EE 334 Homework:
Digital Modulation & Channel Capacity

Problems marked with a * are based on problems from Chapter 7 of the Beige Book
1. *Given an ideal (noiseless) channel that has a bandwidth of 10 MHz.

a. What is the maximum channel capacity (bits/sec) if only 2 coding levels
are used?

b. What is the maximum channel capacity (bits/sec) if 32 coding levels are
used?

2. *A digital modem uses 8 equally-spaced phase angles and 2 equally-spaced
amplitude levels.

a. Draw a constellation pattern for the modem.

b. How many bits per symbol does it use?

c. If the baud rate of the digital modem is 5000, what is the bit rate of the
digital modem?



3. *A digital channel has a baseband bandwidth of 2 MHz and a maximum expected
SNR of 30dB.

a. Find the maximum channel capacity.

b. What QAM form should be used?

c. Determine the expected maximum channel data rate in bps.

4. *Given a three channel, time-division multiplexed, PCM system with maximum
transmission rates of 4 Kbps, 20 Kbps, and 8 Kbps respectively.

a. Calculate the transmission line transmission rate in bps.

b. Multiplexing of many channels often requires relatively high frequency
transmission systems as you probably discovered in part (a). Briefly
discuss what, if anything, can be done to help minimize the transmission
system bandwidth.



5. A voice-grade telephone line has a bandwidth of 3100 Hz. A 2 level ASK
modulation scheme is used.

a. Calculate the maximum possible channel capacity (bit rate).

b. The analog telephone line is to be used to transmit digitized voice (instead
of raw analog voice). If the maximum voice frequency is 3000 Hz, and an
8-bit ADC is used, what is the bit rate required for this signal? Warning:
avoid aliasing.

c. How many symbols will a modulation scheme have to support in order to
transmit this bit stream on the telephone line?

d. What is the baud?

6. (This problem is not related to the previous one.) A voice-grade telephone line
has a bandwidth of 3100 Hz and an S/N ratio of 30 dB.

a. Calculate the maximum channel capacity (bit rate).

b. How many symbols will a modulation scheme have to support in order to
transmit this bit stream on the telephone line?

c. What is the baud?



7. A cable television company uses a TV channel’s worth of bandwidth (6 MHz) for
delivering Internet data to a neighborhood. To keep customers happy, the cable

company needs to support a peak data rate of 60x10° bits/sec on the channel.
What is the minimum SNR that allows this data rate?



