Electronic Measuring Equipment


EE 211


Introduction





	In this experiment, the student will learn to operate the various electronic equipment used in an electronics laboratory and use these devices to investigate electrical properties and waveforms of circuits.





Equipment needed





	Digital Multimeter


	Oscilloscope


	Function Generator 


	Power supply


	Electronic solderless breadboard 


	


Background





DC Power Supply


The DC power supply is used to generate either a constant voltage (CV) or a constant current (CC).  That is, it may be used as either a DC voltage source or a DC current source.  You will be using it primarily as a voltage source.  Remember DC stands for direct current or constant current with respect to time.  The Fisher Scientific EMD 224 has both the CV and CC outputs in one power supply.  The black and red coupled port correspond to the CV side of the power supply and the two coupled red plugs are outputs of the CC.  The control knob between the current (A) and (V) meters allows a variable voltage (between 0 and 24 VDC) to be applied to your circuit.  As long as the circuit does not attempt to draw more than 5 Amps the voltage will remain constant.





Digital Multimeter


The BK Test Bench 388A digital multimeter measures voltage, current, resistance and capacitance.  It can be used to evaluate transistors, diodes and digital logic.  There are separate settings and scales for measuring AC and DC values.





Function Generator


	The signal generator is a device that produces known waveforms which can be evaluated by the oscilloscope.  The most common waveforms that are produced by the generator are sine, square and saw-tooth waveforms at various frequencies and amplitudes.  In digital electronics, the primary waveforms used are the square wave and transistor transistor logic (TTL) outputs.  TTL is a family of packaged logic components that enjoys widespread use in industry.  TTL components have been designed so they can be interconnected without too much concern about proper electrical operation.  TTL components operate with a +5V power supply.





Oscilloscope


The Cathode Ray Oscilloscope (CRO) is probably the most versatile piece of test equipment available to student of electronics.  This device gives a visual representation of any voltage waveform present in an electrical circuit.  The oscilloscope can measure both voltage and frequency information in a broad range.  The voltage of any simple circuit can be calculated by using Ohm's Law:





V = I R		(1)





where V represents the voltage, I the current  flowing in the circuit (either alternating or direct) and R, the resistance of the circuit.  The value of voltage appears on the oscilloscope screen as a deflection of electrons in the vertical direction.  The screen is a chemical phosphor that converts the energy of the electrons into light (photons).  The screen's vertical divisions that allow scientist to measure voltages in a wide range by adjusting the gain of the device from 5 mV per division to 5 V per division.





Deflection of the electrons in the horizontal direction allow for measurements of frequency or signal timing.  





T = 1 / f	(2)


    


T is the period of an alternating waveform and f is the frequency of the wave.  The screen is divided into 1 centimeter divisions so the waveform timing can be measured over a large frequency range.





Electronic Breadboard


	An electronic solderless breadboard is a device specially designed for the purpose of experimenting with electronic circuits that can easily be modified and evaluated.  The breadboard has numerous connected holes that are joined in series uniquely suited for TTL technology, specifically, logic gates that are available in rectangular dual in-line packages known as "dips".





Procedure





Part A - Voltmeter





An ideal voltmeter has infinite resistance: It is an open circuit. Although it is impossible to make a physical voltmeter with infinite resistance, a well designed voltmeter exhibits a very large internal input resistance. In some experiments, it is important to take into account the finite, non-ideal, internal resistance. To determine the internal resistance of the voltmeter, set up the circuit shown in figure . The voltmeter reads the voltage across itself, which includes its internal resistance. Since the circuit has only a single branch, the current flowing through the resistor also flows through the voltmeter. The current is given by the equation: 


             I =  Vs - Vm             (3)


 R





From Ohm's Law (1), if we know the current (I) and the voltage (Vm) we can compute 


Rm . 





      Rm =     R (Vm)  	           (4)


 					     Vs - Vm


�


 


Figure 1: Circuit for measuring the resistance of the voltmeter.





    1. Select a 1M( resistor. 


    2. Measure its value using the multimeter. 


    3. Set the power supply to provide 10 V (Remember, always measure the voltage 	provided by the power supply with either the voltmeter or the scope. Do not rely on 	the digital display on the front panel of the power supply.) 


    4. Assemble the circuit in Figure 1. 


    5. Record the voltage measured by the voltmeter. 


    6. Compute the internal resistance of the voltmeter using Equation 4.





Part B - Ammeter





An ideal ammeter has zero resistance so that the circuit in which it has been placed is not disturbed. An ideal ammeter is a short circuit. However, as with the voltmeter, no ammeter can ever be ideal, and therefore all ammeters have some ( hopefully) small internal resistance. To determine the resistance of the ammeter, we will use the circuit in Figure 2.





�





Figure 2.  Circuit for measuring the resistance of the Ammeter





The total resistance in this circuit is:





Rt = R + Rm       (5)





According to Ohm's Law (1), the current in this circuit can be found using the equation: 





I = Vs        (6)


					       Rt





By using the known quantities I, Vs and R, we can solve for the unknown quantity  Rm. 





In the procedure that follows it is extremely important that you take precise and accurate measurements. Record each measurement as precisely as the instrument will allow. 





    1. Select a 100 ( resistor. Measure and record its actual value. 


    2. Assemble the circuit in Figure 2 . Set the multimeter to the ammeter mode for dc 	current  measurement. Recall this means two things: Place


      	the test leads in the correct banana jacks. 


    3. Use the oscilloscope to measure the voltage across the DC power supply. 


    4. Measure the value of the current using the ammeter. 


    5. Determine the value of Rm from the above equations .





Part C - Power Supply Measurements


 


    1. Set the DC power supply to provide 3 V.


    2. Set the multimeter to measure DC voltage, making sure the leads are set for voltage, 	not current measurement. 


    3. Measure the voltage using the multimeter. 


    4. Disconnect the multimeter from the power supply and connect the oscilloscope 	leads to the power supply. 


    5. Adjust the volts/division knob on the oscilloscope until the voltage appears on the 	screen. (This should occur around 1 volt/division.) 


    6. Measure the voltage by hand, i.e. count the divisions and multiply by the number of 	volts per division. Sketch the wave form.





Be careful with the DC power supply leads. Avoid letting them touch at all times. When they touch, a short circuit is formed. Consider what would happen if you shorted the wall socket, or a car battery! Short circuits can be dangerous, and care should be taken to avoid them.





Part D - Oscilloscope








    1. Connect the signal generator output to the oscilloscope input CH1.  Turn on the signal 	generator and set it to 1000 Hz (use the course adjust to get close to the desired 	frequency and then the fine adjust to fine tune it).  Make sure the function is a sine 	wave and adjust the amplitude of the waveform to 2 Vp-p. 


    2. Sketch the waveform on the oscilloscope, indicating the period and the peak-to-peak 	voltage.


    3. Change the function and frequency of the waveform to a 3 KHz square-wave and 	repeat step 2.





Part E - Solderless breadboard


 


    1. Assemble the voltage terminals on the board.  Connect the power supply +5 V output 	to one of the terminals on the board. Connect the black terminals of the power 	supply and the board.


    2. Connect CH1 of the scope to the +5 V terminal of the board.  Note the voltage 	information on the oscilloscope


    3. Connect a jumper wire from the +5 V terminal to a hole anywhere in the board.


    4. Use the scope probe to investigate how interconnection are made in the 	solderless breadboard.


    5. Move the jumper wire to another hole in the board and repeat step 4.


    6. Repeat step 5 several times, until you are satisfied that you know how the many rows 	and columns of the breadboard are interconnected. 





Questions that must be answered in the lab report


	


	What is the total resistance of Voltmeter?





	What is the total resistance of the Ammeter?





	What is the difference between alternating and direct voltage and how is the 	oscilloscope used to measure these voltages?





	When and why can’t you use a Voltmeter to measure alternating voltages?





	How is the solderless board internally connected?  Sketch these connections.


