For beginner_20160807
Safety of yourself, other people, and instruments are our primary concern.  
When using an oscilloscope, note the voltage safety. Use suitable probes for high voltages.  Never turn on the internal 50 of any oscilloscope which is easy to be burnt. Use an external 50 terminator. (Huge price ratio!)
Never send 110V and 220V AC power into ground leads or any grounded conductors. 110V/0= ∞A! P = VI = ∞ !! Disasters may happen easily. Check the load resistance and voltage with a multimeter before you turn on or plug in the power.
Note laser beams, especially stray light. Every surface of optics reflects light (> 4% for an uncoated surface). Damages may occur, if the reflective light is laser-like or focused. 
Eye Damage is Irreversible!
MUST wear goggles when working with invisible laser beams (IR and UV).
You should ask or borrow an instrument if you are not sure whether somebody is using it or not.
Murphy’s law is always right. List the possible wrong situations before you act.

For a learner, my advices are the following. 
To see signal is good; it is even nicer to see the noise. 
To know an ideal case is good; it is even nice to know unideal (real) cases. 
To success is good, but you may learn more from failures. A good learner would try more, fail more and think more. This eventually leads to frequent successes.  
Tidy up after you have done. Organize the stuff, the data and your mind.  



Optics:
§ Use a HeNe laser to learn about optics and optical wave. 
(1) Align a laser beam which is reflected by two mirrors (or two prisms) and goes through two apertures separated by about 1 meter. Practice to do it within 5 minutes.
(1’) Use a big box with two holes to replace the two apertures for the above. (You cannot look into the box. You cannot move the box after it is set.)
(2) Make a Michelson interferometer.
(3) Demonstrate the Newton’s double prism experiment. 
(3’) Separate UV light from sunlight. 
(4) Align a multi-pass (2, 4, 6 or 8) configuration (for an absorption cell) with a spherical mirror and a prism and some necessary optics. 
[image: ]

§ Find out the signal structure of an analog video CCD camera. 

Electronics:
Background:
(0) Draw a circuit diagram before doing any measurement. 
Always use the Ohmic law, V = IR, which is useful almost everywhere. 
Q = CV for a capacitor; I = dQ/dt; V = L(dI/dt) for an inductor
For safety reason, limit the maximum voltage to be less than 12 volts for a beginner (a more relevant limitation is by the maximum power or energy). 

--------- Even the Ohmic law is not trivial! ------------------------------------------------------------------
Make a low current voltage divider, of which the power consumption is less than 0.25 watt at 1kV input voltage. The aimed precision of the voltage divider is 0.01%. Estimate the monitoring error when using a multimeter. How it depends on the dividing ratio? {For safety, test the circuit with less than 10V}

------ Capacitor and inductor are very useful components in almost all electronic circuits. ---------  
(1) Demonstrate a few common functions of a capacitor, for example, a low-pass filter and a high-pass filter. 
(2) Demonstrate a few common functions of an inductor, for example, a low pass filter and a high voltage pulse generator.   
--------- Suggested Practices for C and L -----------------------------------------------------------------
1. Use an RL circuit to determine the value of L.
2. Use an inductor and two resistors to achieve a pulse voltage 10 times the input dc voltage. 
3. Demonstrate LC oscillation and measure the frequency and compare with theory.

--------- More details -------------------------------------------------------------------
(A) Measure the voltage V(t) across a capacitor as a function of time for discharging the capacitor through a resistor (of course, you need to charge the capacitor first).
Key points: 
(1) What is the function form of V(t)? Verification the function form experimentally. This is the case of first order kinetics. Explain this in a simple way. 
(2) Verify the decay time constant  is about RC. It is desired to have at least 2 quite different R values and 2 quite different C values (4 values for ). 
(3) For a beginner, it is suggested to choose 50 << R << 1 M and control 10 ns <<  << 100 ms. Why? What happens if the condition is near the edges or outside of the suggested range? 
(4) What else have you learned?    

(B) Repeat (A) for changing the current of an inductor. Here  = L/R.

[image: https://upload.wikimedia.org/wikipedia/commons/thumb/b/b9/Series_LC_Circuit.svg/220px-Series_LC_Circuit.svg.png](C) LC resonance
Key points:
(1) Observe the resonance; Measure Vc and V as functions of frequency. Explain it in a simple way.
(2) Verify the frequency – LC relationship. 


(D) Make a voltage amplifier using an operational amplifier (e.g., OP07) and find out its bandwidth at voltage gain =1, 10, 100, and 1000. (Learn the concept of negative feedback.)

Vacuum & others:
§ Make a low pressure glow discharge device. You may use a used ion gauge as the vacuum hosing and electrodes.
(1) Observe the discharge range at various pressures from 0.1 Torr to 10 Torr when the central electrode is negative. What is the correlation? 
[bookmark: _GoBack](2) Find out the threshold voltage as a function of gas pressure. 
(3) Measure an I-V curve and repeat a few times. 
(4) Calibrate the pressure gauges used. Pressures of various gases other than N2 measured by a Convectron gauge need significant correction factors. Be surprise for huge factors of He.

Wave in a cable:
§ A coaxial cable is useful for sending signals.  
----------Suggested Practices for signal reflection in an coaxial cable --------------------------
A. Measure the signal propagation speed in a coaxial cable.
B. Measure the reflection coefficient  for a coaxial cable terminated with a resistor
B1. Verify  is (R-50)/(R+50)
B2. Observed Vs. calculated . What are the sources of discrepancies? Can you correct some of the errors?
C. A model to describe your observations. 
C1. Try other terminations, e.g., C or L or R+C.
C2. Try other combinations of cable connections as the load, e.g., one cable T-connected to two cables.

----- below is the OLD VERSION ----------
(1) Measure the speed of an electric pulse propagating in a coaxial cable.
(2) Measure the voltage reflection coefficient of a 50 coaxial cable which is terminated with: (i) resistive loads; (ii) capacitive loads; (iii) inductive loads.
You should choose a suitable range of resistors, capacitors and inductors and a suitable frequency range (pulse width) to make the measurements meaningful.
(3) Make a R+C load that matches a 50coaxial cable for fast pulses (width <=100 ns) but has almost zero current for dc voltage (>= 1 us). Also check pulses of very large widths.  
(4) Make a short pulse generator, of which the pulse width is controlled by the cable length.  A fast high voltage switch is provided. 

(5) Use a glass vacuum line to transfer (distill) 1 ml of C2H5OH under (a) vacuum better than 10-2 torr; (b) 1 torr of N2; (c) 10 torr of N2.  [1 day] 

(8a) Learn metric and English thread systems. (8b) Make a few taps on an aluminum alloy plate.  
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