{

"cells": [

{

"cell type": "code",
"execution count": 9,
"metadata": {},
"outputs": [
{
"ename": "SyntaxError",
"evalue": "invalid syntax (<ipython-input-9-47d2559f80ac>, line 13)",
"output type": "error",
"traceback": [

"\u001b[0;36m File \uOO0lb[0;32m\"<ipython-input-9-
47d2559f80ac>\"\u001b[0;36m, line \uOO0lb[0;32m13\u001b[0m\n\u001b[0;31m
{\u001b[0m\n\u001lb[Om
“\u001b[0m\n\uO01lb[0;31ImSyntaxError\u001lb[0m\u00lb[0;31m:\u001lb[0Om invalid
syntax\n"

]

}

I
"source": [

"{\n",

" \"cells\": [\n",

" {\n",

" \"cell type\": \"markdown\",\n",

" \"metadata\": {},\n",

" \"source\": [\nn,

" \"# Statistics 3: Peak Integration and Internal Standards\\n\",\n",

" \"\\D\",\D",

" \"This Python exercise will cover how to use Python to do peak
integration and quantitation using internal standards. The concepts are
introduced in the context of separations, but they could also be applied to
other analytical techniques and data analysis problems. We will start by
importing all the libraries we need. Don't forget to run this line of code
with Ctrl+Enter or Shift+Enter\"\n",

" ],\n",

" },\n",

" ]\n",

" {\nu,

" \"cell_type\": \"code\",\n",
" \"execution count\": 1,\n",
" \"metadata\": {},\n",

" \"outputs\": [],\n",

" \"SOUIC@\": [\I’l",

" \"# Import Everything you Need\\n\",\n",

" \"import numpy as np\\n\",\n",

" \"import matplotlib.pyplot as plt\\n\",\n",

" \"import matplotlib.patches as patches\"\n",

" ] \n",

" },\n",

" {\n",

" \"cell type\": \"markdown\",\n",

" \"metadata\": {},\n",

" \"source\": [\n",

" \"What is the area under the peak? The simplest explanation is that
it is sum of the area from each data point. Remember that area is length
times height for a rectangle. For discrete data points, we can calculate the



area between two points from the [trapezoidal
rule] (https://en.wikipedia.org/wiki/Trapezoidal rule). Here, the area of each
data point $k$ is equal to the average $y$ value times the difference in $x$:
S\\\\frac{y k + vy {k+1}}{2} \\\\times \\\\Delta x$. Let's look at an example
with two data points $(x 1, y 1)$ and $(x 2, y 2)$. The blue trapezoid shows
the area between these two data points. We calculate this by calculating the
area of the red rectangle, which is the average $y$ value times the
difference in $x$ values. You can see that the area of the blue trapezoid is
the same as the red rectangle. You can read more from the link above on the
trapezoidal rule. \"\n",

" 1\n",

" }I\n"I

" {\n",

" \"cell type\": \"code\",\n",

" \"execution count\": 68,\n",

" \"metadata\": {},\n",

" \"outputs\": [\n",

" {\n",

" \"name\": \"stdout\",\n",

" \"output type\": \"stream\",\n",

" \"text\": [\D",

" \"The integral is: 13.0\\n\"\n",
N

" }’\n"’

" {\n,

" \"data\": {\n",

" \"image/png\" .
\"1VBORWOKGgOAAAANSUhEUGAAAXWAAAEKCAYAAAARNO4WARAAABHNCSVQICAGI fAhkiAAAAAIWSFEL
zAAALEgAACxIBOt1l+/AAAGBhJREFUeJzt3XuQVvd93/H31+UOgkWw6IJYVnIk2bpYgu6drtWmiUke
WXGiyUw6I5ekazSGTIs6TgbjThymduOOZjLTJMEJtEnNK2GgcGMv20FbHdmlHghKPazuWy/01iQELch
EB1JWC5CcGy3/5xDuwK7S67wHme3ee8XzM7+zznnH1+Xw4 /Pvz2XH4nMhNJUuublOwCJIJEMNYeBLUk
0Y+JJUEwa+JINWEgS9INWHgS1INGP1SVBMGViTVhIEvSTUxudkFDLZgwYLs6upgdhmSNGGsW7futcz
sGM224yrwu7g6WLt2bbPLkKQJIyL2jXZbD+1IUk0Y+JJUEwa+INWEgS9INWHgS1JINGPiSVBMGviTV
RKWBHXG/FxHbImJrRDWREAOrbE+SNLzKAJ8iFgG/A3Rn571AG/BIVelJ0kSzZgl0dcGkScX3NWugb
a/q020nAzMidhwwEzhYcXuSNCGsWQOMrV8Lp08X7f fuK9wArVITTZmU] /Mx8GfhjYD9wCOINzKegak
+SJpJVawbC/oLTpdv1VanykM484GHgVUBMYFZE/MoQ262MiLURsbanp6eqciSp6fr74dAh+MEPihH
9UPbvr679Kg/p/AywIzN7ACL1a8D7gC8M31gzVwOrAbg7u7PCeiSpoTLhlVdh927YvBm2bBkY1lc+e
DSdPvv1nOjurg6fKwN8PvDciZgJvAMsBp8KUILIy4fBh2LsXNmOgQv7UqWLAIBnQ3g4d5UTGH/ gAf
OMbcO7cwM/PnAMPPVZAfZUFfmY+GxFfBAYDfcAGYypG8ILWCTOIpGQF 4LVUKUXsmTJ9eBPyCBUP/ 7L
33Ft+feqrdmSVLirCv6oQtVHYVTMZ+Evhk1W1l ITUgNkwmuvFQG/eXPxdeLEQMDPNQVXXz/ 6z 7v3Xrj
hBujuhkcfrazsi8bVA1AkaTzJhNdfLwJ+61bYuBGOHYy+WT5tWjODnzWt21aNn4EtSKROOHBkI+E2b
4NixYvnUqUW4t7c3u8orZ+BLgglMOHgOCPht240R/JEJEAFTphThvnhx8b4VGPiSauvCwD/3HGzYU
ByyiYDJk4uA7+xsnYC/1IEvgaX19sKePbB9exHwPT31CfhLGfiSWsrx4wMBv3FjceNTBLS11S/gL2
XgS5rQTpwoDtFcGMG/800BPxWDX9KECVIKEfA7dhQBf7Ccg9eAvzwDX9KAdurUWwP+wIFi/vhJkwz
4sTLwJY0rp04VMOnu3Anrl8PLLxfLJ00g7mRdssSAVIIGvgSmMOn26CPjnny8Cfv/+ItAJWu86+GYz
8CULl1BtvFAH/wguwbtl1b53/3EE21DHxJ1TpzZiDgN2wolLpmEItTnzIFbbik016h6Bréoka+rNN98a8
Lt3D6yb09%9eAbyYDX9JVefPN4rDMr13FMfjdudsSasAR/Hhj4Esak7NnBwJ+wdbi++CAX7TIgB+vDH
xJIzp3D156aSDgX3iheBg3wHXXwc03Fzc9afyrLPAj4k7gy4MW3QZ8T M/ UlWbkg7euXPFzU27dhV
z0ezctdaAv+kmA36igvKZtjuB+wEiogl4GXiygqvYkXZm+viLgX3yxGMHVv3AnnzxfrZzs824FtJow7p
LAdezMx9DWpP0jD6+0q7V198sRjB79hRLMssRvA33FBMHazW061/1keAJxrUlgRBzp8vAn737mIEV
3370MDPngO0LFxrwdVHS5X3NETAV+Efj4MOtXAisBOjs7gyS5HannnzxczS07eXYzgn3uuOC5vwKsRE+
0fBNZn5gtDrczMlcBggO7u7mxAPVIL6e8vANn7PniLgt20rLp3MhFmzYMGC4vmsUiMC/8N4OEe6Zvr
74dChIuA3bYKtW4ubnzJdh5kyYP9+A19AGDfyImANSLPBbVbYjtbL+/ulpToMD/syZgYC//noDXgNT
aeBnbmlgfpVtSKOmcyDgN2+GLVuUKGSYzYcaMYkbJgVObXaUmIk/dSE2WCYcPD4zgt2wp50gfHPAJH
c2uUg3AwJcalBN6egZG8Js3F095yoTp04uAX7Cg2VWgFRN4UsUy4bXXiueyXgj448eLdRcCfr4HPtL
UABr50jWXC668XAb91S3Gp5IWAnzatCPh585paomrKwdeulUiYcOTIQ8Js2wbFjxToDXuOJgS+NZMO
aWLWgmAC+sxMeedz8lys4erQI+G3biukKjh4tNp86leeyavwy8KXhrFkDK1cW18wA7TNtH36Mr+£fIX



4f8sXAEY8JIpYfCONNIR]x+Dsx1YNhH1p8tnTPPTIVXR2wpI1lxdTBM2YY9poYWmeEf+ON8OgQ0/VI1
9XLHPbSxXbexQbubzALeZyhZ/NuP76P+NR/bmyBamELYc72z8Gj1z4ZgncA37DUGx 7TmuDPh3spGlvM
KNBP200U87R+1kP73MpZ3et/1sL30bULFa2vG397MgtE7gSyM4AwiWz20sUO7mQODSznEzQTITKKEdo7
RyT4uPSrzDMv5Bb7BVMSdXHaWKTzD8sYWL103Br5a0klmsZcudnIn61lnKQW4AmyDLgedcM+Ett4V4A
1vMMc+ml17k8w/KLy6WIxsBXSzjFzDLg72ADyzjA00sBP5deOnmIYOyPWIjCvQa8WoaBrwnpNDPYx
xJ2cgfrWcYBFgNJkOUI/soCXmplBr4mhDeYzj6W8Dx3sJ617GMJAUQ5gl 9swEuXZeBrXDrDNPaxhB
e4nfUsYy9dwIWAP85iXmKSAS+NiYGvceEMO9hPJy/wE6xnGXudDYAgmUMvtxjw01lWr+hGH7cBngXu
ABB7NzH+0sk1NDG8ylf1l0sot3sJ5/xG5ul8vrZuYa8FIlgh7h/wnwncz85YiYCsysuD2NU2eZcjHg
N7CUXfwEySQgmcNxFvEyk+hvdplSS6ss8CNiDvCTwL8GyMyzwNmg2tP4cpYpvMRiXuQdrGepu7id/
nLMPofj3MxB2gx4qaGgHOHEBvVQA /zMi 7TgPWAR/NzFODN4gI1cBKgM70zgrLUZXOME1iwG/gfp7nDv
gqZBATXcYKbDHip6aoM/MnAMuAjmflsRPwI8PVALxq8UWauBlYDdHA3e9B2guijrQz429jAUpTnTs4
zibw¥8K/QxvimlylpkCoD/wBwIDOfLd9/1SLwNQH10cbLLGIX72A)970Dd3KetjLgT3K]jAS+Ne5UF
fma+EhEvRcSdmbkTWA48V1V7urbOM4mXWXRxBL+DAOFHGxDM41Q38CaTDXhpQan6Kp2 PAGVKK3R2A
79ecXubQueZxEFuS5kVuYxP3s4276GMKCczmFAs5zGToml 2mpKtQaeBn5kagu802dGXOM4 1D3MRubm
Uj9/Mcd30WgSQwilMspMeAllgMd9rWRD/BIW5iD11sZClbuZuzTCsD/jTzeY0pBrzUOgz8FtVP8AOD
3socuNnEfW/mHM8ygn2AWp5jPEaYMerCHpNZn4LeI foJXuYESdLGZ+9jCvbzBDJJgJdqdp5xhT6W12
mZKayMCfoBIGBfy72cK70cVMIJjBadrppcOAlzSIgTI9BJHCYhewtA34T7+YOMOMC6ZyhnWMs4LVml
yv1pHDPwx6kEeugoA/5eNnMfJ51NAtNSswz415tdpgQIxMAfIxJ4nfns4Va2cA+bul8TzCGBaWXAXS8
+RZpcpaQIlz8JskgSNczx5uzZSv3sJH76GUUANMA SzvHmMexS5hYpgqaUY+A2SwFHmsYdb2cbdbOR+3jj I
PSKaWAb+E/cOuUlILM/ArksAx2t1LF1vLgD/CfIJkCudo5x1d7Cuf8SRILITPwr6FjzGUVvXWzjLjaw
INdZQJIBMNUA1ljQOMG/1X0ZQ576WI772I9yzhMRzmC7zPgJY07Bv4YHOe6MuDfyQaW8Qo31CP4vvIYv
AEvafwy8EdwgtnspYsd3M161vEKNwHIZM4b8JImHAN/kJPMY19d70R0O1rOUgywCkjbbaeeoh2gkTW
i1DvxTzLwY8BtYygEWECAkztNOrwEvqavVUGvgRsRc4AZwH+IKzgQ9D0Oc2MMuDvKAN+MOBB £ 3mS 95U
Cno6MugTUlYoT/0517Z2axea9bAgqlWwn/NOsp/H+ANWSAQALzCAvXTxPLezgWXso50gCPi59LLYgJdU
IxP6kM6aNbByJZzw+DTCJIfXTxb/gc61nGHI6Zz)y40A704RGPAS6QVSRV/fgJPRcS61Fh5rT981aolY
T/gDDP4H/wWx23nF16is/yaw3HDX1KtVT3CfyAzDObEQUDPpiNiRmd8bvEH5H8FKgM702z]F9+P5hpp
45xWzmcvyKCpakV1XpCD8zD5bfDwNPAU8ZYpvVmdmdmdOdHR1 j+vzh/n+YS++YaS5WkV1dZ4EfErIi
47sJr4APAlmvZxmOPwcyZbl02hbMs551r2YwktYQgD+ncADwZERfa+WIdmfudaNrBiRfH9Ix+Bo0eT
ufSynGed4ly3XshlJagmVBX5m7gbug+rzLlixAodcged/578x30f+SdKwgr5KR5I0Thj4k1QTBr4kl
YSBLOk1YeBLUkOY+JJUEwa+JNWEgS9JINWHgS1INGP1iSVBMGVviTVxLCBHxHfioiuxpUiSarSSCP8v6
RAWtWgiJjSoHokSRUZdArbMzPxKRPxv4BPA20j4a6B/0PpPN6A+SdIlcrnpkc8Bp4dBpwHUMCNnxJ0sQ
ybOBHxIPAPpAGVA8sy8/Rw20gSxr+RRvirgH+RmdsaVYwkgqTojHcP/Z9eigYhoA9YCL2fmh67FZ0gS
xq4R1+F/FNjegHYkSSOoONPAj4hbg54HPVEtMOJOnygh7hfwb4 j4xwdU9ErIyItRGxtgenp+JyJKm+K
gv8iPgQcDgzl1420XWauzszuzOzu60ioghxJgr0gR/gPALSYEXuBLWHvV)4gvVNieJGkKkE1QV+Zn48M2
/JzCT7gEeDVMvNXampPkjQyZ8ulUpJgd4 3NQK1 0Rmfhf4biPakiQNzRG+INWEgS 9INWHgS1INGPiSVBM
GVviTVhIEVSTVh4EtSTRj4k1QTBr4kl1YSBLOk1YeBLUkOY+JJUEwa+JINWEgSOJINWHgS1INGPiSVBNV
PsR8ekT80OCI2RcS2iPjDqtgSJIF1lelU+8ehN4f2aejIgpwPci4tuZ+aMK25Q0kDa0ywM/MBE6Wb6eUX
11Ve5KkkVV6DD8121JiI3AYeDozn62yPUnS8CON/Mw8n5n3A7cA74mIey7dIJiJWRsTaiFjb0INTZT
mSVGsNuUonM48B3wUeHGLd6szszszujo60RpQ I SbVUSVUGHRHRXr 6e AfwMsKOg9iRJII6vyKp2bgM9
HRBvFfyxfycxvVtieJGKEVV61sx1YWtXnS5LGxJttJakmDHxJqgkDX5JqwsCXpJow8CipJgx8Saod
Al+SasLAl6SaMPAlgSYMfEmMgCONfkmrCwJekmjDwJakmDHxJqgkDX5JqwsCXpJow8CWpJgp8puldii
Pj7iNgeEdsi4gNVtSVJurwgn2nbB/yHzFwfEdcB6yLi6cx8rsI2JUnDgGyENn5mHMNN9+foEsB1YVE
V7kgSRNeQYfkROUTzQ/N1GtCdJervKAz8iZgN/A/xuZh4fYv3KiFgbEWt 7enggqLkeSaqvSwI+IKRR
hvyYzvzbUNpm50jO07M7070607jynIkgdagvEongM8B2zPz01W1lI0kanSpH+A8Avwg8PyI2118PVdie
JGKE1V2WmZnfB6Kqz5ckjY132kpSTRj4k1QTBr4k1YSBLOk1YeBLUkOY+JJUEWa+JINWEGS 9INWHGS
1JNGPiSVBMGViTVhIEVSTVh4EtSTR7J4k1QTBr4kl1YSBLOk1YeBLUk1U+UzbxyPicERsraoNSdLoVT
nC/0vgwQo/X5I0BpUFfmZ+DzhSledLksam6cfwI2J1RKyNiLUOPT3NLkeSW1bTAZz82zV2dmd222d3R
ONLscSWpZTQ98SVJIjGPiSVBNVXpb5BPAPWIORCSALfqOqtiRI1lze5qg/0zA9X9dmSpLHzkI4k1YSB
LOk1YeBLUkKOY+JJUEwa+JIJNWEgS9JINWHgS1JINGPiSVBMGViTVhIEVSTVh4EtSTRj4k1QTBr4k1YSBL
0k1YeBLUKOY+JJUESUGfkQ8GBE7I2JXRPx+1W1JkkZW5SMO24D/DnwQuAv4cETcVVV7kgSRVTnC fw
+WwKzN3Z+ZZ4EvAwxW2 J0kaQWX Pt AUWAS8Nen8A+MAVNDRtGhy1ndPMgOLjJakyZ550FPoallavgR9
DLMu3bRSxE1hZvj0ZETuvsLOFWGtX+LNVsg6bxsa6txsa6xGZd1l fREW/KvAwpXWtWS0G1YZ+AeAxYPe
3wIcvHS)zFwNrL7axiJibWZ2X+3nXGVWNTOWNTOWNTZ1r6vKY/j/D7g9Im6NiKnAI8DXK2xPkISCy
kb4mdkXEf8e+FugbDXg8M7dv1Z4kaWRVHt IhM78FfKvKNga56sNCFbGusbGusbGusallXZH5tvOokg
QW5NQKk1QT4z7wI+LxiDgcEVUHWR8R8af19A2bI2LZoHW/FhEV1F+/1uC6VpT1bI6IHOLELfYPWT/Y2
ILRGXMSLWNriundqI3rLtjRHxiUHrKpsKYxR1 fWxQTVsj4nxEXF+ugq3J/LY6Iv4+I7RGXLSI+0sQ2
De9jobyrdX1slHUlvI+Nsg6G97GImB4RPA6ITWVAEZzjENtMi4sv1Pnk2IroGrft4uXxnRPzcVReUm



eP6C/hJYBmwdZj1lDwHfprju/73As+Xy64Hd5fd55et5DazrfRfao5hedt1B6/YCC5g0v34K+0YQy9
UAF4HbgKnAJuCuRtV1yba/APxdg/bXTcCy8vVI1wPOX/rmb0cdGWVED+9g062p4HXtNXCc30Y2WEmV2
+ngI8C7z3km3+HfAX5etHgC+Xr+8g99E04NZy37VdATT3jfoSfmd8DjoywycPAX2XhROB7RNWE /Bzw
dGYeycyjwNPAg42gKzN/WLYL8COK+xAgN4rINZxKp8IYY10fBp64Vm2PIDMPZeb68vUJYDVvEXeKDN
byPjaauzvSxUebv4VIWx66grob0sbLPnCzfTim/Ljlx+jDw+fL1VAHIERH181915puZuQfYRbEPr9
14D/xRGGoKhOUJjLG+G36AYIV6QWFMRSS6K040b7Z+Uv2J+0yLulpeNi/OVETMpQvNvBiluyP4qgf5Vv
eSJEKGoypfWyEugZreB+7TFIN620X21+N7mMRORYRGAHDFAOEY ftXZvYBvcB8Kthf1V6oW2SDDTeEw
qakdghYRP03x73/GfD1r8QGYejIiFwNMRsaMcATfCemBJIZp6oMiIeA/wXcz)jzZXxS/av8gMwt/N1D5/
0gqI2RQB8LuUZefzS1UP8SEP62GXqurBNw/vYZepagWh8bzf6iwX0sM88DI0dEO/BkRNyTmYPPZTWsE7
XCCH+4KRxGNbVD1SLi3¢cBngYcz8/ULyzPzYPn9MPAkV/1r21hk5vELv2JmcZ/EL1ThYwD]YX6VHUOR
X7ar3VORMoQiJINZn5tSE2aUofG0VdTeljlourWX1sNPurlPA+Vn72MeC7vP2w38X9EhGTgbkUhz+v
/£661icogqvoCuhj+JOTP89YTaj8ull8P7/KE4mTaviHl 9A+vgpDjm9r5L1s8Crhv0+o0fAgw2s60YG7
r94D7C/3HeTKU463srACOW7G1lVXuf5CR5/VgP1V/tn/CvjMCNsOvI+Nsg6G97FR1tXwPjaauprRx4
AOOL18PQP4v8CHLtnmt3nrSduvlK/v5g0nbXdz1Sdtx/0hnYh4guKs/4KIOAB8kuLEB5n5FxR38735
EOfFPA79erisSEf+FYk4fgE/1W3+Fg7quTlAch/uz4vwLfVIMinQDxa91UPwD+GImfqeBdf0y8G8]
0994A3gki95VevVQYo6gL4JeApzLz1KAfrXR/AQ8AVWPSKY+2zAVvWBRZg2s4+Npg5m9LHRINWMPjaau
gDx fewm4 PNRPBBQEKWY fzMiPgWszcyvA58D/joid1lH8Z/RIWf021PgK8BzQB/x2FoeHrph32kpSTh
TCMXxJ01gY¥+JJUEwa+JINWEgS 9INWHgS1INGPjSMMoZGPcMml FxXv1+1A+N1sYTAl18aRma+BPw58EL
1038CVmfmvuzVJIV05r80XR1Derr80eBz4TWBpFjMIShPOUL/TVmgmz DWwXER8DvgN8wLDXROYhHeny
PggcAuSpdiHS1TDwpRFEXP3Az1IMmMvZ75YNPpAnJwIeGUT516M8p51bfD/xX4 I+bW5V050x8aXi/C
ezPzKfL938GvDMi/nkTa5KumF fpSFINOMKXpJow8CWpJgx8SaoJAl+SasLAl6SaMPA1gSYMEEmMgCQ
Nfkmri/wO9zx0TfZmN1wAAAABJRUSErkJggg==\\n\",\n",

" \"text/plain\": [\n",

" \"<matplotlib.figure.Figure at 0x7f2b41557fd0>\"\n",
" ] \n",

" },\n",

" \"metadata\": {},\n",
" \"output type\": \"display data\"\n",
" }\n",
" ],\n",
" \"source\": [\n",
" \"# Define the data points\\n\",\n",
" \"Xl — 1\\n\",\n",
" \"X2 — 3\\n\",\n",
" \"yl — 5\\1’1\",\H",
" \uy2 — 8\\1’1\",\H",
" \u\\n\n,\nu,
" \"# Calculate the average y and change in x\\n\",\n",
\"average y = (yl + y2)/2\\n\",\n",
" \"delta x = (x2-x1)\\n\",\n",
" \u\\n\n,\nu,
" \"# Calculate the integral\\n\",\n",
" \"integral = average y * delta x\\n\",\n",
" \"print (\\\"The integral is:\\\", integral)\\n\",\n",
" \"\\n\",\n",
" \"# Plot the results\\n\",\n",
" \"plt.plot(x1l, yl, marker=\\\"o\\\", color=\\\"blue\\\")\\n\",\n",
" \"plt.plot(x2, y2, marker=\\\"o\\\", color=\\\"blue\\\")\\n\",\n",
" \"plt.plot (2, average y, marker=\\\"o\\\",
color=\\\"red\\\")\\n\", \n",
" \"plt.gca () .add patch (patches.Rectangle((x1, 0),delta x,average y,
color=\\\"red\\\")) \\n\",\n",
" \"x = [x1, x2, x2, Xl]\\l’l\",\l’l",
" \"y = [0, 0, y2, ylI\\n\",\n",
" \"plt.gca () .add patch (patches.Polygon (xy=1list (zip(x,y)), color =
\\\"blue\\\", alpha = 0.5))\\n\",\n",
" \"plt.ylim(0,8.5)\\n\",\n",



" \"plt.xlabel (\\\"XA\\")\\n\",\n",

" \"plt.ylabel (\\\"Y\\\")\\n\",\n",

" \"plt.show()\"\n",

" J\n",

" } 14 \n"I

" {\n",

" \"cell type\": \"markdown\",\n",

" \"metadata\": {\n",

" \"slideshow\": {\n",

" \"slide type\": \"fragment\"\n",

" \nn,

" } 14 \n"I

" \"source\": [\n",

" \"For an array, we just need to sum all of these little trapezoids
together. First, let's generate a Gaussian peak:\"\n",
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tz83NHflemIjOHy/XoCifvcWO8iPVmsX5XDFjGo+/cIJgBO9gPCOS5CEIydQKiI1IpIErAM2D2gzGbgv
8Phu4CVVVRHJIDZWIRKTmAqXAsfCUb1JZ3YVONU2sZ92KIggzU90uxwzD6xG+cPt8as518Kugk26XY
ybBiKEf6KN/ENgKHAQ2gWgliDwmImsCzX4ATBeRGvZzAOMHLOMBESor THVvwNeBIQVZVFIQ489twBETr
0ePv0eK9wuxYxg9VV5XJOfwde3vkVHT7/b5Z2gJJpF2uVZ5eblWVES4AXYYZhxcPnOWv/ruCh+9cyAM
3zXO7HONAVVOzH/7uG9%/ fQlfvmvwFdkmGohIpagW]9TO7sglYdXVO8A/P1tN6YxpfPL6ErfLMQ4t
Lepi3YoifviGCd46YyNwxjILERNW33mlhobmLh5bezVJICfbxi1iZ/d8cCO1IMS+Idf7bdLOGOY fVeas
N1T38J3XznKh5bmc+09a40vAAAKPEIEQVS86SOvYCIK1tQkHNnflew80cwP3zjhdjlmgljom7Do60
nnoY1VzExP4R8/cIXb5Z2gx+s]yAmdvm8nXfvsW+0+2ul 20mQAW+1iYsHv31 fugbOvm3dUvISE] Quxw
zRiLC1/5sEVITE310YxWdvXY1T6yx0Dfj9ouKen656ySfvaWUFcXZbpdjxil7ahLf+ugSjp+/yJdd/



td8GZIsxFvpmXN600c8jvIzHIVAM57032DX55eK6K3L4 /K3z+eWuk3z7pRg3yzFhZIObmzE7fLadT
/2kkrm5U0/nux5aT4LVjiFjy0K1XUNtO0kcdfOExB1hQ+vMwmwIkFFvpmTE6cv8jHN9zB1EQVP/zESt
JTrB8/10gIX/3wIs60dvPFZ/aSnpLIbWUz3S7L)IMdmplRO3SmnY987026+gb44SdWkJ9p4+THgqQ
ED9/92HLKZgXzwE8g+fVuG58n21nomlGprG3mnglv4hHY 9Kl ruWp2ht s ImQmWMSWRn / zVKpbPyeLz
P9/Nj9884X72JZhws9I0jgsoP/3icdRvedD0lkacful 7SmWlul2UmSVpKIj/65Eres2AG//Drav72F
3voohlwuywzBhb6Z2kQX0Onp48Kkqg/u+zB7hpfi7PPvhuGy45DqUkevl//6uch24t521dDXz003/k4G
kbpyfaWOibYf18ys921HHLN191a/UZvrh6IRv+stxuvopjwfH3/+sTK21s7+Gub7/0Pz93wIZkjiT
2tLJ5B59P+d2BM3z7pRaqT 7WxsiSbf/ngldadY96mpbOXrzl/iJ/tqCM3LZ1P3TiXP19VRGGSXRTO
BgdDK1lvomOuaL/by690n+en2006c66AkZygfu7WUtUtmIzLUNM]GwK66Zv516yHeOHgB7K1JrFtRy
N3LC2xeb5EkW1tAXkdXAvwNedPug+tVBrycD/w0sBy4A96jqicBrjwD3AwWPAQ6q69XLvZaEk/uceldf
PyoX08ePAcrx5gqpHfAx9X56£2z1DX05a9FsvB4Le+NMZWOT3331KC+9dQ6fwrKiTG4vy+PWK2dQ0OmO
aHThMsLCFfmC0O28PA7fgnON8J3KugB0La/G9gkao+ICLrgA+p63j0iUgb8DFgJzAZeBOar6rCn/S30
JOS5LZy+Hz3ZwoGw7e+tpb2FXbzLHzZFwGYnZHCHVEN8ZH1hZTNTne5UhPNzrZ188tdJ312zykOBE705
qY1ls6wok6VFWSzMS2NBXhp563Sn2gyCMnIa+k8631UCNgh4LbHgjsBY4ENIJmLfCPgcdPA/8h/v/Ntc
BGVeOBjgfmOF0JvO10R8zbgSro9PqW330d33wBdfON09Q7Q0dPPxZ4BWrv6aOngpfliL+faezjX1sP
J1li7gmztpbey7tJI3sqUksK8rioysKuX1BLgtmptk3oAmLmekpfPrmeXz65nmcae3mlUPn2HG81cg6b
ZrZWn73Ubkqgil8LsKRRkpTIzPZncacnkpCWTMSWRIOCmMIpCUNMDUSgWnJICSQOnekhd9JKc4CHI67HP6
7g4Cf180D7keQOwarg2qtovIg3A9MDybYPWzROztZfROtnLR/4z/D9LRNvGY 7] fnDTwhw5q61NQFF
UCX/51P1V8gYAf8Cn9A/6/+3w+nJ6GSU9JIIDctmfysVBYVZFCUncr8mWmUzpxGfuYU+8YxEy4vI4V
1K4tYt7118J830ny2ncNn2z1+vpP65k4amrvY29DKhYs97)]/biV/B6xESPR48HIHBI3g8glcEj/iH
KBDB/0XgMVz6zMulPy799TZ+d4Ix3fTwlnpfPvepWHYOvCchP50+2L4v2a4Nk7WRUTWA+SBiogKH
JTOTh6PUDpzYkdcyW)/04dpHvzQhb78tg904MPpDTz3evwfbI9T4EPulckrJHO9JCX4j3ymIHpISE
IyLdnL1KQEM10TyJ1SSGZgIlimJ3rHusjETImtgqEqumTmfV3HfOrNY/4K05s4/Wrj5aul3rp6BngYk8
/F3v66e730d07Q0+A795+H70DPVIBOIAPN08ZUPI9Bkc8HAX041iLpOMKUOXPgBANn+s1x6/wxiubdGx
rDSEwqyJHILESeg3AIUhzwuAUS800aRCRBCADaHK4ALgq6AdgA/j59p8WHSk9T5Dt /sXwsqxpj IkCC1
ONuWjK5aclulxLTnNyctRMoFZESEUkKC1gGbB7XZDNwXeHw38JL6f5RuBtaJSLKI1ACIwI7wlG6MMIW
aORjzSD/TRPwhsxX/J5p0gWi0ijwEVqroZ+AHw48CJI2ib8PxgItNuE/6RvP/CZ2y125Y4wxZmLZzVn
GGBMDnF6yaWPvGGNMHLHQON8aYOGKhb4wxccRC3xhj401iFviHGxIGIu3pHRBGB2nFsIgcdH62y3Gb7
EplsXyJTLOOLIH5/5qhq7kiNIi70x0tEKpxcthQNbF8ik+1LZ2IglfYGJI2x/r3jHGmDhioW+MMXEKF
kN/g9sFhJHtS2SyfY1IMsbQVMEH7E3N9+sYYY4YXi0f6xhhjhhGToS81inxWRQyJSLSJIfd7uecBCRvx
URFZEct2sZKxH5h018JSJ7ReR/RCTT7Z2pGSORWBZ5bNSLysNv1jJWIFIrIyyJyMPB98im3axovEEG
KSJWIPOd2LeMhIpki8nTge+WgiFwbzu3HXOiLyHvwz827SFWvAV7VS5ZLGTUQK8UOMX+d2LePOANC1
gi4CDgOPuFzPqliIF3gCuBMoA+4VkTI3gqxqzfuBvVPVK4F3AZ6J4X41+Bxx0udgw+HfgeVVdCCwmz
PsUc6EPfBr4amAydlT1nMv1hMO3gL9jTBOSRQ5V/Z2g9geebsM/k1o0WOnUqOoxVe0FNul /wlg6gn
paVXcFHrfjD5YImb96MohIAfB+4PtulzIeIpIO3Th/jhJUtVAVWELSHrEY+vOBGORku4i8KiIr3C5
OPERKDXBSVfe4XUuYfRLArdtFjFI+UB/yvIEoDsogESkGlgLb3alkXP4N/4GRz+1Cxmku0Aj8MNBYV
9X0ORMRrON3AyR2 7EEZEXgbwhXvoS/n3Kwv8r6wpgk4jM1Qi+TGmE/£174L2TWIHYXWS FVPXXgTZ fw
t+98NPJrCOMhpryPmI/V06IyDTgGeDzgtrmdjljISJI3AedUtVIEbna7nnFKAJYBNn1XV7SLy78DDwD
+E8w2ijgreNtxrIvdp4JeBkN8hIj78Y1g0T1Z9%0zXc/0j INUATSEdAEWN8dsktEVqraqmUksO0bHL/d8
AiMh9wF3ArZH8g3gYDUBhyPMC4JRLtYybiCTiD/yfquov3abnHK4H10jI+4AUIF1EfgKgH305rrFo
ABpUNfhb19P4Qz9sYrF751fALQAIMhITIkoHYVLVfao6QIlWLVbUY/wdiWaQG/khEZDXwRWCNgna6X
c8Y7ARKRaRERJLwzwiW92eWaxkT8RxE/AA6G6uUNul zMeqvqlghYEvkfWASOFaeAT+N6UFSEFQUW34p
97PGyi8kh/BE8SCT4rIfgAXuC8Kjyhjl1X8AycALgd9ctgngA+6W5Jygq9ovIg8BWwAs8gqarVLpclVtc
DfwnsESHAgWV/ r6pbXKzJ+HOW+GngwOIY8TI1lwbtzuyDXGmDgSi907xhhjhmGhb4wxccRC3xhj401iF
VIHGxBELfWOMiSMW+sYYEOcs9I0xJo5Y6BtjTBz5//k9TnOuZMHNAAAAAE I FTkSuQmCC\\n\", \n"
14

" \"text/plain\": [\n",

" \"<matplotlib.figure.Figure at 0x7f4b1883bb00>\"\n",

" ]\n",

" },\n",

" \"metadata\": {},\n",

" \"output type\": \"display data\"\n",

" }\n",

" ],\n",

" \"source\": [\n",

" \"# Define a Gaussian distribution function (see Statistics 1
notebook) \\n\",\n",



"

"

"

\"def Gaussian(xvalues, mean, standard deviation):\\n\",\n",

\" sdsquared = standard deviation**2\\n\",\n",

\" exponent = -(xvalues - mean)**2/(2 * sdsquared)\\n\",\n",

\" preexponential = 1 / np.sqrt(2 * np.pi * sdsquared)\\n\",\n",
\" return preexponential * np.exp (exponent)\\n\",\n",

A" \An\",\n",

\"# Generate a list of
\"x = np.arange (-6, 6,

\"\\n\",\n",

x values\\n\",\n",

0.1) \\n\",\n",

\"# Generate a Gaussian for a given mean and standard
deviation\\n\", \n",

\"mean = 0\\n\",\n",
\"std dev = 1\\n\",\n"
\"y = Gaussian(x, mean
\"\A\n\",\n",
\"# Plot the result\\n
\"\A\n\",\n",
\"plt.plot (x, y)\\n\",
\"plt.show () \\n\"\n",
J\n",

}’ \n"’

{\n",

14

, std _dev)\\n\",\n",
\n, \nn,

\n",

\"cell type\": \"markdown\",\n",

\"metadata\": {},\n",
\"source\": [\n",
\"Before we write our

specific number of times. In Py

and the array is S$indexesS$S.

function, we need to introduce the idea of a
\\\"for\\\" loop. For loops keep repeating a specific operation for a

thon, for loops are defined by a variable
cycling through an array or list. In the example below, the variable is $i$

first element in the
is indented and then
The variables inside
for loop, remove the
prints the square of

" ]\n",

" },\n",

" {\n",

" \"cell type\

" \"metadata\"
" \"outputs\":
" {\n",

" \"name\":

\"execution

On the first iteration of the loop, $i=0$ (the

Sindexes$ array). It will execute the block of code that
go on to the next element in the $indexes$ array, $i=1S.
the for loop can get overwritten and change. To exit the
indent. The code below loops through $indexes$ and

each index as it goes.\"\n",

": \"code\",\n",
count\": 6,\n",
: {},\n",

[(\n",

\"stdout\",\n",

" \"output type\": \"stream\",\n",

" \"text\":

" \"Starting to loop through elements in indexes:

4] \\I’l\", \I'l",

" \"Running Some Code...k squared is:
" \"The value of k in this loop is: 1\\n\",\n",
" \"Running Some Code...k squared is:
" \"The value of k in this loop is: 2\\n\",\n",
" \"Running Some Code...k squared is:
" \"The value of k in this loop is: 3\\n\",\n",
" \"Running Some Code...k squared is:

[\n",

\"The value of k in this loop is: O\\n\",\n",
O\\n\", \nll,

1\\H\", \H",
4\\H\", \H",

9\\n\", \nll,
" \"The value of k in this loop is: 4\\n\",\n",

(01 23



\"Running Some Code...k squared is: 16\\n\",\n",
\"For loop done\\n\"\n",

I\n",
J\n",
1,\n",
\"source\": [\n",
\"indexes = np.arange (0, 5)\\n\",\n",

\"print (\\\"Starting to loop through elements in indexes:\\\",

indexes)\\n\",\n",

point

\"for k in indexes:\\n\",\n",

\" print (\\\"The value of k in this loop is:\\\", k)\\n\",\n",
\" s = k**2\\n\",\n",
\" print (\\\"Running Some Code...k squared is:\\\", s)\\n\",\n",
\"print (\\\"For loop done\\\")\"\n",

I\n",

}’ \nl"

{\n",

\"cell type\": \"markdown\",\n",

\"metadata\": {},\n",

\"source\": [\n",

\"Now, let's write a function to calculate the integral. Our data

area function comes directly from the trapezoid rule above. Our

integral function will just apply this to each data point in the $x$ and $y$
arrays using a for loop. Note, we need to start at the second element of the
list rather than the first element because we need to compare two data

points,

$k$ and $k-1$. \"\n",
I\n",
},\n",
{\n",
\"cell type\": \"code\",\n",
\"execution count\": 7,\n",
\"metadata\": {},\n",
\"outputs\": [\n",

{\n",

\"name\": \"stdout\",\n",
\"output type\": \"stream\",\n",

\"text\": [\n",
\"0.999999997112\\n\"\n",
I\n",
F\n",
1,\n",
\"source\": [\n",

\"# A function to calculate the trapezoid area for two points. This

comes directly from the code above.\\n\",\n",

\"def data point area(xl, x2, yl, y2):\\n\",\n",

\" average y = (yl + y2)/2\\n\",\n",

\" delta x = (x2-x1)\\n\",\n",

\" area = average y * delta x\\n\",\n",
\" return area\\n\",\n",

\n\\n\vv, \I'l",

\"# A function to calculate the integral for an array\\n\",\n",
\"def integral (x, y):\\n\",\n",
\" length = len(x) # Calculate the length of the x

array\\n\",\n",

\" indexes = np.arange(l,length) # Create an array of indexes.

Don't start at 0 but 1.\\n\",\n",

\" sum value = 0 # Set the sum value to O initially\\n\",\n",



" \" for k in indexes:\\n\",\n",

" \" # Get the correct x and y values from the list based on
their indexes\\n\",\n",

" \" x1l = x[k-1]\\n\",\n",

T yl = y[k=11\\n\",\n",

" \" x2 = x[k]\\n\",\n",

) \" y2 = yl[k]\\n\",\n",

" \" # Calculate the area for those set of two points from the
function abovel\\n\",\n",

" \" area = data point area(xl, x2, y1, y2)\\n\",\n",

" \" # Add the area from the two points to the total
sum\\n\",\n",

" \" sum _value = sum value + areal\\n\",\n",

" \" return sum_value\\n\",\n",

" AN"\An\",\n",

" \"print (integral (x, y)) \"\n",

" J\n",

" } 14 \n"I

" {\n",

" \"cell type\": \"markdown\",\n",

" \"metadata\": {},\n",
" \"SOUICG\"! [\D",
" \"The integral should be

almost exactly one. That is because the

area of a Gaussian distribution is normalized to 1. Numpy also has a
trapezoidal integral function, trapz. You can see below that our homemade

function should match this. Note,

this function takes $x$ as the second

argument because $x$ is optional in this function. If you don't have $x$, it
will assume $\\\\Delta x$ is 1 for each data point.\"\n",

" ] \n",

" },\n",

" {\n",

" \"cell_type\": \"Code\",\n",
" \"execution count\": 8,\n",
" \"metadata\": {},\n",

" \"outputs\": [\H",

" {\n",

" \uname\n: \"stdout\",\n",
" \"output type\": \"stream\",\n",

\"\n",

" \"text\": [\nn,

" \"0.999999997112\\n\"\n",
" ] \n",

" }\n",

" ] ,\n",

" \"source\": [\n",

" \"print (np.trapz(y, x=x))

" ] \n",

" },\n",

" {\n",

" \"cell type\": \"markdown\",\n",

" \"metadata\": {},\n",
" \"source\": [\n",

" \"The final thing we need to learn to put it all together is how to
chop out specific parts of the data. I've included a function to do this

using Boolean indexing. Basically,

greater than S$minx$ and less than

only the values within that range.
" AN"\An\",\n",

it grabs all the $x$ values that are both
Smaxx$ and chops the array down to include
\\n\ll, \nll,



" \"After doing that, we can calculate the area under that part of the
curve only. \"\n",

" J\n",

" } 14 \n"’

" {\n",

" \"cell type\": \"code\",\n",

" \"execution count\": 10,\n",

" \"metadata\": {},\n",

" \"outputs\": [\n",

" {\n",

" \"name\": \"stdout\",\n",

" \"output type\": \"stream\",\n",

" \"text\": [\n",

" \"Integral from -1 to 1 is: 0.656883274351\\n\"\n",
" ]\nn’

" }’\n"’

" {\nn’

" \"data\": {\n",

" \"image/png\":
\"1VBORwWOKGgoAAAANSUhEUgAAAXOAAAEKCAYAAAD+X0OUOAAAABHNCSVQICAGIfAhkiAAAAAIWSFL
zAAALEgAACxXIBOt1+/AAATIABJREFUeJzt3Xt41PWA9/H3N4AFWEDAOCBJOQQ4rggKGeBItaAVcBavu
Ag2ubbGsq/Rg3avViimmxXXbbaPqtbfayVFp+1bRRFbcVIipCKgYCAQBNGAKCBIAOW4ACORTkU/ zx0xwD
ImzJJPcc/i8roulmXvuO/MZTT7cuQ+/n7k7I1iKSGtKCDiAiTk1HpS81ikkJU+iTiKUSILyKSQIT6TI1
IPRKUVIpJCVPoiTlilEpS8ikkJU+iIiKaRZ0OAGq6tChg/fs2TPoGCTIiCWXNmM)X73L1jbevFXen37Nm
TogKioGOTIiCQUM9sezX0o6vCMikkJU+iTiKUSILyKSQIT6I1iIpJKrSN70xZrbJdzDab2dl fst5NZuZm
1h0x7J7wdpvMbEwsQouISP3UWvpmlg48CowD+gOTzax/NeulBb4LFEYs6wOMA14AxXgK/Dn89kcSTn
w89e0JaWujv/PygEAnUWTR7+rnAZnf f6udngLnAhGrW+3fgF8CxiGUTgLnuftzdPwQ2h7+eSOLIz4
COHWDKFNi+HdxDf998M59 pHWBJIKNGUfhawI+J5SXj ZKWZ2MdDN3£9S121F41p+PkybBvv3n/5a5Vs
J27eH11HxSWwKIpvStmmWnJtY1lszTgIleCuumdb8TWmmVMRMRXt3bs3ikgiTeTee6GOtPbl1SktD64rE
uWhKvwToFvG8K7Ar4nlbYACWIMy2AUOB+eGTubVtC4C7z3b3HHfP6dix1rulRRpf+Pi%b4/qJseQ’
dulty9xL5phGFYDfcwsGO9hJ6MTslytfdPdPgQ6Vz81sKfCv715kZkeBp8zsQaAL0AdYFbv4Io2g8p
BOaWmlvep+gWnTOn/n5cU61UhM1ILgn7+51wHRgIbAReNbdi 81 sppmNr2XbYuBZYAPWCNCHUS5Cc3PL7Z
IT4r2kE51dJhH4py5n3aIlPVAS0TMuAdckUGlpn5+krapHD5gl1K/R4AypTqglzGDiorGySZSAzNb4+45
ta0Xd6NsigSue/fQ8fmgevSAbds+£37vvdWv171700UTaSgNwyBSKeLk7Wn7+albf76HX2nWrNDyC
A6hfwh07b7EKZW+CHx+8nb7dozQtcanir9HD5g9+/STs3150eU9%euDh9U+d+NW1+xKndExfBEJ75t
EcOmms7UUaKNpj+trTFwH46KO6LY/19iIJNRKUVAJWEfI32pGxDtxdplipIEYBZsyhvVuVitupO3n7
J91VP6tZpe5EmotIXyc+He+8lrazslAnZGk/elgSak7/peeaOWTuZKHNF1+pLaghtyoXIPvaS5DKYTX
929917QTJ0LLKg/11XhdJE16ekdSWoyvut FVPBIQXb0jE01YX3Wjg3gkzqn0JbXF+gobXcUjcU61L
61t1izKrcoAyg256kZX8UicU+1LSvPJIkzkIHE9LC420WderdqggchUPwP677tJJIXIkbKnlJae8/9x
wd3Fk1ZUpoOORt2xpe0H15sG0bHy1aBMC7772zT8KAIMaL.S19QUH1Gz78SJOHBR/ /4xf4seV1T7Irmb
NGPbii6Ex+]jXypsSBgErfzMaa2SYz22xmdlfz+mlm906ZrTOz5WbWP7y8p5kdDS9fZ2a/ifUHEKmz
akbUbDdzZuwLOT+£fThUVZLiHIJmXRyJsSB2g9Tt/M0oH3ga8Smuh8NTDZ3TdErNPO3T8LPx4P307uY
82sJ/AXdx8QbSBdpy+Nrgmupdcl+9KEYnmdfi6ow2d23uvsIYCAwIXKFysIPOWNONn4NCJIG401bX0um
Zf41A0pZ8F7Ih4XhJe9gVmdoeZbQF+AXw34qVsMltrZg+b2cjg3sDMpplzkZzkV7d27tw7xReghgab
11zX7EoceikKX2rZtlpe/Lu/gi7nwf8CPhJePFuoLu7Xwz8AH]KzNpVs+1sd89x95yOHTtGnl 6kPmbN
wlul+uKyxriWXtfsSxyKpvRLgG4Rz7sCu75k/bnA9QDuftzd94cfrwG2AH3rF1UkKkRVLY+PC664B6]
ghzh/dh9mwgsrJw4d FhGRuO8j0gdRFP6Q4E+ZpZtZhnAJGB+5Apm1 i fi6d8DH4SXdwyfCMbMegF9gK
2xCCT7SEB9t3cpxoPSTT2JzbX5N8vIIKylhfbt2bG3WTIUvgaul 9N29DJIgOLAQ2AS+6e7GZzOxfqOM
w3cyKzWwdocM4t4SXXw6sN703geeA29z90Mw/hUgdnfvuuxS3b88455z2TJ093¢cPBg/gq601H0bNzbJ
+4nUJKrx9N39ZeD1KstmRDz+Xg3bPQ8835CAIrH2ybpl 9Dt 25 KVE+UqTvIWEfHVDZSXnuN9x97jA4PP
9xk7ytS1le7I1dSSn8+ZI0MXkY0oKmgyG6XOTO0ujHB2yCO6M1lcCpZmzJHWE78RtWVOKQPN9+5pmVg
v8fNJuv/3z55pNSwKkmbMkdQR1h6zuzJUmoJmzRKoK6g523ZkrcUS1L6kjgDtkdWeuxBGVvgSOWM+
SVYf3rXpnruvOXAmIS19Shk+ezGF3jgWnx2aWrGhVM5viinttv101cCYRKX1LGt1df5UxglaRJsZsl
Klrh2bS2/+1vAGza9WUimYgOHpW+pIwd4Wvijuwadh93jyiv50C2N9DE£DCyDpDaVvgSMIGXL2JOWR
va¥YMYF1sLQOtnbtSg8d0/CKisBySOpS6Uvyy8/He/Rg+LZttDPDnn460Djts7I4t6ICmjXT3bnS5H
RHriS38F24Fr4Lt2V5ebB3w+bn0++ttwCwyH1zg803KUd35Epyi7e7YeMtjyON3ZErAvE3N2y8572G
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L0s/HQloZnUEkkusNndt7r7CWAUOR2MhOPuu939rfDjQ4SKpVHMr24KZtYV+Hvgd0FnaQgzawdcTm
1i0Etz9hLv/byzfIx1Lvy8wlswKzex1MxscdKCGMLPxwE53fzvoLDH2 LWBBOCHQKAVYEfG8hAQuykp
m1h04GCgMNkmD/DehHaOKoIMOUC9gL/D/woeqfmdmZ8TyDaKZIzfumNkioHMI1L911L.6D01J/Qr62Dg
WTPr5XF8mVItn+fHWNVNmM6j+vuyzuPuL4XXudJXR4Ib8ps8VAdTPex+33VTITMrA3wPPB9d/8s6Dz1Y
WbXAnvcfY2ZfSXoPA3UDLGE+I67F5rZr4C7gfti+QYIx92vquklM/sX4IVwya8yswpCY1ljsbap8dv
XT5zGzgUA28LazQehwyFtmluvuHzdhxKh92f8bADO7BbgWuDKe/yGuQOnQLeJ5V2BXQFkazMyaEyr
8fHd/Ieg8DTACGGIMIwALgXZmOkd3nxJwrvooAUrcviK3rucI1X7MJOPhnT8DowHMrC+QQYIOwuTu
77770e7e0917EvgqGuCReC782Z]YW+BEW3t1Lg85TD6uBPmaWbWYZhOaCnh9wpngx0OF7EHGCjuz8Yd
J6GcPd73L1r+GdkErA4QQuf8M/2DjPrF150JaES5xmMmIff0a/EE8ISZvQucAG5IJwD3KZPV/gRbAG+
HfXFa6+23BRogeubeZ2XRgIZAOPOHUXQHHqg8RWM3A02a2Lrzsx+7+coCZJOQ7QH54x2Tr8M1YfnH
dkSsikkKS8fCOiIjUQKUVIPpJCVPoiIilEpS8ikkJU+iIiKUSILyKSQlT6I1iIpRKUVEqUzu83MloX/
fGhmS4LOJFIfujlLlpA7C49UsBn7h71i8FnUekrrSnL1I3vyI0tosKXxJSMo69I9TI0z0wbQASgesBRR
OpNh3dEomBmlwJPA1Pd/WDQeUTqS4d3RKIzZHTgLWBI+mZvQ0/JJ6tKevohICtGevohIClHpi4ikEJ
W+1EgKUemLiKQQ1b6ISApR6YuIlpBCVvohICl1Hpi4ikkP8P0SzbxhCk2LIAAAAASUVORKSCYITI=\\n
\u, \nu,

" \"text/plain\": [\n",

" \"<matplotlib.figure.Figure at 0x7f4b1873c588>\"\n",

" ] \n",

" }, \n",

" \"metadata\": {},\n",

" \"output type\": \"display data\"\n",

" }\n",

" ] , \n",

" \"source\": [\n",

" \"# Chop an array to include only x values between minx and
maxx\\n\",\n",

" \"def datachop(x, y, minx, maxx):\\n\",\n",

" \" bool = np.logical and(x <= maxx, x >= minx)\\n\",\n",
" \" return x[bool], y[bool]\\n\",\n",
" \"\\n\",\n",

" \"# Set the min and max\\n\",\n",
" \"minx — —1\\1'1\",\1'1",

" \"maxx = I\\n\",\n",

" \"\\n\",\n",



\"# Get the new cut x and y arrays\\n\",\n",

\"cutx, cuty = datachop(x, y, minx, maxx)\\n\",\n",
AN"\An\",\n",

\"# Calculate the area under the cut arrays\\n\",\n",
\"area = integral (cutx, cuty)\\n\",\n",

\"print (\\\"Integral from\\\", minx, \\\"to\\\", maxx,

area) \\n\",\n",

n

n

\"\\n\",\n",

\"# Plot the cut arrays in red against the original in

black\\n\",\n",

n

n

\"plt.plot(x, vy, color=\\\"black\\\")\\n\",\n",
\"plt.plot (cutx, cuty, marker=\\\"o\\\",

color=\\\"red\\\")\\n\", \n",

one

axis is actually $z$ values from page 67 in the Harris textbook.
at Figure 4-3 and compare it with the plot above.

n

n

n

n

n

n

"

"

"

\"plt.xlabel (\\\"z\\\")\\n\",\n",
\"plt.show()\"\n",

I\n",

},\n",

{\n",

\"cell type\": \"markdown\",\n",
\"metadata\": {},\n",

\"source\": [\n",

AN\ "1s:\\\",

\"Now, we should put everything together to make it easier and in
function.\"\n",

I\n",
}’ \n"’
{\n",
\"cell type\": \"code\",\n",
\"execution count\": 11,\n",

\"metadata\": {},\n",
\"outputs\": [\n",
{\n",
\"name\": \"stdout\",\n",
\"output type\": \"stream\",\n",
\"text\": [\n",
\"0.656883274351\\n\"\n",

I\n",
\n",
I,\n",
\"source\": [\n",
\"def integral range(x, y, minx, maxx):\\n\",\n",
\" cutx, cuty = datachop(x, y, minx, maxx)\\n\",\n",
\" area = np.trapz(cuty, x = cutx)\\n\",\n",
\" return areal\n\",\n",
\n\\n\n, \I'l",

\"# Test it\\n\",\n",
\"print (integral range(x, y, minx,maxx))\"\n",
I\n",
},\n",
{\n",
\"cell type\": \"markdown\",\n",
\"metadata\": {},\n",
\"source\": [\n",

\"Because the mean is 0 and the standard deviation is 1, the $x$

Take a look

The values you calculate

here should be very close to twice the value of $z=1$ from table 4-1. The



reason it 1is twice is that the $z$ value in the table is from $z=0$ to $z=1$
and we are going from $z=-1$ to $z=1$.\\n\",\n",

" AN"\An\",\n",

" \"**Problem 1l:** Using the code above, calculate the area under our
Gaussian curve from the range of -2 to +2 standard deviations. This should be
near 95%. \"\n",

" J\n",

" }I\n"I

" {\n",

" \"cell type\": \"code\",\n",
" \"execution count\": 75,\n",
" \"metadata\": {},\n",

" \"outputs\": [],\n",

" \"source\": [\n",

" \"# Your code here!\"\n",

" J\n",

" }I\n"I

" {\n",

" \"cell type\": \"markdown\",\n",
" \"metadata\": {},\n",

" \"source\": [\n",

" \"Now, let's apply what you've learned to a simulated chromatogram.
This code will generate two peaks with different retention times and
widths.\"\n",

" J\n",

" } 4 \n" 4

" {\n" ,

" \"cell type\": \"code\",\n",

" \"execution count\": 12,\n",

" \"metadata\": {},\n",

" \"outputs\": [\n",

" {\n" ,

" \"data\": {\n",

" \"image/png\" .
\"1VBORwWOKGgOAAAANSUhEUgAAAYUAAAEKCAYAAADIXUIlFAAAABHNCSVQICAGI fAhkiAAAAAIWSFE 1
zAAALEgAACxIBOt1+/AAATABJIREFUeJzt3Xd4m+X18PHvsbwdO8vOIMuBDAGjQMyGEii7JZ2TSULIK
LYXSDaUL6ALat4PSwg80tKzSUErDKiPQODACPAECCV1kx910HI848Z2YtS+£943kkhOMhWZJ1xedzX
b6icet5TrS0712qijHGGAOQluwAjDHGOB2WFIwxxoRYUJDGGBN1ScEYY0yIJQV)jDEh1hSMMcaEWFE
IwxhgTYknBGGNMiCUFY4wxIenJDiBahYWFW1xcnOwwjDEmpXzwwQfVglrUXbmUSwrExcUsXbo02WE
YYOxKEZHtkZSz5iNjjDEh1hSMMcaEWFIwxhgTkrCkICKPiEiliKzuosxOEVKhImtESKIEXWKMMSYy
1awpzAYubOxOERKE/AWYoapHAP9PYCzGGGMikLCkoKoLgZouinwReFZVd7j1KxMVizHGmMgks09hE
FJBYRN4UkQIES500kxmKMMYbkJoVOYBrwKeB840ciMamjgiJyvYgsFZG1VVVVVRMIMRGr8/pdbnlzss
MwJibJTAplwHOVtVEVg4GEFwNSOCqrqgbpaoqolRUXdATsgzJileWLGbm55cyfa9jckOxZgeS2ZSeAE
4Q0TSRSQXOA1Y18R4jI1J+f5mAHbVIYYSEMN6LMALXI ) IHGA6UCGiZcBtQAaAqt 6vqutESL/AKIAA
PKyaqnQ5fNaavgbhrcf+1pGBSV8KSgqrOjKDMXcBdiYrBmNS5UWe8kgz2WFEwKsxnNxsRIsTIawp9aSg
k1d1hSMiZNgMrDmISPKLCkYEWENrX7qvG2ANR+Z1GZIwZg4CPYnZHiESr£fD2ZhUZEnBmDgINhO0dMb
KAijovgYAmOSJjesaSgjFxUFHVIAGOGT2QtoCyt7E1yREZOzOWFIyJgO0g3H+GYOYMAG62w2gcuSgjF
XUFHNJTsjjUnD8WEbImpS1yUFY+JgT10LwwuyGVGQ7V63pGBSkyUFY+Kgos7L8IJsCgdkkibWfGRS
1yUFY+Kg0k0K6Z240ivKzrPnIpCxLCsbEQU1 jKONyMwAoyM6g3p3I11PPPfccIsL69evijEZ4xEDOKY
EwceNsC5GQ660vmZgXT5PPHALwS5Cc+Zw+umn88QTT8Q7 PGM1ZknBmBj 5A0prW4CcDABAURkem1t7X1
NoaGjg7bffom9/+5s1BdPrLCkYEyOVWyvIznA+TrmZHppael 5TeP7557nggguYNGkSQ4YMYdmyZXG
JO5hIJCwpiMgiIlIpIllunCMiJ4iIX0Q+16hYIEMkZ)cp5GR6QVE2x5AUSSyZwXVXXAHAFVACWZWS
c2IP0pgIJWyTHWA2MAV4AR2CFRMQD3ANMT2Acx1iTURZUFt /kohprC3rl TWoBgAatXr0ZE8PvIiAi//
/3VEZGAXWxMZxJIJWU1DVhUBNNSW+C /wboqExXUHMY kWj AphPoUMtNp7GGfwjPPPMPVV1/NOu3b2bZtGz
£37mT8+PESWrQobvEal5Wk9ISmIyCjgUuD+ZMVgTDwOtwaAj9cUetp8NGEOHC699NKP3XbZZ2Zfxr3/
9K7YgjY1QIpuPuvN/wM2g6u+uWiwilwPXA4wdO7YXQIMmct629jUFD23uiKTMI0h+d7355psH3HbD
DTfEHKMxkUpmUigBnnATQiFwkYiOgerz7Qug60PAgwAlISW2UL3pU4K1gpzMNPffONDLOSYFY5Ita



UlBVccHL4vIbOCljhKCMX1dcPRRVVPHNQWAJ18bA81IW1zGOETCkoKIZAGMA4UiUgbcBs4nRFWLHS
EcNLzthgQGk0JjS2yzmolJhoQlBVIWAGUXZryQgDmMSraPRROBMcxWMSRZr8DOmMRE+hYx2 zUcxLHV
hTLJIYUJAMRs2+3w9JzQnl1KVhNwaQeSwrGx0ijjuaPlj4Caz4ygcmSgjExavH5yc5ITIy3NmW+T5/Yp
xLIonjHJIYknBmBgl+/yvh/gQlaz6yPgWTgiwpGBOj51Z/gD8BwjuarazgUo81lBWNiS5A3bYACg092Sg
k1d1hSMiVH7mkJampAT4+5rxiSLJIQV)YuR1O5rDSWXFtvuaMcliScGYGDX7/KHO5aCcGLEkNCZZLC
kYEYyNVU9FHALKZ6Tb6yKQkSwrGxKjZ9/E+BbCagkldlhSMiZG39cCkEMvua8YkkyUFY2LUfvIaOCu
1Wk3BpCJILCsbEyOsLHNDRnJvpCa2JZEwgsaRgTAxUlelTaLftZméemh8YW6292gSdhSUFEHhGRShEZ
3cn9VArIKvEivHRGZmghYjEmU1jZ32ewOhgRan4JIJRYmsKecwGLuji/gq3Amap6DPAr4AMEExmIMQrTfY
CcoN9NDk8+PgiYjLGN6LGFIQVUXAFVA3P+0qu5zry4GRicgFmMSxdvIWWVIIxx9QWVv2BZIRITI /11T
6Fa4GXOT7tTRK4XkaUisrSqggqgoXwzKma8GaQkdDUsPvNyZVJID0piMhZOEnh5s7KgOgDglqgiqiVEFRUW
9F5wx3Q10MO0sKTRaUJjApJj22IxeRYACHgQtVAW8yYzGmJ7zu/swHrn3kfLRspVSTapJWUxCRscCz
WEWquiFZcRgTC2+wptBuSGqw]j yGYNIXJFQmrKYjIHGAGUCgiZcBtQAaAqt4P/AIYCVXFRADaVLUkU
fEYkwihOUftagpZbpIIDlklJ1UkKLCmo6sxu7r80uCSR5zemNwT 7FNgPPvooKVifgkktSe9oNiaveT
vpaMbyrltNwaQaSwrGxKCzpJIDpcWsK1lgdgUowlBWNi8NGQ1I9/1LIyrPnIpCZLCsbEIDQktdM+Bas
PmMNRiScGYGHhIfjxpQrgnXUOh3foUTGqypGBMDLYy+WAFzFCCs+c]j2VDAPpXpKCMTHWth24FSdY85FJ
XZYUjImB19dxUgiNPrKkYFKMJQVjYtDSFgglFYUTELLS02z0kUk51hSMiUGLz092+0E1BXCakGyeg
kk11hSMiYHXFzhgjkJQVobHmMoIMyrGkYEWMOUtTAKZz5yKQkSwrGxKCz0UcCQTApWUzCpxZKCMTHosV
ko3WNOCiblWFIwJgZenz80e/mO9rAxrPjKpJ2FJQUQeEZFKEVNdyf0iIveKSKmIrBKR4xMVizGJ0OnVvV
NIY1Waz4yKSaRNYXZwAVA3H8hMNHOux74awJjMSYhWrgqgKaTb6COTehKWFFR1IVDTRZFLgH+0YZEwW
SERGJioeY¥xKhpSlgHc3moJLMPoVRwM6bwW62XubcakBHOAafV33nyUaUNSTQgKKCMIyDgROce 9nCMi+
XEBE4t3Rwm3Zy/utFZKmILK2ggorDgY2JIXfALv/Oago0+Mgmn26QgI18DngEecG8aDTwfh30XAWPCro
8GdndUUFUfVNUSVSOpKigKwemNiV1wg5201s6G40gjSwomtURSU/g2cBpQB6Cqm4BhcTj3X0OBgdxT
SyUCtgpbH4bjG9Ir09mcOshnNJhW1R1CmRVVbRZ zWHhFJIp5NmnnAiMgeYDhSKSB1wG5ABoKr3A/OA
14BSoAmM4pgfxG5M03ScFG31kUk8kSeEtEfkJkCMiSwLfAl17s7kGgOrOb+xWnFmJIMSgo2H2V1lnzkz
INQVYI/qozp6yJpProFgAI+BL608wv/Z4kMyphU402uoznDNtoxgSeSmkIO8IigPgQgIh73tgZEBm
ZMXxdsPupokx0gNKmtg7kMxvQ1kdQUXsdJAKESwGuJICceY1BEchbtpVRzNgncOmpUSSFLIVESF4xb2
cm71iQjEkNoXkKXey8BthcBZNSIkkKjeGL1IYNINKASCSEZkxpC8xS62HkNrE/BpJZI+hS+BzwtIsGJd
ZSOBLyQuUJGNSQyTzFMCaj0xg6TYpgqOoSETkcmIyzNMV6VEUlPDJIj+rjIk4LVFEzgqiKSmAHACUOYWP
05EUNV/JCwgY1KAt62b5gqPg6CPrUzAppNukICKPAYCcBK4ABgPVgBSwamXwsNSeli5zWw510TWiKpKZ
QAUSWZYMYY19cXIMMjeNIonglszUcmFUUy+mglMCLRgRiTarw+f6fDUcGSgkl1NkdQUCoG1IvI+0BK
8UVVnJICwgY1JAS5s/NOy0Ix/1KV]jzkUkdkSSF2xMdhDGpyOvrfNclsJgCSU2RDEL19gzcCMSbVtLT5
ulzTKHzZtI2NSRSQ7r50sIktEpEFEWKXELyJ1vRGCcMX1ZtzUFG31kUlAkHc2zgInAJpzF8K5zb+uWi
FwgIhtEpFREbung/rEi80alLBeRVSIyUTTBGS5NM3XU0Z3ps7S0TeiJICghgKeBRVb+g/h1nR7UuulU
ts3wdcCEwBZorI1HbFfgY8parHAVcAf4kidmOSyuvruvkoLU3TI9KTR6rekYFIJHIB3NTSKSCawQkds8
D5UBeBI87EShV1SOAIVIECAmMWNgYMAgXubYHAboxJEVS fgCF5Xf+uykpPs5gCSSmR1BSucst 9B2gE
xgCXRfC4UcDOsOt17m3hbge+507hPA/4bgTHNaZP8HY zJBWcfgXrUzCppNukoKrbgQDO2kfPAredz
UndoWiaZz/tZz0TOB2ao6GrgleExEDohJRK4XkaUisrSqqiqCUxuTeC2+QKf7MwdlpXts9JFIKZGMPv
oUsBm4F6eDuVRELozg2GU4tYqgqgORzYPHQt8BSAgr4LZONM1vsYVX1QVUtUtaSoqCiCUxuTeN31KYD
bfGRIwaSQSJIgP/gicparTVEiVMACzgnggetwSYKCL)3T6JKAC57crsADA4JICIHACQFqwgY1NDA6COA
zPQOm9FsUkokSaGyXXPRFgCyuwepahtOP8R8YB30OKKM1I IVILEQkukfED4GsishKYA3zFFt4zgcLlbl
vU8BXB2X2u2pGBSSKej0Tks+7FNSIyD6eZR4HP49QCuUqWg8 3A6kMNV+0XY5bXAaVHGbEZS+fwB/A
Elp5vmo5wMG31kUktXQ1lIvDrtcAZzpXgd4CBicsImNSQPDXf05mdOnBQ3VDa2+EINI8HgO9HH300qgor
H42HWrFmceugpyQ6rX+o00KajgqNedEtBtUNZI+BGP6jdAGO93UFLIzPKGypnM50TmsWLECgPnz53Pr
rbfyllu27FoydNkgggqp+wIbINgYdb6vTINRI85HIKUSrrg60wYOtMSJZIpnR/ 161 zAKexIJm8BoCqL
ktYVMb0cV53Q1p3Hc3ZmVZTiERzZczPHHNssXg+X8vIyFixYkOyQ+glIkkKwYe+XYbcpcHb8wzEmNT
S3un0KEdQUVNbR3K3w5gN3332Xg6++mtWrVyPS8VandnEi2U/hrN4IxJhUEupo7rZPIYImnx 9Vt S+
4CJ1lyyilUV1dTVVXFsGHDkh10vxPJjOaBInJ3cJkJEfmjiAzsjeCMbasi7WjOyfDgDyg+v02/idT6
9evx+/0MHT002aH0S5E0HZz0CrAYud69fBfwd+GynjzDmIOeNuKbg309t85PZzTpd/VmwTwFAVXnO00
Ufxelp+bkliRJIJIUDIPV8FVR7xCRFYkKyJhUEOwn6LajOZgUWv0OUZGckPKS5USfdbZ3xfECIP12YROT
14RUROASOTF5IxfV80k9fCyxvT10VSU/gm8KibjyBADECVRAZITF8X8egjN2nYCCSTKiIZfbQCmCo
iBe71uoRHZUwf99E8he5HH4HVEFEZzgiGT00Y1uQggH7haRZSJyXuJDMebv8rolhe422QkmjWDNwpi+
LpItha+6tYPzgGHANCcDVEhgVMX1ccNns7uYe5ISNPjImFUSSFILvtouAvevgSireatOYfg051d9tf
wKE9S1YTcGkiEiSwgci8gpOUpgvIvk4ezYb0281+yJLCsGd2axPwaSKSJLCtcAtwAmg2gRk4jQhdU
tELhCRDSJSKiK3dFLmchFZKyJrRORfEUduTBJIFsj8z20gjk301GX0UEJFi4EsiosAiVX2uuB8ebezH
CcB5WL1AFLRGSuUu9tasMxE4FbgNFXdJyK20I1JCZEmhWybp2BSTCSyj/4CfAP4EGe5i6+LyHORHPLE
OFRVt6hgK/AECEM7M18D71PVEQCq2u3ez8b0BV5f9/szw0dDUm35bIMgIpm8diZzwlKoggIlg8ipMgu
JMK2B12vQwdqV2Z2Sedx3wY8w02q+t8IjmIMUjX7/N30ZgbI9KSRIpYUTOQIPEOhAZA2 7TPOYYFUE ]+



tohFL7pSLTgYNAdGAM8LCIDDrgQCLXBldpragqgiuDUxiRWpKOPRMTZfc1GH5kUOW1ISEJEXRWQUMBR
YJyJvisibwFggKIJj1+EkkKDRwO40yrygqj5V3YgTgCa2P5CgPgigdapallQUyamNSSxvm7 /bZbOD
sm1LTpNCumo++kMHtwlwOs6v+udsASaKyHhgF3AF8MV2ZZ53) zVbRApxmPpO2RHBsYSLKG2FNAZykY
KOPTKroNCmo61vByyJyLMAX+uXAVuD+79g6sgm0i8hlgPk5/wSOqukZEfgksVdW57n3nichawA/8SF
X3xvIEMgY3BGcORyLHOMk2KaTTpCA1k3B+3c8E9gJPAhRLN9pygOg+Y1+62X4RAVuD7 7p8xKSPSPgV
wlrgqwS5iOTKrpgPloP/A+4WFVLAUTkpl6Jypg+TFUntEMzrBUQymYVNEV/ fcyYA/whog8JCKExNY8
MoaWNgd/wDgazcGo06Sggs+poheAwdE3gZuAdSLyV1s62/Rnke7PHGRDUkO0g6banTFULVEVXVEQOzZ
rDSFThrIRNTL320P3M0048sKbTX0ubnukeXcP9om5MdigkTyYzmEFWtARSw/4zplz7anznCO0UC2JL
VDv523ntfWVELaukoOGZTDJKmHIDskQ2Qzmo0xYSLdnzkoJ9P6FNpbtKma2e9s4+pTxnFC8WB+9PR
Kqupbkh2WwZKCMVEL7gqIWaUdzVkaadY¥YV2nllWxuDcDH76gS04Y8ZRtLOFWLC+It1hGSwpGBM1b7Q1
hQwPrWOBAOH2S3/1T4GASNBTNWAMLCIr3cMRI/MZNSiHVIfalsl9gSUFY6LU3IPRR2D7NAetLa+ju
gqGFMyc5651JCJI88YhiLSqusQ74PsKRgTISiHX0UXGLbhqU63trorHR8xgTCOG3nHDECry/A26XVyQ
rLuCwpGBOlaGsKwX2aviW02Aglg4cYq]jykgGH52aHbTjpO0CAOY0 lmw3pagQks2SgjFRC]jZxRLogXrb
VFEJa2wIs27GP0ycUfuz2rHQPR48ayJrddUmKzARZUJAMSGkEMHOaxDWp2Dt5Wz£24jPrxwxsuCA
+yaPyGdTRb11yCeZJQVijohT1PAW3nA1LhYOVDOBMGDbggPsmDc+nsdXPrv3NvR2WCWNIwZgoNfn8p
KcJGZT7IPj55WUS5SaGhpS2RYKWETZTO01HSeFySOc2zZW1Pd2WCZMQPOCiFwgIhtEpFREOLOvSUQ+Jy
IgIiWJdjMeYeGhsaWNAduQrx0OS7ZRu81hQ2VTYwdkhuhy03Jg7PB2CDJIJYWkS1hSEBEPcBOwWITAFmCk
iUzoolw/cALyXgFiMiacGbxsDsiJPCnluWaspQGlFAxXM7qCUAFGRncMjAbDbusaSQTImsKZwIlKrg
F1VtBZ4ALumg3K+A3wPeBMZiTNzUtOSXFIJ1G/t5Um] zB9hS3cCEYfmdlpk0Ip8Nbr+DSY5EJOVRW
Mow62XubSEichwwRI1IVESMACxsRVg7ct1CQUibxMp2x9P28+217ThM+vndYUACYPz2dzZQNtfpvTkS
yJITAod7dIWGMmsmImMnNAPcAPU]2QyPUis1REL1ZVVCUXRGO11xB1TSEtTcILIPT75gNNbglg4vDOkSL
E4fm0+gNs29vUW2GZdhKZFMgAMWHXRWO7w6 7nAOcBb4r INuBkYG5HNnc2g+gqCqlghgSVFRUQJIDNQZ 7
DS1tDMjO100xATLT+33zUWml01dwiWFHnSeHQojzAmc 9gkiORSWEJMFFExot IJnAFMDd4p6rWgmaghg
harajGwGJIihgksTGIMxMauPsgqMZnH6F+n6eFDZVNjBqUE60470])xUO0dpGAlheRIJWFJQ1TbgO8B8YB
3wlKquEZFfisiMRJI3XmERraPFF1acAT1Lo70NSN1UOdN10BDA4N4P87HSrKSRRAO/sKKngPGBeu9t
+0UnZ6YmMxZh48PkDeH2B6GsK2en9uk/BHIA2VzZVW20ShXZYTEYgH5rG12pJCstiMZmOiEOWX6Enz
UX/uUyjbl0RLWACJIXQOxHDRO3NJft1nyUNJYUJI1CcFhpNDOawZnAlp+HpAZHHk30pvkInH6Fsn1Nt
NpS401hScGYKASbgPKjrCnkz/Xv5gNNle5wlC7mKAQVF+YRUGxhvCSxpGBMFIJf 7NHWEIJDU1X757
LOmyrrGTkwm/wIhvIWD80FYJt1INieFJQVjohAcQRRtn0JeViptAaWlnzaJlFY2dLgyakfGucNStlt
nclJYUJAmMCg097GgON ) f1x36FQEAPprWyIgqIJMZoHBAINMZHpurkCSWFIyJQ1izNROA/F8WrgPfS100P
zVbujogwbmiezVVIEksKxkShx81Hmf13+ezg8NLgbOVIFBfasNRksaRgTBSCS1UEv+QjFawpOMfmo
+Av/nFuB3Tkxg3NY+e+J1stNQksKRgTheAGO21pHSOC3Ln8LGfUTX+sKWzb20SGRzhkUE7Ejykemo
vPr5TX2jYrvc2SgjFRaGixRA10BP27T2H73kbGDMNFEOUIHRdaGM/ 6 FXgbJQVjotAQS£7MOX1Zzp7
E/XG11G3VIYwbEnnTEcD401stNVksKRgThZ4smwlhzUf9rE9BVAIROxT65R+pYf122Gek2VyFJILCk
YEwUG1gi240zKDsjDU+a9Lvmo72NrTSO0tIVmKUcquFggNR/1PksKxkShoYcl1BZH+uSVnaORRYXQ1B
XBGK1nzUe+zpGBMFKLdAnzlcfnZGvxuSug3a+VKPtk8BnHkNO/Y24Q/0z/WikiWhSUFELhCRDSJSKi
K3dHD/90VkrYisEpHXRWRcIuMxJ1YN3p51NEP/3FNh+95G0gRGD44+KYwbmkerP8CeOhuW2psS1hR
ExAPcBlwITAFmMisiUdsWWAyWgegzwDPD7RMV] TKwCAaWhtS3qZbOD8rL6X/PR2vI6xhfmkZke /VAN
caGTSLZUNCQ7LNOFRNYUTGRKVXWLGrYCTwCXhBdQ1TdUNdhouBgYncB4jI1JbbMPVS)I6X75544My
s2kprEl1z1H1XarKip21TBOzgEePnzzcWUBvw576eIZ1upHIpDAK2Bl12vcy9rTPXA193dIeIXC8iS0
VkaVVVVRxDNCZy0O/c5v1/GOKBIHGB4QTavof2nKasS81kt1QwtTR/ csKQwdkEVRfhbrL.Sn0gkQmhY6
mL3bYYyQiXwJKgLs6ul9VHITVELUtKSogqimOIxkRuz422zE93 YHieFLKobWvH1k/V8VpXtB+hxTQHgG
8BH5V1P0oZY1IMCmXAmLDro4Hd7QudyDnAT4EZgtgSwHiMicmOmthrCgCVo£3jbb5iZ2y0ZHuGIkZHto
9CRycPz2VhRby0OQelEik8ISYKKIjBeRTOAKYG54ARESDNgAJyFUJJAWY2K206aJIXmZPR6S0OsINCh
X9ZDTNgrL9HDGygKx0T4+PcfjIAlraAjadJrRclLCmoahvwHWA+sAS54S1XX1MgvRWSGW+wuYADwt I1
SEJG5nRzOMKQr2 9 fEmMGRr /TZ3rCCLAAQ+sHKN4GA8mMFZLceMHhjTcQ4fYZ3NvalnP3kipKrzgHnt
bvtF20VzEnl+Y+JpROOTR4 /g+Zdcf6opbKlupL6lrcedzEEThgOgTWB9eROXHTOyTtGZrtiMZmMi 4
A80u/Y197iTGWBwWbiYZHgGiH/QprNwZeyczQHaGh/GFeayzmkKvsaRgTATKa5tpC21iPOSKkBOtKEY £
nz/aL5aFXzfnIzPRxWNCDmY00dM4gPtu8jYJI3NvcKSgjERIHU4atDwgiwg+sFchRV1tRw9amBUG+t
050yJhdQ0trK2vC40kZnuWFIwJgIl7g8NRe7CGT7jhBdnsOchrCgltAdbtrou56SjotAmFAPxvVU3VC
jme6ZknBmAjs3NeEJO00YOSg7puMML8imsu7g71NYv6e0Vn8g5k 7moGH52Rw+Ip/ /bbLVDHgDJQV] I
rBtbx0jBuWQ4YntIz08IJv6lraDerXUlWWIADEPRW331ULIFLN22j+ZWf9yOaTpmScGYCGyrbgS4Bx
vEtDc8OFfhIB6WumLHfobmZTI6hjkd7Z20+0ZBWf4D3tu6bN2 zFNxywpGNMNVWVbdSPjo9xSsiPBuQo
H8x4BST7bVUFI8GIHYOSmDS0ooH40kTIm7bF7djmo52UjCmG3sbW6lvaYtLTSF4JEOVB+ceAeWlzeyo
aelE8UPjetzczHSOOgSAJdtgd4npccyBLCsZ0Y1uls+50PJLCyIHZFATIZIXb7n6weX+r86V90vghc
T92SfEQVuzcT2tb/1h1N1ksKRITjaluUhg/NPakICIcPWogH+7aH/0Ox+qL3t9YwICudIOYWxP3YJe
MGO9IWYPXugzOhOhWWFIzpxtbgRt LTIJG4dp0ePHkRpZcNBOQLp/a01TBs30C6T1tgbViwYgKXWhJR



Q0lhSM6ca2vY2MGZJLeozDUYOmih5I0DNoZuhWlHNnZVNNAiQloOgdnvkLx0FxeWlX026XVtuxFglhsS
MKYbW6ubKI7DyKOg4EqrBlu/wv+9tpHONEncagaXHjealbtquflh9/jF3NWoWmKINOsKxnRBVdAm+N
z5zFIKGFWQzoiA7tF31wWDN71geWLKTL59azPg4Plft3XjORFbdf]7XnT6efy7ewV/e3BzR47ZWNL
Lb7EtYXAeThCYFEL1ARDaISKmI3NLB/Vki8gR7/3siUpzIeCIJRW1kf9a+Peq+P55aXUdv00ZtuW3U
F5bXN8Q7PxIGg8r0nlnPnf9d3W/Zf7++gqdXPpOE931KyIyeOH8JLg8r59X/WOtIW31m6Pn+AtrB9
OFWVdeV1CW1luWbO71p8+9yGX3/8ug3IyuOHsiXE/R3sDstL5yUVHcMmxh/DHVzawYmEXyXV/UysX/
3kRNz6xvMtytc2+UOKUEp 7VAAAXGE1IEQVR0oafP3uMOnS1UDv5mM3joYU7TTNKWEFIQEQIOWH3AhMAWYKS
JT2hW7FtinghOAe4ATEXVPVAJT519cuztz717IX9/6+K8PVeXh/22htLLjseW/emktNz25kpN/+zq
PvbuN21iYf1/31Ha6dvTSUYOg8Pu5+ZQ03Pvshzy4rA6Cy3hvalaglLUBpZUPUe9F+sL2G1lbubb4zQ
VVbs3I/X17MvoNW7anl9XQUlja09%enx7myrgqP5ZEw+3Y28TMBxfzwfZ9qCoLN1Zx8Z8XcfkD73a66
X001iXzB+kgeX7Gbv7+91TpvxzGoKrPf3spPnlvNWZOL+0OzxoyI+fiR+dclRXF4yhof+t5U/v17azd
mGlraPfcl359pH13LpX94Jvdb/eHc7F/Tpf9y7YFO0zKIN1dz9yoYOHT7+vsZVrZy/hn4u3d3mem59
ZxafuXcQzH5Rx4dEjefLrpzAwNyPiOGOR1ib8v88cxbD8bG5+ZhWPLNrKw/ /bOuH7YPY722hoaePN
DVWhIbMd+fbjy5h+1xs8ubyM8+9Z2yF1l/eJMtVAHNI21u9fP1lxz7gwYVb+MZjH6Tk8F1JIJVJuciJwC3
K6g57vXbwVQ1ld+GlZnv1nlXRNKBPUCRAhFUSUMJL126NC4xgigzFpRyz2sbubxkDK+sdb70CrLT+d
+Pzwb69wUsrGzjn7rcYPTiHuUd85nSF5maFjrNSVy8WzFnHpsaOoamjh7dJgTj50K09sdgbjP3btiRw
7ZhBXP/I+K3fuZ0BWONnXeNm6/eAoPLtxCAdUMrf7nye05dsI1VZbXkz6UzekguddbkcunxoziniOF4
0oSmljay0z2khY3qgaGxp49TfLSAZPYOFPziT/OyPfyCrGlg48+X15GdnsLa8lsVbajh8RD6zvng8E
471vM59Z2b2X+9/cwgc7IvHQ1dMY1p/N5qoGZvx5EY2t £ I8wl+vnMY5U4YDzg+1fy8rd462NVdx64R
GhFS278sKKXXz/qZWMHZLLE9e fHNrQPui389bxwMIt5GV60GrUQN7bWKkNRfhZV9S386PzJfPusCQD
sqfXy+/+u59VIFTS1+vnNpUfxhRPG8u7mvSwqrSKg8PVPHMggXOf1Wldex+agBu5+dSO1TT72Nrby
/2z5zFF86eRzvbdnLzf9%exc8/PYUzJhZx29zVzH1/J+d0Gc6sLx4X0z7DXblhznlmr9nDn6441ntfL
+WoM8B8bz2eNHA8SEsHt fL+XppTsS5ZFAONSO07kRITRx0wskdVaWhpYOBWOst2700yv74LwDWnEXPM6T
H8801VpKcJaSK88cPpDM7L40w/vMWu/c0s/NFZjA3rLems9/K1h99jY0UDmelp/PfGMzi0gz0R31h
fyTWz13D1KeP4wbmTey0ZtPfa2gqu+8dH3wc3X3A435x+GABzV+5Ggd+/sdqiRwlkw556BuzkMHIQ
D1NHD+TGT06kugGVnAwPaWlw7C9fRVUIKBQOYETVST6H]) 8gnw5PGIyYW8pnjRoXeT+2pKj 9+ZhXPL
CvjgpPH8Y93t3POECcP40xXHkZeVzrbgRm58YjmnTijkypPGMjgKFX{f3N7Wya38zBdkZPd7TQ0Q+UN
WSbss1MC18DrhAVa9zrl18FnKSq3wkrs9otU+Zze3+yW6XSN3HglhabWNn709Cr+82E5U8cMYuX0/WR
60v3j5V054Yn1XHDkCE4aP4RL I xvN8yt2cdveNWRAhBOKh/CPr57Iwk1V3P3gRirgWggE1DAd+NB2P
CDNmLWJzVSMzTxzLgvUVDC/IDtUCZn3xeM46vIgvPLCYFTv3k5+VTmF+VmjI403nTmIPrZfyWi+try
vZTWd/COM1FfPPMw7 3 +sQ84b8pw7vr8VDZW1FOQncEF/V5dz+4trAbj29PH8 /NMfVcS8P8zH1 rMml
11pKVBToaHL508jsff24E/0Lz03dMpys/i9XWVvLO5SmvGFeeRmpvObeeto9vkRAFPHJOTX1xTN5/7
6DpX1Lfzh88dwz6ub2FrdyHfPnsB/1+xh+Y79pAkMzMkgoPD8t09jJQFY6/11dzubal6ceNpSaxlbK
93WT6ULlj+c59vLx6D8eMHKkRPRT15WemMGZLL1eOH8K3ph5Gbmec5pv1vAMCES1DS2sq/ Ix3fPnsAXT
xrL959%9ayStrInBY0QAg6lucaWwlMz2NS48dxZ2LtNQQCygNX1XDhnxaSJoLifLj/dMVxDM3L5NN/ Xk
SL+8vtb1l8ud4a75G8jwpHH7IC1lc8/cll1HnbyMnwMGn4AFaWl fLtsw7jB+d0/1gijreyfU2c/ce3aG0
LhL7sf3jeZHbtb+KppWWoKpcdP5pVZbWsLa9j8vB8Pnv8KI4ZPYiTDx3Ck0t2cseLa2n2+TnykAIK
SINYW17HuUVOG88wHT0308BH53H35sXzmvrc5¢c3TRUOCPS5A+vbATgIxcdzvWEcL5E2 /wBvvijQel3y4dqg
ShbfXXYOP3t+NaMH51TI4IBOvz8+QvEyG5GUyODeTuSt3k5Wexss3foLMI0OR2Tb63Z2S8jBmbzhlc28t
Kg3dz52WNAAMEPrAqV+£c3T6W0sp6b//0h44bmsnlvE20H5LJzXxMnFA/ha2ccytf+sZ2S/XHk8Gyv
g+XzJIGBpb2vixM6tQoK7Z2x9bqRgqy0znp0KEs2VZD4YAszphYyPfOmcTAnAzumr+e+97YzAInT+D7
503msXe3cdveNRw+ooAnvndyf5i/geff24Ggkp6WxoxjD2FTZONjBucw64vHo6ghRBTkDyg/f2E1/
3pvBwDfOPMwbrnw8B49T30hKXweOL9dUJhRVb8bVmaNWyY8KZyoqnvbHet 64HgASWPHT tu+vetgbW
fgvT7e3FDFhj31vLaugo0Vodx64RFcd8Z4Fm+pwecP8I1JRfz4mZUBtdT5QF13+ni21zSxfk8dN35
yEJ98eiWXHjeK19ZWMGRAJuOGS5nH1SWMS /8gRAGyuambD229v44 fmTmfP+Dn738ngG5WEx+88dw/TJ
wwDNF+4vX1jN1z5xKIcMyuEHT639610KPzZ2qo80f4J+Lt3PHS2tRhUxPGq3+AHfMOJLfzFtHdoaHr
PQOxgzJZdLwfJI5cso0jRglkzOBcBudl8E7pXrbubXR+1R/hnDfdk8a26kYunrWIUYNy8PkDbK5qJC
fDQ7Pb1HDi+CHcedkxPLO8F396fROFATKoaWzhka+cwPTIw9i9v5kZsxZR3dDKpOEDUOz40XzmuFF
4fX5mzHr7Y515aQLtW80K8rP41NEjueXCwlmzu5ZZC0ppbPHz/janNvCVU4u5a/4G/jzz0M47¢ciiqg
zpaMAHsbWviBOytJTxOGF2QzcmA21xw/71jFDcnlhxS5ufGIF44bmUl3fwsIfn0V5rZcbnljOjpomR
gzMprHFzONXTyMILY2pYwbx97e3coebVIvys3jwgml8d85yghtauOtzU71461iE9ep9F62+LtvJOaT
W3zz1iS78xZ27vxASU9)xtRDUPGTExkzJJdAQIm3upw/vbadTW4z5gGFeWypbuSUQ4dy8gFDefh/W6h
vaeOGsyfwzekTeOTtrRx5SAGNH1ZIZnoa971Ry13znSajlwddSn2Lj/SONG67eA0ovrNJN3sZWX1y5
m7svn8pnjx/Nk0t2cOuzHzI5RAEDCILZ1+1jpamVEiY2tKPD4dSdx8gqHxXc4iF16fn2sfXcLbpXtJE
zj1sEK+d85E6rw+zj7cqdkGalRPLI93JY4u3U5CdwalSak4cP4QPy2pZcdubndYKl+yubeS5XNrKuvl
6TDxVK/1Yfb22somhAFKkMHZLJmdx0zTxzLby49KrTu04L1FVz76FK+UDKG/ 6wq59wpw/nB+%0597V
NPLOsJOH5Weyu9fLU10/h2WV1LN6y139edxKjB+eyvomVnz6/mv+sKufKk8Zy20RCIJhhZ 0000/ L6Q



FPpUB89F/VpVz05MraPUHSBMYPTiX0y45krPcL+pwgkptsd+fPPchizZVowgfnjgS3372GG6fudbz7
2yjIDud/9xwRpdVOa/PzwsrdnHBkSN7XL1+bnkZzy7bxWOXH8kXH1pMZX0LowblkJvpYVN1A/d/ 6X
hOOayQP7++1Y2VDeysaaKgvoViRg/kypPG8aljDhweGKxyjxyYza8uOYrpk4vYXNXIzpomzjp8GJ4
Owevzc8mstxGBX196FNPGETT2 fGANE3VeHINGFnxs0b0Olu+t4Ze0e8jLTOXXCUIgH5]1£9g0ymDBs
AF6fnd4LsjA5/ea/cuZ+bnlzBlupGBmS1s+Sn55CTGXmTjc8f4PQ7F1BR1I8INNS5zI98+dBERBtk4+vP
baU97fW8MBVOOLJIG5z230ff3caw/CxOnl1DIsIJsahpbafb5GTU0fit8RgO1lzc/W6kYOLRZQ6S/wEY
2tvL6+kvvi2syUkQXc9f1jyEr3UFpZzz8XT7+CmcyZl+nbbvaullx9d/bwbWnFzN/TQV3zd9AXgaHlrY
AbQH189NGc9fnpd4bKt/kDB8zPUFVa/YGENanFos0f4J7XNrJk6z4euGoag/M6buodqm3ycdJvX8Pr
CzB9chGzrzkxgqvOtKtvPL19cS4YnjbMPH8ZXTx9/QPPeT57 7MPRL/ 9/ fPCXOWEIHINY2532bk+mhb
F8zIs7ufiePH8r8tXuoa/bxo/M/ahKLRaRIwa2yxP8PSAe2A00BTGAlcGS7ML8G7ncvXwE81d1lxp0
2bpj2xrbpB7517Rt/fuld9bf6IHVP+1r067uaXdNzNL+mLK3epgmprml 9/9eTafXtTVY/1iMXLH+7
WM+5coOvKa7WuuVVEX7dHA4FAJ471Yd1l+rWlu7bdMmz/Q4+P3xP7GVv3mP5fqvad9t 7NHJH1g4WU/ 6
9WsH/L+8vjbdsKcuHiEeVLZUNeidml/S0+98Xcv3N2tNQ4v6/b33evcVP356pY67+SVoaOHMhBY/p
gqFFp94xX8+/5600P0+zFmzScTe/pOff85a+t2WvTvvVgzrtVe/otbPf17W7a+MWB7RBUI/juT1hNAU
BELgL+D/AAT6jgr0Xkl125wcO0UkKG3gMOA60Aa5Q1S1dHTOeHc3dUVU+de81i1pbXsezn536sg9n0Tao
alyWbD3YL1l1lcwZeRARgyMbUeb5VEZa2cCNTyzngaumRAX5G41NFfVkpXs+1gkfvO/18Z2t567 jmtPFM
Gpb6fsPdwOpuPEqU3kwI4a8Mv37Ev1Bln]jDGpKNKkkN4bwaSyE4qHCcEIxYtZyMcaYvsaWuTDGGBNiS
cEYYOyIJQV]jjDEh1hSMMcaEWFIwxhgTYknBGGNMiCUFY4wxIZYU]JDHGhKTcjGYRqQJI6tkwgFAKdLS
udZHO01NosrOn01Lui7sV1c0elpXONUtai7QimXFGIhIksjmeadDHO1NosrOn01Lui7sV1cO0ULl0XNZ
8Z2IwxJsSSgjHGMID+1hQeTHYAXeirsV1cOemrcUHfjc311k5C4+pXEfQrGGGO61t9qCsYYY7pwUCYF
Eb1ARDaISKmI3NLB/Vki8gR7/3siUtwLMYORKTAEZJ2IrBGRGzsoM1l1EakVkhfv3i0THFXbubSLyo
XveA3YxEse97n02SkS074WYJoc9FytEpESEvteuTK88ZyLyiThUisjgsNuGiMirIrLJ/XdwJ4/9s1
tmk4h8uZdiuOtElruvlXMiMgiTx3b5uicgrttFZFfY63VRI4/t870cgLieDItpm4is60SxiXy+0Ovy
O6PX3WSR7dgbSH87Wn5uBQ/lob+gp7cp8id/vDf1kL8Q1E]jevZwPbOwgrunAS0163rYBhV3cfxHw
MiDAycB75Xhd9+CMte715wz4BHA8sDrstt8Dt71iXbwHuU70BxQ3D2Kh8CDHYVD+6F2M4D0t3LA3YUW
ySvewLiuh34YQSvdzef4XjHle7+PwK/SMLz1eF3RG+/zw7GmsKIQKmgbl1HVVUAJI4JJ2ZS4BHNUVPW
N8UhK8sa+qlqvgMvdyPbAOGIXIc8bZJIcA/1LEYGCQiI3vk/J8ENgtgTycuxkRVF+LsIx4u/H30KPC
ZDh56PvCggtao6]7gVeCCRMemgg+oapt7dTEWOp7n7G1lcEYrkM5yQuNzvgcuBOfE6X6S6+I1701ff2
WZgURgE7Tw66XceCXb6iM+8GpBYb2SnSA21x1HPBeB3efIiIrReR1IETmyt2ICFHhFRD4Qkes7uD+S5
zZWRrgDzD2gynrPhgloOzgcaGNZBmWQ/bwBfxanldaS71z0RvuM2az3SSVNIMp+zM4AKVA3Uyf298n
v1+4701ffZwZgUOvrF336IVSRIEKJEBgGD/BrongnXt716G0zwyFfgz8HxvxOQ6TVWPBYy4Evi0in2h
3fzKfs0xgBvBOB3cn8zmLRNKeNwAR+SNQB] zeSZHUXvA4 +ytwGHASUI 7TVNNeMp+zmXRdS09489XN
d0SnD+vgth492wdjUigDxoRAHW3s7qyMiKQDA+1ZNTcqIpKB82I/rgqrPtr9fVetUtcG9PA/IEJHCR
Mflnm+3+2818BxOFT5cIMIrolwILFPVivZ3JPMSAYygqCTWjuv5UdlEna8+zZ2Nn4auFLdhuf2Injd40
PVK1TVr60B4KFOzpeU58z9Lvgs8GRNZRLOfHXyHAGr770DMSksASaKyHj3F+YVwNx2ZeYCwd75zwE
LOvvQOxIvbVvk3YJ2g3t1ImRHBvgORORHN 9dmbyLjcc+WISH7wMk4n5ep2xeYCV4viZKA2WKXtBZ3+
ekviWc+YKEx99GX1hgzLzgfNEZLDbVHKeeltCicgFwM3ADEVEt6qRMIK97vOMK74e6tJPZREIZToRzZg
PWgWtbRnY1l+vrr4jujd91kietGT/YczUmYjzgiGn7q3/RLNAWKQIdAMUUQg8DxzaCzGdj10dWwiWscP
8UATr4BfMMt8x1gDc501i8XAqb30fB3gnnOle/7gcxYemwD3uc/phOBJL8WWi/M1PzDst15/znCSUJjn
gw/1VdilOP9TrwCb33yFu2RLg4bDHftVIr5UCl /RSbKU4bczB91pwtNOhwLyuXvcEx/WY+/5ZhfN1
N7J9X071Az7DiYzLvX128H0VVrY3n6/0viN69X1ImM5gNMcaEHIzNR8YYY3rTkoIxxpgQSwrGGGNCL
CkYY4wJsaRgjDEmxJKCSUki4ndXgqlwtIi92tgpoWP1BIVKtGM/5FRES5J0z6wyIyJcZjXh020mdr2A
qcvxORGfFeIdSY7tiQVJOSRKRBVQe41x8FNgrgr7soX4yzmupRMZzzTZwVPuO6ZHLY8bfhzP+0oTsT
xJYmE1RTMweBdwhb/EpEficgSd9G109ybfwcc5v4AKvouzciISTK5n/5CT7pv0rIpIiIp/DmSz0uHuM
HBF5UORK3MENdH/1rxaRO8N1iaRCRX7sL910WkeGR/gfcmsks9/JsEfmrOOvtbxGRMO0F5daJyOywx
5wnIu+KyDIRedpdR8eYiF1SMCINRDwdy2rPda+fBO0zEWZPmMWGCau2jZLThLbx+rgj/gqohzu7fep6p
HAfuAyVXOGWIgzjtCxgtocFsMhOHsSWNnO0e 6wQRCS5vnAcsVMEBvoXAl12L47w52z3ET8CJIJwD3AkcLS
THOuu+£Qz4Bx1FmlbCnw/hvOZfig92QEY00M54uyOVQx8gLN+PDhrvpwHLHevD8D5kt /R7vFdldug
qsGdtz5wz9GVE4A3VbUKQEQexInISXmgFXgp7FjnRvof 7MCLqqoi81iHO8s4 fuudb48Y4GmdT1lrfd5
aAycWpRxkTMkoJJIVc2gqeqyIDMT50v02cC/0Gk2/VAdUHwgvLgVuudlWuJewmP5DTTSxdbdDk04867v
zE9pkLxhXg4zEG30P6cTZamRnDOUw/Z81HJIgWpailwA/BDcZYdng98NdiWLiKJRGQYUI+zxWFQZ+W
60v4YQe8BZ4pIoducNRN4KSb/Vw8tBk4TkQkATIpIr IpOSEIdJIYVZTMC1PVZeLyErgC1lVITESOANST
mlAagC+p6omYReVuczdpfdvsVDiiH82u7TM70B+0WkGTgl7Pz1InIr8AZOrWGeqnaOvHFCqWgViHwFm
CMiWe7NP8NZbdSYiNiQVGOMMSHWEGSMMSbEkoIxxpgQSwrGGGNCLCkYY4wIsaRgjDEmxJKCMcaYEE
sKxhhjQiwpGGOMCEn/28YxLcW2P6IAAAAASUVORKSCYII=\\n\", \n",
" \"text/plain\": [\n",
" \"<matplotlib.figure.Figure at 0x7f4b1872c048>\"\n",



J\n",
}o\n",
\"metadata\": {},\n",
\"output type\": \"display data\"\n",
\n",

I1,\n",

\"source\": [\n",

\"# Set the retention times\\n\",\n",
\"tl = 10\\n\",\n",

\"t2 = 15\\n\",\n",

\"\\n\",\n",

\"# Set the peak widths\\n\",\n",
\"wl = I\\n\",\n",

\"w2 = 1.5\\n\",\n",

\"\An\",\n",

\"# Define the x axis\\n\",\n",

\"x = np.arange (0,20, 0.1)\\n\",\n",
\"\An\",\n",

\"# Sum together two gaussians and some noise.

is set to have half the area of the first\\n\",\n",

\"y = Gaussian(x, tl, wl/4) + 0.5*Gaussian(x,

np.random.normal (0,0.01, len(x))\\n\",\n",

\"\\n\", \n",

\"# Plot the results\\n\",\n",

\"plt .plot (x, V) \An\", \n",

\"plt.xlabel (\\\"Retention Time\\\")\\n\",\n",
\"plt.ylabel (\\\"Absorbance\\\")\\n\",\n",
\"plt.text (t1+1, 1.4, \\\"A\\\")\\n\",\n",
\"plt.text (t2, 0.7, \\\"B\\\")\\n\",\n",
\"plt.show ()\"\n",

I\n",

},\n",

{\n",

\"cell type\": \"markdown\",\n",
\"metadata\": {},\n",
\"source\": [\n",

Note, the second one

£2,

w2/4) +

\"**Problem 2:** Find the **a)** the area of peak A, **b)** the area

of peak B, and **c)** the ratio of the area of A the area of B. Hint: the
ratio of A/B should be around 2. \"\n",

" ]\n",

" },\n",

" {\n",

11 \"cell_type\": \"code\",\n",

" \"execution count\": 78,\n",

\"metadata\": {},\n",
\"outputs\": [],\n",
\"source\": [\n",

\"# Your code here\\n\",\n",

\"# Hint: you should use the integral range function from
above\"\n",

I\n",

},A\n",

{\n",

\"cell type\": \"markdown\",\n",
\"metadata\": {},\n",
\"source\": [\n",



" \"**Problem 3:** Assume peak A i1s the internal standard with a known
molar absorptivity of 4,500 M<sup>-1</sup>cm<sup>-1</sup> and a known
concentration of 5 mM. Assume peak B is our analyte with a known molar
absorptivity of 3,700 M<sup>-1</sup>cm<sup>-1</sup>. **a)** What is the
detector response factor, F? **b)** What is the concentration of our analyte
from the chromatogram Problem 22\"\n",

" J\n",

" } 14 \n"I

" {\n",

" \"cell type\": \"code\",\n",
" \"execution count\": 79,\n",

" \"metadata\": {},\n",
" \"outputs\": [],\n",

" \"Source\": [\nn’

" \"# Your code here\"\n",
" ]\1’1",

" }\nn’

" ]’\nn’

" \"metadata\": {\n",

" \"kernelspec\": {\n",

" \"display name\": \"Python 3\",\n",

" \"language\": \"python\",\n",

" \"name\": \"python3\"\n",

" }’\n"’

" \"language info\": {\n",

" \"codemirror mode\": {\n",

" \uname\n: \"ipython\",\n",

" \"version\": \vv3\vv\nn,

" },\n",

" \"file extension\": \".py\",\n",

" \"mimetype\": \"text/x-python\",\n",
" \uname\n: \"python\",\n",

" \"nbconvert exporter\": \"python\",\n",
" \"pygments lexer\": \"ipython3\",\n",
" \"version\": \"3.6.2\"\n",

" }\n",
" }, \nu,
" \"nbformat\": 4,\n",
" \"nbformat minor\": 2\n",
"}"
]
}y
{
"cell type": "code",
"execution count": null,
"metadata": {},
"outputs": [],
"source": []
}y
{
"cell type": "code",
"execution count": null,
"metadata": {},

"outputs": [],
"source": []

s
{



"cell type": "code",

"execution count": null,
"metadata": {},
"outputs": [],
"source": []

br

{
"cell type": "code",
"execution count": null,
"metadata": {},
"outputs": [],
"source": []

I

{
"cell type": "code",
"execution count": null,
"metadata": {},
"outputs": [],
"source": []

}

1y

"metadata": {

"kernelspec": {
"display name": "Python 3",
"language": "python",
"name": "python3"

by

"language info": {
"codemirror mode": {

"name": "ipython",
"version": 3

by
"file extension": ".py",
"mimetype": "text/x-python",
"name": "python",
"nbconvert exporter": "python",
"pygments lexer": "ipython3",
"version": "3.6.2"

}

b

"nbformat": 4,

"nbformat minor": 2



