle. LE m2BAM=60

. BM
sinf = —
. BM=ABsin @=AB-1 sin®=AB-|b|-sin® [AB x b| =

|(@, —3;) x b

by x by _ _
=~ The distance between parallel lines.
Remark: r =a; +Abandr = 2 +A;b s given by
d=BM= |3, —a,) xb|
Dnyanada Publication House Pune Page 15
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A linear equation in two variables ax+by+c=0,
where a.b,ce R a and b are not zero simultaneously
represents a straight line. A straight line makes disjoint
parts of the plane. The points lying on the straight line
and two half planes on either side, which are
represented by ax + by + ¢ < 0 and ax + by + ¢ > 0. We
will now study the two half planes made by a line.
The sets of points {(x,y)lax +by+c <0}
{(x,y)|ax + by + ¢ > 0} are two open half planes. The
sets of points {(x,y)|lax + by + ¢ < 0}and {(x,y)|ax+
by + ¢ = 0} are half, planes with common points. The
sets (x,y)|lax+by +c <0} and (x,y)|ax + by + ¢ > 0}
have the common boundary {(x,y)|ax + by + ¢ = 0}.

7.1 Linear inequation in two variables:

A linear inequation in two variables X, y a mathematical
expression of the form ax+ by < corax+ by > c,
where a # 0,b # 0 simultaneously and a,b € R.

and

foremert fsm, ax + by < corax + by > ¢ 3R form ey
STHUTAT mathematical expression ©T 31T linear equation

in two varible 379 TgUTAT. X,y € S variable 3T&d 30T a,
b ¥ Tt non-zero real number 37124,

Convex set: A set of points in a plane is said to be a
convex set if line segment joining any two points of the
set entirely lies within the set.

Plane T& set of point AT T points YT line
segment STl ST ot W set T lies B,

The following sets are convex sets:

....................................
....................................

The following sets are not convex sets.

Note:
i) The convex sets may be bounded. Following are
bounded convex sets.

.........................

\

////
// ;55

Convex set %‘may be bounded (I3¥) G:I?Tiﬁ?l) AT, 3R

set T 3TMAUT convex set 3TH T,
Convex set & may be unbounded (Wﬁ'&{ﬂ) AT,

Note:

i) Graphical representation of x <h and x > h on the
Cartesian co-ordinate system.

Draw the linex = h in XOY plane.

The solution set in the set of points lying on Left side or
Right side of the linex = h
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ii) Graphical representation of y < k and y > k on the
Cartesian co-ordinate system.

Draw the line y = k in XOY plane.

The solution set is the set of points lying below or above
the liney = k.

iii) Graphical representation of ax + by < 0 and ax +
by > 0 on the Cartesian co-ordinate system.

The line ax + by = 0 passes through the origin, see the
following graphs.

iv) To find the solutions of ar + by < cand ax + by >
c graphically,

Draw the line ax + by = c in XOY system. It divides the
plane into two parts, each part is called half plane:

The half plane H; containing origin is called origin side
of the line and the other half plane H, is non-origin side
of the line ax + by = c.

For convenience, consider O (0, 0) as test point. If O (0,
0) satisfies the give inequation ax + by < c,ithen the
required region is on origin side. Hence shade the region
the H; otherwise shade the other half planes. H,.

The shaded portion represents the solution set of the
given in equation.

Note that the points {(x,y) | ax+by=c } form the common
boundary of the two half planes.

%) x <h 3T x > h AT cartesian co-ordinate system 9
graphical representation - XOY plane T x = h A7 line =T
ST ST STAETAT solution 5T FHRIT x & h TSET SIT0T
h TET e 3TTE.
~x>h W& x=h A line =N ITAT T[T I

solution f¥e5eT SHRUT x T h Ta@T 37T h J&T HieT 371e.
ii) y<k 30T y>Kk AT cartesian co-ordinate system o

graphical representation

- XOY plane e y=k & line hlgd Hoy,

.y <k @l y=k 3T line AT WeTeAT SN[ IeITe
solution T3t HRUT y BT k TSRT 3MMUT k U&T TIeT .

- y=k W& y=k AT line =T IAT AN TN
solution fHeEet HRUT y BT k TSET 3TUT k T&T HiaT 3T,

iii) ax + by < 0 3T ax + by = 0 3T cartesion co-ordinate

system 9 graphical representationax + by = 0 &l line Tt
3T origin HYT ST,

iv) Solution of ax + by < ¢ 3T ax + by = c graphically
XOY AT system T GIA: ax + by = c &l line TN & line
plane T &) part T divide . 1;l?\aﬁpart AT 3T half
plane 3T TEUTC,
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5.1 Area under the Curve

Area under a Curve:

i) The area 'A’ bounded by the curve y = f(x),

X —axis and bounded between the linesx =aandx=b
(see the figure below) is given by

A = Area of the region PRSQ

2A=[Pydx = [T fx)dx

Y
4
R f(x) ' 1
y=f(x
p -
x=a A x=b
Xl: O P Q 'X
Y!

..................................................

ii) The area ‘A’ bounded by the curve x = g(y) Y —axis
and bounded between thelinesy = candy = d (see the
figure below) is given by

A = Area of the region PRSQ

d =d
~A=[Ixdy = [[_ g dy

Y
T
=d
L W
=
A "
<
Dk
P =g X
X'« >
0 X
v
YI

Area between two curves:

The area of the shaded region bounded by two curves
y = f(x) and y = g(x) as shown in the figure is given by

12t (Mathematics)

A=

fxx=ab f(x)dx — fxx=ab g®) dx|

Where the curves y = f(x) and y = g(x) intersect at the
points [a, f(a)] and [b, f(b)].

.......................................................

.......................................................

Area under a Curve:

)X —axis a¥ HUI=AT 3MMUT x=a 3T x=b AT line TA
region bound HIUM=AT y=f(x) AT curve T Area ST
diagram e IR,

Area of region PRSQ

2 A= [Cydx= [T f(x)dx # M.

i)Y —axis o 3HUT=AT 31TFUTy = 31TFUTy=d€IT1ine
e region bound HYUM=AT x = g(y) AT curve <1 Area
BUSg diagram e TRGTCATIHT,

Area of region PRSQ

A= [xdy = [ g(y) dy 71 o

Area between two curves:

y = f(x) 3ﬂ'ﬁjTy = g(x) ATIE curve WWW Area
8l diagram T shaded part e STEFAT e, T region T

area 8l, A = fxx:ab f(x)dx — f;;; g(x)dx| & 3. curves

y = f(x) 37T y = g(x) & THHABMT [a, f(a)] 3TMOT [b, f(b)]
T point e intersect AT
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