Iowa State University 1 CprE 489, Lecture 5

CprE 489 Lecture 5

Fall Semester 1997

Iowa State University 2 CprE 489, Lecture 5

Data Rate vs. Frequency

• Data Rate is measured in bits per second (bps) • Signals of all kinds are measured in cycles per second or frequency (Hertz, Hz) Analog Signal - within some frequency band

• Digital Signal -

Iowa State University 3 CprE 489, Lecture 5

Nyquist’s Equation

• Nyquist tells us if we are limited in frequency we are limited in bit rate • Noiseless best possible because sampling at a faster rate than 2H gives no information about the signal.

• Example. Telephone line supports upto 3,000 Hz. What is the best pure bit rate this can support with two discrete levels.

B 2H Vlog = B = bit rate H = max fequency V = discrete levels

2 3000 2log

⋅ ⋅ 6000bps =

Iowa State University 4 CprE 489, Lecture 5

Shannon’s Equation

• Shannon says the best you can do in the presence of noise. • S/N is measured in decibels (dB):

SNR = 10 log_{10} (S/N) or S/N = 10^{SNR/10} • Example: 3,000 Hz and SNR = 30 dB

B H 1 S N ---+ log = B = bits per second H = max frequency S/N = signal to noise ratio

3000 1 1030 10/ + ( ) log⋅ 29 900bps,=