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Abstract
In this report I conducted 2 experiment using a Low Pass Filter & a High Pass Filter sending 5 Volts through the circuit with a change of frequency, using A Function Generator to control this, and altering the frequency once each frequencies data was recorded, the output was recorded through an oscilloscope. The results showed the Low Pass Filter leaves less voltage through higher frequencies while the High Pass Filter leaves lower voltages through at Lower frequencies.

Introduction
A filter circuit is used for passing or amplifying certain frequencies while attenuating other frequencies. There are four uses for filters:
· Radio Communication – Filters in a radio allow the receiver to only ‘see’ the desired signal while rejecting all other signals.
· DC power supplies – Filters are used to eliminate undesired high frequencies, or noise that are present on AC input lines. They are also used on the output to reduce the ripple.
· Audio electronics – A Filter provides smoother signal, removing short term fluctuation and leaving the longer term trend.
· Analog to Digital conversion – A filter aids in minimizing aliasing. 
There are four kinds of filters, this includes the Low Pass, High Pass, Band-Pass, and Notch Filter.
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(An Introduction to Filters, Nick Davies, 2023) 
 The Filters used in the two circuits made were the Low Pass Filter and the High Pass Filter. These filters block signals determined on the frequency of the signal.



Low Pass Filter
A low pass filter is a circuit designed to take all high frequency electrical signals and modify, change or reject them while only accepting the signals wanted by the circuit. Low pass filters are typically made from simple Resistor-Capacitor networks.  
High Pass Filter
A high pass filter is the opposite of a low pass, it offers easy passage of a high frequency signal and difficult passage to a low frequency signal. 

Circuit Description
From the circuits we are evaluating the point at which the voltage output begins to drop on both circuits, in the low pass filter the output voltage should drop as the frequency increases, while the high pass filter’s output voltage drops as the frequency decreases.
			Figure 1
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Figure 2
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Figure 1 consisted of a 5K resistor a ceramic capacitor and 4 wires an input and output, the function generator was connected to the input wires and output wires connected to the oscilloscope. The frequency was then changed in intervals the output voltage was recorded. 
Figure 2 consisted of a 5K resistor paired with a 15nK100 Capacitor and again paired with 4 wires to for input and 2 for output, the function generator was connected to the input wires, and the output wires connected to the oscilloscope. The frequency on the function generator was then changed in intervals, and the output voltage was recorded.
The voltage used for the experiments was 5V, this did not change between each circuit, and the output voltage was then recorded upon every frequency change. The frequencies used, was between 1 and 300KHz, I changed frequency intervals when necessary, some were changed by 5KHz, some 100Hz and others 10KHz. 
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The above picture is the low pass filter used and made, the left red wire was the input wire and right red wire was the output.  These were connected using 2 banana splitters which were connected to the oscilloscope and function generator and 2 sets of crocodile clips. 
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The above picture is the High Pass Filter made, the left red wire being the input wire and the right red wire being the output. These were connected using 2 banana splitters connecting them to the oscilloscope and function generator and 2 sets of crocodile clips to connect them to the board.
Components Used:
Ceramic Capacitor – A ceramic capacitor uses a ceramic material which acts as a dielectric, this means the ceramic acts as an insulator. Ceramics were one of the first materials to be used in capacitors for an insulator.
Resistors – A resistor is a passive electrical component, and creates a resistance in the flow of the electric current. Resistors have many purposes and there are many types of values for resistors and they all range.










Results & Discussion
Low Pass Filter Data
         Figure 3

As shown in Figure 3, it can be seen there is a steady decline in voltage as the frequency gets higher. However, it is not a smooth decreasing curve due to power losses through the wires and tolerance on the resistor and capacitor, the tolerance was 5% of the resistor therefore there was going to be losses, likewise, the Capacitor had a tolerance of 10%. Similar to this the power would also have tolerances, being with the cables that the voltage was run through into the breadboard, the breadboard itself and the crocodile clips and wires connected to the Oscilloscope and Function Generator. 





Figure 4

As seen in Figure 4, the attenuation of the frequency is declining as the frequency gets higher, again this is due to knock on effect of tolerances and power loss through the circuit. However, still shows the decline in attenuation as frequency goes on.
Figure 5

Figure 5 is a comparison of what the Vout should look like theoretically as apposed to the experimental data recorded. The graph shows both are of a similar decline, however, there are points at which the experimental data is more than the theoretical data, as stated this can be due to losses through the circuit or components including tolerances of them all. This will always lead to the Experimental data being slightly different to the theoretical data, due to the theoretical data not taking into account the tolerances and losses of the components.
Figure 6

Figure 6 shows the comparison between the theoretical data worked out and the actual data recorded from the lab exercises. There are multiple spots where the attenuation for the experimental was more, again this is a knock on affect from the Vout of the experimental data due to loses and tolerances within the circuit and the components used. Despite this the experimental data smoothly  before becoming more disarrayed towards the end of the frequency range.
















High Pass Filter Data
Figure 7

In Figure 7 there is a clear decrease in voltage as the frequency gets lower, this is due to the high pass filter blocking lower frequencies so the circuit was working as intended. There are points in the graph where they don’t follow the curve of the line but then return to the curve, this is as stated previously due to the components having tolerances, the circuit itself having tolerances and power loss throughout the circuit through any of the components and wires used. This is normal and should be expected as long as the graph is a clear decline in voltage through all the points plotted. All in all the graph line follows the plateau then begins decreasing the voltage as the frequency decreases and then plateaus at the cut off db. 









Figure 8

In Figure 8 the start of the graph is very inaccurate however, is still correct due to graph steadily increases and then plateaus smoothly as it comes to the end of the frequency range and plateaus smoothly. The inaccuracy at the start of the graph can be due to issues with the voltage and not taking enough points at the start of the experiment as if there were more points then the graph would be much smoother as most of the points were taken towards the middle and start of the frequency range, so between 150KHz to 1Hz, as this is where the voltage changed most through the circuit.












Figure 9

As seen in Figure 9 there is a large gap between the theoretical data and the experimental data, again this can be down to losses and tolerances of the circuit and tools used. The gap is approximately 10KHz apart and due to either my error or just losses which is expected. However, the experimental data graph follows the theoretical graph smoothly then before plateauing coming to the end of the frequency range.














Figure 10

Figure 10 shows the experimental graph with an increasing attenuation as the frequency increases, however, the theoretical data is an instantly increasing graph through the frequencies, I believe this is an error on my part as the attenuation for the theoretical data should similarly follow the Experimental data. Again this is an error on my part and I could not work out why. However, apart from the start the graph follows the trend increasing and then plateaus as it increases in frequency. 

From all the results shown we can see that apart from the  theoretical attenuation on the High Pass Filter (Figure 10), all the experimental data’s follow the theoretical data in curvature, some have anomaly points in them, however, this can be anything from losses within the circuit and power to human error but they then continue to return to the graph’s curve.
As stated the losses can be put down to tolerances of the components, the resistors have a tolerance of 5% of the resistance this would be a loss of 50Ω through the circuit, along with this the capacitor had a tolerance of 10%, for the low pass filter the capacitor would have had a loss of 5.6pF through the circuit. While the High Pass Filter would have had a 100Ω loss in the resistance, while the capacitor would have a loss of 0.15nF through the circuit. So the losses and some changes in the experimental graph was expected as the theoretical data did not take into account the tolerances and losses of each of the components, if this was done the theoretical and experimental would be more similar. Along with this the experimental data had a voltage between 5V and 5.2V, again reiterating the tolerances of the components and circuit used, thus not being able to get as accurate of a result when compared to the theoretical data.


Conclusion
In this experiment it was determined that the theoretical and experimental data’s were very accurate. However, the experimental data produced anomalies compared to the theoretical data as stated the theoretical data did not take into account the tolerances of the components & circuit along with power losses from the Function Generator to the circuit and from the circuit to the Oscilloscope.
The low pass filter circuit showed results of a -3db cut off between 30KHz and 27.5KHz as shown in Figure 3. This then concludes the theory of low pass filter circuits producing higher attenuation at greater frequencies.
The high pass filter circuit showed results of a -3db cut off between 1KHz & 1.1KHz as shown figure 8. This concludes the theory of high pass filter circuits producing higher attenuation at decreased frequencies. 
To conclude this report, the figures of graphs presented show the results of the high pass and low pass filter being, the low pass filter has high attenuation at greater frequencies, while the low pass filter produces a higher attenuation at lower frequencies, the figures shown could be more accurate with the theoretical data taking in to account the losses and tolerances of the components and board used.
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Low Pass Filter Vout (V) as function of Frequency
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Low Pass Filter Attentuation as a function of frequency

Attenuation(ɑ)	100	500	1000	1500	2000	5000	7500	10000	12500	15000	17500	20000	22500	25000	27500	30000	35000	40000	45000	50000	55000	60000	65000	70000	75000	80000	85000	90000	95000	100000	105000	110000	115000	120000	125000	130000	135000	140000	145000	150000	155000	160000	165000	170000	175000	180000	185000	190000	195000	200000	210000	220000	230000	240000	250000	260000	270000	280000	290000	300000	6.9210642190129776E-2	0.20599913279623921	6.9210642190129776E-2	6.9210642190129776E-2	6.9210642190129776E-2	-6.9766556916426942E-2	-0.21100364666616389	-0.500560114038621	-0.64904047562275924	-1.1103465569966262	-1.2697251504221332	-1.7661968249227764	-2.1136787463112308	-2.475643188167155	-2.8533500713746314	-3.2482312352897749	-3.8764005203222562	-4.5535658655416054	-5.2880220060364014	-6.0903664701960514	-6.3751752524882557	-6.9744397200371191	-7.6181333874651447	-7.9588001734407516	-8.6830436265296473	-9.4732144522031199	-9.89700043360188	-10.342528327824924	-10.812150244815385	-10.812150244815385	-11.308621919316025	-11.308621919316025	-11.835200693763008	-12.39577516576788	-12.995039633316743	-12.995039633316743	-12.995039633316743	-12.995039633316743	-13.638733300744768	-13.638733300744768	-14.333975425929008	-14.333975425929008	-14.333975425929008	-14.333975425929008	-15.089746643717003	-15.089746643717003	-15.089746643717003	-15.917600346881503	-15.917600346881503	-15.917600346881503	-15.917600346881503	-15.917600346881503	-16.832750158095006	-17.855800607042632	-17.855800607042632	-17.855800607042632	-17.855800607042632	-19.015639546596365	-19.015639546596365	-19.015639546596365	Frequency
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Vout (V) as function of Frequency Theoretical VS Experimental
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Attentuation as a function of frequency

Attenuation Experimental	100	500	1000	1500	2000	5000	7500	10000	12500	15000	17500	20000	22500	25000	27500	30000	35000	40000	45000	50000	55000	60000	65000	70000	75000	80000	85000	90000	95000	100000	105000	110000	115000	120000	125000	130000	135000	140000	145000	150000	155000	160000	165000	170000	175000	180000	185000	190000	195000	200000	210000	220000	230000	240000	250000	260000	270000	280000	290000	300000	6.9210642190129776E-2	0.20599913279623921	6.9210642190129776E-2	6.9210642190129776E-2	6.9210642190129776E-2	-6.9766556916426942E-2	-0.21100364666616389	-0.500560114038621	-0.64904047562275924	-1.1103465569966262	-1.2697251504221332	-1.7661968249227764	-2.1136787463112308	-2.475643188167155	-2.8533500713746314	-3.2482312352897749	-3.8764005203222562	-4.5535658655416054	-5.2880220060364014	-6.0903664701960514	-6.3751752524882557	-6.9744397200371191	-7.6181333874651447	-7.9588001734407516	-8.6830436265296473	-9.4732144522031199	-9.89700043360188	-10.342528327824924	-10.812150244815385	-10.812150244815385	-11.308621919316025	-11.308621919316025	-11.835200693763008	-12.39577516576788	-12.995039633316743	-12.995039633316743	-12.995039633316743	-12.995039633316743	-13.638733300744768	-13.638733300744768	-14.333975425929008	-14.333975425929008	-14.333975425929008	-14.333975425929008	-15.089746643717003	-15.089746643717003	-15.089746643717003	-15.917600346881503	-15.917600346881503	-15.917600346881503	-15.917600346881503	-15.917600346881503	-16.832750158095006	-17.855800607042632	-17.855800607042632	-17.855800607042632	-17.855800607042632	-19.015639546596365	-19.015639546596365	-19.015639546596365	Attenuation Theoretical	100	500	1000	1500	2000	5000	7500	10000	12500	15000	17500	20000	22500	25000	27500	30000	35000	40000	45000	50000	55000	60000	65000	70000	75000	80000	85000	90000	95000	100000	105000	110000	115000	120000	125000	130000	135000	140000	145000	150000	155000	160000	165000	170000	175000	180000	185000	190000	195000	200000	210000	220000	230000	240000	250000	260000	270000	280000	290000	300000	-5.3767199144288322E-5	-1.3439803218355043E-3	-5.3734276154870555E-3	-1.208087626760368E-2	-2.1453934730560377E-2	-0.13238057669631906	-0.2923760636170446	-0.50690696302579208	-0.76802135025538609	-1.0672101638483871	-1.3961173133022478	-1.747043046954972	-2.113233136796913	-2.4889901557880294	-2.8696595074948217	-3.251540506409762	-4.008146911190086	-4.7434290245437953	-5.4494040124723009	-6.1226535352194125	-6.762435944550111	-7.3695040697958216	-7.9453910071913967	-8.4919892806467665	-9.0113086229019856	-9.5053407584016814	-9.9759875870047292	-10.425026537717873	-10.854097399966832	-11.264701275032296	-11.658206087938773	-12.035855377042036	-12.398778445189622	-12.748000776907247	-13.084454117991326	-13.408985907311395	-13.722367923823706	-14.025304112092838	-14.318437605763389	-14.602356997961419	-14.877601921267827	-15.144668004267617	-15.404011270759991	-15.656052043961362	-15.901178412919936	-16.139749312760479	-16.372097264791144	-16.598530817207184	-16.819336722252093	-17.034781881300095	-17.450568575429507	-17.84769088905345	-18.227725575494929	-18.59206090848523	-18.941925066356646	-19.278409463680902	-19.602488050694941	-19.915033373928978	-20.216830018784627	-20.508585922764663	Frequency
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Vout as  function of Frequency
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Attenuation as  function of Frequency

Attenuation(ɑ)	300000	250000	200000	150000	100000	50000	25000	20000	15000	12500	10000	9000	8000	7000	6000	5000	4000	3500	3000	2750	2500	2250	2000	1750	1500	1400	1350	1300	1250	1200	1150	1100	1000	900	850	800	750	700	650	600	550	500	450	400	375	360	350	340	330	320	310	300	290	280	270	260	250	240	230	220	210	200	190	180	170	160	150	140	130	120	110	100	90	80	70	60	50	40	30	20	10	8	6	4	2	0.20599913279623921	0.20599913279623921	0.20599913279623921	0.20599913279623921	0.20599913279623921	0.20599913279623921	0.20599913279623921	0.20599913279623921	0.20599913279623921	0.20599913279623921	6.9210642190129776E-2	6.9210642190129776E-2	6.9210642190129776E-2	6.9210642190129776E-2	-6.9766556916426942E-2	-6.9766556916426942E-2	-0.21100364666616389	-0.35457533920863205	-0.35457533920863205	-0.500560114038621	-0.64904047562275924	-0.80010323343167711	-0.9538398067574948	-1.1103465569966262	-1.4320829548657228	-1.3912081046659979	-1.9382002601611279	-2.1136787463112308	-2.1136787463112308	-2.2927755993697598	-2.475643188167155	-2.6624437132500227	-3.0485468171577561	-3.4526145389234957	-3.6619232124867955	-4.0963082063515204	-4.321928414545301	-4.7915503315357597	-5.2880220060364014	-5.8146007804833841	-6.0903664701960514	-6.9744397200371191	-7.6181333874651447	-8.3133755126493831	-8.6830436265296473	-9.0691467304373798	-9.4732144522031199	-9.89700043360188	-9.89700043360188	-10.342528327824924	-10.342528327824924	-10.812150244815385	-10.812150244815385	-11.308621919316025	-11.308621919316025	-11.835200693763008	-12.39577516576788	-12.39577516576788	-12.995039633316743	-12.995039633316743	-12.995039633316743	-13.638733300744768	-13.638733300744768	-14.333975425929008	-15.089746643717003	-15.089746643717003	-15.917600346881503	-15.917600346881503	-16.832750158095006	-16.832750158095006	-17.855800607042632	-17.855800607042632	-19.015639546596365	-20.35457533920863	-21.938200260161128	-21.938200260161128	-21.938200260161128	-23.876400520322257	-23.876400520322257	-23.876400520322257	-26.375175252488255	-26.375175252488255	-26.375175252488255	-26.375175252488255	-26.375175252488255	


Vout as  function of Frequency

Vout Experimental	300000	250000	200000	150000	100000	50000	25000	20000	15000	12500	10000	9000	8000	7000	6000	5000	4000	3500	3000	2750	2500	2250	2000	1750	1500	1400	1350	1300	1250	1200	1150	1100	1000	900	850	800	750	700	650	600	550	500	450	400	375	360	350	340	330	320	310	300	290	280	270	260	250	240	230	220	210	200	190	180	170	160	150	140	130	120	110	100	90	80	70	60	50	40	30	20	10	8	6	4	2	5.12	5.12	5.12	5.12	5.12	5.12	5.12	5.12	5.12	5.12	5.04	5.04	5.04	5.04	4.96	4.96	4.88	4.8	4.8	4.72	4.6399999999999997	4.5599999999999996	4.4800000000000004	4.4000000000000004	4.24	4.26	4	3.92	3.92	3.84	3.76	3.68	3.52	3.36	3.28	3.12	3.04	2.88	2.72	2.56	2.48	2.2400000000000002	2.08	1.92	1.84	1.76	1.68	1.6	1.6	1.52	1.52	1.44	1.44	1.36	1.36	1.28	1.2	1.2	1.1200000000000001	1.1200000000000001	1.1200000000000001	1.04	1.04	0.96	0.88	0.88	0.8	0.8	0.72	0.72	0.64	0.64	0.56000000000000005	0.48	0.4	0.4	0.4	0.32	0.32	0.32	0.24	0.24	0.24	0.24	0.24	Vout Theoretical	300000	250000	200000	150000	100000	50000	25000	20000	15000	12500	10000	9000	8000	7000	6000	5000	4000	3500	3000	2750	2500	2250	2000	1750	1500	1400	1350	1300	1250	1200	1150	1100	1000	900	850	800	750	700	650	600	550	500	450	400	375	360	350	340	330	320	310	300	290	280	270	260	250	240	230	220	210	200	190	180	170	160	150	140	130	120	110	100	90	80	70	60	50	40	30	20	10	8	6	4	2	4.9777130619434233	4.9680007765646748	4.9502690222649477	4.9125989249867406	4.8095321916973734	4.3468557386601203	3.3023903046276555	2.8775027212692423	2.333826949935851	2.0130142312417703	1.659558444617518	1.5094839660857542	1.354783578010835	1.1957682054576453	1.0328100810682459	0.86634101420951648	0.69684876817769159	0.61113535070191538	0.52487150513759273	0.48155618733393829	0.43813115887441462	0.39460599096625248	0.35099036804765227	0.30729407733926867	0.26352699812560804	0.24600257431436537	0.23723691259517352	0.22846905796990441	0.21969909079300151	0.21092709151630365	0.20215314068538581	0.19337731893588872	0.17582038565196359	0.15825693841092364	0.14947297449737632	0.1406876251637986	0.13190097157277383	0.12311309494727699	0.11432407656693187	0.10553399776426237	9.6742939920937701E-2	8.7950984464012491E-2	7.9158212862161986E-2	7.0364706621912632E-2	6.5967703492599325E-2	6.3329427484303508E-2	6.157054728386873E-2	5.981164422227353E-2	5.8052718952219654E-2	5.6293772126450169E-2	5.4534804397748084E-2	5.277581641893523E-2	5.1016808842871061E-2	4.9257782322451343E-2	4.7498737510607077E-2	4.5739675060303193E-2	4.3980595624537357E-2	4.2221499856338808E-2	4.0462388408767057E-2	3.8703261934910742E-2	3.6944121087886438E-2	3.5184966520837344E-2	3.3425798886932194E-2	3.166661883936394E-2	2.9907427031348587E-2	2.8148224116124009E-2	2.6389010746948674E-2	2.4629787577100482E-2	2.2870555259875514E-2	2.1111314448586837E-2	1.9352065796563307E-2	1.759280995714833E-2	1.5833547583698662E-2	1.407427932958318E-2	1.2315005848181704E-2	1.0555727792883744E-2	8.7964458170873075E-3	7.0371605741976866E-3	5.2778727176262356E-3	3.518582900789166E-3	1.7592917771063286E-3	1.4074334530494003E-3	1.0555751080829148E-3	7.0371674743425995E-4	3.5185837633082515E-4	



Attenuation as  function of Frequency

Attenuation(ɑ)	300000	250000	200000	150000	100000	50000	25000	20000	15000	12500	10000	9000	8000	7000	6000	5000	4000	3500	3000	2750	2500	2250	2000	1750	1500	1400	1350	1300	1250	1200	1150	1100	1000	900	850	800	750	700	650	600	550	500	450	400	375	360	350	340	330	320	310	300	290	280	270	260	250	240	230	220	210	200	190	180	170	160	150	140	130	120	110	100	90	80	70	60	50	40	30	20	10	8	6	4	2	0.20599913279623921	0.20599913279623921	0.20599913279623921	0.20599913279623921	0.20599913279623921	0.20599913279623921	0.20599913279623921	0.20599913279623921	0.20599913279623921	0.20599913279623921	6.9210642190129776E-2	6.9210642190129776E-2	6.9210642190129776E-2	6.9210642190129776E-2	-6.9766556916426942E-2	-6.9766556916426942E-2	-0.21100364666616389	-0.35457533920863205	-0.35457533920863205	-0.500560114038621	-0.64904047562275924	-0.80010323343167711	-0.9538398067574948	-1.1103465569966262	-1.4320829548657228	-1.3912081046659979	-1.9382002601611279	-2.1136787463112308	-2.1136787463112308	-2.2927755993697598	-2.475643188167155	-2.6624437132500227	-3.0485468171577561	-3.4526145389234957	-3.6619232124867955	-4.0963082063515204	-4.321928414545301	-4.7915503315357597	-5.2880220060364014	-5.8146007804833841	-6.0903664701960514	-6.9744397200371191	-7.6181333874651447	-8.3133755126493831	-8.6830436265296473	-9.0691467304373798	-9.4732144522031199	-9.89700043360188	-9.89700043360188	-10.342528327824924	-10.342528327824924	-10.812150244815385	-10.812150244815385	-11.308621919316025	-11.308621919316025	-11.835200693763008	-12.39577516576788	-12.39577516576788	-12.995039633316743	-12.995039633316743	-12.995039633316743	-13.638733300744768	-13.638733300744768	-14.333975425929008	-15.089746643717003	-15.089746643717003	-15.917600346881503	-15.917600346881503	-16.832750158095006	-16.832750158095006	-17.855800607042632	-17.855800607042632	-19.015639546596365	-20.35457533920863	-21.938200260161128	-21.938200260161128	-21.938200260161128	-23.876400520322257	-23.876400520322257	-23.876400520322257	-26.375175252488255	-26.375175252488255	-26.375175252488255	-26.375175252488255	-26.375175252488255	Attenuation Theoretical	300000	250000	200000	150000	100000	50000	25000	20000	15000	12500	10000	9000	8000	7000	6000	5000	4000	3500	3000	2750	2500	2250	2000	1750	1500	1400	1350	1300	1250	1200	1150	1100	1000	900	850	800	750	700	650	600	550	500	450	400	375	360	350	340	330	320	310	300	290	280	270	260	250	240	230	220	210	200	190	180	170	160	150	140	130	120	110	100	90	80	70	60	50	40	30	20	10	8	6	4	2	-3.8802921085103421E-2	-5.5766985629583231E-2	-8.6824060734158617E-2	-0.15317390956148288	-0.33734336774598728	-1.2158955412127257	-3.602832075060967	-4.7990852263890398	-6.6180270754484516	-7.9024631828079475	-9.5795490557394842	-10.40283000157797	-11.342001612513595	-12.426460052986776	-13.698990719776498	-15.225622582689635	-17.11662935323438	-18.256651968509935	-19.578340168694918	-20.326460740357106	-21.147317280813915	-22.056126596940576	-23.073496114164627	-24.228316288274311	-25.562897787867666	-26.160607049963865	-26.475754817060139	-26.802852266686408	-27.142834894090726	-27.496752802939604	-27.865790226827691	-28.251289392776485	-29.078015520329178	-29.992144891760901	-30.48814654624109	-31.014282112358313	-31.574440195938571	-32.173315102687113	-32.816646044162475	-33.511552284968872	-34.267014466184349	-35.094585986315153	-36.009480473269889	-37.032302461472099	-37.592772778266365	-37.947288848685183	-38.191939808034199	-38.443685260064811	-38.702948784111356	-38.970193070945889	-39.245924891275138	-39.530700879150757	-39.825134296139467	-40.129902982863541	-40.445758757155005	-40.773538586604658	-41.114177953347166	-41.468726948423665	-41.838369793292351	-42.224448703327823	-42.628493306378573	-43.052257244236813	-43.497764170110152	-43.967366193957311	-44.463819050535832	-44.990380082295836	-45.550937886862073	-46.150186762233005	-46.793865912755393	-47.489094596317081	-48.244853447775583	-49.072695859912834	-49.987835455409723	-51.010876763958954	-52.17070763843931	-53.509636441309198	-55.093255447855505	-57.03145086895104	-59.530221837395622	-63.052044330134819	-69.072642630388984	-71.010842696987012	-73.509617278603926	-77.031442352182495	-83.052042200941088	
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