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Complex Numbers and Algebra - Review
2

Complex number, z, is the sum of real and imaginary parts

Electrical Engineers use 𝑗𝑗 = −1

𝑧𝑧 = 𝑥𝑥 + 𝑗𝑗𝑗𝑗 = 𝑧𝑧 𝑒𝑒𝑗𝑗𝜃𝜃 = 𝑧𝑧 ∠𝜃𝜃

Euler:  𝑒𝑒𝑗𝑗𝜃𝜃 = cos 𝜃𝜃 + 𝑗𝑗 sin 𝜃𝜃



• Complex Conjugate

• Multiplication

𝑧𝑧∗ = 𝑥𝑥 + 𝑗𝑗𝑗𝑗 ∗ = 𝑥𝑥 − 𝑗𝑗𝑗𝑗 = 𝑧𝑧 𝑒𝑒−𝑗𝑗𝜃𝜃 = 𝑧𝑧 ∠ − 𝜃𝜃

𝑧𝑧 = + 𝑧𝑧𝑧𝑧∗

𝑧𝑧1𝑧𝑧2 = 𝑥𝑥1𝑥𝑥2 − 𝑦𝑦1𝑦𝑦2 + 𝑗𝑗 𝑥𝑥1𝑦𝑦2 + 𝑥𝑥2𝑦𝑦1

OR

𝑧𝑧1𝑧𝑧2 = 𝑧𝑧1 𝑒𝑒𝑗𝑗𝜃𝜃1 𝑧𝑧2 𝑒𝑒𝑗𝑗𝜃𝜃2 = 𝑧𝑧1 𝑧𝑧2 𝑒𝑒𝑗𝑗 𝜃𝜃1+𝜃𝜃2

 = 𝑧𝑧1 𝑧𝑧2 cos 𝜃𝜃1 + 𝜃𝜃2 + 𝑗𝑗 sin 𝜃𝜃1 + 𝜃𝜃2

Complex Numbers



Complex Algebra

• Division (𝑧𝑧2 ≠ 0)

• Exponentiate

4

𝑧𝑧𝑛𝑛 = 𝑧𝑧 𝑒𝑒𝑗𝑗𝜃𝜃 𝑛𝑛 = 𝑧𝑧 𝑛𝑛𝑒𝑒𝑗𝑗𝑗𝑗𝜃𝜃 = 𝑧𝑧 𝑛𝑛 cos 𝑛𝑛𝜃𝜃 + 𝑗𝑗 sin 𝑛𝑛𝜃𝜃

𝑧𝑧 ⁄1 2 = ± 𝑧𝑧 ⁄1 2𝑒𝑒𝑗𝑗 ⁄𝜃𝜃 2 = ± 𝑧𝑧 ⁄1 2 cos
𝜃𝜃
2

+ jsin
𝜃𝜃
2

𝑧𝑧1
𝑧𝑧2

=
𝑥𝑥1 + 𝑗𝑗𝑦𝑦1
𝑥𝑥2 + 𝑗𝑗𝑦𝑦2

=
𝑥𝑥1 + 𝑗𝑗𝑦𝑦1
𝑥𝑥2 + 𝑗𝑗𝑦𝑦2

𝑥𝑥2 − 𝑗𝑗𝑦𝑦2
𝑥𝑥2 − 𝑗𝑗𝑦𝑦2

=
𝑥𝑥1𝑥𝑥2 + 𝑦𝑦1𝑦𝑦2
𝑥𝑥22 + 𝑦𝑦22

+
𝑗𝑗 𝑥𝑥2𝑦𝑦1 − 𝑥𝑥1𝑦𝑦2

𝑥𝑥22 + 𝑦𝑦22

OR

𝑧𝑧1
𝑧𝑧2

=
𝑧𝑧1 𝑒𝑒𝑗𝑗𝜃𝜃1
𝑧𝑧2 𝑒𝑒𝑗𝑗𝜃𝜃2

=
𝑧𝑧1
𝑧𝑧2

𝑒𝑒𝑗𝑗 𝜃𝜃1−𝜃𝜃2



Complex Relations
5

𝑗𝑗 = −1 = 𝑒𝑒𝑗𝑗 �𝜋𝜋 2 = 1∠90𝑜𝑜

What is 2𝑗𝑗

−1 = 𝑗𝑗2

−𝑒𝑒+𝑗𝑗 �𝜋𝜋 2 = +𝑒𝑒−𝑗𝑗 �𝜋𝜋 2 = 1∠ −90𝑜𝑜

𝑒𝑒𝑗𝑗 �𝜋𝜋 2
�1 2 = ±𝑒𝑒𝑗𝑗 �𝜋𝜋 4 = ±

1 + 𝑗𝑗
2

𝑒𝑒−𝑗𝑗 �𝜋𝜋 2
�1 2 = ±𝑒𝑒−𝑗𝑗 �𝜋𝜋 4 = ±

1 − 𝑗𝑗
2

= 𝑒𝑒±𝑗𝑗 = 1∠180𝑜𝑜

−𝑗𝑗 =

𝑗𝑗 =

−𝑗𝑗 =



Phasor Domain - Review

• Used to solve linear systems with periodic time function excitation
• Integral-differential time domain → linear equation in phasor domain
• Force function  expanded in Fourier series, superposition

6

𝑣𝑣 𝑡𝑡 =  𝑉𝑉0 cos 𝜔𝜔𝜔𝜔 + 𝜙𝜙

 = ℜ 𝑉𝑉0𝑒𝑒𝑗𝑗(𝜔𝜔𝑡𝑡+𝜙𝜙) = ℜ 𝑉𝑉0𝑒𝑒𝑗𝑗𝜙𝜙𝑒𝑒𝑗𝑗𝜔𝜔𝑡𝑡

Phasor �𝑉𝑉

Time Domain 𝑣𝑣(𝑡𝑡) Phasor Domain �𝑉𝑉
𝑣𝑣 𝑡𝑡 =  𝑉𝑉0 cos 𝜔𝜔𝜔𝜔 �𝑉𝑉 = 𝑉𝑉0

𝑣𝑣 𝑡𝑡 =  𝑉𝑉0 cos 𝜔𝜔𝜔𝜔 + 𝜙𝜙 �𝑉𝑉 = 𝑉𝑉0𝑒𝑒𝑗𝑗𝜙𝜙



Phasor Relation for Resistors

Time Domain Phasor Domain

𝑖𝑖 =  𝐼𝐼𝑚𝑚 cos 𝜔𝜔𝜔𝜔 + 𝜙𝜙
𝑣𝑣 = 𝑖𝑖𝑖𝑖 = 𝑅𝑅𝐼𝐼𝑚𝑚 cos 𝜔𝜔𝜔𝜔 + 𝜙𝜙

Current through resistor

Time Domain

�𝑉𝑉 = 𝑅𝑅𝐼𝐼 = 𝑅𝑅𝐼𝐼𝑚𝑚∠𝜙𝜙
Phasor Domain



Phasor Relation for Inductors

Time Domain

𝑣𝑣 = 𝐿𝐿
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

Time Domain

𝑣𝑣𝐿𝐿 = ℜ �𝑉𝑉𝐿𝐿𝑒𝑒𝑗𝑗𝜔𝜔𝜔𝜔

𝑖𝑖𝐿𝐿 = ℜ 𝐼𝐼𝐿𝐿𝑒𝑒𝑗𝑗𝜔𝜔𝜔𝜔

ℜ �𝑉𝑉𝐿𝐿𝑒𝑒𝑗𝑗𝜔𝜔𝜔𝜔 = 𝐿𝐿
𝜕𝜕
𝜕𝜕𝜕𝜕

ℜ 𝐼𝐼𝐿𝐿𝑒𝑒𝑗𝑗𝜔𝜔𝜔𝜔

   = ℜ 𝑗𝑗𝑗𝑗𝑗𝑗𝐼𝐼𝐿𝐿𝑒𝑒𝑗𝑗𝜔𝜔𝜔𝜔

�𝑉𝑉𝐿𝐿 = 𝑗𝑗𝑗𝑗𝑗𝑗𝐼𝐼𝐿𝐿
�𝑍𝑍𝐿𝐿 =

�𝑉𝑉𝐿𝐿
𝐼𝐼𝐿𝐿

= 𝑗𝑗𝜔𝜔𝐿𝐿

Phasor Domain

Phasor Domain



Phasor Relation for Capacitors

Time Domain
𝑖𝑖 = 𝐶𝐶

𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

Time Domain

𝐼𝐼𝐶𝐶 = 𝑗𝑗𝜔𝜔𝜔𝜔 �𝑉𝑉𝐶𝐶
�𝑍𝑍𝐶𝐶 =

�𝑉𝑉𝐶𝐶
𝐼𝐼𝐶𝐶

=
1
𝑗𝑗𝜔𝜔𝜔𝜔

Phasor Domain

Phasor Domain



RC Circuit Phasor Solution
10

𝑣𝑣𝑠𝑠 𝑡𝑡 = 𝑉𝑉0 sin 𝜔𝜔𝜔𝜔 + 𝜙𝜙0
𝑉𝑉0 = amplitude
𝜔𝜔 = angular frequency
𝜙𝜙0= reference phase

Solve for:  𝑖𝑖 𝑡𝑡

Apply Kirchoff’s Voltage Law (KVL):

Time Domain: 𝑅𝑅𝑅𝑅 𝑡𝑡 + 1
𝐶𝐶 ∫ 𝑖𝑖 𝑡𝑡 𝜕𝜕𝜕𝜕 = 𝑣𝑣𝑠𝑠 𝑡𝑡



11

Step 1: Move to Cosine reference:

𝑣𝑣𝑠𝑠 𝑡𝑡 = 𝑉𝑉0 sin 𝜔𝜔𝜔𝜔 + 𝜙𝜙0 = 𝑉𝑉0 cos
𝜋𝜋
2 − 𝜔𝜔𝜔𝜔 − 𝜙𝜙0 = 𝑉𝑉0 cos 𝜔𝜔𝜔𝜔 + 𝜙𝜙0 −

𝜋𝜋
2

RC Circuit Phasor Solution
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Step 2:  Convert from time to phasor domain

𝑣𝑣𝑠𝑠 𝑡𝑡 = 𝑉𝑉0 cos 𝜔𝜔𝜔𝜔 + 𝜙𝜙0 −
𝜋𝜋
2 = ℜ 𝑉𝑉0𝑒𝑒

𝑗𝑗 𝜙𝜙0−
𝜋𝜋
2 𝑒𝑒𝑗𝑗𝑗𝑗𝑗𝑗 ⇒ �𝑉𝑉𝑠𝑠 = 𝑉𝑉0𝑒𝑒

𝑗𝑗 𝜙𝜙0−
𝜋𝜋
2

𝑣𝑣𝑠𝑠 𝑡𝑡 =  𝑉𝑉0 cos 𝜔𝜔𝜔𝜔 + 𝜙𝜙0 −
𝜋𝜋
2

RC Circuit Phasor Solution



13

Time Domain: 𝑅𝑅𝑅𝑅 𝑡𝑡 + 1
𝐶𝐶 ∫ 𝑖𝑖 𝑡𝑡 𝜕𝜕𝜕𝜕 = 𝑣𝑣𝑠𝑠 𝑡𝑡

RC Circuit Phasor Solution
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Step 3: Obtain Phasor Form for Time-Domain Equation

RC Circuit Phasor Solution
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𝐼𝐼 𝑅𝑅 +
1
𝑗𝑗𝑗𝑗𝑗𝑗

= �𝑉𝑉𝑠𝑠  ⇒  𝐼𝐼 = ��𝑉𝑉𝑠𝑠 𝑅𝑅 +
1
𝑗𝑗𝑗𝑗𝑗𝑗

= 𝐼𝐼0𝑒𝑒𝑗𝑗𝑗𝑗

Step 4: Solve the Phasor Domain Equation

RC Circuit Phasor Solution



RC Circuit Phasor Solution
16

Step 5: Obtain the time domain solution i(t)

𝑖𝑖 𝑡𝑡 = ℜ 𝐼𝐼𝑒𝑒𝑗𝑗𝜔𝜔𝜔𝜔

= ℜ
𝑉𝑉0𝜔𝜔𝐶𝐶

1 + 𝜔𝜔2𝑅𝑅2𝐶𝐶2
𝑒𝑒𝑗𝑗 𝜙𝜙0−𝜙𝜙1 𝑒𝑒𝑗𝑗𝜔𝜔𝜔𝜔

=
𝑉𝑉0𝜔𝜔𝐶𝐶

1 + 𝜔𝜔2𝑅𝑅2𝐶𝐶2
cos 𝜔𝜔𝜔𝜔 + 𝜙𝜙0 − 𝜙𝜙1

𝑖𝑖 𝑡𝑡 =
𝑉𝑉0𝜔𝜔𝐶𝐶

1 + 𝜔𝜔2𝑅𝑅2𝐶𝐶2
cos 𝜔𝜔𝜔𝜔 + 𝜙𝜙0 − 𝜙𝜙1 , 𝜙𝜙1 = tan−1 𝜔𝜔𝜔𝜔𝜔𝜔



Time and Phasor Domain

𝑣𝑣(𝑡𝑡) �𝑉𝑉
𝐴𝐴 cos 𝜔𝜔𝜔𝜔 𝐴𝐴
𝐴𝐴 cos 𝜔𝜔𝜔𝜔 + 𝜙𝜙 𝐴𝐴𝑒𝑒𝑗𝑗𝜙𝜙

−𝐴𝐴 cos 𝜔𝜔𝜔𝜔 + 𝜙𝜙 𝐴𝐴𝑒𝑒𝑗𝑗 𝜙𝜙±𝜋𝜋

𝐴𝐴 sin 𝜔𝜔𝜔𝜔 𝐴𝐴𝑒𝑒−𝑗𝑗 �𝜋𝜋 2 = −𝑗𝑗𝑗𝑗
𝐴𝐴 sin 𝜔𝜔𝜔𝜔 + 𝜙𝜙 𝐴𝐴𝑒𝑒𝑗𝑗 𝜙𝜙− �𝜋𝜋 2

−𝐴𝐴 sin 𝜔𝜔𝜔𝜔 + 𝜙𝜙 𝐴𝐴𝑒𝑒𝑗𝑗 𝜙𝜙+ �𝜋𝜋 2

𝐴𝐴 cos 𝜔𝜔𝜔𝜔 + 𝛽𝛽𝛽𝛽 + 𝜙𝜙0 𝐴𝐴𝑒𝑒𝑗𝑗 𝛽𝛽𝛽𝛽+𝜙𝜙0

𝐴𝐴𝑒𝑒−𝛼𝛼𝛼𝛼 cos 𝜔𝜔𝜔𝜔 + 𝛽𝛽𝛽𝛽 + 𝜙𝜙0 𝐴𝐴𝑒𝑒−𝛼𝛼𝛼𝛼𝑒𝑒𝑗𝑗 𝛽𝛽𝛽𝛽+𝜙𝜙0

Much easier to deal with multiplying phasor domain 
exponentials than time domain integral-differential equation

Traveling waves 
in Phasor Domain

𝑣𝑣 𝑡𝑡 =  ℜ �𝑉𝑉𝑒𝑒𝑗𝑗𝜔𝜔𝜔𝜔



Time and Phasor Domain

𝑣𝑣(𝑡𝑡) �𝑉𝑉
𝑑𝑑
𝑑𝑑𝑑𝑑

𝑣𝑣 𝑡𝑡 𝑗𝑗𝜔𝜔 �𝑉𝑉

𝑑𝑑
𝑑𝑑𝑑𝑑

𝐴𝐴 cos 𝜔𝜔𝜔𝜔 + 𝜙𝜙 𝑗𝑗𝜔𝜔𝐴𝐴𝑒𝑒𝑗𝑗𝜙𝜙

�𝑣𝑣 𝑡𝑡 𝑑𝑑𝑑𝑑 ⁄1 𝑗𝑗𝜔𝜔 �𝑉𝑉

�𝐴𝐴 cos 𝜔𝜔𝜔𝜔 + 𝜙𝜙 𝑑𝑑𝑑𝑑 ⁄1 𝑗𝑗𝜔𝜔 𝐴𝐴𝑒𝑒𝑗𝑗𝜙𝜙

�𝐴𝐴 sin 𝜔𝜔𝜔𝜔 + 𝜙𝜙 𝑑𝑑𝑑𝑑 ⁄1 𝑗𝑗𝜔𝜔 𝐴𝐴𝑒𝑒𝑗𝑗 𝜙𝜙0− ⁄𝜋𝜋 2

𝑣𝑣 𝑡𝑡 =  ℜ �𝑉𝑉𝑒𝑒𝑗𝑗𝜔𝜔𝜔𝜔



ac Phasor Analysis: General Procedure

𝑣𝑣𝑠𝑠 𝑡𝑡 = 𝑉𝑉0 sin 𝜔𝜔𝜔𝜔 + 𝜙𝜙0
 = 𝑉𝑉0 cos 𝜔𝜔𝜔𝜔 + 𝜙𝜙0 −

𝜋𝜋
2

= ℜ 𝑉𝑉0𝑒𝑒
𝑗𝑗 𝜙𝜙0−

𝜋𝜋
2 𝑒𝑒𝑗𝑗𝜔𝜔𝜔𝜔

⇒ �𝑉𝑉𝑠𝑠 = 𝑉𝑉0𝑒𝑒
𝑗𝑗 𝜙𝜙0−

𝜋𝜋
2

~

~

Apply Kirchoff’s Voltage Law (KVL)
Time Domain: 𝑅𝑅𝑅𝑅 𝑡𝑡 + 1

𝐶𝐶 ∫ 𝑖𝑖 𝑡𝑡 𝜕𝜕𝜕𝜕 = 𝑣𝑣𝑠𝑠 𝑡𝑡

Phasor Domain: 𝐼𝐼 �𝑍𝑍𝑅𝑅 + �𝑍𝑍𝐶𝐶 = 𝐼𝐼 𝑅𝑅 + 1
𝑗𝑗𝜔𝜔𝐶𝐶

= �𝑉𝑉𝑠𝑠

1. Adopt Cosine Reference for Source

2. Transfer to Time-Independent Phasor Domain

⇒

𝑖𝑖 → 𝐼𝐼

𝑣𝑣 → �𝑉𝑉

𝑅𝑅 → �𝑍𝑍𝑅𝑅 = 𝑅𝑅

𝐿𝐿 → �𝑍𝑍𝐿𝐿 = 𝑗𝑗𝑗𝑗𝑗𝑗

𝐶𝐶 → �𝑍𝑍𝐶𝐶 = ⁄1 𝑗𝑗𝑗𝑗𝑗𝑗

3. Obtain Phasor Form for 
 Time Domain Equation

4. Solve Phasor Domain Equation for    
unknown Variable (𝐼𝐼)

𝐼𝐼 =
�𝑉𝑉𝑠𝑠

𝑅𝑅 + 1
𝑗𝑗𝜔𝜔𝐶𝐶

= 𝐼𝐼0𝑒𝑒𝑗𝑗𝜙𝜙



ac Phasor Analysis: General Procedure
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4. Solve Phasor Domain Equation (cont’)

𝐼𝐼 =
�𝑉𝑉𝑠𝑠

𝑅𝑅 + 1
𝑗𝑗𝜔𝜔𝐶𝐶

⇒ 𝐼𝐼 = 𝑉𝑉0𝑒𝑒
𝑗𝑗 𝜙𝜙0−

𝜋𝜋
2

1

𝑅𝑅 + 1
𝑗𝑗𝜔𝜔𝐶𝐶

= 𝑉𝑉0𝑒𝑒
𝑗𝑗 𝜙𝜙0−

𝜋𝜋
2

𝑗𝑗𝜔𝜔𝐶𝐶
1 + 𝑗𝑗𝜔𝜔𝑅𝑅𝐶𝐶

= 𝑉𝑉0𝑒𝑒
𝑗𝑗 𝜙𝜙0−

𝜋𝜋
2

𝑒𝑒𝑗𝑗
𝜋𝜋
2𝜔𝜔𝐶𝐶

1 + 𝑗𝑗𝜔𝜔𝑅𝑅𝑅𝑅

Recall: 𝑗𝑗 = 𝑒𝑒𝑗𝑗 ⁄𝜋𝜋 2

Denominator: 1 + 𝑗𝑗𝜔𝜔𝑅𝑅𝑅𝑅 = 1 + 𝜔𝜔2𝑅𝑅2𝐶𝐶2𝑒𝑒𝑗𝑗𝜙𝜙1,      𝜙𝜙1 = tan−1 𝜔𝜔𝜔𝜔𝜔𝜔
Recall: 𝑥𝑥 + 𝑗𝑗𝑗𝑗 𝑧𝑧 𝑒𝑒𝑗𝑗𝜙𝜙

𝐼𝐼 = 𝑉𝑉0𝑒𝑒
𝑗𝑗 𝜙𝜙0−

𝜋𝜋
2

𝑒𝑒𝑗𝑗
𝜋𝜋
2𝜔𝜔𝐶𝐶

1 + 𝜔𝜔2𝑅𝑅2𝐶𝐶2𝑒𝑒𝑗𝑗𝜙𝜙1
=

𝑉𝑉0𝜔𝜔𝐶𝐶
1 + 𝜔𝜔2𝑅𝑅2𝐶𝐶2

𝑒𝑒𝑗𝑗 𝜙𝜙0−𝜙𝜙1

5. Transform Back to Time Domain

𝑖𝑖 𝑡𝑡 = ℜ 𝐼𝐼𝑒𝑒𝑗𝑗𝜔𝜔𝜔𝜔 = ℜ
𝑉𝑉0𝜔𝜔𝐶𝐶

1 + 𝜔𝜔2𝑅𝑅2𝐶𝐶2
𝑒𝑒𝑗𝑗 𝜙𝜙0−𝜙𝜙1 𝑒𝑒𝑗𝑗𝜔𝜔𝜔𝜔 =

𝑉𝑉0𝜔𝜔𝐶𝐶
1 + 𝜔𝜔2𝑅𝑅2𝐶𝐶2

cos 𝜔𝜔𝑡𝑡 + 𝜙𝜙0 − 𝜙𝜙1

𝑖𝑖 𝑡𝑡 =
𝑉𝑉0𝜔𝜔𝐶𝐶

1 + 𝜔𝜔2𝑅𝑅2𝐶𝐶2
cos 𝜔𝜔𝑡𝑡 + 𝜙𝜙0 − 𝜙𝜙1 , 𝜙𝜙1 = tan−1 𝜔𝜔𝜔𝜔𝜔𝜔
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KVL
Time Domain: 𝑅𝑅𝑅𝑅 𝑡𝑡 + 𝐿𝐿 𝜕𝜕𝜕𝜕

𝜕𝜕𝜕𝜕
= 𝑣𝑣𝑠𝑠 𝑡𝑡

Phasor Domain: 𝑅𝑅𝐼𝐼 + 𝑗𝑗𝜔𝜔𝜔𝜔𝐼𝐼 = �𝑉𝑉𝑠𝑠

Given 𝑣𝑣𝑠𝑠 𝑡𝑡
Find i 𝑡𝑡

Consider: 𝑣𝑣𝑠𝑠 𝑡𝑡 = 150 cos 𝜔𝜔𝜔𝜔
                  

𝑅𝑅 = 400 Ω
                  𝐿𝐿 = 3 𝑚𝑚𝑚𝑚
                 𝜔𝜔 = 105 𝑟𝑟𝑟𝑟𝑟𝑟

𝑠𝑠

Solve for     𝐼𝐼 =
�𝑉𝑉𝑠𝑠

𝑅𝑅+𝑗𝑗𝜔𝜔𝜔𝜔
�𝑉𝑉𝑠𝑠 = 150∠0𝑜𝑜
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𝐼𝐼 =
150

400 + 𝑗𝑗 105 3 × 10−3 =
150

400 + 𝑗𝑗𝑗𝑗𝑗

tan−1 ⁄300 400  = 36.9𝑜𝑜 = 0.6435 𝑟𝑟𝑟𝑟𝑟𝑟

𝐼𝐼 =
150

4002 + 3002𝑒𝑒𝑗𝑗36.9𝑜𝑜
=

150
500𝑒𝑒𝑗𝑗36.9𝑜𝑜

𝐼𝐼 =
150
500 𝑒𝑒

−𝑗𝑗36.9𝑜𝑜 = 0.3∠ − 36.9𝑜𝑜

𝑖𝑖 𝑡𝑡 = ℜ 𝐼𝐼𝑒𝑒𝑗𝑗𝜔𝜔𝑡𝑡 = ℜ 0.3𝑒𝑒−𝑗𝑗36.9𝑜𝑜𝑒𝑒𝑗𝑗105𝑡𝑡

𝑖𝑖 𝑡𝑡 = 0.3 cos 105𝑡𝑡 − 36.9𝑜𝑜
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