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LECTURE 5 HOMEWORK: 
QUESTIONS AND SOLUTIONS



EXERCISE 4.57

Newbold et al (2013)



EXERCISE 4.57 A):  SOLUTION

 Answer:

Approximate value

Exact value

Poisson CDF

P(X < 2) =  P(X≤1) = FX(1) ~ 0.1712



EXERCISE 4.57 B):  SOLUTION

 Answer:

Approximate value

Poisson CDF

P(X > 4) =  1- P(X≤4) = 

1 - FX(4) ~ 1- 0.7806 = 0.2194

Exact value



EXERCISE 5.6

Newbold et al (2013)



EXERCISE 5.6 A):  SOLUTION

 Answer:



EXERCISE 5.6 B):  SOLUTION

 Answer:



EXERCISE 5.6 C):  SOLUTION

 Answer:



EXERCISE 5.6 D):  SOLUTION

 Answer:



LECTURE 6: NORMAL 
DISTRIBUTION



NORMAL DISTRIBUTION: 
CHARACTERISTICS

The normal distribution depends on the 

parameters μ and σ². 

Given the mean μ and variance σ² we define 

the normal distribution using the notation:

X ~ Normal(µ, σ2) 

Probability Density 

Function (PDF) of a 

Normal Distribution

Mean = Median = Mode, therefore 

the distribution is symmetric.

• Symmetric distribution

•E(X) = µ

• Var(X) = σ2

•Possible values: ]-∞; +∞[

Newbold et al (2013)



IMPORTANCE OF THE 
NORMAL DISTRIBUTION

Newbold et al (2013)



MANY NORMAL DISTRIBUTIONS

Newbold et al (2013)



NORMAL DISTRIBUTION
SHAPE X ~ Normal(µ, σ2) 

Normal curves with the 

same variance σ2 but 

different means (µ1 < µ2).

Normal curves with the 

same mean µ but different 

variances (σ1
2 < σ2

2).

The shape of the normal distribution is 

affected by the two parameters μ and σ².



PDF OF A NORMAL DISTRIBUTION

Newbold et al (2013)

X ~ Normal(µ, σ2) 



CDF OF A NORMAL DISTRIBUTION

Newbold et al (2013)

The CDF of the normal 

distribution at 𝑥0 is the

area under the curve from

− ∞ to 𝑥0.



FINDING NORMAL PROBABILITIES

Newbold et al (2013)

𝑃 𝑎 < 𝑋 < 𝑏 is the

area under the probability

density function (PDF) of

the normal distribution

between a and b.



FINDING NORMAL PROBABILITIES

Newbold et al (2013)

F(a) = P(X < a) = P(X ≤ a)

F(b) = P(X < b) = P(X ≤ b)

F(b) – F(b) = P(a < X < b) = 

P(a ≤ X ≤ b) = P(X < b) – P(X< a)



STANDARD NORMAL 
DISTRIBUTION

Newbold et al (2013)

The standard normal is a 

particular form of the normal 

distribution, with mean 0 and 

standard deviation 1, and its 

probabilities are available in tables.

The letter Z is reserved 

for the standard normal 

distribution.



NORMAL TO STANDARD 
NORMAL TRANSFORMATION

Newbold et al (2013)

Probabilities for any normal 

distribution are calculated by 

converting to Z, since tables 

exist only for the standard 

normal.

X ~ Normal(µ, σ2) 
Z = 

X − µ
σ

 ~ Normal(0, 1)



NORMAL TO STANDARD 
NORMAL TRANSFORMATION

thenX ~ Normal(µ, σ2) 
Z = 

X − µ
σ

 ~ Normal(0, 1)



NORMAL TO STANDARD NORMAL 
TRANSFORMATION: EXAMPLE

Newbold et al (2013)

X ~ Normal(100, 502)

Z = 
X − 𝟏𝟎𝟎

50
 ~ Normal(0, 1)



NORMAL TO STANDARD NORMAL 
TRANSFORMATION: EXAMPLE

Newbold et al (2013)

X ~ Normal(100, 502)

Z = 
X − 𝟏𝟎𝟎

50
 ~ Normal(0, 1)



PROBABILITY AS AREA 
UNDER THE CURVE

Newbold et al (2013)



STANDARD NORMAL TABLE

Newbold et al (2013)

If Z ~ N(0, 1) then the

cumulative distribution function

(CDF) 𝐹 𝑧 equals 𝚽 𝒛 .



STANDARD NORMAL TABLE: 
EXAMPLE

Newbold et al (2013)

Solution: 

P(Z < 2.00) = F(2.00) = Φ 2.00  = 0.9772



STANDARD NORMAL TABLE: 
EXAMPLE

Newbold et al (2013)

Solution: 

P(Z < -2.00) = Φ −2.00  = 1- Φ 2.00 = 1-0.9772 = 0.0228



GENERAL PROCEDURE FOR 
FINDING PROBABILITIES

Newbold et al (2013)

To calculate probabilities for a 

normal distribution, we must 

use a table or a software 

package; they cannot be 

determined directly by hand.



LOWERTAIL PROBABILITIES: 
EXAMPLE

Newbold et al (2013)

X ~ Normal(8, 0.52)

Solution: 

P(X < 8.6) = P
X −8

0.5
 <

8.6 −8

0.5
 = P Z < 0.12  = Φ 0.12  = 0.5478



UPPERTAIL PROBABILITIES: 
EXAMPLE

Newbold et al (2013)

X ~ Normal(8, 0.52)

Solution: 

P(X > 8.6) = P
X −8

0.5
 >

8.6 −8

0.5
 = P Z > 0.12  = 1 − Φ 0.12  = 1-0.5478 = 0.4522



PROPERTIES OF THE STANDARD 
NORMAL CDF

• P(−a < Z < a) = Φ(a) − Φ(−a)

• P(Z < −a) = Φ(−a) = 1 − Φ(a)

• P(Z > a) = 1 − Φ(a) 

• P(Z > −a) =  Φ(a) 

where a is a positive constant and Φ (Phi) is the 

Cumulative Distribution Function (CDF) of the Standard 

Normal Distribution.



FINDING Z VALUE FOR A 
GIVEN PROBABILITY

Z ~ Normal(0,1)

Solution: 

P(Z < z) = 0.975  Φ 𝑧  = 0.975  z = Φ -1(0.975) = 1.96



FINDING X VALUE FOR A 
GIVEN PROBABILITY

Newbold et al (2013)

If Z ~ N(0,1), we can obtain the variable X ~ N(μ, σ²) through the inverse transformation X = μ + Z×σ.



FINDING X VALUE FOR A GIVEN 
PROBABILITY: EXAMPLE

Newbold et al (2013)

x?: P(X < x) = 0.2

X ~ Normal(8, 0.52)

Note that x is the 

quantile of the normal 

distribution 

corresponding to a 

probability of 0.2, 

since P(X < x) = 0.2.

Solution: 

P(X < x) = 0.2  P
X − 100

50
 <

x − 100

50
 = 0.2 

P Z <
x − 100

50
 = 0.2  Φ

x − 100

50
 = 0.2 

x − 100

50
 = Φ -1(0.2) 

x − 100

50
 = -Φ -1(0.8) ~ -0.84 


x − 100

50
 = -0.84  x = -0.84×50 + 100 = 3.80

Φ⁻¹(0.2) = z0.2 is the quantile of the standard normal distribution 

corresponding to a probability of 0.2. Since this value is negative, it 

does not appear in the standard normal table, which only lists 

positive z-values. However, its symmetric value, Φ⁻¹(0.8), is in the 

table because it is positive. Therefore, we can find Φ⁻¹(0.2) using 

Φ⁻¹(0.8) [Φ⁻¹(0.2) = -Φ⁻¹(1-0.2)].



EXERCISE 5.23

Newbold et al (2013)



EXERCISE 5.23 A):  SOLUTION

 Answer:



EXERCISE 5.23 B):  SOLUTION

 Answer:



EXERCISE 5.23 C):  SOLUTION

 Answer:



ASSESSING NORMALITY

Newbold et al (2013)



NORMAL PROBABILITY PLOT

Newbold et al (2013)



NORMAL PROBABILITY PLOT

Newbold et al (2013)



NORMAL PROBABILITY PLOT

Newbold et al (2013)



NORMAL DISTRIBUTION APPROXIMATION
FOR BINOMIAL DISTRIBUTION

Newbold et al (2013)

X ~ Binomial (n, p)



NORMAL DISTRIBUTION APPROXIMATION
FOR BINOMIAL DISTRIBUTION

Newbold et al (2013)

Z = 
X − 𝒏𝒑

𝒏𝒑(𝟏−𝒑)
 ~ Normal(0, 1)X ~ Binomial(n, p)



NORMAL DISTRIBUTION APPROXIMATION
FOR BINOMIAL DISTRIBUTION

Newbold et al (2013)



BINOMIAL APPROXIMATION
EXAMPLE

Newbold et al (2013)

We use the standard 

normal table to 

calculate these 

probabilities.



NORMAL DISTRIBUTION APPROXIMATION
FOR POISSON DISTRIBUTION

Z = 
X − λ

𝝀
~ Normal(0, 1)X ~ Poisson(λ)



EXERCISE 5.44

Newbold et al (2013)



EXERCISE 5.44:  SOLUTION

 Answer:



EXERCISE 5.44 A):  SOLUTION

 Answer:



EXERCISE 5.44 B):  SOLUTION

 Answer:



HOMEWORK OF LECTURE 6: 
QUESTIONS



EXERCISE 5.22

Newbold et al (2013)



EXERCISE 5.27

Newbold et al (2013)



EXERCISE 5.47

Newbold et al (2013)



EXERCISE 5.60

Newbold et al (2013)



THANKS!
Questions?
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