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Student No.: Surname, Initials:

Instructions:

• Enter your Surname, Initials and Student # above.

• Read all questions and instructions carefully. It is your
responsibility to make sure that your paper has 21 pages
(excluding the coversheet(s)).

• Answer the written questions on the question paper in pen ONLY.

Written Questions

• Draw diagrams where appropriate.
Marks are allocated for diagrams.

• Show all work, clearly and in order, if you want to get full credit.
Justify the steps you take to ensure full marks. We reserve the
right to take off marks if we cannot see how you arrived at your
answer (even if your final answer is correct). Please keep your written
answers brief; be clear and to the point. We reserve the right to take
points off for rambling, incorrect or irrelevant statements.

• Do algebra with variables. Numerical values can be substituted at
the end. Numerical work will only be evaluated at the last step.

• Underline or otherwise indicate your final answers.

Written Marks

Q 1 /16

Q 2 /12

Q 3 /12

Q 4 /06

Q 5 /09

Q 6 /08

Q 7 /17
Tot. /80

Mark
Summary
7 Written: 80pts

8 MCQ: 20pts

Full-marks:
100pts

Multiple Choice Questions (MCQ)

• Mark your answer for the question clearly on the script.

• There is only one correct answer per question. Entering more than one
answer for a question will result in 0 marks.

• If you change an answer make sure you completely erase your first
one. Failure to erase well enough could result in 0 marks for
the question if the marker reads both answers.



Some useful formula

Coulomb’s force law F =
kq1q2
r2

Gauss’ law ε0

∮
~E · d ~A = qenc

Potential difference Vab = −
∫ b

a

~E · d~̀

Ohm’s law V = IR

Capacitance Q = CV and U =
1

2
CV 2

Lorentz force law ~F = q ~E + q~v × ~B

Ampère’s law

∮
~B · d~̀= µ0I

Biot-Savart law d ~B =
µ0
4π

id~̀× r̂

r2

Faraday’s law ε = −N dΦB

dt

Magnetic flux ΦB =

∫
~B · d ~A

Inductance Li = NΦB and U =
1

2
Li2

Fundamental constants and useful numbers

Quantity Symbol Value

speed of light in vacuum c0 3.00 × 108 m/s

Gravitational constant G 6.67 × 10−11 N · m2/kg2

Avogadro’s number NA 6.02 × 1023 mol−1

Boltzmann’s constant kB 1.38 × 10−23 J/K

Magnitude of electron charge e 1.60 × 10−19 C

Permittivity constant ε0 8.85 × 10−12 C2/N · m2

Permeability constant µ0 4π × 10−7 T · m/A

Coulomb’s law constant k = 1/4πε0 8.99 × 109 N · m2/C2

Planck’s constant h 6.63 × 10−34 J · s

Electron mass me 9.11 × 10−31 kg

Proton mass mp 1.6726 × 10−27 kg

Neutron mass mn 1.6749 × 10−27 kg

average acceleration due to gravity near Earth g 9.8 m/s2
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Written Questions 80 points (80.0% of available marks) (pgs 2-18)

16 pts

1.
A metal cylinder of radius, r1, is concentric with another metal cylinder of radius r2.
The space between the cylinders is filled with air. The length of the cylinders is l. You may
assume that the length of the cylinders l is much larger than r1 and r2.

(a) (8 pts) Suppose the inner cylinder carries a charge, −q, and the outer cylinder carries
as charge, q. Use Gauss’ law to determine the electric field between the cylinders.
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(b) (5 pts) Determine the potential difference between the inner and outer cylinder
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(c) (3 pts) If r1=2.0 mm, r2=5.0 mm and l=50 cm, determine the capacitance of the
cylinders.
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12 pts

2.
Using Kirchhoff’s rules, find the current iab in the circuit shown below, where ε = 1 V and
R = 1 Ω

�<latexit sha1_base64="oC2iMyx8APvhZqx1UClHovlGu08=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBxnCXRsuAjWVE8wHJEfY2e8mSvb1jd04IR36CjYUitv4iO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqEacJ9yM6UiIUjKKVHqpX1UG54tbcBcg68XJSgRzNQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGN74mVBJilyx5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66Rdr3luzbuvVxqNPI4inME5XIIH19CAO2hCCxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gAqwY0J</latexit> <latexit sha1_base64="oC2iMyx8APvhZqx1UClHovlGu08=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBxnCXRsuAjWVE8wHJEfY2e8mSvb1jd04IR36CjYUitv4iO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqEacJ9yM6UiIUjKKVHqpX1UG54tbcBcg68XJSgRzNQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGN74mVBJilyx5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66Rdr3luzbuvVxqNPI4inME5XIIH19CAO2hCCxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gAqwY0J</latexit> <latexit sha1_base64="oC2iMyx8APvhZqx1UClHovlGu08=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBxnCXRsuAjWVE8wHJEfY2e8mSvb1jd04IR36CjYUitv4iO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqEacJ9yM6UiIUjKKVHqpX1UG54tbcBcg68XJSgRzNQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGN74mVBJilyx5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66Rdr3luzbuvVxqNPI4inME5XIIH19CAO2hCCxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gAqwY0J</latexit> <latexit sha1_base64="oC2iMyx8APvhZqx1UClHovlGu08=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBxnCXRsuAjWVE8wHJEfY2e8mSvb1jd04IR36CjYUitv4iO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqEacJ9yM6UiIUjKKVHqpX1UG54tbcBcg68XJSgRzNQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGN74mVBJilyx5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66Rdr3luzbuvVxqNPI4inME5XIIH19CAO2hCCxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gAqwY0J</latexit>+
<latexit sha1_base64="aCf0P/f4nzvgfaSLAnygxViNm+4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LLaCIJSkFz0WvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPVSvqoNyxa25C5B14uWkAjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbzxM6GSFLliy0VhKgnGZP43GQrNGcqpJZRpYW8lbEw1ZWjTKdkQvNWX10m7XvPcmndfrzQaeRxFOINzuAQPrqEBd9CEFjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AEnt40H</latexit> <latexit sha1_base64="aCf0P/f4nzvgfaSLAnygxViNm+4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LLaCIJSkFz0WvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPVSvqoNyxa25C5B14uWkAjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbzxM6GSFLliy0VhKgnGZP43GQrNGcqpJZRpYW8lbEw1ZWjTKdkQvNWX10m7XvPcmndfrzQaeRxFOINzuAQPrqEBd9CEFjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AEnt40H</latexit> <latexit sha1_base64="aCf0P/f4nzvgfaSLAnygxViNm+4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LLaCIJSkFz0WvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPVSvqoNyxa25C5B14uWkAjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbzxM6GSFLliy0VhKgnGZP43GQrNGcqpJZRpYW8lbEw1ZWjTKdkQvNWX10m7XvPcmndfrzQaeRxFOINzuAQPrqEBd9CEFjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AEnt40H</latexit> <latexit sha1_base64="aCf0P/f4nzvgfaSLAnygxViNm+4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LLaCIJSkFz0WvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPVSvqoNyxa25C5B14uWkAjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbzxM6GSFLliy0VhKgnGZP43GQrNGcqpJZRpYW8lbEw1ZWjTKdkQvNWX10m7XvPcmndfrzQaeRxFOINzuAQPrqEBd9CEFjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AEnt40H</latexit>

�<latexit sha1_base64="oC2iMyx8APvhZqx1UClHovlGu08=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBxnCXRsuAjWVE8wHJEfY2e8mSvb1jd04IR36CjYUitv4iO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqEacJ9yM6UiIUjKKVHqpX1UG54tbcBcg68XJSgRzNQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGN74mVBJilyx5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66Rdr3luzbuvVxqNPI4inME5XIIH19CAO2hCCxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gAqwY0J</latexit><latexit sha1_base64="oC2iMyx8APvhZqx1UClHovlGu08=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBxnCXRsuAjWVE8wHJEfY2e8mSvb1jd04IR36CjYUitv4iO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqEacJ9yM6UiIUjKKVHqpX1UG54tbcBcg68XJSgRzNQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGN74mVBJilyx5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66Rdr3luzbuvVxqNPI4inME5XIIH19CAO2hCCxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gAqwY0J</latexit><latexit sha1_base64="oC2iMyx8APvhZqx1UClHovlGu08=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBxnCXRsuAjWVE8wHJEfY2e8mSvb1jd04IR36CjYUitv4iO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqEacJ9yM6UiIUjKKVHqpX1UG54tbcBcg68XJSgRzNQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGN74mVBJilyx5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66Rdr3luzbuvVxqNPI4inME5XIIH19CAO2hCCxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gAqwY0J</latexit><latexit sha1_base64="oC2iMyx8APvhZqx1UClHovlGu08=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBxnCXRsuAjWVE8wHJEfY2e8mSvb1jd04IR36CjYUitv4iO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqEacJ9yM6UiIUjKKVHqpX1UG54tbcBcg68XJSgRzNQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGN74mVBJilyx5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66Rdr3luzbuvVxqNPI4inME5XIIH19CAO2hCCxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gAqwY0J</latexit> +
<latexit sha1_base64="aCf0P/f4nzvgfaSLAnygxViNm+4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LLaCIJSkFz0WvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPVSvqoNyxa25C5B14uWkAjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbzxM6GSFLliy0VhKgnGZP43GQrNGcqpJZRpYW8lbEw1ZWjTKdkQvNWX10m7XvPcmndfrzQaeRxFOINzuAQPrqEBd9CEFjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AEnt40H</latexit><latexit sha1_base64="aCf0P/f4nzvgfaSLAnygxViNm+4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LLaCIJSkFz0WvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPVSvqoNyxa25C5B14uWkAjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbzxM6GSFLliy0VhKgnGZP43GQrNGcqpJZRpYW8lbEw1ZWjTKdkQvNWX10m7XvPcmndfrzQaeRxFOINzuAQPrqEBd9CEFjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AEnt40H</latexit><latexit sha1_base64="aCf0P/f4nzvgfaSLAnygxViNm+4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LLaCIJSkFz0WvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPVSvqoNyxa25C5B14uWkAjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbzxM6GSFLliy0VhKgnGZP43GQrNGcqpJZRpYW8lbEw1ZWjTKdkQvNWX10m7XvPcmndfrzQaeRxFOINzuAQPrqEBd9CEFjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AEnt40H</latexit><latexit sha1_base64="aCf0P/f4nzvgfaSLAnygxViNm+4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LLaCIJSkFz0WvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPVSvqoNyxa25C5B14uWkAjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbzxM6GSFLliy0VhKgnGZP43GQrNGcqpJZRpYW8lbEw1ZWjTKdkQvNWX10m7XvPcmndfrzQaeRxFOINzuAQPrqEBd9CEFjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AEnt40H</latexit>

� <latexit sha1_base64="oC2iMyx8APvhZqx1UClHovlGu08=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBxnCXRsuAjWVE8wHJEfY2e8mSvb1jd04IR36CjYUitv4iO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqEacJ9yM6UiIUjKKVHqpX1UG54tbcBcg68XJSgRzNQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGN74mVBJilyx5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66Rdr3luzbuvVxqNPI4inME5XIIH19CAO2hCCxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gAqwY0J</latexit><latexit sha1_base64="oC2iMyx8APvhZqx1UClHovlGu08=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBxnCXRsuAjWVE8wHJEfY2e8mSvb1jd04IR36CjYUitv4iO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqEacJ9yM6UiIUjKKVHqpX1UG54tbcBcg68XJSgRzNQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGN74mVBJilyx5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66Rdr3luzbuvVxqNPI4inME5XIIH19CAO2hCCxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gAqwY0J</latexit><latexit sha1_base64="oC2iMyx8APvhZqx1UClHovlGu08=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBxnCXRsuAjWVE8wHJEfY2e8mSvb1jd04IR36CjYUitv4iO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqEacJ9yM6UiIUjKKVHqpX1UG54tbcBcg68XJSgRzNQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGN74mVBJilyx5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66Rdr3luzbuvVxqNPI4inME5XIIH19CAO2hCCxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gAqwY0J</latexit><latexit sha1_base64="oC2iMyx8APvhZqx1UClHovlGu08=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBxnCXRsuAjWVE8wHJEfY2e8mSvb1jd04IR36CjYUitv4iO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqEacJ9yM6UiIUjKKVHqpX1UG54tbcBcg68XJSgRzNQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGN74mVBJilyx5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66Rdr3luzbuvVxqNPI4inME5XIIH19CAO2hCCxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gAqwY0J</latexit>

+<latexit sha1_base64="aCf0P/f4nzvgfaSLAnygxViNm+4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LLaCIJSkFz0WvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPVSvqoNyxa25C5B14uWkAjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbzxM6GSFLliy0VhKgnGZP43GQrNGcqpJZRpYW8lbEw1ZWjTKdkQvNWX10m7XvPcmndfrzQaeRxFOINzuAQPrqEBd9CEFjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AEnt40H</latexit><latexit sha1_base64="aCf0P/f4nzvgfaSLAnygxViNm+4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LLaCIJSkFz0WvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPVSvqoNyxa25C5B14uWkAjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbzxM6GSFLliy0VhKgnGZP43GQrNGcqpJZRpYW8lbEw1ZWjTKdkQvNWX10m7XvPcmndfrzQaeRxFOINzuAQPrqEBd9CEFjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AEnt40H</latexit><latexit sha1_base64="aCf0P/f4nzvgfaSLAnygxViNm+4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LLaCIJSkFz0WvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPVSvqoNyxa25C5B14uWkAjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbzxM6GSFLliy0VhKgnGZP43GQrNGcqpJZRpYW8lbEw1ZWjTKdkQvNWX10m7XvPcmndfrzQaeRxFOINzuAQPrqEBd9CEFjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AEnt40H</latexit><latexit sha1_base64="aCf0P/f4nzvgfaSLAnygxViNm+4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LLaCIJSkFz0WvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPVSvqoNyxa25C5B14uWkAjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbzxM6GSFLliy0VhKgnGZP43GQrNGcqpJZRpYW8lbEw1ZWjTKdkQvNWX10m7XvPcmndfrzQaeRxFOINzuAQPrqEBd9CEFjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AEnt40H</latexit>

5"
<latexit sha1_base64="V4HHZPU8xe1/n40ELQsLJgpFKLs=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AVPJXdguix4MVjBfsB7VKy6Wwbmk2WJFuoS3+JFw+KePWnePPfmLZ70NYHA4/3ZpiZFyacaeN5305ha3tnd6+4Xzo4PDouuyenbS1TRaFFJZeqGxINnAloGWY4dBMFJA45dMLJ3cLvTEFpJsWjmSUQxGQkWMQoMVYauOXqNe5PiYJEMy5FdeBWvJq3BN4kfk4qKEdz4H71h5KmMQhDOdG653uJCTKiDKMc5qV+qiEhdEJG0LNUkBh0kC0Pn+NLqwxxJJUtYfBS/T2RkVjrWRzazpiYsV73FuJ/Xi810W2QMZGkBgRdLYpSjo3EixTwkCmghs8sIVQxeyumY6IINTarkg3BX395k7TrNd+r+Q/1SqOZx1FE5+gCXSEf3aAGukdN1EIUpegZvaI358l5cd6dj1VrwclnztAfOJ8/weCSiQ==</latexit><latexit sha1_base64="V4HHZPU8xe1/n40ELQsLJgpFKLs=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AVPJXdguix4MVjBfsB7VKy6Wwbmk2WJFuoS3+JFw+KePWnePPfmLZ70NYHA4/3ZpiZFyacaeN5305ha3tnd6+4Xzo4PDouuyenbS1TRaFFJZeqGxINnAloGWY4dBMFJA45dMLJ3cLvTEFpJsWjmSUQxGQkWMQoMVYauOXqNe5PiYJEMy5FdeBWvJq3BN4kfk4qKEdz4H71h5KmMQhDOdG653uJCTKiDKMc5qV+qiEhdEJG0LNUkBh0kC0Pn+NLqwxxJJUtYfBS/T2RkVjrWRzazpiYsV73FuJ/Xi810W2QMZGkBgRdLYpSjo3EixTwkCmghs8sIVQxeyumY6IINTarkg3BX395k7TrNd+r+Q/1SqOZx1FE5+gCXSEf3aAGukdN1EIUpegZvaI358l5cd6dj1VrwclnztAfOJ8/weCSiQ==</latexit><latexit sha1_base64="V4HHZPU8xe1/n40ELQsLJgpFKLs=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AVPJXdguix4MVjBfsB7VKy6Wwbmk2WJFuoS3+JFw+KePWnePPfmLZ70NYHA4/3ZpiZFyacaeN5305ha3tnd6+4Xzo4PDouuyenbS1TRaFFJZeqGxINnAloGWY4dBMFJA45dMLJ3cLvTEFpJsWjmSUQxGQkWMQoMVYauOXqNe5PiYJEMy5FdeBWvJq3BN4kfk4qKEdz4H71h5KmMQhDOdG653uJCTKiDKMc5qV+qiEhdEJG0LNUkBh0kC0Pn+NLqwxxJJUtYfBS/T2RkVjrWRzazpiYsV73FuJ/Xi810W2QMZGkBgRdLYpSjo3EixTwkCmghs8sIVQxeyumY6IINTarkg3BX395k7TrNd+r+Q/1SqOZx1FE5+gCXSEf3aAGukdN1EIUpegZvaI358l5cd6dj1VrwclnztAfOJ8/weCSiQ==</latexit><latexit sha1_base64="V4HHZPU8xe1/n40ELQsLJgpFKLs=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AVPJXdguix4MVjBfsB7VKy6Wwbmk2WJFuoS3+JFw+KePWnePPfmLZ70NYHA4/3ZpiZFyacaeN5305ha3tnd6+4Xzo4PDouuyenbS1TRaFFJZeqGxINnAloGWY4dBMFJA45dMLJ3cLvTEFpJsWjmSUQxGQkWMQoMVYauOXqNe5PiYJEMy5FdeBWvJq3BN4kfk4qKEdz4H71h5KmMQhDOdG653uJCTKiDKMc5qV+qiEhdEJG0LNUkBh0kC0Pn+NLqwxxJJUtYfBS/T2RkVjrWRzazpiYsV73FuJ/Xi810W2QMZGkBgRdLYpSjo3EixTwkCmghs8sIVQxeyumY6IINTarkg3BX395k7TrNd+r+Q/1SqOZx1FE5+gCXSEf3aAGukdN1EIUpegZvaI358l5cd6dj1VrwclnztAfOJ8/weCSiQ==</latexit>

2"
<latexit sha1_base64="NgW6X+b2H7YtMN7abI6fZ8w1gZQ=">AAAB+HicbVA9TwJBEJ3zE/ED1NJmI5hYkTsaLUlsLDGRjwQuZG+Zgw17e5fdPRK88EtsLDTG1p9i579xgSsUfMkkL+/NZGZekAiujet+O1vbO7t7+4WD4uHR8UmpfHrW1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkbuF3pqg0j+WjmSXoR3QkecgZNVYalEvVOulPqcJEcxHL6qBccWvuEmSTeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOC/2U40JZRM6wp6lkkao/Wx5+JxcWWVIwljZkoYs1d8TGY20nkWB7YyoGet1byH+5/VSE976GZdJalCy1aIwFcTEZJECGXKFzIiZJZQpbm8lbEwVZcZmVbQheOsvb5J2vea5Ne+hXmk08zgKcAGXcA0e3EAD7qEJLWCQwjO8wpvz5Lw4787HqnXLyWfO4Q+czx+9LZKG</latexit><latexit sha1_base64="NgW6X+b2H7YtMN7abI6fZ8w1gZQ=">AAAB+HicbVA9TwJBEJ3zE/ED1NJmI5hYkTsaLUlsLDGRjwQuZG+Zgw17e5fdPRK88EtsLDTG1p9i579xgSsUfMkkL+/NZGZekAiujet+O1vbO7t7+4WD4uHR8UmpfHrW1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkbuF3pqg0j+WjmSXoR3QkecgZNVYalEvVOulPqcJEcxHL6qBccWvuEmSTeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOC/2U40JZRM6wp6lkkao/Wx5+JxcWWVIwljZkoYs1d8TGY20nkWB7YyoGet1byH+5/VSE976GZdJalCy1aIwFcTEZJECGXKFzIiZJZQpbm8lbEwVZcZmVbQheOsvb5J2vea5Ne+hXmk08zgKcAGXcA0e3EAD7qEJLWCQwjO8wpvz5Lw4787HqnXLyWfO4Q+czx+9LZKG</latexit><latexit sha1_base64="NgW6X+b2H7YtMN7abI6fZ8w1gZQ=">AAAB+HicbVA9TwJBEJ3zE/ED1NJmI5hYkTsaLUlsLDGRjwQuZG+Zgw17e5fdPRK88EtsLDTG1p9i579xgSsUfMkkL+/NZGZekAiujet+O1vbO7t7+4WD4uHR8UmpfHrW1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkbuF3pqg0j+WjmSXoR3QkecgZNVYalEvVOulPqcJEcxHL6qBccWvuEmSTeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOC/2U40JZRM6wp6lkkao/Wx5+JxcWWVIwljZkoYs1d8TGY20nkWB7YyoGet1byH+5/VSE976GZdJalCy1aIwFcTEZJECGXKFzIiZJZQpbm8lbEwVZcZmVbQheOsvb5J2vea5Ne+hXmk08zgKcAGXcA0e3EAD7qEJLWCQwjO8wpvz5Lw4787HqnXLyWfO4Q+czx+9LZKG</latexit><latexit sha1_base64="NgW6X+b2H7YtMN7abI6fZ8w1gZQ=">AAAB+HicbVA9TwJBEJ3zE/ED1NJmI5hYkTsaLUlsLDGRjwQuZG+Zgw17e5fdPRK88EtsLDTG1p9i579xgSsUfMkkL+/NZGZekAiujet+O1vbO7t7+4WD4uHR8UmpfHrW1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkbuF3pqg0j+WjmSXoR3QkecgZNVYalEvVOulPqcJEcxHL6qBccWvuEmSTeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOC/2U40JZRM6wp6lkkao/Wx5+JxcWWVIwljZkoYs1d8TGY20nkWB7YyoGet1byH+5/VSE976GZdJalCy1aIwFcTEZJECGXKFzIiZJZQpbm8lbEwVZcZmVbQheOsvb5J2vea5Ne+hXmk08zgKcAGXcA0e3EAD7qEJLWCQwjO8wpvz5Lw4787HqnXLyWfO4Q+czx+9LZKG</latexit>

"
<latexit sha1_base64="n/fLDZWDN8bo9ENfTinlAX00SBc=">AAAB9HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLUlsLDGRjwQuZG+Zgw17u+fuHgm58DtsLDTG1h9j579xgSsUfMkkL+/NZGZemHCmjed9O4Wt7Z3dveJ+6eDw6PikfHrW1jJVFFtUcqm6IdHImcCWYYZjN1FI4pBjJ5zcLfzOFJVmUjyaWYJBTEaCRYwSY6Wg2p8ShYlmXIrqoFzxat4S7ibxc1KBHM1B+as/lDSNURjKidY930tMkBFlGOU4L/VTjQmhEzLCnqWCxKiDbHn03L2yytCNpLIljLtUf09kJNZ6Foe2MyZmrNe9hfif10tNdBtkTCSpQUFXi6KUu0a6iwTcIVNIDZ9ZQqhi9laXjoki1NicSjYEf/3lTdKu13yv5j/UK41mHkcRLuASrsGHG2jAPTShBRSe4Ble4c2ZOi/Ou/Oxai04+cw5/IHz+QN61ZHv</latexit><latexit sha1_base64="n/fLDZWDN8bo9ENfTinlAX00SBc=">AAAB9HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLUlsLDGRjwQuZG+Zgw17u+fuHgm58DtsLDTG1h9j579xgSsUfMkkL+/NZGZemHCmjed9O4Wt7Z3dveJ+6eDw6PikfHrW1jJVFFtUcqm6IdHImcCWYYZjN1FI4pBjJ5zcLfzOFJVmUjyaWYJBTEaCRYwSY6Wg2p8ShYlmXIrqoFzxat4S7ibxc1KBHM1B+as/lDSNURjKidY930tMkBFlGOU4L/VTjQmhEzLCnqWCxKiDbHn03L2yytCNpLIljLtUf09kJNZ6Foe2MyZmrNe9hfif10tNdBtkTCSpQUFXi6KUu0a6iwTcIVNIDZ9ZQqhi9laXjoki1NicSjYEf/3lTdKu13yv5j/UK41mHkcRLuASrsGHG2jAPTShBRSe4Ble4c2ZOi/Ou/Oxai04+cw5/IHz+QN61ZHv</latexit><latexit sha1_base64="n/fLDZWDN8bo9ENfTinlAX00SBc=">AAAB9HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLUlsLDGRjwQuZG+Zgw17u+fuHgm58DtsLDTG1h9j579xgSsUfMkkL+/NZGZemHCmjed9O4Wt7Z3dveJ+6eDw6PikfHrW1jJVFFtUcqm6IdHImcCWYYZjN1FI4pBjJ5zcLfzOFJVmUjyaWYJBTEaCRYwSY6Wg2p8ShYlmXIrqoFzxat4S7ibxc1KBHM1B+as/lDSNURjKidY930tMkBFlGOU4L/VTjQmhEzLCnqWCxKiDbHn03L2yytCNpLIljLtUf09kJNZ6Foe2MyZmrNe9hfif10tNdBtkTCSpQUFXi6KUu0a6iwTcIVNIDZ9ZQqhi9laXjoki1NicSjYEf/3lTdKu13yv5j/UK41mHkcRLuASrsGHG2jAPTShBRSe4Ble4c2ZOi/Ou/Oxai04+cw5/IHz+QN61ZHv</latexit><latexit sha1_base64="n/fLDZWDN8bo9ENfTinlAX00SBc=">AAAB9HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLUlsLDGRjwQuZG+Zgw17u+fuHgm58DtsLDTG1h9j579xgSsUfMkkL+/NZGZemHCmjed9O4Wt7Z3dveJ+6eDw6PikfHrW1jJVFFtUcqm6IdHImcCWYYZjN1FI4pBjJ5zcLfzOFJVmUjyaWYJBTEaCRYwSY6Wg2p8ShYlmXIrqoFzxat4S7ibxc1KBHM1B+as/lDSNURjKidY930tMkBFlGOU4L/VTjQmhEzLCnqWCxKiDbHn03L2yytCNpLIljLtUf09kJNZ6Foe2MyZmrNe9hfif10tNdBtkTCSpQUFXi6KUu0a6iwTcIVNIDZ9ZQqhi9laXjoki1NicSjYEf/3lTdKu13yv5j/UK41mHkcRLuASrsGHG2jAPTShBRSe4Ble4c2ZOi/Ou/Oxai04+cw5/IHz+QN61ZHv</latexit>

R
<latexit sha1_base64="pglM44PaSsb2kokc8zmXd2vtMqk=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4Irtc9EjixSM+eCSwIbPDLEyYnd3M9JqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1iNOE+xEdKREKRtFKD9X76qBccWvuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddKu1zy35t3VK41mHkcRzuAcLsGDK2jALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwBnyo0+</latexit><latexit sha1_base64="pglM44PaSsb2kokc8zmXd2vtMqk=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4Irtc9EjixSM+eCSwIbPDLEyYnd3M9JqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1iNOE+xEdKREKRtFKD9X76qBccWvuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddKu1zy35t3VK41mHkcRzuAcLsGDK2jALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwBnyo0+</latexit><latexit sha1_base64="pglM44PaSsb2kokc8zmXd2vtMqk=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4Irtc9EjixSM+eCSwIbPDLEyYnd3M9JqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1iNOE+xEdKREKRtFKD9X76qBccWvuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddKu1zy35t3VK41mHkcRzuAcLsGDK2jALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwBnyo0+</latexit><latexit sha1_base64="pglM44PaSsb2kokc8zmXd2vtMqk=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4Irtc9EjixSM+eCSwIbPDLEyYnd3M9JqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1iNOE+xEdKREKRtFKD9X76qBccWvuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddKu1zy35t3VK41mHkcRzuAcLsGDK2jALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwBnyo0+</latexit>

2R
<latexit sha1_base64="Hth5onk+2QLo2/XAWSjTLVnICNg=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoueiTx4hGNBRNoyHaZwobtttndmpCG3+DFg8Z49Qd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT7p6CRTDH2WiEQ9hlSj4BJ9w43Ax1QhjUOB3XByM/e7T6g0T+SDmaYYxHQkecQZNVby601yXx9Ua27DXYCsE68gNSjQHlS/+sOEZTFKwwTVuue5qQlyqgxnAmeVfqYxpWxCR9izVNIYdZAvjp2RC6sMSZQoW9KQhfp7Iqex1tM4tJ0xNWO96s3F/7xeZqLrIOcyzQxKtlwUZYKYhMw/J0OukBkxtYQyxe2thI2poszYfCo2BG/15XXSaTY8t+HdNWutdhFHGc7gHC7BgytowS20wQcGHJ7hFd4c6bw4787HsrXkFDOn8AfO5w8vEY2k</latexit><latexit sha1_base64="Hth5onk+2QLo2/XAWSjTLVnICNg=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoueiTx4hGNBRNoyHaZwobtttndmpCG3+DFg8Z49Qd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT7p6CRTDH2WiEQ9hlSj4BJ9w43Ax1QhjUOB3XByM/e7T6g0T+SDmaYYxHQkecQZNVby601yXx9Ua27DXYCsE68gNSjQHlS/+sOEZTFKwwTVuue5qQlyqgxnAmeVfqYxpWxCR9izVNIYdZAvjp2RC6sMSZQoW9KQhfp7Iqex1tM4tJ0xNWO96s3F/7xeZqLrIOcyzQxKtlwUZYKYhMw/J0OukBkxtYQyxe2thI2poszYfCo2BG/15XXSaTY8t+HdNWutdhFHGc7gHC7BgytowS20wQcGHJ7hFd4c6bw4787HsrXkFDOn8AfO5w8vEY2k</latexit><latexit sha1_base64="Hth5onk+2QLo2/XAWSjTLVnICNg=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoueiTx4hGNBRNoyHaZwobtttndmpCG3+DFg8Z49Qd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT7p6CRTDH2WiEQ9hlSj4BJ9w43Ax1QhjUOB3XByM/e7T6g0T+SDmaYYxHQkecQZNVby601yXx9Ua27DXYCsE68gNSjQHlS/+sOEZTFKwwTVuue5qQlyqgxnAmeVfqYxpWxCR9izVNIYdZAvjp2RC6sMSZQoW9KQhfp7Iqex1tM4tJ0xNWO96s3F/7xeZqLrIOcyzQxKtlwUZYKYhMw/J0OukBkxtYQyxe2thI2poszYfCo2BG/15XXSaTY8t+HdNWutdhFHGc7gHC7BgytowS20wQcGHJ7hFd4c6bw4787HsrXkFDOn8AfO5w8vEY2k</latexit><latexit sha1_base64="Hth5onk+2QLo2/XAWSjTLVnICNg=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoueiTx4hGNBRNoyHaZwobtttndmpCG3+DFg8Z49Qd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT7p6CRTDH2WiEQ9hlSj4BJ9w43Ax1QhjUOB3XByM/e7T6g0T+SDmaYYxHQkecQZNVby601yXx9Ua27DXYCsE68gNSjQHlS/+sOEZTFKwwTVuue5qQlyqgxnAmeVfqYxpWxCR9izVNIYdZAvjp2RC6sMSZQoW9KQhfp7Iqex1tM4tJ0xNWO96s3F/7xeZqLrIOcyzQxKtlwUZYKYhMw/J0OukBkxtYQyxe2thI2poszYfCo2BG/15XXSaTY8t+HdNWutdhFHGc7gHC7BgytowS20wQcGHJ7hFd4c6bw4787HsrXkFDOn8AfO5w8vEY2k</latexit>

2R
<latexit sha1_base64="Hth5onk+2QLo2/XAWSjTLVnICNg=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoueiTx4hGNBRNoyHaZwobtttndmpCG3+DFg8Z49Qd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT7p6CRTDH2WiEQ9hlSj4BJ9w43Ax1QhjUOB3XByM/e7T6g0T+SDmaYYxHQkecQZNVby601yXx9Ua27DXYCsE68gNSjQHlS/+sOEZTFKwwTVuue5qQlyqgxnAmeVfqYxpWxCR9izVNIYdZAvjp2RC6sMSZQoW9KQhfp7Iqex1tM4tJ0xNWO96s3F/7xeZqLrIOcyzQxKtlwUZYKYhMw/J0OukBkxtYQyxe2thI2poszYfCo2BG/15XXSaTY8t+HdNWutdhFHGc7gHC7BgytowS20wQcGHJ7hFd4c6bw4787HsrXkFDOn8AfO5w8vEY2k</latexit><latexit sha1_base64="Hth5onk+2QLo2/XAWSjTLVnICNg=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoueiTx4hGNBRNoyHaZwobtttndmpCG3+DFg8Z49Qd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT7p6CRTDH2WiEQ9hlSj4BJ9w43Ax1QhjUOB3XByM/e7T6g0T+SDmaYYxHQkecQZNVby601yXx9Ua27DXYCsE68gNSjQHlS/+sOEZTFKwwTVuue5qQlyqgxnAmeVfqYxpWxCR9izVNIYdZAvjp2RC6sMSZQoW9KQhfp7Iqex1tM4tJ0xNWO96s3F/7xeZqLrIOcyzQxKtlwUZYKYhMw/J0OukBkxtYQyxe2thI2poszYfCo2BG/15XXSaTY8t+HdNWutdhFHGc7gHC7BgytowS20wQcGHJ7hFd4c6bw4787HsrXkFDOn8AfO5w8vEY2k</latexit><latexit sha1_base64="Hth5onk+2QLo2/XAWSjTLVnICNg=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoueiTx4hGNBRNoyHaZwobtttndmpCG3+DFg8Z49Qd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT7p6CRTDH2WiEQ9hlSj4BJ9w43Ax1QhjUOB3XByM/e7T6g0T+SDmaYYxHQkecQZNVby601yXx9Ua27DXYCsE68gNSjQHlS/+sOEZTFKwwTVuue5qQlyqgxnAmeVfqYxpWxCR9izVNIYdZAvjp2RC6sMSZQoW9KQhfp7Iqex1tM4tJ0xNWO96s3F/7xeZqLrIOcyzQxKtlwUZYKYhMw/J0OukBkxtYQyxe2thI2poszYfCo2BG/15XXSaTY8t+HdNWutdhFHGc7gHC7BgytowS20wQcGHJ7hFd4c6bw4787HsrXkFDOn8AfO5w8vEY2k</latexit><latexit sha1_base64="Hth5onk+2QLo2/XAWSjTLVnICNg=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoueiTx4hGNBRNoyHaZwobtttndmpCG3+DFg8Z49Qd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT7p6CRTDH2WiEQ9hlSj4BJ9w43Ax1QhjUOB3XByM/e7T6g0T+SDmaYYxHQkecQZNVby601yXx9Ua27DXYCsE68gNSjQHlS/+sOEZTFKwwTVuue5qQlyqgxnAmeVfqYxpWxCR9izVNIYdZAvjp2RC6sMSZQoW9KQhfp7Iqex1tM4tJ0xNWO96s3F/7xeZqLrIOcyzQxKtlwUZYKYhMw/J0OukBkxtYQyxe2thI2poszYfCo2BG/15XXSaTY8t+HdNWutdhFHGc7gHC7BgytowS20wQcGHJ7hFd4c6bw4787HsrXkFDOn8AfO5w8vEY2k</latexit>

R
<latexit sha1_base64="pglM44PaSsb2kokc8zmXd2vtMqk=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4Irtc9EjixSM+eCSwIbPDLEyYnd3M9JqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1iNOE+xEdKREKRtFKD9X76qBccWvuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddKu1zy35t3VK41mHkcRzuAcLsGDK2jALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwBnyo0+</latexit><latexit sha1_base64="pglM44PaSsb2kokc8zmXd2vtMqk=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4Irtc9EjixSM+eCSwIbPDLEyYnd3M9JqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1iNOE+xEdKREKRtFKD9X76qBccWvuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddKu1zy35t3VK41mHkcRzuAcLsGDK2jALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwBnyo0+</latexit><latexit sha1_base64="pglM44PaSsb2kokc8zmXd2vtMqk=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4Irtc9EjixSM+eCSwIbPDLEyYnd3M9JqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1iNOE+xEdKREKRtFKD9X76qBccWvuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddKu1zy35t3VK41mHkcRzuAcLsGDK2jALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwBnyo0+</latexit><latexit sha1_base64="pglM44PaSsb2kokc8zmXd2vtMqk=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4Irtc9EjixSM+eCSwIbPDLEyYnd3M9JqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1iNOE+xEdKREKRtFKD9X76qBccWvuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddKu1zy35t3VK41mHkcRzuAcLsGDK2jALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwBnyo0+</latexit>iab

<latexit sha1_base64="RpuEwagBr1lKJSngm07gZgPsumM=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLElsLDGRjwQuZG7Zgw17e+fungm58CdsLDTG1r9j579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqKGvTWMSqF6BmgkvWNtwI1ksUwygQrBtMbxd+94kpzWP5YGYJ8yMcSx5yisZKvSofZhjMq8Nyxa25S5BN4uWkAjlaw/LXYBTTNGLSUIFa9z03MX6GynAq2Lw0SDVLkE5xzPqWSoyY9rPlvXNyZZURCWNlSxqyVH9PZBhpPYsC2xmhmeh1byH+5/VTE974GZdJapikq0VhKoiJyeJ5MuKKUSNmliBV3N5K6AQVUmMjKtkQvPWXN0mnXvPcmndfrzRbeRxFuIBLuAYPGtCEO2hBGygIeIZXeHMenRfn3flYtRacfOYc/sD5/AF76Y+h</latexit><latexit sha1_base64="RpuEwagBr1lKJSngm07gZgPsumM=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLElsLDGRjwQuZG7Zgw17e+fungm58CdsLDTG1r9j579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqKGvTWMSqF6BmgkvWNtwI1ksUwygQrBtMbxd+94kpzWP5YGYJ8yMcSx5yisZKvSofZhjMq8Nyxa25S5BN4uWkAjlaw/LXYBTTNGLSUIFa9z03MX6GynAq2Lw0SDVLkE5xzPqWSoyY9rPlvXNyZZURCWNlSxqyVH9PZBhpPYsC2xmhmeh1byH+5/VTE974GZdJapikq0VhKoiJyeJ5MuKKUSNmliBV3N5K6AQVUmMjKtkQvPWXN0mnXvPcmndfrzRbeRxFuIBLuAYPGtCEO2hBGygIeIZXeHMenRfn3flYtRacfOYc/sD5/AF76Y+h</latexit><latexit sha1_base64="RpuEwagBr1lKJSngm07gZgPsumM=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLElsLDGRjwQuZG7Zgw17e+fungm58CdsLDTG1r9j579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqKGvTWMSqF6BmgkvWNtwI1ksUwygQrBtMbxd+94kpzWP5YGYJ8yMcSx5yisZKvSofZhjMq8Nyxa25S5BN4uWkAjlaw/LXYBTTNGLSUIFa9z03MX6GynAq2Lw0SDVLkE5xzPqWSoyY9rPlvXNyZZURCWNlSxqyVH9PZBhpPYsC2xmhmeh1byH+5/VTE974GZdJapikq0VhKoiJyeJ5MuKKUSNmliBV3N5K6AQVUmMjKtkQvPWXN0mnXvPcmndfrzRbeRxFuIBLuAYPGtCEO2hBGygIeIZXeHMenRfn3flYtRacfOYc/sD5/AF76Y+h</latexit><latexit sha1_base64="RpuEwagBr1lKJSngm07gZgPsumM=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLElsLDGRjwQuZG7Zgw17e+fungm58CdsLDTG1r9j579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqKGvTWMSqF6BmgkvWNtwI1ksUwygQrBtMbxd+94kpzWP5YGYJ8yMcSx5yisZKvSofZhjMq8Nyxa25S5BN4uWkAjlaw/LXYBTTNGLSUIFa9z03MX6GynAq2Lw0SDVLkE5xzPqWSoyY9rPlvXNyZZURCWNlSxqyVH9PZBhpPYsC2xmhmeh1byH+5/VTE974GZdJapikq0VhKoiJyeJ5MuKKUSNmliBV3N5K6AQVUmMjKtkQvPWXN0mnXvPcmndfrzRbeRxFuIBLuAYPGtCEO2hBGygIeIZXeHMenRfn3flYtRacfOYc/sD5/AF76Y+h</latexit>

a
<latexit sha1_base64="rC2m2mIhee+scQ84wWtVdy6Bydk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLElsLDHKRwIXsrfMwYa9vcvungm58BNsLDTG1l9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0duF3n1BpHstHM0vQj+hY8pAzaqz0UKXVYbni1twlyCbxclKBHK1h+WswilkaoTRMUK37npsYP6PKcCZwXhqkGhPKpnSMfUsljVD72fLUObmyyoiEsbIlDVmqvycyGmk9iwLbGVEz0eveQvzP66cmvPEzLpPUoGSrRWEqiInJ4m8y4gqZETNLKFPc3krYhCrKjE2nZEPw1l/eJJ16zXNr3n290mzlcRThAi7hGjxoQBPuoAVtYDCGZ3iFN0c4L86787FqLTj5zDn8gfP5A36VjU0=</latexit><latexit sha1_base64="rC2m2mIhee+scQ84wWtVdy6Bydk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLElsLDHKRwIXsrfMwYa9vcvungm58BNsLDTG1l9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0duF3n1BpHstHM0vQj+hY8pAzaqz0UKXVYbni1twlyCbxclKBHK1h+WswilkaoTRMUK37npsYP6PKcCZwXhqkGhPKpnSMfUsljVD72fLUObmyyoiEsbIlDVmqvycyGmk9iwLbGVEz0eveQvzP66cmvPEzLpPUoGSrRWEqiInJ4m8y4gqZETNLKFPc3krYhCrKjE2nZEPw1l/eJJ16zXNr3n290mzlcRThAi7hGjxoQBPuoAVtYDCGZ3iFN0c4L86787FqLTj5zDn8gfP5A36VjU0=</latexit><latexit sha1_base64="rC2m2mIhee+scQ84wWtVdy6Bydk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLElsLDHKRwIXsrfMwYa9vcvungm58BNsLDTG1l9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0duF3n1BpHstHM0vQj+hY8pAzaqz0UKXVYbni1twlyCbxclKBHK1h+WswilkaoTRMUK37npsYP6PKcCZwXhqkGhPKpnSMfUsljVD72fLUObmyyoiEsbIlDVmqvycyGmk9iwLbGVEz0eveQvzP66cmvPEzLpPUoGSrRWEqiInJ4m8y4gqZETNLKFPc3krYhCrKjE2nZEPw1l/eJJ16zXNr3n290mzlcRThAi7hGjxoQBPuoAVtYDCGZ3iFN0c4L86787FqLTj5zDn8gfP5A36VjU0=</latexit><latexit sha1_base64="rC2m2mIhee+scQ84wWtVdy6Bydk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLElsLDHKRwIXsrfMwYa9vcvungm58BNsLDTG1l9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0duF3n1BpHstHM0vQj+hY8pAzaqz0UKXVYbni1twlyCbxclKBHK1h+WswilkaoTRMUK37npsYP6PKcCZwXhqkGhPKpnSMfUsljVD72fLUObmyyoiEsbIlDVmqvycyGmk9iwLbGVEz0eveQvzP66cmvPEzLpPUoGSrRWEqiInJ4m8y4gqZETNLKFPc3krYhCrKjE2nZEPw1l/eJJ16zXNr3n290mzlcRThAi7hGjxoQBPuoAVtYDCGZ3iFN0c4L86787FqLTj5zDn8gfP5A36VjU0=</latexit>

b
<latexit sha1_base64="/dL4xDuNDaVBQLPqD5MsQSaMKrA=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLElsLDHKRwIXsrfMwYa9vcvungm58BNsLDTG1l9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0duF3n1BpHstHM0vQj+hY8pAzaqz0UA2qw3LFrblLkE3i5aQCOVrD8tdgFLM0QmmYoFr3PTcxfkaV4UzgvDRINSaUTekY+5ZKGqH2s+Wpc3JllREJY2VLGrJUf09kNNJ6FgW2M6Jmote9hfif109NeONnXCapQclWi8JUEBOTxd9kxBUyI2aWUKa4vZWwCVWUGZtOyYbgrb+8STr1mufWvPt6pdnK4yjCBVzCNXjQgCbcQQvawGAMz/AKb45wXpx352PVWnDymXP4A+fzB4AajU4=</latexit><latexit sha1_base64="/dL4xDuNDaVBQLPqD5MsQSaMKrA=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLElsLDHKRwIXsrfMwYa9vcvungm58BNsLDTG1l9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0duF3n1BpHstHM0vQj+hY8pAzaqz0UA2qw3LFrblLkE3i5aQCOVrD8tdgFLM0QmmYoFr3PTcxfkaV4UzgvDRINSaUTekY+5ZKGqH2s+Wpc3JllREJY2VLGrJUf09kNNJ6FgW2M6Jmote9hfif109NeONnXCapQclWi8JUEBOTxd9kxBUyI2aWUKa4vZWwCVWUGZtOyYbgrb+8STr1mufWvPt6pdnK4yjCBVzCNXjQgCbcQQvawGAMz/AKb45wXpx352PVWnDymXP4A+fzB4AajU4=</latexit><latexit sha1_base64="/dL4xDuNDaVBQLPqD5MsQSaMKrA=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLElsLDHKRwIXsrfMwYa9vcvungm58BNsLDTG1l9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0duF3n1BpHstHM0vQj+hY8pAzaqz0UA2qw3LFrblLkE3i5aQCOVrD8tdgFLM0QmmYoFr3PTcxfkaV4UzgvDRINSaUTekY+5ZKGqH2s+Wpc3JllREJY2VLGrJUf09kNNJ6FgW2M6Jmote9hfif109NeONnXCapQclWi8JUEBOTxd9kxBUyI2aWUKa4vZWwCVWUGZtOyYbgrb+8STr1mufWvPt6pdnK4yjCBVzCNXjQgCbcQQvawGAMz/AKb45wXpx352PVWnDymXP4A+fzB4AajU4=</latexit><latexit sha1_base64="/dL4xDuNDaVBQLPqD5MsQSaMKrA=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLElsLDHKRwIXsrfMwYa9vcvungm58BNsLDTG1l9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0duF3n1BpHstHM0vQj+hY8pAzaqz0UA2qw3LFrblLkE3i5aQCOVrD8tdgFLM0QmmYoFr3PTcxfkaV4UzgvDRINSaUTekY+5ZKGqH2s+Wpc3JllREJY2VLGrJUf09kNNJ6FgW2M6Jmote9hfif109NeONnXCapQclWi8JUEBOTxd9kxBUyI2aWUKa4vZWwCVWUGZtOyYbgrb+8STr1mufWvPt6pdnK4yjCBVzCNXjQgCbcQQvawGAMz/AKb45wXpx352PVWnDymXP4A+fzB4AajU4=</latexit>
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3.

(a) (4 pts) A proton moving in a circular path perpendicular to a constant magnetic field
takes 2.00µs to complete one revolution. Determine the magnitude of the magnetic
field.
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(b) (8 pts) Three wires sit at the corners of a square, all carrying currents of 2.0 A into the
page as shown in the figure below. Calculate the magnitude of the magnetic field at
the other corner of the square (at point P ) if the length of each side of the square is
1.0 cm.

I1
<latexit sha1_base64="gckWE7Q1hZDKgm+IoiwrNs3tutY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF71VtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw13f65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdKqVb2Lau3+slIP8jiKcAKncA4eXEEdbqEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPO9Y2V</latexit>

I2
<latexit sha1_base64="+fb/6dcwOM2Pf8GHh5uu9fQidWc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF71VtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw12/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhNd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6RVq3oX1dr9ZaUe5HEU4QRO4Rw8uII63EIDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfQeY2W</latexit>

I3
<latexit sha1_base64="CH2alU+YcVJzbXY+7HAyP91CZYo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY8FL3qraGuhDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BiMr2f+4xMqzWP5YCYJ+hEdSh5yRo2V7m/79X654lbdOcgq8XJSgRzNfvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n81Ck5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzyMy6T1KBki0VhKoiJyexvMuAKmRETSyhT3N5K2IgqyoxNp2RD8JZfXiXtWtWrV2t3F5VGkMdRhBM4hXPw4BIacANNaAGDITzDK7w5wnlx3p2PRWvByWeO4Q+czx/R/Y2X</latexit>

P<latexit sha1_base64="Ic3bZqfu8zZuy4EJpEtINLOYBMo=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqszUgi4Lbly2YB/QDpJJ77SxmcyQZIQy9AvcuFDErZ/kzr8xbWehrQcCh3POJfeeIBFcG9f9dgobm1vbO8Xd0t7+weFR+fiko+NUMWyzWMSqF1CNgktsG24E9hKFNAoEdoPJ7dzvPqHSPJb3ZpqgH9GR5CFn1Fip1XwoV9yquwBZJ15OKpDD5r8Gw5ilEUrDBNW677mJ8TOqDGcCZ6VBqjGhbEJH2LdU0gi1ny0WnZELqwxJGCv7pCEL9fdERiOtp1FgkxE1Y73qzcX/vH5qwhs/4zJJDUq2/ChMBTExmV9NhlwhM2JqCWWK210JG1NFmbHdlGwJ3urJ66RTq3pX1VqrXmkEeR1FOINzuAQPrqEBd9CENjBAeIZXeHMenRfn3flYRgtOPnMKf+B8/gC0h4z4</latexit>
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4.
A circular coil enclosing an area A = 0.01 m2 is made of 200 turns of copper as shown in
the figure below. Initially a uniform magnetic field of magnitude B = 1.1 T points upward
in a direction perpendicular to the plane of the coil. The direction of the field then reverses
in a time interval ∆t. Calculate how much charge enters one end of the resistor during this
time interval if R = 5.0 Ω.
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5.

(a) (3 pts) Stare Ampère’s law and define all the parameters in this formula.

(b) (6 pts) A long cylindrical wire of radius R carries a steady current I that is uniformly
distributed through the cross-section of the wire. Make use of Ampère’s law to calculate
the magnetic field a distance r from the wire in the region where r < R.

PHYE0B1 Exam – Version A (12 November 2019) – page 12 of 21 –



Extra space:

PHYE0B1 Exam – Version A (12 November 2019) – page 13 of 21 –



8 pts

6.
An electromagnetic wave with frequency 5.70 × 1014 Hz propagates with a speed of
2.35 × 108 m/s in a certain piece of glass. Find

(a) (2 pts) the wavelength of the wave in the glass

(b) (2 pts) the wavelength of the wave of the same frequency propagating in air

(c) (2 pts) the index of refraction n of the glass for an electromagnetic wave with this
frequency

(d) (2 pts) the dielectric constant for glass at this frequency, assuming that the relative
permeability is unity.
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7.

(a) (5 pts) A thin layer of ice (nice = 1.309) floats on the surface of water (nwater = 1.333)
in a bucket. A ray of light from the bottom of the bucket travels upward through the
water. What is the largest angle with respect to the normal that the ray can make at
the ice-water interface and still pass out into the air above the ice? And what is this
angle after the ice melts?
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(b) (1 pt)2 The light beam illustrated strikes surface 2 at the critical angle. Determine the
angle of incidence θ1.

Problems 1123

the eastern wall. The light traverses 2.37 m horizontally to
shine perpendicularly on the wall opposite the window. A
young prisoner observes the patch of light moving across
this western wall and for the first time forms his own
understanding of the rotation of the Earth. (a) With what
speed does the illuminated rectangle move? (b) The
prisoner holds a small square mirror flat against the wall at
one corner of the rectangle of light. The mirror reflects
light back to a spot on the eastern wall close beside the
window. How fast does the smaller square of light move
across that wall? (c) Seen from a latitude of 40.0° north,
the rising Sun moves through the sky along a line making
a 50.0° angle with the southeastern horizon. In what direc-
tion does the rectangular patch of light on the western
wall of the prisoner’s cell move? (d) In what direction does
the smaller square of light on the eastern wall move?

52. Figure P35.52 shows a top view of a square enclosure. The
inner surfaces are plane mirrors. A ray of light enters a
small hole in the center of one mirror. (a) At what angle !
must the ray enter in order to exit through the hole after
being reflected once by each of the other three mirrors?
(b) What If? Are there other values of ! for which the ray
can exit after multiple reflections? If so, make a sketch of
one of the ray’s paths.

56. When light is incident normally on the interface between
two transparent optical media, the intensity of the
reflected light is given by the expression

In this equation S1 represents the average magnitude of
the Poynting vector in the incident light (the incident
intensity), S "1 is the reflected intensity, and n1 and n2 are
the refractive indices of the two media. (a) What fraction
of the incident intensity is reflected for 589-nm light
normally incident on an interface between air and crown
glass? (b) What If? Does it matter in part (a) whether the
light is in the air or in the glass as it strikes the interface?

57. Refer to Problem 56 for its description of the reflected
intensity of light normally incident on an interface between
two transparent media. (a) When light is normally incident
on an interface between vacuum and a transparent medium
of index n, show that the intensity S2 of the transmitted
light is given by S2/S1 # 4n/(n $ 1)2. (b) Light travels
perpendicularly through a diamond slab, surrounded by air,
with parallel surfaces of entry and exit. Apply the trans-
mission fraction in part (a) to find the approximate overall
transmission through the slab of diamond, as a percentage.
Ignore light reflected back and forth within the slab.

58. What If? This problem builds upon the results of
Problems 56 and 57. Light travels perpendicularly through
a diamond slab, surrounded by air, with parallel surfaces
of entry and exit. The intensity of the transmitted light is
what fraction of the incident intensity? Include the effects
of light reflected back and forth inside the slab.

The light beam in Figure P35.59 strikes surface 2 at the
critical angle. Determine the angle of incidence !1.

59.

S "1 # ! n2 % n1

n2 $ n1
"2  

S 1

Figure P35.52

Figure P35.55

Figure P35.59

θ

42.0 cm

50.0°
3.10 mmn  = 1.48

A hiker stands on an isolated mountain peak near sunset
and observes a rainbow caused by water droplets in the air
8.00 km away. The valley is 2.00 km below the mountain
peak and entirely flat. What fraction of the complete circular
arc of the rainbow is visible to the hiker? (See Fig. 35.24.)

54. A 4.00-m-long pole stands vertically in a lake having a depth
of 2.00 m. The Sun is 40.0° above the horizontal. Determine
the length of the pole’s shadow on the bottom of the lake.
Take the index of refraction for water to be 1.33.

A laser beam strikes one end of a slab of material, as
shown in Figure P35.55. The index of refraction of the slab
is 1.48. Determine the number of internal reflections of
the beam before it emerges from the opposite end of the
slab.

55.

53.

Surface 1

Su
rf

ac
e 

2

42.0°

60.0°

1θ

42.0°

60. Builders use a leveling instrument with the beam from a
fixed helium–neon laser reflecting in a horizontal plane
from a small flat mirror mounted on an accurately vertical
rotating shaft. The light is sufficiently bright and the rota-
tion rate is sufficiently high that the reflected light appears
as a horizontal line wherever it falls on a wall. (a) Assume
the mirror is at the center of a circular grain elevator of
radius R . The mirror spins with constant angular velocity
&m. Find the speed of the spot of laser light on the wall.
(b) What If? Assume the spinning mirror is at a perpen-
dicular distance d from point O on a flat vertical wall.
When the spot of laser light on the wall is at distance x
from point O, what is its speed?

3

3

5
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Multiple Choice Questions 20 points (20.0% of available marks) (pgs 19-21)

MCQ 1. (2 pts)

Two concentric imaginary spherical surfaces
of radius R and 2R respectively surround a
positive point charge Q located at the centre
of the surfaces.

When compared to the electric flux, Φ1,
through the surface of radius R, the electric
flux, Φ2, through the surface of radius 2R is

AhΦ2 = 1
4Φ1

BhΦ2 = 1
2Φ1

ChΦ2 = Φ1

DhΦ2 = 2Φ1

EhΦ2 = 4Φ1

MCQ 2. (2 pts) Equipotentials are lines along which

Aha charge may be moved at constant speed without work against electrical forces.
Bhcharges move by themselves.
Chmaximum work against electrical forces is required to move charges at constant speed.
Dhthe electric charge is constant in magnitude and direction.
Ehthe electric field is constant in magnitude and direction.

MCQ 3. (4 pts) A uniform linear charge of 3.0 nC/m is distributed along the y axis from y = −3 m
to y = 2 m. Which of the following integrals is correct for the magnitude of the electric
field at y = 4 m on the y axis?

Ah∫ 2m

−3m

(135 N · m/C)dy

(4 m − y)2

Bh∫ 2m

−3m

(135 N · m/C)dy

16 m2 + y2

Ch∫ 2m

−3m

(27 N · m/C)dy

16 m2 + y2

Dh∫ 2m

−3m

(27 N · m/C)dy

(4 m − y)2

Ehnone of these
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MCQ 4. (2 pts) A sphere of radius R is placed near a long, straight wire that carries a steady
current I. The magnetic field generated by the current is B. The total magnetic flux
passing through the sphere is

Ahµ0I/4πR2

Bh4πR2µ0I
Chµ0I
Dh0
Ehneed more information

MCQ 5. (3 pts) A ten-loop coil having an area of 0.23 m2 and a very large resistance is in a 0.047 T
uniform magnetic field oriented so that the maximum flux goes through the coil. The coil
is then rotated so that the flux through it goes to zero in 0.34 s. What is the magnitude of
the average emf induced in the coil during the 0.34 s?

Ah0.032 V
Bh0.00 V
Ch1.0 V
Dh0.32 V
Eh0.0032 V

MCQ 6. (3 pts) A current of 4.0 A is maintained in a single circular loop having a circumference of
80 cm. An external magnetic field of 2.0 T is directed so that the angle between the field
and the plane of the loop is 20o. Determine the magnitude of the torque exerted on the
loop by the magnetic forces acting upon it.

Ah0.14 N.m
Bh0.27 N.m
Ch0.41 N.m
Dh0.77 N.m
Eh0.38 N.m

Rough Work:
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MCQ 7. (2 pts) The energy per unit volume in an electromagnetic wave is

Ahall in the electric field.
Bhmostly in the magnetic field.
Chall in the magnetic field.
Dhmostly in the electric field.
Ehequally divided between the electric and magnetic fields.

MCQ 8. (2 pts)
A ray of light goes from one transparent material
into another, as shown in the figure. What can you
conclude about the indices of refraction of these
two materials?

Ahn1 ≥ n2
Bhn2 ≥ n1
Chn1 > n2
Dhn2 > n1
Ehn1 = n2

Rough Work:
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