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For book- add drawing of timing diagram to problem 2

PROBLEM 1 (50 points)

You wish to measure the distance from a point on the earth to the surface of the moon using the
following components:

1 A pulsed laser that can send a narrow beam of light to the moon. The laser pulse is triggered
by a low-to-high edge on a digital input line, and the laser pulse has a duration of 10 µs.

2 A special (retro-directive) mirror that reflects light back along its original direction, placed on
the moon years ago by the Apollo astronauts.

3 A photodetector (at the focus of a large telescope) that can detect the laser light reflected from
the mirror on the moon and produce an digital pulse that is high only when the reflected laser
light is detected.

4 A computer with C compiler, similar to the one used in the 145M lab. “Import” and “outport”
commands each transfer words of 16 bits and take 1 µs- assume that all other C program
commands are essentially instantaneous.

5 A counter/timer circuit at port address 1, containing a single 32-bit counter/timer that is set to
take its input from a 1 MHz clock.

All 32 bits in the counter can be set to zero using the program command
outport(1,0);

The 16 bits i1 (least significant word) and the 16 bits i2 (most significant word) can be
latched and read using the following program commands:
outport(1,1);
i1 = inport(1);
i2 = inport(1);

6 A 16-bit parallel output port at port address 2. It is set to operate in transparent mode so that
the word j can be made to appear immediately on the external lines using the program
command:
outport(2,j);

7 A 16-bit parallel input port at port address 3. It is set to operate in transparent mode so that the
word k on the external lines can be read at any time using the program command:
k = inport(3);

Assume for the sake of calculational simplicity that the distance to the moon is 300,000 km and that
the laser beam has a speed of 300,000 km/s.
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PROBLEM 1 (continued)

Do the following:

a. (15 points) Draw a block diagram of your system, showing and labeling all essential
components and connections.

b. (15 points) List the steps necessary for your system to measure the distance to the moon in
units of km. Include both hardware events and program code as needed. (“Legal” C code not
required- just describe what each program command needs to do.)
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PROBLEM 1 (continued)

c . (5 points) Draw a timing diagram (i.e. amplitude vs. time) for the important signals.

d. (15 points) You use the system with a nearby mirror and find that the photodetector and
computer response has a combined rms timing uncertainty σt = 1 µs. Assuming that the best
measured value of the speed of the laser beam (i.e. the speed of light) has an rms uncertainty
σv = 0.15 km/s, how accurately can you measure the distance to the moon? (Give your
answer in rms km and show your work.)
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PROBLEM 2 (30 points)

Design a system for producing a series of analog voltages for an external circuit, and signaling the
external circuit when each new analog voltage is accurate and stable, using the following
components:
For book, add outporb(2,k) for output data available k = 0,1

1 A computer with C compiler, similar to the one used in the 145M lab. “Inport” and “outport”
commands each transfer words of 16 bits and take 1 µs- assume that all other C program
commands are essentially instantaneous.

2 A 16-bit parallel output port at port address 1, with “ready for output data” and “output data
available” handshaking lines. It is set to operate in transparent mode so that the word i can be
made to appear immediately on the external lines using the program command:
outport(1,i);

3 A 16-bit D/A converter, with bit switches that take anywhere between 100 ns and 200 ns to
close, and an output op-amp with a risetime of 50 ns.

4 An external circuit that “captures” its analog input only on a low-to-high edge of a digital input
line (ignores the analog input at other times), and is always ready to receive these data

•a. (15 points) Draw a block diagram of your circuit design, showing and labeling all essential
components  and connections.
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PROBLEM 2 (continued)

b. (15 points) List the steps necessary for your system to produce a new analog voltage and
notify the external circuit when the data are stable. Include both hardware events and program
code as needed. (“Legal” C code not required- just describe what each program command
needs to do.)

PROBLEM 3 (20 points)

A colleague (who has never taken 145M) has just designed a digital data acquisition system using a
microcomputer, a digital input port with edge-triggered D-type flip-flop registers, and the
following handshaking protocol:

1 When the program is ready for data, it sets “ready for input data” TRUE.

2 When the external circuit detects “ready for input data” TRUE, it pulses the input STROBE
line (connected to the clock input of the D-type flip-flops)

3 The external circuit asserts data on the input lines of the port (connected to the data input of the
D-type flip-flops) and makes “input data available” TRUE

4 The program detects “input data available” TRUE and reads the input port registers (the output
of the D-type flip-flops)

5 The program sets “ready for input data” FALSE, processes the data, and then returns to step 1

Your colleague complains that his design does not work, and that the values read during step 4
have nothing to do with the digital input data. After carefully examining his steps, you find that
two serious errors were made. What are these errors, and how would you fix them?
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PROBLEM 3 (continued)

Equations, some of which you might find useful:
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