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1- Basic Measurement

	
	
	
	
	
	Both +-5%

	
	E (V)
	V1 (V)
	V2 (V)
	I (mA)
	R1 (kΩ)
	R2 (kΩ)

	Theoretical
	9.50
	6.06
	3.44
	0.505
	12.00
	6.80

	As Measured (+-0.001)
	9.491
	6.086
	3.400
	0.502
	12.099
	6.754

	Difference
	0.01
	-0.03
	0.04
	0.003
	-0.10
	0.05


Table 1: Measured vs. Theoretical values

Calculations using Ohm’s law:

R1  =   6.086 V     =     12 123.5 Ω


502 mA

R2  =   3.400 V     =     6 773 Ω


502 mA

Observation: The values measured are really similar to the theoretical values we were anticipating. We can conclude that Ohm’s law is indeed an accurate relation and that our measuring equipment offers great exactitude at good precision.

2- Loading Effect

(a) Ammeter
Actual values used:


E = 1.0006V 


R1 = 1 491.9 Ω


R2 = 476 Ω

Theoretical data:


V1 = R1/(R1+R2)

V2 = R2/(R1+R2)

I = E/(R1+R2)

	
	Short Circuit

	
	Measured
	Precision (+-)
	Theoretical
	Difference

	V1 (V)
	0.7576
	0.0001
	0.7581
	0.0005

	V2 (V)
	0.2417
	0.0001
	0.2419
	0.0002

	Vm (V)
	0
	0.0001
	0
	0.0000


	I Samson (μA)
	0
	1
	482
	N/A

	I Real (μA)
	506
	0.1
	508.5
	2.5


Table 2a.1: Values using short circuit mode
	
	500 μA Scale

	
	Measured
	Precision (+-)
	Theoretical
	Difference

	V1 (V)
	0.6411
	0.0001
	0.7581
	0.1170

	V2 (V)
	0.2044
	0.0001
	0.2419
	0.0375

	Vm (V)
	0.154
	0.0001
	0
	-0.1540

	I Samson (μA)
	440
	1
	482
	42

	I Real (μA)
	428
	0.1
	508.5
	80.5


Table 2a.2: Values using 500( scale.

	
	1000 μA Scale

	
	Measured
	Precision (+-)
	Theoretical
	Difference

	V1 (V)
	0.6911
	0.0001
	0.7581
	0.0670

	V2 (V)
	0.2203
	0.0001
	0.2419
	0.0216

	Vm (V)
	0.088
	0.0001
	0
	-0.0880

	I Samson (μA)
	420
	1
	482
	62

	I Real (μA)
	462
	0.1
	508.5
	46.5


Table 2a.3 Values using 1000( scale.

In short circuit mode, the voltage drop across the meter is 0 and its presence only affects the circuit voltages by a few microvolts. The multimeter doesn’t present much change in the current because its loading effects are small.

The microammeter’s presence is the most obvious on the 500 scale, where we observed the largest voltage drop across the meter, as well as the largest difference between theoretical voltages and currents and real values. As we moved to the 1000 scale, the divergence observed was reduced, due to the fact that on a bigger scale, there is a smaller internal resistance.

In general, presence of the microammeter loads the circuit by decreasing the current because the resistance is increased, and it reduces voltage drops across present resistors because now the voltages have to divide among more resistances.

Theoretical resistance values based on our IV measurements:

For short circuit:

R1= V1/I= (0.7576 V/.000506)= 1497.23 Ω

R2= V2/I= (0.2417/.000506)= 477.67 Ω


For 500 μA:
R1= V1/I= (0.6411V/.000428)= 1497.89 Ω

R2= V2/I= (0.2044/.000428)= 477.57 Ω


For 1000 μA:
R1= V1/I= (0.6911V/.000462)= 1495.88 Ω

R2= V2/I= (0.2203/.000462)= 476.83 Ω

Internal resistance of the meter on a 500μA scale:

R = V/I = 154mV / 0.428mA = 359.8 Ω

Internal resistance of the meter on a 1000μA scale:

R = V/I = 88mV / 0.462mA = 190.48 Ω

More accurate model:

Figure 1: More accurate model with ammeter

New theoretical values on a 500μA scale:

I = E / Rt = 1.0006V / (1491.9Ω + 476Ω + 359.8 Ω) = 429.9 μA

V1 = E(R1 / (R1+R2+RI)

V1 = 1.0006V (1 491.9Ω  / (1491.9Ω + 476Ω + 359.8 Ω))

V1 = 0.6413V

V2 = E(R2 / (R1+R2+RI)

V2 = 1.0006V (476Ω  / (1491.9Ω + 476Ω + 359.8 Ω))

V2 = 0.2046V

	
	500 μA Scale
	 

	
	Measured
	Theoretical
	Difference
	Theoretical adj
	Difference

	V1 (V)
	0.6411
	0.7581
	0.1170
	0.6413
	0.0002

	V2 (V)
	0.2044
	0.2419
	0.0375
	0.2046
	0.0002

	I (μA)
	428
	527.5
	99.5000
	429.9
	1.9000


Table 2a.4: Values using new model 500( scale

We can observe that the gap between the adjusted theoretical values and the measured values has been significantly reduced.

New theoretical values on a 1000μA:

I = E / Rt = 1.0006V / (1491.9Ω + 476Ω + 190.48 Ω) = 463.6 μA

V1 = E(R1 / (R1+R2+RI)

V1 = 1.0006V (1 491.9Ω  / (1491.9Ω + 476Ω + 190.5 Ω))

V1 = 0.6916V

V2 = E(R2 / (R1+R2+RI)

V2 = 1.0006V (476Ω  / (1491.9Ω + 476Ω + 190.5 Ω))

V2 = 0.2207V

	
	1000 μA Scale
	 

	
	Measured
	Theoretical
	Difference
	Theoretical adj
	Difference

	V1 (V)
	0.6911
	0.7581
	0.0670
	0.6916
	0.0005

	V2 (V)
	0.2203
	0.2419
	0.0216
	0.2207
	0.0004

	I (μA)
	462
	527.5
	65.5000
	463.6
	1.6000


Table 2a.5: Values using new model 1000( scale


Here we can observe an even smaller gap between values.

Relation derived:

I = E / Rt

I = E / (R1 + R2 + Ra)

Since (R1+R2)/(R1+R2) = 1

I = E/ (R1 + R2 + [Ra x (R1+R2) / (R1+R2)]

Factoring out R1+R2

I = E / [ (R1+R2) (1+Ra/(R1+R2))]


Since the theoretical circuit value of current should be  I = E/(R1+R2), by adding a meter, we are dividing E by an additional factor of Ra/(R1+R2). When Ra is close to 0, the circuit will behave normally. As we increase the internal resistance of the meter with respect to a fixed R1+R2, we are increasing the denominator of the above relation, so under a fixed E, I will be reduced.


We can conclude that the loading effect is proportional to the ratio Ra/Rceq, where Ra is the internal resistance of the meter and Rceq is the Norton equivalent resistance of the circuit excluding the meter. The ammeter will significantly load the circuit when its internal resistance has a magnitude similar or greater than the resistances in the circuit.

b) Voltmeter

Resistance M using Ohm’s law

We measured directly the voltage across the terminals of the ammeter and we took the current of the ammeter.

V= 41.41 mV

I= 40 μA

Rm= V/I= (0.004141/0.000040)= 1035.25 Ω

Rs= R variable + 82 kΩ

Rvariable (measured)= 14.498 kΩ

Rs=96.498 kΩ
Rs theoretical= 98.964 kΩ

Rs – Rs theoretical= 2.466 kΩ

	Standard meter  (+- .001 V)
	Our meter (+- .1 V)

	9.999 
	10.0

	8.985
	9.0

	7.983
	8.0

	7.016
	7.0

	6.009
	6.0

	5.017
	5.0

	3.987
	4.0

	3.011
	3.0

	1.998
	2.0

	.993
	1.0



Table 2b.1: Standard voltmeter vs. ours
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Figure 2:Voltages measured as a function of the scaled subdivisions
If by “sensitivity” of out meter you mean the smallest fluctuation in voltage that will cause a change in meter reading (i.e. precision), it is 0.1V. As far as the exactitude of our measurements goes (scaled by the Flook meter), it is fair to say that our meter gives a pretty accurate reading, because given the same amount of significant figures on the Flook meter, all values are identical.

If we change the multiplier resistor in order to get a 100V scale, the precision of the meter will be reduced by a factor of 10. This is due to the fact that the display of the meter remains the same size, therefore fitting 10 times more values will effectively decrease the precision by 10 times. The exactitude of the measurements shouldn’t be affected, because there will be the same ammout of current flowing through the coil that makes the needle move, therefore the deflection caused by the emf should remain constant. 

	
	Theoretical value (V)
	Our voltmeter (+-.1V)
	Multimeter (+-.001V)

	V1
	6.5
	2.8 
	6.370

	V2
	3
	1.3
	3.008


Table 2b.2: Voltmeters loading effects


The measurements obtained with the multimeter are very close to the theoretical values.  The voltages obtained with our meter are smaller than the real ones because our voltmeter draws current from the circuit. The voltage is the resistance times the current. As the current passing through the resistors is decreased, the voltage measured is smaller.

MORE ACCURATE MODEL

Figure 3: More accurate model with voltmeter

CHANGES IN CURRENT

Currents measured by the multimeter:

	Without our voltmeter connected
	.017 +- .001 mA

	With our voltmeter connected to measure V1
	.037+- .001 mA

	With our voltmeter connected to measure V2
	.022+- .001 mA


Table 2b.3: Changes in current


We notice that when our voltmeter is connected the current in the circuit increases. This is because the resistance in our meter is added in parallel with one of the resistances. This decreases the total resistance the circuit sees, therefore the current increases.

From the model, 

V2 = E * (R2||Rm) / (R1 + R2||Rm)

(R2||Rm) = R2Rm/(R2+Rm)

V2 = E * [R2Rm/(R2+Rm)] / [R1 + (R2Rm/(R2+Rm)]

V2 = E * [R2Rm/(R2+Rm)] / [(R1R2 + R1Rm + R2Rm)/(R2+Rm)]

V2 = E * [R2Rm] / [(R1R2 + R1Rm + R2Rm)]

V2 = E * R2 / (R1R2/Rm + R1 + R2)

Dividing numerator by (R1+R2) and denominator by (R1+R2)

V2 = [(E * R2) / (R1+R2)] / [(R1R2)/(Rm(R1+R2)) + 1]

Separating E and R2

V2 = R2 / (R1+R2) * E / [1 + R1R2/(R1+R2)Rm]


When the voltmeter’s internal resistance is smaller or similar to the ones in the circuit, it will significantly load the circuit.

3- Ammeter Implementation

(i) R= 2.2 KΩ

Rshunt= 47Ω+ variable resistance= 47 Ω+ 40.7Ω= 87.7Ω

Rshunt theoretical= (.111)Rm=(.111)(1035.25Ω)=114.9Ω

Rshunt theoretical-Rshunt= 27.2 Ω

We can see the difference between the theoretical and the measured values is not too big.

	Standard meter  (+- .001 Ma)
	Our meter (+- .1 mA)

	5.020
	5.0

	4.509
	4.5

	4.007
	4.0

	3.497
	3.5

	3.006
	3.0

	2.497
	2.5

	2.006
	2.0

	1.499
	1.5

	1.004
	1.0

	.500
	.5


            Table 3.1: Standard ammeter vs. ours
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Figure 4: Currents measured as a function of the scaled subdivisions

(ii) With our meter  I= .5 mA

      With multimeter  I= .503 mA

      Theoretical value  I= .505 mA

We can see both values are very close to the values calculated in the preparation. Of course, the value obtained with the multimeter is closer to the expected value.

MORE ACCURATE MODEL: 

Figure 5: Model with measured resistances

The total resistance of the ammeter is:

 (Rshunt)(Rm)/(Rshunt + Rm)= 80.85 Ω


None of the meters cause significant loading. The reason for which our meter doesn’t cause significant loading is that its resistance is small in comparison to the circuit’s resistance.

With our meter plugged:

V1= 6.078 +- .001V

V2= 3.395 +- .001V

V1= E(R1)/(R1+R2+Rammeter)= 6.037 V

V2= E(R2)/(R1+R2+Rammeter)= 3.420 V
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