Introduction:
2?:1951'
n
1 — X)? _ 52— o xf — nX?
n—1 h h n—1

Mean: X =

Variance : S? =

Standard deviation: S =+/S?
Example:

Compute the sample mean, variance and standard deviation of the following
observations (ages in year): 10, 21, 33, 53, and 54.

1. Mean: X = =X

n

10+21+33+53+54 171
= c = = 34.2 years

2?:1(9512_}?)2
n-1

2. Variance: S? =

(10 —34.2)* + (21 —34.2)%> + (33 — 34.2)% + (53 — 34.2)” + (54 — 34.2)”

5—-1
= 376.7 year?
Y (x—X)?

3. Standard deviation: S =

n-1

=+/5%2 =+/376.7 = 19.41 years



Combinations &Permutations:

n n! n!
ntr = (7‘) Ry (n—r)"’ nbr = (n—r)!

Solution of Q1 - p.1:

(a): (Z) 4!(6614)! =15

(b): (g) 2!(6612)! =15

Solution of 02 - P.1:

n! n!

n!

n !
(Tl—X)z(n—x)!(n—(n—x))!=(n—x)!(n—n+x)!=(n—x)!x!

Solution of O3 - p.1:

Solution of Q4 - p.1:

6!
(g) “3G6=3)

Solution of Q5 - p.1:

5!
(g) =Gz

Solution of 06 - p.1:

5!

sh =Ty~
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Probability:

Definitions and Theorems:

* 0<PA)<1
* P(S)=1
* P(@)=0
1- P(AUB) =P(A)+P(B)—P(ANB)
2- P(A|B) =P(ANnB)/P(B)
3- P(ANB) =P(A) X P(B) (if A&B are independent.)
4- P(ANB) =0 (if A& B are disjoint.)
5- P(A°) =1—P(4) ;P(AS) =P(4)

Solution of O1 - p.2:

Givens:
P(A) =0.5, P(B) =0.4, P(Cn A =0.6,
P(CNnA) =02 P(AUB)=09

(a): P(C) = P(CNAS) +P(CNA)=06+02=08
(b): P(AU B) = P(A) + P(B) — P(ANB)
= 0.9 =05+ 0.4 —P(ANB)

P(ANB)=0
(c):
P(CNnA) 0.2
P(C| 4= PA) =5 =04

(d): P(BNA)=1—-P(BUA)=1-09 =0.1



Solution of Q2 - p.2:

(a): n(S) = 23 = 8, (Cause we have 2 outcomes and 3 trails)
(b): S = {HHH,HHT,HTH,HTT,THH,THT,TTH, TTT}
Exactly 2 heads = {HHT,HTH,THH}

3
P(Exactly 2 heads) = 3

©):

Exactly 2 heads = {HHT,HTH,THH} & Exactly 3 heads = {HHH}, We can
see there is no relation between these two events, and hence, they are disjoint.

(d):
A = The first coinis head = {HHH,HHT,HTH, HTT}
B = Second and third tails = {HTT,TTT}

4 2
P(4)=5=05 & P(B) =5 =025

1
ANB={HTT} & P(ANB) =g =0.125

We can see that,
P(ANnB) =P(A) X P(B)
0.125 = 0.5 x 0.25

Therefore, A and B are independent.



Solution of Q3 - p.2:

The table below, summarizes the Sample Space for throwing the dice twice:

D1/D2 1 2 3 4 5 6
1 (1,1) (1,2) (1,3) (1,4) (1,5) (1,6)
2 2,1) (2,2) (2,3) (2,4) (2,5) (2,6)
3 (3,1) (3,2) (3,3) (3,4) (3,5) (3.,6)
4 (4,1) (4,2) (4,3) (4,4) (4,5) (4.,6)
5 (5,1) (5.,2) (5,3) (5,4) (5.,5) (5.6)
6 (6,1) (6,2) (6,3) (6,4) (6.,5) (6.,6)

(1):P(sum of numbers < 4) = % — %

11

(2): P(at least one of the dice shows 4) = —

(3):P(one of the dice shows 1 and the sum is 4) = 32—6
(4):
A=1{(13),(22),31)}

B ={(1,2),(3,2),(4,2),(5,2),(6,2),(2.1),(2,3),(2,4),(2,5),(2,6)}
AN B = @, and hence, A and B are disjoint.

Solution of Q4 - p.2:

Givens:
P(A) =03, P(B)=04, P(ANBNC)=0.03, P(ANB)=0.88
(1):
PANB)=1-P(ANB)=1-0.88 =0.12
P(A) x P(B) =03 % 0.4 =0.12
= P(ANB) = P(A) X P(B)
Therefore, A and B are independent.

(2):

P(AnBNC) 0.03
P(ANnB) 012

P(CIANB) = = 0.25



Solution of Q5 - p.2:

R:will rain tomorrow.
R¢:will not rain tomorrow.

P(R®) =1— P(R)
P(R®) =1-0.23
P(R®) = 0.77

Solution of O6 - p.3:

Givens:
P(R)=0.7, P(J)=04, P(RUJ)=08
(1): P(RU]) =P(R)+P(J)—P(RN]))
=08=07+04—P(RnN))
P(RNnJ)=0.3
2:P(RN)=1-P(RUJ)=1-08=0.2

Solution of Q7 - p.3:

C : the specimen is contaminated.

CC:the specimen is not contaminated.

P(C) =0.1
P(C)=1-P(C)=1-0.1=09

(1)
P(C°NCENCY) = P(COP(CE)P(CE) =0.9x 0.9 x 0.9 =0.729
(2)
PCNC NCH+PC°NCNC)+P(C°NCNC)
= P(C)P(C)P(C) + P(C)YP(CYP(C) + P(CH)P(C)P(C)
= (0.1 %X 0.9 X 0.9) + (0.9 X 0.1 X 0.9) + (0.9 X 0.9 x 0.1)
=3x%x(0.1%x09x%0.9)=0.243



Solution of O8 - p.3:

Male (M) Female (F) total
Elementary (E) 28 50 78
Secondary (S) 38 45 83
College (C) 22 17 39
total 88 112 200

(1):
POM) = =2 — 0.44
( )—ﬁ— :
(2):
pOM LS _P(MnS)_38/200_38_046
(M15) = P(S) ~ 83/200 83
3):
P(CE | F) _P(C°nF) _(50+45)/200 _ 95/200 _ 95 —ogs

P(F) _ 112/200  112/200 112
(4): we will check if
P(MNE)ZP(M) xP(E)

28 L 88 N 78
200 200 200

Thus, M and E are dependent.

Or: we can also check if

P(M) £ P(MI|E)

0.44 + 28
' 78

Thus, M and E are dependent.



Solution of Q9 - p.3:

Male (M) Female (F) total
Daily (D) 300 50 350
Occasionally (O) 200 50 250
Not at all (N) 100 300 400
total 600 400 1000
1.
P(F +00 0.4
(F) 1000
2.
P(FND >0 0.05
(FNnD)= 1500 = %
3.

P(FND)  50/1000 _ 50

_ =— =0.1429
P(D)  350/1000 350

P(F|D) =

4. we will check if
P(FNnD) < P(F)xP(D)

50 L 400 N 350
1000 1000 1000

Thus, F and D are dependent.

Or: we can also check if
P(F) £ P(F|D)
0.4 # 0.1429
Solution of Q10 - p.3:
P(E1) =04, P(E2)=0.6, E1&E2areindependent
P(E1NE2)=P(E1) X P(E2) = 0.4 x 0.6 =0.24




Solution of Q11 - p.4:

P(B)=0.3, P(A1B) =04, P(ANB) =7

P(AN B)
P(A|B) = “PB)
=04 = —P(/(l)g 5)

=>P(ANB)=04x%x03=0.12
Solution of Q12 - p.4:

E: electrical frailer.
V: virus.

P(E) = 0.15, P(V) =0.25, P(ENV) =0.10
P(EUV)=P(E)+PWV)—P(ENV)
P(EUV)=0.15+0.25-0.10 =0.3

Solution of Q13 - p.4:

Givens:
B=4&G=2 & Total=6
P(B)=§=z & P(G)=E=l
6 3 6 3
The probability of getting two Green balls and one Black ball with replacement is:
P(GGB) + P(GBG) + P(BGG) = 3 (1 = x 3) _°
3 3 3 27



Solution of Q16 - p.4:

Givens:
P(4,) =04, P(A;,nA4,)=0.2, P(A; 14, nA,) =0.75
(1)
P(A;NnA,) 0.2
P(A,|A)) = P =02 0.5
(2)

P(A; N A, NA3)
P(A; N Ay)

P(A3| Ay NAy) =

P(A; N A, N A3)
0.2
P(A;n A, NA43) =0.75%x 0.2 =0.15

0.75 =

Solution of Q17 - p.4:

Givens:
P(A) =09, P(B)=06, P(ANB) =0.5
1. PANB¢)=P(A) —P(ANB)=09-05=0.4
2. P(A°NnB)=1—-—P(AUB)
=1—-[P(A)+P(B)—P(ANnB)]
=1-[094+06—-05]=0

P(ANB) _ 05
P(4) 09

P(B|A) = = 0.5556

4. we can seethat P(ANB)=05+#0
Thus, A and B are Joint.

5. we have to check if:
P(ANnB) £ P(A) x P(B)
0.5+ 0.9x%x0.6
A and B are dependent.
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Bayes Rule:

If the events A4, A,, ..., and A, constitute a partition of the sample space S such that
P(A;) # 0fori=1,2,.. n,then for any event B:

P(B) =X, P(A)P(B | A) =X~ P(A;NB)
Note:

P(A)P(B | Ay)
P(B)

P(A; | B) =

Solution of Q3 - p.6:

Givens:
M = Improperly sealed
P(A)=05—-——>P(M | A) =0.04

P(B) = 0.3 — —— P(M | B) = 0.06
P(C)=02——— P(M|C) = 0.12

(a): P(BN M) = P(M | B) x P(B) = 0.06 X 0.3 = 0.018

(b): P(M) = P(A) x P(M | A) + P(B) x P(M | B) + P(C) x P(M | C)
= (0.5 X 0.04) + (0.3 X 0.06) + (0.2 x 0.12) = 0.062
(©):

P(BAM) P(B)xP(M|B) 0.3 x0.06

_ = = 0.2903
P(M) P(M) 0.062

P(BIM)=

11



Solution of Q4 - p.6:

Givens:
B = Broken Dish
P(M)=05—-——->P(B|M) =04

<

(@): P(B) = P(M) x P(B| M)+ P(A) X P(B | A)
= (0.5x0.4) + (0.5 x 0.1) = 0.25

P(A)=05—-——>P(B|1A) =01

(b):
P(MMNB) P(M)xP(BIM) 05x04
P(B) P(B) 025

P(M | B) =

Solution of O5 - p.6:

Givens:
P = pass the program
PA—100—025 P(P1A) =09
()—m— 25——>P(P|A)=0.
300
P(B) = 700~ 0.75——-—>P(P|B)=0.7
1.
P(P) =P(A)xP(P|A)+P(B)xP(P|B)
= (0.25 x 0.9) + (0.75 x 0.7) = 0.75
2.

P(ANP) P(A)XP(P1A) 025x09

P(A1P) = P(P) P(P) ~ 075

12



Discrete Random Variables:

e 0<f(x)<1 o E(X?) =Yx%f(x)

e Xflx)=1 e E(aXtb)=aEX)tb
e f(x)=PX=x) e Var(aX £+ b) = a?Var(X)
e E(X)=Xxf(x) e Fx)=PX <x)

o Var(X) = E(X?) — E(X)?

Solution of Q1 — P.7:
(@: S = {HHH,HHT,HTH,HTT, THH,THT, TTH,TTT}

(b): X =#of Head -# of Tails > X=-3,-1,1,3

(c): We have a balanced coin, and hence, P(H) = P(T) = 1/2

* P(=3) = P(TTT) = P(T)P(T)P(T) * P(1) = P(HHT) + P(HTH) + P(THH) =
1 1 1 1 1 1 1 1 1 1 1 1 1 3
~2%2%278 =(zxzxz)+(zxzxz>+(zxixf)=§
* P(—=1) = P(HTT) + P(THT) + P(TTH) * P(3) = P(HHH) = P(H)P(H)P(H)
1 1 1 1 1 1 1 1 1 3 1 1 1 1
=(3%372) *(372%3) * (3372) =3 =2%2%278
X -3 -1 1 3
1 3 3 1
f(x) 8 8 8 8

@):PX<1)=1-PX>1)=1-f(3) ="

1

() PX<1)=f(-D+f(-3)=2=1
M EX) =Zxf) = (=3x3)+(-1x3) +(1x3) +(3x3) =0
(9): Var(X) = E(X?) — E(X)?, we need to find E(X?):

E(X?) =(—32 x%)+(—12 x§)+(12 x§)+(32x%) =%= 3

Hence, Var(X) =3 - 0% =3

ool ¢

13



Solution of Q2 — P.7:

(1): S = {MM, MF,FM, FF}
(2): X =#of Females > x=0,1,2
(3): We have: P(M) = 0.8 & P(F)=0.2

P(0) = P(MM) = P(M)P(M) = 0.8 X 0.8 = 0.64
P(1) = P(MF) + P(FM) = P(M)P(F) + P(F)P(M) = (0.8 x 0.2) + (0.2 X 0.8) = 0.32
P(2) = P(FF) = P(F)P(F) = 0.2 x 0.2 = 0.04

X 0 1 2
f(x) | 0.64 | 032 | 0.04

@):PX=21)=1-PX<1)=1-f(0) = 0.36

(5): P(X < 1) = £(0) + f(1) = 0.96

6): E(X) = T x f(x) = (0 x 0.64) + (1 x 0.32) + (2 x 0.04) = 0.4
(7): Var(X) = E(X?) — E(X)?, we need to find E(X2):

E(X%) = (02 x 0.64) + (12 x 0.32) + (22 x 0.04) = 0.48

Hence, Var(X) = E(X?) — E(X)?
= 0.48 — 0.42 = 0.32



Solution of Q3 — P.7:

Givens:
P(5)=0.4, P(10) =0.6

(i): $ = {(5,5),(5,10),(10,5),(10,10)}
(if): X = the total sum of the two numbers - X = 10, 15, 20
(ii)): X = 10,15, 20

P(X =10) = P(55) =04 %x 04 =0.16

P(X = 15) = P(5,10) + P(10,5) = (0.4 X 0.6) + (0.6 X 0.4) = 0.48
P(X =20)=P(10,10) = 0.6 X 0.6 = 0.36

Therefore,

X 10 15 20
f(x) | 016 | 048 | 0.36

(iv:P(X=0)=0
(v): P(X > 10) = f(15) + f(20) = 0.48 + 0.36 = 0.84
(Vi) EX)=Yxf(x)=16
(vii): Var(X) = E(X?) — [E(X)]?
E(X?) =268, Var(x)=268—162=12
Solution of Q4 —P.7:

X -3 6 9
fx) | 01 | 05 | 04

(1): E(X) = (=3 % 0.1) + (6 X 0.5) + (9 x 0.4) = 6.3

(2): E(X?) = (=32 x 0.1) + (6% X 0.5) + (9% x 0.4) = 51.3
3): Var(X) = E(X?) — [E(X)]? = 51.3 — 632 = 11.61
A):EQX+1)=2EX)+1=(2x63)+1=136

(5): Var(2X + 1) = 22Var(X) = 4 x 11.61 = 46.44

15



Solution of Q5 — P.8:

a.
W= x=01234
f X -_ 10 ) X = ) )] ) )
X 0 1 2 3 4
1 2 3 4 5
fe | /10 | %0 | 10 | 0 | 10
f(x)isnotaP.D.F because . f(x) # 1
b.
f@)="%—; x=0,1234
X 0 1 2 3 4
-1
f@ | " /s
f(x) isnot a P.D.F because every f(x) shoud be 0 < f(x) <1
C.
1
f () =g X = 0,1,2,3,4
X 0 1 2 3 4
1 1 1 1 1
f | /s /s /s /s /s
f(x)isaP.D.F
d.
5—x?
f(x) = — x=0123
X 0 1 2 3
—4
f(x) /6

f(x)isnot a P.D.F because every f(x) shoud be 0 < f(x) <1

16



Solution of Q6 — P.8:

) =PE=x)=5; x=01
X 0 1 2
fo | Y3 | Yy | s
1.
EX) = Xxf() =(0x1/)+(1x1/3)+(2x1/)=1
2.

Var(X) = E(X?) — E(X)?
E(X?) = X2 f(x) = (02 x L) + (12 x 1/3) + (22 x 1/3) = 1.67

Var(X) = E(X?) — E(X)?
Var(X) = 1.67 — 12 = 0.67

Solution of Q7 — P.8:

f(x) =kx;x=1,23

X 1 2 3
f&) | k 2k 3k
(i):
Zf(x)=1:>k+2k+3k=1=>k=%
X 1 2 3
f(X) 1/6 2/6 3/6
(ii):

0 x<1
I/ 1=<x<2
F(x) = 3
[ 2<x<3
kl x =3

(iii): P(0.5 < X < 2.5) = P(X < 2.5) — P(X < 0.5)

3 3
=F(25)—F(05) =2-0=¢

17



Solution of Q8 — P.8:

(a):

P(2Q)=FQ2)-F(1)=1-06=04 0 ; x<0
025:0<x<1

P(1) = F(1) — F(0) = 0.6 — 0.25 = 0.35 — V=

(L) = F(1) = F(0) F =406 :1<x<2

X 0 1 2
f(x) 0.25 0.35 0.4

b):P1<X<2)=

By using f(x): f(1) = 0.35

Byusing F(x): PX<1)—P(X<0)= F(1)—-F(0) =0.6—-0.25=0.35
(€:PX>2)=1-PX <2)

By using f(x): PX>2)=0

Byusing F(x): 1-F(2)=1-1=0

Solution of Q11 — P.8:
Givens: f(x) =k ()ZC) (3 ix) x =012

Y2fx)=1->k+6k+3k=1=210k=1=2k=0.1

Solution of Q12 — P.8:

X 0 1 2 3 4
i) | Y16 | Y16 | %16 | Y16 | Yie
: —oy1_5_6 _
@:Px=2)=2-2=°-
. _ _ _5_ 5 _10
() PR<X<H=PA<4)-PX<2=2-2=D

18



Continuous Random Variables:

e 0=f(x) <1 . E(X2)=f_°°oox2f(x)dx
o 7 flodx=1 e E(aX+h)=aEX)+h
e Pla<X<b)=[ fx)dx o Var(aX +b) = a?Var(X)
« EQ) = [ xf(x)dx © F)=PX=x)

o Var(X) = E(X?) — E(X)?

Solution of Q1 — P.10:

Givens:
x is a continuous random variable.
u=16 & o?=>5
P(X =16) =0
Note, for any continuous random variable,P(x = a) =0

Solution of Q2 — P.10:

Givens:
fX)=kJx , 0<x<1

) [T f)dx =12 [ kyxdx=1

1 1 05 x1.51 k
Lk&dlezjokx dx=1=>k TS]O=1=>1—5=1=>k=1.5

then, f(x)=15Vx , 0<x<1
(2): P(03 <X <0.6) = [ f(x)dx

0.6 5706 06
05 7, — T VO 157U6 _ 15 g a1s =
—];).3 1.5x"~dx = 1.5 [1.5] 0.3 [x ]0.3 0.6 0.3 0.3004

(3): E(X) = [ x f(x)dx

[X2'5]1 =0.6

x**11 15
0

0 1
_ _ 15 7. — A I e
E(X) .[_Oox f(x)dx Jo 1.5x"~dx 1.5[2.5 0= 75

19



Solution of Q3 — P.10:

Givens:

f)=k(x+1) , 0<x<?2
) 5 fO)dx =12 [Tk(x+ 1) dx =1

2

1

2 2
fk(x+1)dx=1=>k[7+x]
0

1
then, f(x)=Z(x+1) , 0<x<2

(2: P(0< X <1) =[] f(x)dx

Jll(x+1)dx—1 £+x 1_3
0 4 4|2 0
@):F(x) = [ fe)dx = [ f(x)dx
—jxl(x+1)dx—1 ﬁ+x x_1 £+x
), 4 42 0 4\2
1 [x? _
then, F(x)=Z 7+x>, 0<x<2

(4): By using F(x),
PO<X<1)=PX<1)—-PX<0)

3 3
F(l)—F(0)=§—O=§

20



Solution of Q4 — P.10:

Givens:

3x?
f(x)=T ; —l<x<1
(1): P(0< X <1) = [ f(x)dx
13x2d 3 [x%1 1
| =5 "—EHO—E

(2:EQO = [, x f()dx

EX—OO d_13x3d_3x41_0
( )—j_ooxf(x) x‘f_lT x =217 =
(3): Var(X) = E(X?) — E(X)?
EXZ_OOZ d_13x4d_3x51_
( )_j_oox 2 x_LT *=2151-175
3 3
Var(X) = E(X?) — E(X)? = = 02 = -
(4):EQRX+3)=2EX)+3=2x0+3=3
(5): Var(2X+3)=4Var(X)=4x§=%
Solution of Q9 — P.11:
0 x <0
PX<x)=F(x) =1

1. P(0<X<2)=P(X<2)—P(X<0)=F(2)—F(0)=§—o=0.67

2. P(X <k)=F(k) =05

k

3
5

21



Chebyshev's Theorem:

1
P(,u—ka<X<,u+k0)21—ﬁ
or

1
P(|X—,u|<ka)21—ﬁ

Solution of Q1- P.12:

Givens:

Pu—20<X<u+20)

By comparison with Chebyshev’s Theorem, we can find that:

Solution of O2- P.11:

Givens:

Plu—ko<X<u+ko) '’

1
k=2_)1_ﬁ
1
=l-o53=1-7=075
P(3<X<21)

u=12, o0%2=9

By taking the lower or the upper value of the given probability:

Or

U+ko=21=12+3k=21=>k=3
Uu—ko=3 =212-3k=3 =k=3

1
k=3$1—ﬁ
1 1_1 1 8

32 9 9
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Solution of Q3- P.12:

(i): Givens:

P(1<X<9) _ ,

Plu—ko<X<u+ko)'’ h=>5& 0" =4

By taking the lower or the upper value of the given probability:
Uu+koc=9=>54+2k=9=k=2

Or Uu—ko=1=>5-2k=1=k=2

k=2=>=1 ! 1 - 1 . 0.75
= = —_—= —_—= —— = U.
k? 22 4

(i1): Givens:
15
Pla<X<b)~—, u=5o¢%=4
16
To find the constants, a & b, we have to find the value k:
1 15
AT
15 1
=1- 16 = w0z
1 1
k2 16

a=Uu—ko=5—-4x2=-3
b=u+ko=5+4x2=13

15
P(-3 <X <13) ~Te

23



Solution of Q4- P.12:

Givens:

1
= — 1
f(x) 10,O<x< 0

u=5 & o =289

1. Exactvalue of P(u—1.50 < X < u+ 1.50):

P(u—150 <X < p+1.50) = P(5— (1.5 % 2.89) < X < 5 + (1.5 x 2.89))

9.335

P(0.665 < X < 9.335) = f — dx = 0.867
0.665 10

2. Using Chebyshev’s theorem:
1
P(u—15c<X<u+150)=21—-—=

kZ
1
k=15:>1—ﬁ
1
=1—-———=0.55

1.52

Solution of Q5- P.12:

Givens:
E(X) =30,Var(X) = 4
E(Y) =10,Var(Y) =2
1.
E(2X —3Y — 10) = 2E(X) — 3E(Y) — 10
= (2% 30) — (3% 10) — 10 = 20
2.
Var(2X — 3Y —10) = 4Var(X) + 9Var(Y)
(4x4)+(9x%x2)=34
3

Similar to Q2 and Q3.
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FOR 1 MIDTERM

Introduction: Discrete Random Variables:

o =it e <f(x)<1
o S2=— Z?:(Xi—)?)z e Yf(x)=1

" e f(x)=PX =1
. 52 Zamod e EX)=Xxf(x)

n-—1

e Var(X) = E(X?) — E(X)?
o EX*)=Xx*f(x)

Combinations &Permutations:

e nCr= (") =" e E(aX+b)=aEX)+bh
r ri(n—-r)!
nl e Var(aX +b) = a*Var(X)
e nPr= '
(=)t e F(x)=P(X<x)
Probability:

Continuous Random Variables:

e 0<f()<1
SO f)dx =1
e P(a<X<b)=[ fx)dx

o EQ0 =[], xf(x)dx

AcﬁBC

7

6- P(AUB)=P(A)+P(B)—P(ANB)
7- P(A|B) = P(AN B)/P(B)

8- P(ANB)=P(A) x P(B)

(if A& B are independent.)

- P(ANB)=0

(if A& B are disjoint.)

e Var(X) = E(X?) — E(X)?

E(X?) = 7 x? f(x)dx
E(aX+b)=aE(X)*b
Var(aX + b) = a*Var(X)

10- P(A°) =1-P(A) e F(x)=PX<x)

Bayes Rule: Chebyshev's Theorem:

P(B) = Xi=1 P(A)P(B | 4)

P(A)P(B | 4;))

IO or )
P(X —u|l < ko) = 1_ﬁ

1
P(‘ll—kO'<X<,Ll+k0')21—p
P(4; | B) =



Discrete Uniform:

f(x)zl/kl X =X1,X2,""", Xk

Solution of Q1 — P.14:

X have discrete uniform with parameter k =3,x =0, 1, 2.

x 0 1 2
f(x) 1/3 1/3 1/3

a PX=1= 1/,

b. E)=(0x 1)+ (1 x 1)+ (@2x 13 =1

c. Var(X) = E(X?) — E(X)?

E(x?) = (02x 1/g)+(12x 1/3)+ (22 x 1/3) =3/

Var(X) = E(X?) — E(X)?
Var(X) = 5/3 —1= 2/3

26



Binomial Distribution:

f(x) = (Z) p*q"*; x=01...,n

*E(X)=np =*Var(X) =npq

q=1-p
Solution of Q1 — P.14:
4 1
p= E = — n=3
(a):
3 1 X 2 3—x
flx) = (X) (5) (5) ; x=0123
(b):

1 2

(i): P(X = 0) = £(0) = ((3)) (—)0 (5)3 — 0.296

3

1 2

(i) P(X = 1) = f(1) = (i) (5)1 (5)2 — 0.44
(i) P(X=1)=1-P(X <1)=1— f(0) = 1 — 0.296 = 0.704
(c):

1
E(X)=np=3><§=1

(d):
2

1 2
X) = =3X=X=—==
Var(X) =npqg =3 3 X373
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Solution of Q3 — P.14:

(1:EX) =np=10x0.4 =4
(2): Var(X) =npqg =10x%x0.4x 0.6 = 2.4

3)
Flx) = (1360) (0.4)*(0.6)1°* ; x=0,1,...,10
P(X = 4) = f(4) = (140) (0.4)4(0.6)6 = 0.251
(4):
PX<3)=f0)+ (1 +1(2)
_ (100) (0.4)°(0.6)1° + (110) (0.4)1(0.6)° + (120) (0.4)2(0.6)8 = 0.167
(5):

P(X >8)=f(9)+f(10)

= () 04206 + (] ) (04°(0.6)° = 0.0017
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Solution of Q9 — P.15:
X~Binomial(n,p) & EX)=1 & Var(X) =0.75

Var(X) 0.75 npg 0.75
= = =
E(X) 1 np 1

= q=0.75>=>p = 0.25.

EX)=1=np=1=>nx025=1=>n=4.

Flx) = (;‘;) (0.25)*(0.75)** ; x =0,1,2,3,4

PX=1)=f(1)= (‘1*) (0.25)1(0.75)3 = 0.422

Solution of Q11 — P.15:

p=075, n=5

Flx) = (i) (0.75)%(0.25)5% ; x = 0,1,2,3,4,5

1

P(X = 0) = £(0) = ((5)) (0.75)°(0.25)5 = 0.00098
2

P(X = 4) = f(4) = (Z) (0.75)%(0.25)" = 0.3955
3.

P(X=4)=f(4)+1(5)

(i) (0.75)*(0.25)" + (g) (0.75)5(0.25)° = 0.6328

.

E(X) =np =5x0.75=3.75
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fx) =

*E(X)=nx§ *Var(x)znxf<1__)<

Solution of Q1 — P.16:

(i):

(ii):

(iii):

(iv):

v = (1B 5 2E) (22) <o

Hyper geometric Distribution:
DG
()

= 0,1, ....min(n, k)

kx /N —n

N N/\N -1

P(X =0) = £(0) =23 = 0.29
(5)
k 2 6
E(X)=nXN=3X7=7

)
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Solution of Q2 — P.16:

flx) = — x=0,1,2
()
a.
3y (2
P(X = 0) = £(0) = (0)5(2) ~0.1
(5)
b.
3\ 2\ (3\ (2
e st pn 00O
G G)
C.
k 3 6
E(X)=an=2x§=§
d.
k(i) (128) 2212 D)o

Solution of O3 — P.16:

(i):
2\/ 8
fx) = (x) (140_ x) x =012
(4)
(ii):
2\ (8
P(X =0) = £(0) = (0) (4) —0.33
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(iii):
PX=1)=1-PX<1)=1-f(0)=0.67
(iv):
= k—4 2—08
E(X)—TI,XN— XE— .

(v):

Var(X)=nx%(1—%)(x:rll>=4x130(1—3)(10_4>=0.43

Solution of Q9 — P.17:

(o2 )

f(x) = : x=0,1,2,3,4,5
(10)
1.
5\ (15
P(X=2)=Ff(2)= (2)2(08 ) =035
10)
2
5\(15\ (5 (15
PX<1)=f(0)+f(1)= (0)2(010) + (1)2(09 ) =0.15
. (10) (30)
E(X)=nx—=10x%:g
4,
k( k\/N-n 5 (15 /20 — 10
var() =nxy (1= ) (7=7) =10 % 55 (30) (zo =) = 099
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Poisson distribution:

et QX

flx) = po o x=0,1,2, ..

EX) =Var(X) =2

Solution of Q1 — P.18:

(i):

(2):

(2):

(3):

(ii):

Aone day — 3

e—3(3)x
f(x) = por o x=0,1,2, ..
e—3(3)0
P(X =0) = f(0) = —5—=0.05

PX>3)=1-PX <3)=1-[f(0)+f() +f(2) +f(3)]
e—3(3)0 6_3(3)1-+-€_3(3)2 +-e—3(3)3

=l-l—— T 21 31

] =0.35

Atwo days = 6

6_6(6)x
f(x) = po x=0,....0
8_6(6)5
P(X =5) = f(5) = —— = 0.16

E(X) = A4 days = 4 X3 =12
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Solution of Q3 — P.18:

(a):
Aone day = 4
8_4(4)x
flx) = po ;o x=01,2, ...
-4 2
P(X =2)=f(2) == 2('4) ~ 015
(b):
E(X) = Apeer, =4 %7 =128
(c):
A12nours = 2
e—2(2)x
flx) = po ;o x=01,2, ...

PX>2)=1-P(X <2)=1-[f(0)+f(1)]

e—2(2)0 e—2(2)1
=1- 01 + 1 = 0.59

Solution of O6 — P.18:

When we have a Binomial distribution with a small p and a large n, we can make
an approximation to Poisson distribution:

p=0.002 & n=1000 & A=np=2

—-293

TR 0.18045

e

PX=3)=f3)=
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The Uniform Distribution:

1
f(X)—m ; a<x<b

a+b (b — a)? xX—a

Solution of Q1 — P.20:

1
f(x)—E ; 0<x<10

(1):
P(X<6)=F(6) =~ 2_0670_°
N " b—a 10—0 10
(2):
E(X)_a+b_0+10_10_5
2 2 27
(3):
(b—a)? (10-0)2 100
Var(X) = T 7 =13 = 8.33
Solution of Q2 — P.20:
2
f(x)=3; §<x<1
1. P(033<X<05)=0
2. P(X>125)=0
3.
2 2
b-a? (1-%/3)
Var(X) = T T = 0.00926

a<x<b
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Solution of Q3 — P.20:

f(x)=02 ; 0<x<5

(1):
1-0 1
P(X>1)=1—P(X<1)=1—F(1)=1—(m):1—§=0.8
(2):
P(X = 1) = 0.8, the same as part (1) because we had a continuous random
variable, and hence, P(X = 1) =0

(3):
E(X)=a;b=0;5=2.5
(4):
Var(X) = E(X?) — [E(X)]? = E(X?) = Var(X) + [E(X)]?
(b—a)? (5-0)2 25
Var(X) = "=~ == = 2.0833
E(X?) = Var(X) + [E(X)]? = 2.08 + 2.52 = 8.33
(5):
(b—a)? (5-0)2 25
Var(X) =~ =~ == = 2.0833
(6):
_x—a
F(x)—b_a ; a<x<b
X
F(x)=§ ; 0<x<5
F(1) = 1
=<
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The Normal Distribution:

Solution of Q1 — P.21:

(A):

(1): P(Z < 1.43) = 0.9236

(2): P(Z < 1.39) = 0.9177

(3): P(Z >—-0.89) =1—P(Z < —0.89) =1 —0.1867 = 0.8133
(4):

P(-216<Z < —-0.65) =P(Z < —0.65) —P(Z < -2.16)
= 0.2578 — 0.0154 = 0.2424
(5):
P(0.93 < Z < k) = 0.0427
P(Z < k) —P(Z < 0.93) = 0.0427
= P(Z < k) —0.8238 = 0.0427
P(Z < k) = 0.8665 = k = 1.11 By searching inside the Z table.

Solution of 02 — P.21:

X~N(12,0.03)

()

12.05 —
P(X < 12.05) = P (Z < —)

12.05 - 12
(< 120512

= ) — P(Z < 1.67) = 0.9525
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(2):

11.97 — u) _p (z J 1197 - 12>
0.03

=P(Z>-1)=1-P(Z<-1)=1-0.1587 = 0.8413

P(X >11.97) =P (z >—

(3):

1195 -12 12.05 — 12)

=P(-167<Z<167)=P(Z<167)—P(Z< —-1.67)
0.9525 — 0.0475 = 0.905
Solution of Q6 — P.22:

X~N(128,9)
(1):
110 — 128
P(X<110)=P (z < T) = P(Z < —-2) =0.0228
(2):
149 — 128
P(X>149) =P (Z > T) =1-P(Z<233)=1-0.9901 = 0.0099
3):
— 128
P(X>x)=0.86:>P(X<x)=0.14=>P(Z< )=0.14
by searching inside the table for 0.14, and transforming X to Z, we got:
x —128
9 =—-1.08=>x =118.28
(4):
P(X < x) = 0.5, by searching inside the table for 0.5, and transforming X to Z
x — 128
g = 0=>x=128
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Solution of Q8 — P.22:

= P(Z < 2) =0.9772

P(X<u+20)=P<Z<(”+20)_”>

Solution of Q9 — P.22:

Given that 0 =1

3 —
P(X<3)=0877=>P (Z < T”) = 0.877

3—u=116=>pu=1.84
Solution of Q10 — P.22:

X~N(70,5)
x—170
P(X<x)=0.33=>P(Z< = )=0.33
by searching inside the table for 0.33, and transforming X to Z, we got:
x—170
o= —0.44=>x =678
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The Exponential Distribution:

()—l 7 >0
fx—ﬂe X

EX)=p ; Var(X) = p? ; F(x)=1—e_%; x>0

Solution of Q1 — P.24:

1 x
X~expo(4) , f(x)=Ze_Z ; x>0

(1):

8
P(X<8) =F(@8)=1—-e4=1—e"2=0.8647
(2):
Var(X) = f2 = 42 = 16

Solution of Q3 — P.24:

1 _x
= — 200 -
f(x) 200 ¢ ; x>0

(1):
E(X) =p =200
(2):
P(X >100)=1-P(X <100)=1-F(100)
_loo
1-— [1 —e 200] =1—-14+e 9% =79 =0.6065
3):
P(X = 200) = 0, because we had a continuous random variable, and hence,

PX=a)=0
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Solution of Q4 — P.24:

B=6, n=4
(1):
Var(T) = B2 = 36
(2):

In this part, we need the probability P(X < 1), by using the Binomial distribution.

Wehavep =P(T >6) & n=4:

6 6
p(T>6)=1—p(T<6)=1—(1—e‘6)=e‘a=o.37=p

Therefore, p = 0.37 & n = 4, the probability P(x < 1) by using the Binomial
distribution:

PX<1)=f(0)+f(1)
- (g) (0.37)°(0.63)* + (‘1*) (0.37)1(0.63)% = 0.531
(3):
Again, we should get P(X = 2), by using the Binomial distribution:
PX=2)=1-P(X<2)=1-P(X<1)=1-0.531=0469

(4):
E(X) =np =4x0.37 = 1.48
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FOR 2" MIDTERM

f(x) or PDF E(X) Var(X) F(x) or CDF
Discrete 1 2 2 -
Uniform /1 X = X1, Xk x f(x) E(X?*) - E(X)
Binomial (:) p*q™* x=012,...,n np npq -
k(N —k ;
Hyper (x) (n—x) 01 : K k L k
geometric (]X) *=0,1,....min(n, k) nXy B N) (
x,—A
Poisson A e| x=0,1,2,.. 2 A -
x!
X—a
Continuous 1 a+b (b — a)?
. a<X<b 7 b—a
Uniform b—a 2 12
X
1 % 1—e B
Exponential Ee B X>0 B p?
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Sampling Distribution

Sampling Distribution: Single Mean

_ o

b
. __ o’
*EX)=X=u *Var(X)=?

Solution of 02 — P.26:

(1):E(X) =u=5
(2): Var(X) = %2

B)n=16->—==

_ 45—u 54 —u 45-5 54 -5
P(45<X<54)=P 7 <Z<—% =P T <Z< 1
Vn Vn 7 7

=P(-2<Z<16)
=P(Z<16)—-P(Z<-2)
= 0.9452 — 0.0228 = 0.9224

3

(4): P(X < 5.5) = P <Z < 5'5;“) =P (z < E) = P(Z <2) = 09772
= 1/4

(5): P(X > 4.75) = P <Z > ‘”j“) =p <Z > 4.75,-5> = P(Z>-1)
Vn 4

=1-P(Z<-1)=1-0.1587 = 0.841
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(6): P(X >a) =0.1492 ; n=9

2 (z > “‘“) = 0.1492

1.04
a=5+ T = 5.347

Solution of Q4 — P.26:

(0)E(X) = u =55

©S. D) =Z=7==7

V64 8
(d) P(X > 52) = (z > 2= 55)
=P(Z > —-2.4)

=1—-P(Z < =24)
=1—0.0082 = 0.9918
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Sampling Distribution: Two Means

*)?1_)?2“’1\[(#1_#2 ) Z_ll‘l‘z_zz)
2 2
c o C 5N _0i 03
*E(X1 —X2) = —H,  *Var(X; — Xy) =m o,

Solution of Q1 - P.27:

Tl1=36,ﬂ1=70,0'1=4
n2:49,M2:85,02:5

= = 2 42 16
@Q:EX)=u, =70 & Var(Xy) = % ===
(b): E(X; —X,) = py —p, =70—85=—15

Var(X )?)—012+022—16+25—0955
) = T, T 36 49

70-70 71-70
- <Z <5
3/ 3/

=P(Z<15)—P(Z <0)
= 0.9332 — 0.5 = 0.4332

(c):P(70<)?1<71):P( ):P(o<z<1.5)

o _ —16-(-15)\ _ , _ —16—(-15)
(d): P(X; — X, > —16) = P (Z > o ) =1-P (Z S " ooss

=1-P(Z < —1.02) = 0.8461
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Solution of Q2 - P.27:

n1=25,ﬂ1=100,0-1=6

Tl2=36,,uz=97,0'2=5

E(Xl—Xz)Zul—,ll2=100—97=3
Var(X )?)—012+022—36+25—235
) = T T 5 36~

(DP(X; >X,+6)=P(X; — X, > 6)

_ 6-(3)) _

- P(z > ﬁ) = P(Z > 2.05)
—1—P(Z < 2.05)
= 1—0.9798 = 0.0202

- _ 2-(3)
(P&, - X, <2)=P(Z< vm)

= P(Z < —0.68) = 0.2483
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Sampling Distribution: Single Proportion

(e )

n

*E@) =p  *Var(p) =1

Solution of Q1 — P.28

(1):E®) =p=0.2

(2): Var(p) =22 = 2222 = 0,032
(3): p~N(0.2,4/0.032)
0.25-0.2

(4): P(p > 0.25) = P (Z > )= P(z >0.28)

V0.032
=1-P(Z<0.28)=1-0.6103 = 0.3897
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Sampling Distribution: Two Proportions

A A _ ,p1Q1 P24z
P1 — D2 N(I?l P2, n1+n2)

*E(Dy —D2) =p1— D2 *Var(p, — pz) =p711_ih
Solution of Q1 — P.28:
P11 = 0.25 ; ng = 5
pz = 0.2 ; nz == 10
(1): E(py —py) =p; —p, =0.25—-0.2 = 0.05
. A A __b1qq P29 __ 0.25%0.75 0.2X0.8 _
(2): Var(p; —py) = o + - - s t— = 0.054

(3): p; — P.~N(0.05,/0.054)

A A 0.1-0.05 0.2—-0.05
(4):P(0.1<p, —p,<0.2) = (m <7< m)

=(0.22 < Z < 0.65)
P(Z < 0.65) — P(Z <0.22)
= 0.7422 — 0.5871 = 0.1551

+ P2q>

n»
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Estimation and Confidence Interval

Estimation and Confidence Interval: Single Mean:

¢ To find the confidence intervals e To estimate an error:
for a single mean: o
e=/a —
o, z Vn

1- X + (Zg —) _ _
B 2 \/ﬁs e To estimate the sample size

2- X + (t%,n_l \/—ﬁ) with particular error:

u Za o\°
e ZJa=a=P(Z>a)=- n=(2 )

2 2 e

Solution of Q2 — P29:

6=2 & X=45 & n=49

(1): X~N (u, %) = X~N (y, %)

2:fi=X=45
(3):S.E (X) = § = 0.2857
(4):
)?+(Za i) 95% — a = 0.05

E ﬁ ZE = ZO.025 = 196
2

45 + (1.96 x2)

The 95% confidence interval is: (3.94, 5.06)

(5): The upper limit = 4.5+ e = 5.2
and the lower limit = 4.5 —e =7

454+e=52 2 e=52-45=(e=0.7)
Then, the lower limit = 4.5 —e =45—-0.7 = 3.8
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(6): we have the interval:(3.88,5.12):
The upper limit = 5.12

= g
= X + (Z% ﬁ) = 5.12
= 45+ (Zg x 3) =512
2 7
=>Zg=2.17:~§= 1—0.985
2
:%:ams:a=0%

Hence, the confidence level is 97%.

Or, we can do the same thing with the lower limit:

The lower limit = 3.88

- X— (Z% %) ~ 3.88

= 45— (Z% x %) — 3.88

:zg=2.17:>%= 1—0.985
2

:%:ams:a=aw

Hence, the confidence level is 97%

(7): 95% - a = 0.05 > Za=Zyg,s = 1.96
2

ZaXo

> 1.96%X2
2

Vn 7

(8):95% »a=0.05 > Za=Zyp;s=196 & e=0.1
2

e

ZaxXo 2 2
n = ( 2 ) = (1'96“) = 1536.64 ~ 1537
0.1
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Solution of Q3 —P.29:
Data: 3.4 48 36 3.3 56 3.7 44 52 & 48

99% - a = 0.01 - ta
E,Tl

-1 == t0.005,8 == 3355

X 5 ¥=22_431
Xi<tg,n_lxﬁ> “Tw T
Y (x; — X)?
0.84 2 e\t 4A)
=4.31i(3.355><T) == 7 =071

$2=0.71=>5=0.84

The 99% confidence interval is: (3.37, 5.25)
Solution of Q4 —P.29:

1)

c=5 & e=2 & a=0.10
(l=0.10 g ZE=ZOOS=1'645
2

Zaxo 2 2
n = ( > ) — (1.645)(5) — 169 ~ 17
2

e

(2) o0=5& n=49 & X=390

() =X =390
Nl X7 O-
(i) X+ (Z% \/_g) 95% — a = 0.05
390 + (1.96 %) Za = Zygzs = 1.96

The 95% confidence interval is: (388.6, 391.3)

Solution of Q5 —P.30:

c=14 & e=03 & a=0.04
2

e 0.3

ZaxXao 2 2
n = < 5 ) _ (2.055X1.4) —91.9 ~ 92
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Estimation and Confidence Interval: Two Means

To find the confidence intervals for two means:

— — 2 2
1' (Xl - Xz) -|__ (Zg O-—l‘l' 0-_2>
2

ny n»

> > ’ 1 1
2' (Xl - Xz) i (t%,nl_*_nz_z Sp Tl_l + Tl_z)

:S1Z(n1—1)+522(n2_1)
ng+n, —2

Sp?

Solution of Question 1(11) — P.31:

Theard1: n, =20,X,=728,0, = 6.8
Thread 2 : n, = 25,X, = 64.4,0, = 6.8

2

— _ 2 2
(Xl—Xz)i<Zz>< “—1+;—2)
2

ny 2
(72.8 — 64.4) + (2.33 X /ﬁ + ﬁ)
20 25

8.4 + (2.33)(2.04) = (3.65,13.15)
(1): The lower limit = 3.65
(2): The upper limit = 13.15
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Solution of Q2 — P.31

First sample Second sample
Sample size (n) 12 14
Sample mean (X) 10.5 10
Sample variance (52) 4 5

(1) E(Xl - Xz) = Xl - XZ = 10.5 —10 = 0.5
(2) 95% - a=0.05 - tE t0_025’24 = 2064,
2

,n1+n2—2 -

2 2
5 o ,L 1 , Sty -1+ 57, —1)
(Xl Xz) i (t%'n1+n2_2 X Sp n, + n2> Sp - n, +n, — 2

4(11) + 5(13)
(0.5) + (2.064 x 213 [=+ = = 454
12 14 24

SZ=454=Sp =213
The 95% confidence interval is: (—1.23, 2.23)

Estimation and Confidence Interval: Single Proportion

* Point estimate for P is: %

* Interval estimate for P is: p + <Zg X %)
2

Solution of Q1 - P.33

n=200 & x=15

1):p=%=-2=0075> §=0.925

n 200

(2):95% > a =005 - Za=Zygs =1.96
2

= |’B>

2

q)
0.075%x0.925
200

pt (Zz X
= 0.075 + <1.96 X

The 95% confidence interval is: (0.038, 0.112)
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Estimation and Confidence Interval: Two Proportions

* Point estimate for P, — P, = p; — P, = a2

nq
* Interval estimate for P, — P, is: (p; — p,) * (Zg X
2
Solution of Q 3—P.34

15

n1:100 x1:15 — pl:m:()ls
20

np =200 x; =20 = Py = o5 = 0.10

(1): p, — P, = 0.15— 0.1 = 0.05

(2):95% > a =005 — Za=Zygs =1.96
2

(p/\l _ pf\z) i (ZE X ﬁlql + ﬁZQZ)
2

ny n»

= (0.05) + <1.96 X \/(0'15)(0-85) n (0.1)(0_9))

100 200

= 0.05 + (1.96 x V0.001725)

The 95% confidence interval is: (—0.031, 0.131)

X2

np

A A

P141
ng

+

P24
n;

2

)
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1-Single Mean

(if o known):

Hypotheses Testing

Hypotheses Ho: =L, Hoi 0= e Ho: 1= Lo
Hp: p# o Hl'u>uo Hyp:p<p,
Test Statistic X -
Z=—722~N(0,1
(TS) L
R.R. and A.R.
of H,
l1-a o o 1~a
'Z}Rﬁ1—a/2 Z T,}Rg AR. of f-ao Zo R cfH i'fRHO Ziev, ARt Ho
= Zml2 2 2 =-Zy
Decision: Reject H, (and accept H;) at the significance level o if:
iz Z=Zy L~—Zy
orZ<-—Zgun
Two-Sided Test One-Sided Test | One-Sided Test

(if o unknown):

orT<—-tgyp

Two-Sided Test

One-Sided Test

Hypotheses | H,: = p, Ho: b= Ho Ho: p=p,o
Hy: p# o Hi: p> o Hp:p<p,
Test Statistic =
(1.5)
R.R. and
AR. of H,
& 1-a
RE, ‘ Bloe, il ARSHo g W | B t-w AR ot ho
==tap G
Decision: Reject H, (and accept H,) at the significance level a if:
T>tan T>t, T<—t,

One-Sided Test
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Solution of Q1- P.35:

c=2 ,n=49 , X=45
(1): Hy:u=5 vs Hyi:u+5,
Then the test Statistic (T.S):
_X—u, 45-5

Z = = =—-1.75
o/Nn  2/7
(2):Hy:u=5 vs Hi:u>5
-« «@
AR. of |E|° T R.R.
& of Hy
1.645

a = 0.05 - ZO! = ZO.OS = 1.64‘5
The Rejection Region (R.R) is (1.645, =)

(3):Hy:u=5 ws H:u>5a=0.05
Z =—1.75 ¢ R.R = (1.645, ), Then we accept H,.
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Solution of Q2- P.35:

c=30 , n=50, X=1750
e Hypotheses:
HO:‘le 74‘0 Vs Hl:‘Ll< 74‘0

e Test Statistic (T.S):
X—u, _750—-740 _

B a/\n a 30//50 B
e Rejection Region (R.R):

Za - Z0_05 ES 1645

e Decision:

Z = 2.37 € R.R,then we accept H,

2.37
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Solution of Q4- P.35:

s=3,n=36, X=152 , a=0.05

e Hypotheses:
Hy:u=15 vs Hy:p#15
e Test statistic (T.S):

X-u, 152-15 _

t = =
S/Vn  3/V36
e Rejection Region (R.R):

al2

-2.032 2.032

ta -1 - t0_025’35 ES 2032

2"

e Decision:

t =0.4 & R.R,then we accept H,
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2-Two Means:

Hypotheses |H,: w —py,=d Ho: i —p=d Ho: 1 — pp=d
Hpi:p—pp#d Hi:p—pmpo>d Hy: i —pp<d
seale s, U6 Do) d e i) {if o? and o2 are known}
(T.S.) e
BRI S + S
n
or N -
7= =X) =9 i 4n,0)  {if o2=02=0" is unknown)

R.R. and
A.R. of H,
(¢4
P X
oth, Z1-ar2 i T
== Zalz & _Z(l
Or Or
@ %
l1-a o ik
ot tok, | W timg T
o =—t,
Decision: Reject H, (and accept H,) at the significance level a if:

T.S. € RR.
Two-Sided Test

TS € RR.
One-Sided Test

T.S. e RR.
One-Sided Test

Sp?

=512(n1_1)+522(n2_1)

ny +n, —2
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Solution of Q1 — P.36:

First sample Second sample
Sample size (n) 12 14
Sample mean (X) 10.5 10
Sample variance (52) 4 5

e Hypotheses:

Ho: py = pp or  Hpipy —pp =0

Hytpy # pp Hyi:py —pp #0
e Test statistic (T.S):
t = (X1—Xp)—d Sp2? = Si(n;-1)+57(ny—1)
- Sp i+i p n1+n2—2
\ni n2
(10.5-10)—0 - W = 454
= ——— = 0.597
2.13 ’%.{_ﬁ sz =454 = Sp =213

e Rejection Region (R.R):

=005~ ta, .., ="toozs 2a = 2.064

e Decision:

t = 0.597 € R.R Then we accept H,,.
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3-Single Proportion:

\/ Pl
n

Hypotheses H. =D, Hen=ps Ho: 7= Dy
Hi:p+p, Hy: p>p, Hi:p<p,
Test Statistic L P=D, X-mp =
Z'= 2 = 2 ~N(0,1 =]—
(T.5) o 0,1) (go=1-po)

R.R. and A.R.
of Hs
l1-a &
A.R. of liqo 2o lz.fRH %%RHO Zoai TR of Ho
Decision: Reject H, (and accept H,) at the significance level o if:

Z>Z a/2
orZ<—Zupn
Two-Sided Test

Z . 757,

One-Sided Test One-Sided Test
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Solution of Q1 — P.37:

500 & 150 - p 150 0.3
= = - = — = U.
" * P =500
(1):Hy:p =025 vs Hy:p # 0.25
Then the test Statistic (T.S):
H — 0.3 —0.25
7=0"F_ = 2.58

n 500

(2): Hy:p =025 vs Hy:p # 0.25,
Then the Acceptance Region (A.R) ata = 0.1:

e F1-az  Z8p R
“Zap
-1.645 1.645

a=0.1-Za=Zy4 = 1.645 > A.R = (—1.645,1.645).
2

(3): Hy:p = 0.25 vs Hy:p # 0.25,
Then the decision at ¢ = 0.1:

Z = 2.58 ¢ A.R, then we reject H,.
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Solution of Q2 — P.37:

114
n=500 & x=114 ﬁp:%ZO.ZB

e Hypotheses:
Hy:p=02 vs Hi:p<0.2

e Test statistic (T.S):

p—po 023-02

= 1.67
n 500

7 =

¢ Rejection Region (R.R):

1 -

R.R. "AR.of H
of Ho 41— °

o

-2.055
e Decision:

Z =1.67 & R.R, then we accept H,.
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4-Two Proportions:

Hypotheses | Hy: p; — p, =0 H,: p1 — p, =0 Hopi—p 0
Hltpl—pz;tO lepl_p2>0 lepl_p2<0
Test Statistic g— B i)
(T.5.) O
ik
Wl
R.R. and
A.R. of H,
(R @ « 11—
i}R,:.Z1-a/2 Zaz 'Z}RAO AR. of ’1'0 Za o 'Z}RHO Zi-a RRoiH
== Zalz = ==Ly
Decision: Reject H, (and accept H,) at the significance level a if:
L X1+ X
p =

n, +n,



Solution of Q1 — P.38:

100 & 15 & p =2 g5
= = — = —=—=(.
nq X1 P1 n, 100
200 & 20 = 5, =220 _410
= = — = — = —= .
n; X2 b2 n, 200

e Hypotheses:

Hy:p1 = p3 or Hy:py —p2 =0
Hy:py > p, Hyi:py —p,>0

e Test statistic (T.S):

7= (P1 — D2)
AA(A+1) ﬁ:x1+x2
pq nq n, n, +n,
(0.15-0.10) _15+20
=1.26 100 + 200

\/ (0.12)(0.88) (ﬁ + ﬁ)

=0.12

e Rejection Region (R.R):

e Decision:

1.645

Z =126 ¢ R.R = (1.645,), Then we accept H,,.
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FOR FINAL

Single mean

Two means Single Two proportions
proportion
A pbq 3. — P~ _ P191 , P292
Sampling = 4 v o_ 7 of of p~N|p, /— P1— P2 N(m TN i )
e X~N(y,—) X1 =Xo~N|\ i —po, [ —+— n
Distribution Jn ng Ny
_ _ 0'2 0'2
7 a Ki—-X)t|za | F+2
Xi(Z% ﬁ) =X <7/n1 -
o known 0, and g, known
Confident 1 1 p ——
X X 5 A 141 242
el | gy (o, 5| At e 5p [ )| o (e ()| 01 p s (zex [ 5E)
—\'zn-1 1 2
o unknown o, and o, unknown
62— Sty — 1)+ 57, — 1)
P Tl1 + le - 2
X — X, —X,)—d
Z:X Ho 22% o, & 0, known
o/ of , of
o known T, X A A
7 _P—Po 7= (m;pz)l
i = X, —-X,)—d Po9o a1l 1
Testing ¢ X —Uo = % o, & 0, unknown n pq (n1 + nz)
SHn i mn, X, +x
o unknown p = a2
n, +n,
62 Sty —1) +S7(n, — 1)
P n1 + nz - 2
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