Probability, Data Acquistion, M odd Fitting

Andrew Hofgtrand, Dan Matthews, Nathan Quarderer, Christine Roark, Nelson Weber

Project 1. Part A
TeamE

Thefirst half of Project 1 asked us to make several calculations using techniques in probability and
statistics. Mathcad was used to help us solve many of the problems, and served as a convenient way to

type-up our findings.

Someone [e.g. the State!] offers the following wager: Place a $1 bet and choose 5 numbers between
1 and 30. If all 5 numbers are guessed correctly (in any order), you win $1 million. The numbers do
not repeat (they are unique).

a Isthis agood bet? [cal culate the odds]

Equation 1
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These numbers represent the odds of picking the next number or one divided by the total numbers left.
The 5! allows these numbers to occur in any order.

b.  Supposeyou only had to choose 4 numbers correctly. Is this a good bet? [odds?]

Equation 2
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=(1/27,405)

These numbers represent the odds of picking the next number or one divided by the total numbers eft.
The 4! Allows these numbers to occursin any order.

Wit odds being (1/142,000) and (1/27,400) respectively, these both appear to be very good
bet’ sfndeed (considering that you'd only have to lay down $142,000 to get back 1 million).
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2. Find acoin in your pocket.

aé&h. Toss it 100 times. Record the number of heads. Collect the results from other students
your team; enter these in your lab notebook.

Tablel Name # of Heads
Andrew 63
Chrissy 48
Dan 47
Nate 54
Nelson 44

C. Cal culate the mean and standard deviation. Compare with the expected results (for alarge
number of trials).

Mean = Trials (1+2+3+4+5)/5 = 54+47+48+44+63= 51.2

S

Standard D‘ion = (np)".5, (where n= number of chances and p = probability) = (100*.5)*.5 =
7.07

Percent error = abs(actual — expected)/ actual * 100 = abs(51.2-50)/51.2 *100 = 2.4%

d. Calculate the probability that the number of headsexceeds 60.

s =707 m:=50
Equation 3
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Using the equation above we get the answer that out of all the ces there is a 84.3% that the
number of heads will not exceed 60 or be less than 40.
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3.

The probability that it will exceed 60 isfound in the equation  { 1-(probability)}/2 = 1-.843=
.157/2=.0785 -> 7.85 % that the number will exceed 60.
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Treprctetiity wil bethe same paertage as theensionboveerentoughihedeiel pairt hesten moved antrerumhass x

Suppose you have adrawer infinitely full of socks, red, green, blue in equal numbers.
a What is probability of randomly choosing a pair of same color?
In this problem you have the probability times the each other:

probability of picking one sock is /1 or 1. probability of picking another sock of the same color is
U3

multiplying together and you get 1* 1/3=1/3 chance of pairing up the sock.

b. Now suppose there is exactly one pair of each color. What is the probability of a matching pair
now?

Thisisasimilar problem to part a

Y ou have a 1/1 or one probability of picking the 1% sock. The second sock that you pick 1/5
because you only have one sock of the pair |eft and there are five socks left. This translates into
a1*1/5=1/5 probability of matching up the socks.

C. Suppose there are 5 pairs Red socks, 10 pairs green, 20 pairs of blue socks. What is
probability of picking 3 socks, all the same color?

First you figure out the properties of the red green and blue socks i ndependently. Then you will add
those probabilities together and you will get the probability of atotal of three socks of the same
color.

Red socks: 10/70 * 9/69 * 8/68 = 6/2737 or .0021921812
Green socks: 20/70 * 19/69 * 18/68 = 57/2737 or .0208257216

Blue socks: 40/70 * 39/69 * 38/68 = 494/2737 or .1804895871
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Adding the probabilities together we get 2.2/1000 + 21/1000 + 180/1000 = 203/ 1000 = 1/4.97 or
roughly a 1/5 probability of grabbing three socks the same color.

Galaxies have three morphological types: eliptical (40%), spiral (40%), and irregular (20%).
Suppose they are randomly distributed in the Universe.

a Pick arandom elliptical galaxy. What is the probability that its nearest 3 neighbors are all
spirals?

Y ou can see the 40% or .4 of all the galaxies on the universe are spirals. This meansyou have a .4
chance that each of the galaxies are spirals (referring to the closest neighbors)

Thisworks out to the equations .4 * .4 * .4 = .064 or a 8125 chance of the neighbor being spirals.

b.  Pick three random galaxies. What is the probability that none of the three are irregular?

Out of al of the galaxiesin the universe 20% or .2 areirregular. All of the other galaxies make up the
80% or..8. Using the sameidea as part awe get the equation

.8* .8* .8=.512 or 64/125 or roughly % probability that none of the galaxies are irregular.

c. Consider sampling volumes containing ten gal axies each. How many boxes would you need to
sample before having a 50% probability that none of the galaxies was a spiral?

For this problem we needed to figure out the number of galaxies that were not spirals. Thisis.6. Now
to get the number of box that fit this probability we figured the equation

(6MOx=5 Tenisthenumba o gladesper bax, X isthenumbe o baxesand Sirstheprabehility wewart tofigre Now
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X = 5(6'0) =2 a Bhoes x
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5.  [Poisson statistics]. Suppose you observe afaint star, counting photons every second. The mean
number of photons per second isfive.

a What is the probability of receiving 10 photonsin a given second?
Using the Poisson distribution equation:

Equation 4

fa &

withamesn number of fivephotonsper ssoond (1) A1,k ::F>e
let: 1:=5 k:=10 then '

P k) =.018

b. 20 photons? (k=20)

Pl k) =2641%10"7

C. Zero photons? (k=0)

Pl k) =673810"3

d  Whaistheprabehility thet 100 ssoondswill passwithout any one seoond interval having acount of exadly zero photons?

{1-R(5,0)}*100-0509 which camesponds to about a51% probehility thet over 2100 ssoond period, no onessoond Sb-
intervalswill haveacount of exadtly zero photons
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Thaeaedaossoudf 52 cads Thistrandatesto equation
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b. Probability of dealing two straight aces?

Thisis the number aces divided by the number of cards time the number of aces left divided the
number of remaining cards.

22 0283 0_ 455 1 3
eb2gebly

= 1/220.9944751 or roughly 1/221

C. Probability of dealing half the deck [26 cards] without a single ace?

Equation 5
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d. Probability of ablackjack (ace plusaface card: K, Q, Jor 10) in first two cards of afull deck?

This equation translate into the number of aces dived by the number of total cards time the number

of ten value cards (i.e. Kings, Queens, Jacks, and Tens) divided by the total number of cards | eft.
The 21 alows thisto occur in any order.

Equation 6
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Thistrandates to about 1/17 or 1/18 chance of blackjack
on the first two cards dealt from a full deck
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e Probability that a poker hand (5 cards) dealt from full deck will contain exactly one pair?

The total number of possible poker handsin afull deck of cardsis (52*51*50* 49* 48)/5!. The first
card that is dealt is any one of the 52 cards, the second is anyone of the remaining 51 cards, etc. Then
you must divide by 5! to take into account that the order of the cards doesn’t matter. The next thing
we had to do isto find the number of hands that have exactly one pair: 13*6*48*44*40/3!. The
number 13 represents the number of different face valuesin a standard deck. Six isthe number of
different pairs you can get from each face value without taking the order of the cardsinto account.
Forty eight is the number of remaining cards that do not have the same face value as the pair. Forty
four is the number of remaining cards that are different from the pair and the previously drawn card.
The same concept is used to get 40. We divided by 3! to take into account that the order of the last
three cards doesn’t matter. We then divided the number of hands that contain pairs by the number of
possible hands to get the probability:

Equation 7
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7.  Anastronomer observes an optical and x-ray flare simultaneously in an x-ray binary system. It
is known that both optical and x-ray flares occur about once a day for an hour. The astronomer
detected the simultaneous flare after observing the system continuously for 10 days What is the
probability that thisis a coincidence (i.e., that the simultaneous flares are physically unrelated)?
Note: 'simultaneous means that there is some overlap in the flare times.

When first analyzing this problem we see that in one particular day the chance that flare A

(optical) can occur any time. It isduring this time that flare B can occur in roughly athree hour
time frame. Thiswas because there was no limit on the length of time that they have to overlap.
For example, if flare A occurred from the times 1:00 pm to 2:00 pm then flare B can start
anywhere from 12:00:01 (noon and one second) to 1:59:59pm and go until 2:59:59pm. This x
leaves roughly a three hour window of time for occurrence. Thisis 3/24 or 1/8'" of the day.
Problems like this are often easier to work if you look at the chance of it not occurring using that
idea we are left with 7/8ths of the day when it will not occur simultaneously. Since we are
observing over a 10 day period we need the equation

7/18* 7I18* 7/18* 7/8* 7I8* 7/8* 7/18* 7/8* 7/8* 7/8 or (7/8)"10 = .2630755762 or a 26%
chancethat it is not a coincidence. To find the probability that it is a coincidence we simply
subtract this number from one and we end up with roughly a 75% chance that thisisa
coincidence.
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8.  What isthe probability that in aroom of 30 people, at least 2 people share the same birthday?

In this problem similarly to number 7 it works out better to figure out the chances of the incident not
happening. | will first write down the equation and then tell you where | got the numbers.

Equation 8

364
O n

n =336

9
365 =204

The probability for the first person’s birthday is 1, and the probability of the next person not having
the same birthday is 364/365. For each successive person the numerator decreases by one &l the way
down to 336/365. The probability of it not happening is equal to .294 or roughly 2/7. Thisisavery
high probability of this not happening. This probability of it happening is around 1- .294 or about

70%. This means that approximately two thirds of the time you will have two people with the same
birthday.
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Project 1: Part B
TeamE

Data Analysis:

I ntr oduction:

Part B of this project asked usto look at the properties of aLow Noise Amplifier, and
thenfita le mode (function) to our data. Once our data was plotted, we then went
ahead-and ¢ culated the uncertainties and the chi-square of our data.

Experiment:

We started by setting up our equipment as follows:

i Gpsemi ,,
Tiw
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with the Pico device connected to the computer which houses the PicoScope software.
With the function generator st to 1 MHz, the 40 dB attenuator depressed, and the
snusoida waveform with no siweep sdlected, the power could be turned on. Oncethe
Setup was complete we were reedy to begin taking deta. With the Pico software running
we displayed the oscilloscope and dB (power meter) for channds A and B separately,
with theinput and output levels differing by 20-30 dB.
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Gain vs. Input Level

Beginning with our power level at -40 dBm, we recorded our input and output levels (in
dB). With our output level displayed, we then calculated our peak-to-peak voltage.
Using the definition of the dBm scale provided to us, along with Ohm’s Law

(P =1V =V"2/R) we were able to calculate the power level assuming a 600 ohm
impedance. This calculated value was then compared to the dBm meter display.

Calculation of Peak-Peak Voltage:

V (naught) = Root Mean Square Voltage
V0 :=05.7
V2%, = 135.34

2X135.34= 270.68

Following this calculation, we then went ahead and increased our
power level by 3 dB increments, until the input level reached -10dB.
By this point (-25 dBm) the output waveforms had noticeably
distorted, with their parabaloidal peaks becoming increasingly
flattened out.

Output as Function of I nput
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<+ comes out to about 22 (21.92)
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Gain as Function of Input Level
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m=-0.126

During this part of the experiment we were asked to repeat the previous step, only this
time we were to eliminate points that clearly deviated from our linear model. Our results

were asfollows:
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intercept (x,y) = 28104
m=-3745410 3

dope(x,y) =-3745" 10
b:=33515

f(X)=mx+b

3
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Gain vs|nput cutoff
T

<
R
T
<o
|

\'4 o) Eo)

X <o

gain (dBm)
}< }< 1=
T | =
v v <
w
N
[
]

30 I I I
—-55 —50 —45 —40 —-35

X
input (dBm)

Atfirg gancethenor-inear ggoh of Ganvs Input Levd tdlsusthet the gain baginsto dexreesearound -38 @
dB. Usngthis withthefundion, dgpeand interogat from thefird: part of our expaiment, wewearethenadeto
cdadaethel dB gan compressonlevd for our anglifier. Thecdauaionwert asfdlons

=i +b
m= 861
b=27449

1dB compresion led =f(x) = 4839

Atthispant, weweare askad to compare our reitsto the padficationslised on the manufadure” swebsite
(Wwwmindrautsaam). Acocording to thewebsite, the suggested gain for our amplifier (ZHL-500LN) is+24
B+- 5. Whilethel dB gan compressonisadvatissd to be+5. Our detapaintsto agein ner +33dB, ad
aldB gnoompressond -5 Theeedsogoandesmey aisefram thefadt thet our anglifierisdd and
abusr] heving ben sretcherl beyordit suggested perameters ()


Robert
Note
Fond problemt

Robert
Note
Actually, your amplifier is exceeding its specs in both gain and gain compresssion!


Gain as Function of Frequency

With our power level set to -40 dBm and a frequency of 2.0 MHz, we were ready to add a
frequency meter to the output channel of our Pico display. Additionally, we added a
spectrum analyzer assigned to the output channel. In the spectrum analyzer window
appeared alarge peak at 2 MHz, followed by several other (smaller) peaks representing
the Fourier components of the signal. We attributed these other peaks to resonant
frequencies and overall “noise” of the amplifier.

Following these observations, we went ahead and adjusted the frequency increments
down to 200 KHz, and recorded the gain (output-input) at each frequency.

When plotting the gain as a function of frequency, we tried fitting alinear and quadratic
model to our data. It was found that the gain was not constant with frequency from .2 to
2MHz.
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Gain vs Frequency
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Conclusion:

Part A of this project gave group members an opportunity to brush up on their probability
and statistics problem solving skills. Part A also served as atutorial for the Mathcad
software, a skill that will no doubt be popping up again and again throughout this course.
In Part B, we were asked to test the properties of aLow Noise Amplifier, and then fit
appropriate models to our data, along with making calculations of uncertainty and
confidence. Though our findings did not match up with those indicated by the
manufacturers specifications, the project gave us a good opportunity to practice fitting
models to experimental data (no matter how poor the data may be).

Certificate of Effort:

Though different tasks were preformed by different group members (some tasks harder
than others), without the full effort of all the group members, this project would never
have been completed on time. Despite the fact that some members had other priorities
that kept from their duties as a group member, each member was able to complete his or
her task on time. | therefore feel that all group members should receive the same grade
on this proiect.





