
 

ECE 516E – ANTENNA & RADIOWAVE PROPAGATION 

STUDY GUIDE: EARLY TELEVISION SYSTEMS 

 

1.0 OBJECTIVES 

1. Articulate the fundamental challenges of image transmission and reception, distinguishing 
between mechanical and all-electronic solutions. 

2. Explain the core physical principles that enabled electronic television, with a primary focus 
on the photoconductive effect and the operation of a cathode ray tube (CRT). 

3. Analyze the architecture and operation of key video capture devices, specifically the 
Iconoscope and its successors (e.g., Orthicon, Vidicon), by detailing the function of each 
component in the signal generation process. 

4. Critically evaluate the engineering compromises inherent in early television standards, 
considering factors such as bandwidth limitations, display technology constraints, and 
human visual perception. 

5. Draw connections between the fundamental principles of early television systems (e.g., 
raster scanning, signal modulation, photoconductivity) and their legacy in modern digital 
video and imaging technologies. 

2.0 FOUNDATIONS OF TELEVISION TECHNOLOGY 

The invention of television was not a single event but a series of breakthroughs in converting 
light into electrical signals and scanning to decompose and reconstruct an image. 

1. Photoconductivity: The foundational discovery was Willoughby Smith's demonstration of 
the photoconductivity of selenium in 1873. This proved that light intensity could be 
converted into a varying electrical signal, paving the way for electronic image scanning. 

2. The Scanning Principle: The core concept that made television possible is scanning. 
French engineer Maurice Le Blanc first proposed the idea in 1880, outlining a method to 
break down an image into a series of lines for sequential transmission and reconstruction. 
This principle remains the basis of all television systems. 

 

Figure 1. Scanning Principle 



3. Mechanical Scanning: Paul Nipkow invented the Nipkow disk in 1884. This rotating disk 
with a spiral of holes performed the scanning function mechanically, and it became the basis 
for the first working television systems. 

3.0 . EVOLUTION FROM MECHANICAL TO ELECTRONIC 

Early television development was a battle between mechanical and electronic scanning 
methods. 

FEATURE MECHANICAL TELEVISION ELECTRONIC TELEVISION 

Key 
Inventors 

John Logie Baird, Charles 
Francis Jenkins 

Philo Farnsworth, Vladimir Zworykin 

Scanning 
Method 

Rotating disks (e.g., Nipkow 
disk) 

Cathode Ray Tube (CRT) with electron beam 

Image 
Quality 

Low-resolution, dim, flickering 
images 

Higher resolution, brighter, more stable 
images 

Commercial 
Use 

BBC used Baird's system for 
early broadcasts (1929) 

Became the standard after the 1930s; NBC 
began regular broadcasting in 1939 

 

4.0 KEY SYSTEM PARAMETERS AND STANDARDS 

As television technology matured, standardized systems were defined by specific parameters, 
which were later codified by the International Telecommunication Union (ITU). 

4.1 Monochrome Systems 

The first standards were for black-and-white TV. They were designated by letters (e.g., System A, 
System M) and defined critical parameters: 

Number of Scan Lines: Determines vertical resolution (e.g., 405, 525, or 625 lines). 

Frame Rate: Typically 25 fps (50 Hz regions) or 30 fps (60 Hz regions), chosen to avoid 
interference from the local AC power frequency. 

Channel Bandwidth: The radio frequency space allocated for one TV channel. 

Video Bandwidth: The frequency range needed for the picture information. 

Modulation: For vision (AM) and sound (FM). 

4.2 Introduction of Colour 

Colour television was grafted onto existing monochrome systems to ensure backward 
compatibility. Three primary analogue colour standards emerged: 

4.2.1. NTSC (National Television System Committee) 

The first color system, developed in the US. It uses 525 lines and ~30 fps and encodes 
color using quadrature amplitude modulation on a 3.58 MHz subcarrier. Its susceptibility to 
phase errors led to the nickname "Never The Same Colour". 



4.2.2. PAL (Phase Alternating Line) 

Developed in Germany to correct NTSC's phase errors. It uses 625 lines and 25 fps and 
alternates the phase of the color signal on each line, which automatically corrects errors. 

4.2.3. SECAM (Séquentiel Couleur à Mémoire) 

Developed in France. It also uses 625 lines/25 fps but transmits color information 
sequentially using frequency modulation, making it less susceptible to distortion. 

5. ENGINEERING CONCEPTS 

For an engineering student, understanding these underlying concepts is crucial. 

5.1 Composite Video Signal:  
The full signal transmitted for each scan line integrates multiple components: 

5.2 Luminance (Y) 
The black-and-white brightness information (grey scale) 

5.3 Chrominance (C):  

The colour information, added as a separate signal on a subcarrier frequency. 

5.4 Synchronization Pulses 

Horizontal and vertical sync pulses ensure the receiver's raster scan stays aligned with the 
transmitter. 

5.5 Colour Burst 

A short reference signal placed on the "back porch" of the horizontal sync pulse, used by 
colour receivers to decode chrominance accurately. 

5.6 Signal Transmission: The composite video signal is amplitude-modulated onto a video 
carrier. The sound is transmitted as a separate frequency-modulated carrier at a fixed offset 
(e.g., 4.5 MHz in System M). The use of vestigial sideband modulation helps conserve 
spectrum bandwidth. 

6. DISCUSSION 

1. Compare and contrast the engineering trade-offs between mechanical and electronic 
television systems. Why did electronic systems ultimately win? 

2. Explain why the frame rates of 25 fps and 30 fps are directly linked to the AC power 
frequencies of 50 Hz and 60 Hz. 

3. Trace the signal path from a camera capturing light to a CRT displaying an image. What are 
the key transformations the signal undergoes? 

4. Analyze the technical differences between NTSC, PAL, and SECAM. What specific problem 
was each subsequent system trying to solve? 

5. Discuss how the principle of backward compatibility influenced the design of colour 
television signals. 


