[bookmark: _GoBack]Purpose

To determine voltage using a thermocouple and comparing calculated versus graphed results. In Part 2 of this experiment, the voltage of dry ice (CO2) is determined. The sublimation temperature of CO2 is determined by calculations and graphically, and compared to an accepted value. 


Theory

Thermocouple
Temperature of the atoms and electrons are a measure of kinetic energy. This means that as temperature increases, the average kinetic energy also increases.  

The average speed of the electrons Is a function of temperature meaning that as average speed decreases the temperature does as well. 

A thermocouple can be made by connecting two different metals. The length of one metal must be tightly placed in between the two lengths of the other metal. When the two junctions are at the same temperature than the voltage of the open ends of the metal is 0. The following equation can be used to calculate voltage at most temperatures.


(Eq. 1)

,  and  are all constants which depend on the metals used for the thermocouple. Gamma() is typically small, and with a small enough difference in temperature, the whole third term in equation 1. The equation can then be shortened to the following equation:


(Eq. 2)

a can be found by performing a calibration, and is a constant. This is not the same value and does not carry the same meaning as the “” in the first equation. 

Calorimeter
A calorimeter is an apparatus used to maintain temperature by minimizing the heat transfer between the system and the surroundings (environment). This apparatus consists of a can placed inside a large can, with air between the inner and outer can for insulation. The inner can is suspended by a metal ring within the outer can. 

Calibration of the Thermocouple
The thermocouple used in this experiment consists of copper and constantan. The wires of the thermocouple must be handled with care for they are very fragile and can break easily. 

The error of the calculated value for voltage at 100 degrees Celsius can be found using the following equation:


(Eq. 3)

Because the error of the temperature is 0, the right term can be neglected. 


(Eq. 4)

This equation can be simplified to the following equation, since T=V/a


(Eq. 5)


The error of the temperature  is calculated using the following equation:



(Eq. 6)

A consistency test (or T-test) can be done using the following equation:


(Eq. 7) 

Where x1 represents the accepted value and x2 represents the obtained value in this experiment. The error on the accepted value is represented by  and the error on the obtained (experimental) value is represented by . 

If the value calculated for (t) is less than or equal to 2; the results are consistent with each other, if the (t) value is greater than 2; the results are inconsistent. 


Apparatus 
The apparatus used in this experiment is a thermocouple and two calorimeters- one for the cold water and one for the hot water. 






Observations & Calculations

Part 1
The slope of the first graph comparing Voltage and Temperature was 0.04378mV/ °C with an error of 0.0002104378mV/ °C.

Slope= (0.04378±0.00021)mV/ °C

Using the interpolation calculator, the voltage value with a temperature of 100°C was 4.308mV. 

Vg= (4.308± 0.011)mV

Using equation 2, the voltage at 100°C can be calculated (



The error of the voltage can be calculated using equation 5:



is (4.378±0.021)mV

The y-intercept of the Voltage vs. Temperature graph is (-0.070±0.011)mV. This value can be compared with the accepted value 0±0mV using equation 7



Since t>2, the results are not consistent with each other. 

Equation 7 can be used to do a consistency test comparing the calculated voltage and the voltage acquired from the graph.



Since t>2, the results are not consistent with each other. 

Part2
Rearranging equation 2, the temperature can be found


The error on the temperature can be found using equation 6



Therefore the calculated temperature is (-55.5±0.005).

It is not expected that the graph comparing EMF(mV) and Temperature() is linear (it’s quadratic). 

Using equation 7, Tgraph and Tcalc can be compared



Because t>2, the results are not consistent with each other. 

Equation 7 is used to compare the calculated and graphical temperatures to the accepted sublimation temperature of -78±0


t>2 which means that the Tgraph value is not consistent with the accepted value. 


t>2 which means that Tcalc is not consistent with the accepted value. 

	Part of Experiment
	Values being compared
	Value /
	Consistent (yes or no)

	Part 1: Calibration
	-(0.070±0.011)mV

	(0±0)mV

	6
	no

	
	(4.308± 0.011)mV

	(4.378±0.021)mV
	3
	no

	Part 2: Sublimination of CO2
	(-55.5±0.005)

	(-69.0±0.5)
	27
	no

	
	(-55.5±0.005)

	(-78±0)

	18
	no

	
	(-69.0±0.5)

	(-78±0)

	4500
	no





Graphs

See pages attached at back for graphs. 

Results

The y-intercept given by the graph of emf(mV) vs Temperature() was -(0.070±0.011)mV while the expected value was 0±0mV. These results were not consistent with each other. The voltage from the graph was (4.308± 0.011)mV and the voltage calculated was (4.378±0.021)mV, which when compared, gave inconsistent results. The calculated Temperature and that obtained by graph were (-55.5±0.005) and (-69.0±0.5) respectively, which were not consistent with each other. Finally the accepted value for the sublimation temperature was (-78±0) which was inconsistent with both the calculated and graphical temperature values. 


Discussion

In this experiment, voltage readings were taken using graphical methods and compared to calculated values. In Part 2, temperature measurements were taken graphically and then calculated and compared. The expected y-intercept is 0 but the obtained value was -(0.070±0.011)mV. This means that when temperature is at zero, there was still some voltage occurring. One reason for this could be because the amplifier is picking up negative charges from the electrons in the water, since there is both water and solid ice in the calorimeter. When comparing the graphical and calculated values for voltage at 100 degrees Celsius, they gave inconsistent results. This could be because in equation 2, () and the squared temperature difference from equation 1 are being neglected. This would men that the calculated value may be less accurate than the graphical value. Equation 2 is not expected to give accurate results for calculating the sublimation temperature of dry ice. It is best for the melting of water since it goes from solid to liquid, compared to dry ice, which goes simply from the solid phase directly to the gas phase. Also the temperature of dry ice may not have been constant throughout the solution. 

The results in part 1 were expected to be consistent since the values are coming from the same line of best fit. Although once the calculations were performed, it was seen that they were not consistent. The t-values were 6 and 3, which is pretty close to 2 (consistent), meaning that they’re must have been some small errors. 

The results from part 2 were not expected to be consistent. This is because the calculated temperature used in equation 2 uses the slope from the first graph, which assumes that temperature remains constant throughout the solution. This may not be true for dry ice which is why the calculated temperature was not consistent with the graphical value or the accepted value. 

The thermocouple used in this experiment was a copper-constantan thermocouple where the outer wires were copper and the center one is constantan. Equation 1 is an adequate representation of the temperature and voltage dependence of the copper-constantan thermocouple used in this experiment. In equation 1, the constants ,  and  are constant which depend on the metals used in the thermocouple and takes account for voltage and temperature, which may be lost travelling through the wire. 

The water in the hot junction must be stirred constantly and cold junction shaken occasionally throughout the experiment in order to maintain a constant temperature. If the temperature does not remain constant than equation 2 will not be accurate. 


Dry ice is frozen carbon dioxide, which melts directly into carbon dioxide gas, completely skipping the liquid stage. This is why it is known as dry ice (because it never reaches the liquid stage).

Dry ice sublimates rather than melts, which means that it skips the liquid stage. This would make it impossible to skate on since there wouldn’t be  thin layer of liquid on top to help the skates glide. 
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