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Cylindrical, Spherical and Plane Waves (Intuitive)
• Instantaneous value of a time-harmonic voltage: 
• at an instant t: 

•  is the amplitude (peak voltage)
• Frequency (repetition rate) is the 
• is the angular frequency and equals to 
• Instantaneous phase is 

• Time period for change 

•
ଶగ

ఠ

ଵ



• After each time T 
• the time-harmonic voltage repeats itself over time 
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Cylindrical, Spherical and Plane Waves (Intuitive)
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Fig. Time-harmonic voltage wave
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Cylindrical, Spherical and Plane Waves (Intuitive)
• At any arbitrary distance (Point B ) from the origin, 

• the wave will have a phase delay of 𝜑ି = 𝜔 ×
௭

௩
= 𝛽𝑧

• from the wave at the origin (Point A) 

• The time-harmonic voltage wave at point B can be written as 
• 𝑣 𝑡 = 𝑉𝑠𝑖𝑛 𝜔𝑡 − 𝜑ି = 𝑉𝑠𝑖𝑛 𝜔𝑡 − 𝛽𝑧

• If the initial wave at time t=0, z=0, was having a initial phase of 

• 𝑣 𝑡 = 𝑉𝑠𝑖𝑛 𝜔𝑡 − 𝛽𝑧 + 𝜑

• If 
గ

ଶ

• 𝑣 𝑡 = 𝑉𝑠𝑖𝑛 𝜔𝑡 − 𝛽𝑧 +
గ

ଶ
= 𝑉𝑐𝑜𝑠 𝜔𝑡 − 𝛽𝑧

• It can be also represented as 
• 𝑣 𝑡 = 𝑅𝑒 𝑉𝑒 ఠ௧ିఉ =𝑉𝑅𝑒 𝑐𝑜𝑠 𝜔𝑡 − 𝛽𝑧 + 𝑗𝑠𝑖𝑛 𝜔𝑡 − 𝛽𝑧
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Cylindrical, Spherical and Plane Waves (Intuitive)

• Classification of Waves: 
• Waves can be basically 
• classified into three based on their 

• Wavefront shapes (spherical/cylindrical/plane)
• locus of points/surface of wave of constant phase
• perpendicular to the wave propagation vector

• and its sources 
• Spherical waves: Point source 
• Cylindrical waves: Line source
• Plane waves: Source at infinity/planar source
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Cylindrical, Spherical and Plane Waves (Intuitive)

Fig. Spherical waves 
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Cylindrical, Spherical and Plane Waves (Intuitive)
• Spherical waves: 
• The wave from point source (0-D) expands 
• to a fill a sphere of radius r

• wavefront cross a spherical surface  
• whose area grows as ଶ

• From conservation of energy

• Power per unit area must be decrease as ଵ

మ as increases

• Then ଵ

మ
ଶ which will be a constant & independent of 

• Since, ଶ, therefore ଵ



• Hence simple expression for spherical wave function
• 𝑣 𝑡, 𝑟 =

బ


𝑐𝑜𝑠 𝜔𝑡 − 𝛽𝑟
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Cylindrical, Spherical and Plane Waves (Intuitive)

Fig. Cylindrical waves 
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Cylindrical, Spherical and Plane Waves (Intuitive)
• Cylindrical Waves: 
• The wave from line source (1-D) expands 
• to a fill a cylinder of radius ρ

• wavefront cross a cylindrical surface  
• whose area grows as 2𝜋𝜌ℎ, 
• where ℎ is the height of the cylinder

• From conservation of energy
• Power per unit area must be decrease as ଵ

ఘ
as 𝜌 increases

• Then 𝑃𝑜𝑤𝑒𝑟 ∝
ଵ

ఘ
× 2𝜋𝜌ℎ = 2𝜋ℎ which will be a constant & independent of 𝜌

• Since, 𝑃𝑜𝑤𝑒𝑟 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡 𝑎𝑟𝑒𝑎 ∝ 𝐴𝑚𝑝𝑙𝑖𝑡𝑢𝑑𝑒ଶ, therefore 𝐴𝑚𝑝𝑙𝑖𝑡𝑢𝑑𝑒 ∝
ଵ

ఘ 

• Hence simple and possible expression of cylindrical wave function
• 𝑣 𝑡, 𝜌 =

బ

√ఘ
𝑐𝑜𝑠 𝜔𝑡 − 𝛽𝜌
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Cylindrical, Spherical and Plane Waves (Intuitive)

Fig. Plane waves 
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Cylindrical, Spherical and Plane Waves (Intuitive)
• Plane waves: 
• For a planar source (2-D)

• wavefront form a plane surface 
• parallel to the face of source 
• amplitude is constant

• Hence simple and possible expression 
• of plane wave function

• 𝑣 𝑡, 𝑧 = 𝑉𝑐𝑜𝑠 𝜔𝑡 − 𝛽𝑧

• For wave moving in x-y-z space
• 𝑣 𝑡, 𝑥, 𝑦, 𝑧 = 𝑉𝑐𝑜𝑠 𝜔𝑡 − 𝛽௫𝑥 − 𝛽௬𝑦 − 𝛽௭𝑧

• which can be expressed as  

• 𝑣 𝑡, 𝑥, 𝑦, 𝑧 = 𝑉𝑅𝑒 𝑒 ఠ௧ିఉೣ௫ିఉ௬ିఉ௭ = 𝑉𝑅𝑒 𝑒
 ఠ௧ିఉȉ⃗
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