Year 12 – Digital data transfer
These questions are about data transfer rates.  You will need to pay close attention to the units – “B” represents “Bytes” whereas “b” represents “bits”.

1. A modern internet connection can transfer around 8Mbps (megabits per second)

a. How many megabytes can be transferred in one second?

b. How many bits of data could be transferred in one minute?  How many bytes is this?  How many kilobytes is this?
c. How long would it take to open the BBC news homepage (~600kB)?

d. How long would it take to download a 4MB MP3 song?

e. How many 4MB MP3 songs could be downloaded in 1hour?

2. 10 years ago most internet connections used dial-up modems over a telephone line.  A 50 megabyte video file took around two hours to download.

a. What was the approximate transfer rate of such a dial-up modem?

b. How long would it take to open the BBC homepage over this connection?

c. Explain why older web pages used more text and less images and why the images had to be much lower resolution.

d. How many times faster is a modern internet connection than a dial-up modem?

3. A digital camera has a CCD sensor measuring 2048 pixels by 2560 pixels.  The images are stored using 24 bits for each pixel.
a. How much disc space is required to store each image?

b. Images are typically compressed – this reduces the quality a little but saves disc storage space.  How many images could be transmitted over a 24Mbps broadband connection in one hour if the images were compressed to 25% of their original “raw” size?

4. Audio from your telephone is digitised using approximately 8000 samples per second.  The signal resolution is 8 bits per sample.
a. How many possible “levels” does this give for each signal?

b. If the voltage produced by the microphone in the telephone handset ranges from -1V to +1V, what is the difference in voltage between adjacent levels?
c. How much data is required to store 1 second of audio?
d. How much data is transferred during a 15 minute telephone conversation?

e. What is the highest audio frequency that could reasonably be reproduced over the telephone connection?  Use your answer to explain why music heard over the telephone sounds ‘tinny’ and low quality.
f. How many telephone conversations could be simultaneously transmitted over a 24Mbps high speed broadband connection?
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Example:

An electrical signal from a microphone has a varying voltage between 0 and 1 volts

Suggest a number of levels we might use for each sample:  (e.g. from 8 to 64)

How many bits for each level?  (e.g. 3 to __)

What would be the separation of each level in volts?

If signal has instantaneous value of 0.35V, what would the closest level be?

How big an error would be introduced?

