Midterm Exam ECES-490 Winter 2000 (morning session)

Name (printed)_____________________________  Signature _____________________

1. A particular Powerpoint presentation consists of 20 slides. Each of the slides contains approximately 32 words of text (on average). Five of the slides contain an image. One of the slides includes an attached audio clip. Assume that it takes 256 bytes of information to describe the general layout of each slide.  Assume that a word of text includes, on average, 8 letters and spaces. Assume that it takes two bytes to represent a letter or a space, including its type font, color, etc.. Assume that the images are color images. Assume that we want to represent each image with a resolution of 320 x 240 pixels. Assume that each color component of each pixel will be represented by one of 1024 possible brightness levels (0-1023). Assume that the audio clip is 16 seconds long, and that it is represented by a 16 kilobit per second bit stream. 

How many bytes does it take to store this Powerpoint presentation? How long would it take to transmit it over a telephone network using a modem that operates at a data rate of 19,200 bits per second?

Solution:

Each slide requires 256 bytes to represent the slide  layout:    20 x 256 = 5120 bytes

Each slide requires 32 words x 8 characters (letters or spaces) per word x 2 bytes per charactor :  20 x 32 x 8 x 2 = 10,240 bytes

Five (5) slides require 320 x 240 pixels x 3 colors per pixel x 10 bits per color: 5 x 320 x 240 x 3 x 10 = 11,520,000 bits = 1,440,000 bytes [I also accepted 2 bytes per color instead of 10 bits per color, where 2 bytes = 16 bits].

One(1) slide requires 16 seconds x 16,000 bits per second = 256,000 bits = 32,000 bytes

Adding everything up we get: 5120 + 10240 + 1,440,000 + 32,000 = 1,487,360 bytes {or 2,351,360 bytes if you used 2 bytes per color}

Time required to transmit this using a 19,200 bit per second modem = 

1,487,360 bytes x 8 bits per byte / 19,200 bits per second = 619.73 seconds {or 979.733 seconds if you used 2 bytes per color}

2. An urn contains 128 ping-pong balls numbered 0-127. You reach into the urn and select a single ping-pong ball at random. You look at the number on the ball and write it down on a piece of paper. You mail the paper to me in an envelope. During transit, someone opens the envelope and makes a change to the message you sent to me. So the message I finally receive is a noisy or distorted version of the message you sent to me.

Case 1. The message I receive simply tells me whether the number on the ping pong ball you picked is odd or even. Given this message, what would be my best guess of the number on the ball if I want to minimize the mean squared error of my guess?

Solution

If the received message says that the ball you picked was even, then is must be one of:

0,2,4,….62,64,….122,124,126. The average of these is 63. So the best guess is 63

If the received message says that the ball you picked was odd, then it must be one of:

1,2,5,….63,65,….123,125,127. The average of these is 64. So the best guess is 64

Case 2. The message I receive is a 7-bit binary representation of the number on the ping pong ball (example: 63= 0111111). The most significant binary digit is smudged (unreadable). Given this message, what is my best guess of the number on the ball if I want to minimize the mean squared error of my guess? 

The message received is XABCDEF, where we can read ABCDEF, but X is smudged. The message is either 0ABCDEF or 1ABCDEF.  In other words, the ball number must be either ABCDEF + 0 or ABCDEF +64. The average of these is 0ABCDEF + 32. This is our best guess.

[Error = my guess – actual number on the ball]

3. A particular type of coaxial cable has a loss of 3dB per kilometer at a frequency of 128 MHz. I wish to send a signal through this cable. The signal occupies a frequency range of 61-67 MHz, and thus has a bandwidth of 6 MHz. The signal I transmit has a peak voltage of .02 volts. The characteristic impedance of the cable is 50 ohms. The equivalent noise level at the input of the receiver, at the receiving end of the cable, is 4kT watts/Hz (Joules), where kT= 4 x 10**-21 Joules. 

We wish to have a signal-to-noise ratio at the receiver, within the band of frequencies occupied by the received signal, of 43 dB. How much cable can I allow in terms of cable loss (in dB) and cable length (in kilometers).  

Solution:

43 dB = a factor of 20,000 in power. If the loss at 128 MHz is 3 dB/km, then the loss at the frequency of interest (~64MHz) is 3/1.414 dB/km= 2.12 dB/km.

Using the formula:  SNR= 20,000= (s x attenuation factor)**2/[4kTBR] 

And setting s=.02 volts, R=50 ohms, and B= 6MHz, we obtain

(Attenuation factor) **2 = .00024      => ~36dB of allowed loss

36dB/[2.12 dB/km] = ~17 km

