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Types of Events

Impossible / sure
P(E) = O for impossible, P(E) = 1 for sure (E = S).

Mutually exclusive
Cannot happen together: An B =@, so P(Au B) = P(A) + P(B).

Exhaustive
Together they cover the sample space: Au B =S.

Complementary
A:AUA=SandAn A=¢q,soPA)=1-P(A).

Independent
One does not affect the other: P(A n B) = P(A) - P(B).

Probability - Set theory



Two Events: Venn Diagram

Let the four regions have probabilities:
X = P(A only) = P(A n B)
y = P(A n B)

z = P(B only) = P(A n B)
t = P(neither) = P(A n B)

X+y+z+t=1

t

[ PA)=x+y - PB)=y+z - P(AuB)=x+y+z=P(A)+P(B) - P(An B)
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Two Events: Formulas

Exactly one occurs
X +z=P(A) + P(B) - 2-:P(A n B)

At least one | neither
PAuB)=x+y+2z - P(neither)=1 - P(A U B)

De Morgan
PAnB)=P(AuB)=1-P(AuB) - PAUuB)=P(AnB)=1-P(An B)

Only A, only B
P(An B)=P(A)-P(AnB) - P(AnB)=P(B)-P(An B)
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Three Events: Venn Diagram

A
Aa%A

Probability - Set theory

X, Y, Z=o0nly A, only B, only C
g=AnBonly - r=Bn Conly
s=AnConly - p=AnBnC
t = none of the three
Exactlyone=x+y+2z
Exactlytwo=qg+r+s
Atleasttwo=q+r+s+p
Atleastone =1 -t

X+y+z+q+r+s+p+t=1



Three Events: Formulas

[ P(A U B U C) = P(A) + P(B) + P(C) - P(AnB) - P(BNC) - P(AnC) + P(AnBNC)

Exactly one
> P(A) - 2-2 P(AnB) + 3-P(ANBNC)

Exactly two
2 P(AnB) - 3-P(AnBnC)

At least two
2 P(AnB) - 2-.P(AnBnC)

None
PAnBnC)=1-P(AuBuUQC)

Probability - Set theory



Independent Events and Odds

(
Independent: P(A n B) = P(A) - P(B). Then Aand B, A and B, A and B are also
Independent.
Three events are independent only if all pairs and the triple multiply: P(AnBnC) =
P(A)P(B)P(C).

\_

Useful for "exactly one"
P(exactly one) = P(A)(1 - P(B)) + (1 — P(A))P(B)

At least one
PAuB)=1-(1-P(A)1 - P(B))

Odds
Odds in favour a : b means P(E) = a/(a + b). Odds against a : b means P(E) = b/(a + b).

Probability - Set theory



Questions Based on Set Theory

Part 3 - Exactly one, three events, independent events

5 questions - JEE Main + JEE Advanced (archive)



Part 3 - Q.1

Let A and B be two events such that the probability that exactly one of them
occurs Is 2/5 and the probability that A or B occurs Is 1/2. Then the probabillity
that both of them occur together is

A.0.02 B.0.20 C.0.01 D.0.10

JEE Main 2020 (8 Jan Shift 2)



Q.1 - Solution

-
Let P(A n B) = y.

Exactly one: P(A) + P(B) — 2y = 2/5
AorB: P(A)+P(B)-y=1/2
Subtract: (P(A) + P(B) —-y) - (P(A)+P(B)-2y)=y=1/2-2/5=1/10=0.10

\_

A EISVIEN (D)  Exactly one + both = at least one: 2/5 +y = 1/2.



Part 3 - Q.2

The probabillity of happening at least one of the events Aand B is 0.6. If A
and B happen simultaneously with probability 0.2, then P(A) + P(B) =

A.04 B.08 C.12 D.14

IIT-JEE 1987 - also MHT CET 2021 & 2022



Q.2 - Solution

(
P(A U B)=0.6 and P(A n B) = 0.2

P(A U B) = P(A) + P(B) - P(A n B), so P(A) + P(B) = 0.6 + 0.2 = 0.8
P(A) + P(B) = (1 - P(A)) + (1 - P(B)) =2 - 0.8 = 1.2

\_

Answer: (C) Add the two complements: 2 minus (P(A) + P(B)).



Part 3 - Q.3

The probabillities of three events A, B and C are P(A) = 0.6, P(B) = 0.4, P(C) =
05.fP(AuB)=08,PANC)=0.3,PANnBNnC)=0.2P(BnC)=[and
P(AU B U C)=aqa, where 0.85 <a<0.95, then ( lies In the interval

A.[0.35,0.36] B.[0.25,0.35] C.[0.20,0.25] D.[0.36, 0.40]

JEE Main 2020 (Shift 2)



Q.3 - Solution

(
P(An B)=0.6+0.4—-0.8=0.2

Three-event formula: a =06 +04+05-02--03+0.2=12-0
SoBf=12-a
0.85<0<0.95¢0ives 0.25< B3 =<0.35

\_

Answer: (B) BEERAKNTFHEIMELTETIVATWIS



Part 3 - Q.4
If P(B) =3/4, P(AnBnC)=1/3and P(An B n C) =1/3, then P(B n C) is
A. 1/12 B. 1/6 C. 1/15 D. 1/9

IIT-JEE 2003



Q.4 - Solution

(
B is split by C: P(B) = P(B n C) + P(B n C)
BnCissplitbyAAPBnC)=PAnBNnC)+PANBNC)=1/3+1/3=2/3
P(B n C) = 3/4 - 2/3 = 1/12

\_

AGEVEITS Y  P(B) = (B inside C) + (B outside C). Subtract.



Part 3 - Q.5

If A and B are two independent events such that P(A n B) = 3/25 and P(A n
B) = 8/25, then P(A) =

A.1/5 B.3/8 C.2/5 D.4/5

IIT-JEE 2002



Q.5 - Solution

(
Independent: a(1 — b) = 3/25 and (1 — a)b = 8/25

Subtract: a—-ab-b+ab=a-b=3/25-8/25=-1/5,sob=a+ 1/5
Put In the first: a(4/5 — a) = 3/25, I1.e. 25a2 - 20a + 3 =0,soa=1/5o0r 3/5
Only 1/5 is among the options, with b = 2/5 (a = 3/5, b = 4/5 also fits). P(A) = 1/5

\_

AMESVCTSNPAYI  Two equations, two unknowns. Test the options: 1/5 and 2/5 work.



