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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 18 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 /10

Q 2 /15

Q 3 /12

Q 4 /08

Q 5 /07

Q 6 /10

Q 7 /16
Tot. /78

Mark
Summary
7 Written: 78pts

9 MCQ: 22pts

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 78 points (78.0% of available marks) (pgs 2-15)

10 pts

1.
Find the magnitude and direction of the electrostatic force on the charge, 2q, due to the
other two charges, shown in the figure below, if q = 10−8 C and a = 3 mm.

!

—

2
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15 pts

2.
The figure below shows a capacitor made up of two concentric spheres of radii a and b, with
charges as shown in the diagram.

�q
<latexit sha1_base64="M6yDM4uDFC1H6LiSU2i3PZBEUA0=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgxbAbBT0GvHiMwTwgWcLsZDYZMju7zvQKIeQPvHhQxKt/5M2/cZLsQRMLGoqqbrq7gkQKg6777eTW1jc2t/LbhZ3dvf2D4uFR08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup35rSeujYjVA44T7kd0oEQoGEUr1S8ee8WSW3bnIKvEy0gJMtR6xa9uP2ZpxBUySY3peG6C/oRqFEzyaaGbGp5QNqID3rFU0YgbfzK/dErOrNInYaxtKSRz9ffEhEbGjKPAdkYUh2bZm4n/eZ0Uwxt/IlSSIldssShMJcGYzN4mfaE5Qzm2hDIt7K2EDammDG04BRuCt/zyKmlWyt5luXJ/VarWszjycAKncA4eXEMV7qAGDWAQwjO8wpszcl6cd+dj0Zpzsplj+APn8wdLD41A</latexit>

+q
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a
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b
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(a) (6 pts) Show that the electric field in the region between the two spheres is

E =
1

4πε0

q

r2
a ≤ r ≤ b
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(b) (9 pts) Use the result from (a) above to show that the two sphere’s capacitance is given
by

C = 4πε0
ab

b− a
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12 pts

3.
Using Kirchhoff’s rules, find the current iab in the circuit shown below, where ε = 1 V and
R = 1 Ω
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� <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>

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>

"
<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> 3"

<latexit sha1_base64="yfwcr/ml34rKolWZv8UTg54iexk=">AAAB+HicbVA9TwJBEN3DL8QPTi1tNoKJFbnDQksSG0tM5COBC9lb5mDD3u5ld48EL/wSGwuNsfWn2PlvXOAKBV8yyct7M5mZFyacaeN5305ha3tnd6+4Xzo4PDouuyenbS1TRaFFJZeqGxINnAloGWY4dBMFJA45dMLJ3cLvTEFpJsWjmSUQxGQkWMQoMVYauOXqNe5PiYJEMy5FdeBWvJq3BN4kfk4qKEdz4H71h5KmMQhDOdG653uJCTKiDKMc5qV+qiEhdEJG0LNUkBh0kC0Pn+NLqwxxJJUtYfBS/T2RkVjrWRzazpiYsV73FuJ/Xi810W2QMZGkBgRdLYpSjo3EixTwkCmghs8sIVQxeyumY6IINTarkg3BX395k7TrNd+r+Q/1SqOZx1FE5+gCXSEf3aAGukdN1EIUpegZvaI358l5cd6dj1VrwclnztAfOJ8/vr6Shw==</latexit><latexit sha1_base64="yfwcr/ml34rKolWZv8UTg54iexk=">AAAB+HicbVA9TwJBEN3DL8QPTi1tNoKJFbnDQksSG0tM5COBC9lb5mDD3u5ld48EL/wSGwuNsfWn2PlvXOAKBV8yyct7M5mZFyacaeN5305ha3tnd6+4Xzo4PDouuyenbS1TRaFFJZeqGxINnAloGWY4dBMFJA45dMLJ3cLvTEFpJsWjmSUQxGQkWMQoMVYauOXqNe5PiYJEMy5FdeBWvJq3BN4kfk4qKEdz4H71h5KmMQhDOdG653uJCTKiDKMc5qV+qiEhdEJG0LNUkBh0kC0Pn+NLqwxxJJUtYfBS/T2RkVjrWRzazpiYsV73FuJ/Xi810W2QMZGkBgRdLYpSjo3EixTwkCmghs8sIVQxeyumY6IINTarkg3BX395k7TrNd+r+Q/1SqOZx1FE5+gCXSEf3aAGukdN1EIUpegZvaI358l5cd6dj1VrwclnztAfOJ8/vr6Shw==</latexit><latexit sha1_base64="yfwcr/ml34rKolWZv8UTg54iexk=">AAAB+HicbVA9TwJBEN3DL8QPTi1tNoKJFbnDQksSG0tM5COBC9lb5mDD3u5ld48EL/wSGwuNsfWn2PlvXOAKBV8yyct7M5mZFyacaeN5305ha3tnd6+4Xzo4PDouuyenbS1TRaFFJZeqGxINnAloGWY4dBMFJA45dMLJ3cLvTEFpJsWjmSUQxGQkWMQoMVYauOXqNe5PiYJEMy5FdeBWvJq3BN4kfk4qKEdz4H71h5KmMQhDOdG653uJCTKiDKMc5qV+qiEhdEJG0LNUkBh0kC0Pn+NLqwxxJJUtYfBS/T2RkVjrWRzazpiYsV73FuJ/Xi810W2QMZGkBgRdLYpSjo3EixTwkCmghs8sIVQxeyumY6IINTarkg3BX395k7TrNd+r+Q/1SqOZx1FE5+gCXSEf3aAGukdN1EIUpegZvaI358l5cd6dj1VrwclnztAfOJ8/vr6Shw==</latexit><latexit sha1_base64="yfwcr/ml34rKolWZv8UTg54iexk=">AAAB+HicbVA9TwJBEN3DL8QPTi1tNoKJFbnDQksSG0tM5COBC9lb5mDD3u5ld48EL/wSGwuNsfWn2PlvXOAKBV8yyct7M5mZFyacaeN5305ha3tnd6+4Xzo4PDouuyenbS1TRaFFJZeqGxINnAloGWY4dBMFJA45dMLJ3cLvTEFpJsWjmSUQxGQkWMQoMVYauOXqNe5PiYJEMy5FdeBWvJq3BN4kfk4qKEdz4H71h5KmMQhDOdG653uJCTKiDKMc5qV+qiEhdEJG0LNUkBh0kC0Pn+NLqwxxJJUtYfBS/T2RkVjrWRzazpiYsV73FuJ/Xi810W2QMZGkBgRdLYpSjo3EixTwkCmghs8sIVQxeyumY6IINTarkg3BX395k7TrNd+r+Q/1SqOZx1FE5+gCXSEf3aAGukdN1EIUpegZvaI358l5cd6dj1VrwclnztAfOJ8/vr6Shw==</latexit>

4R
<latexit sha1_base64="TSuXUumWRh+J8R3Xl7waeUO+Smo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY8FLx6rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dgobm1vbO8Xd0t7+weFR+fikZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7Ht3O//cS1EYl6xEnKg5gOlYgEo2glv3pFHqr9csWtuQuQdeLlpAI5mv3yV2+QsCzmCpmkxnQ9N8VgSjUKJvms1MsMTykb0yHvWqpozE0wXRw7IxdWGZAo0bYUkoX6e2JKY2MmcWg7Y4ojs+rNxf+8bobRTTAVKs2QK7ZcFGWSYELmn5OB0JyhnFhCmRb2VsJGVFOGNp+SDcFbfXmdtOo1z6159/VKo5nHUYQzOIdL8OAaGnAHTfCBgYBneIU3RzkvzrvzsWwtOPnMKfyB8/kDMh+Npg==</latexit><latexit sha1_base64="TSuXUumWRh+J8R3Xl7waeUO+Smo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY8FLx6rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dgobm1vbO8Xd0t7+weFR+fikZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7Ht3O//cS1EYl6xEnKg5gOlYgEo2glv3pFHqr9csWtuQuQdeLlpAI5mv3yV2+QsCzmCpmkxnQ9N8VgSjUKJvms1MsMTykb0yHvWqpozE0wXRw7IxdWGZAo0bYUkoX6e2JKY2MmcWg7Y4ojs+rNxf+8bobRTTAVKs2QK7ZcFGWSYELmn5OB0JyhnFhCmRb2VsJGVFOGNp+SDcFbfXmdtOo1z6159/VKo5nHUYQzOIdL8OAaGnAHTfCBgYBneIU3RzkvzrvzsWwtOPnMKfyB8/kDMh+Npg==</latexit><latexit sha1_base64="TSuXUumWRh+J8R3Xl7waeUO+Smo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY8FLx6rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dgobm1vbO8Xd0t7+weFR+fikZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7Ht3O//cS1EYl6xEnKg5gOlYgEo2glv3pFHqr9csWtuQuQdeLlpAI5mv3yV2+QsCzmCpmkxnQ9N8VgSjUKJvms1MsMTykb0yHvWqpozE0wXRw7IxdWGZAo0bYUkoX6e2JKY2MmcWg7Y4ojs+rNxf+8bobRTTAVKs2QK7ZcFGWSYELmn5OB0JyhnFhCmRb2VsJGVFOGNp+SDcFbfXmdtOo1z6159/VKo5nHUYQzOIdL8OAaGnAHTfCBgYBneIU3RzkvzrvzsWwtOPnMKfyB8/kDMh+Npg==</latexit><latexit sha1_base64="TSuXUumWRh+J8R3Xl7waeUO+Smo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY8FLx6rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dgobm1vbO8Xd0t7+weFR+fikZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7Ht3O//cS1EYl6xEnKg5gOlYgEo2glv3pFHqr9csWtuQuQdeLlpAI5mv3yV2+QsCzmCpmkxnQ9N8VgSjUKJvms1MsMTykb0yHvWqpozE0wXRw7IxdWGZAo0bYUkoX6e2JKY2MmcWg7Y4ojs+rNxf+8bobRTTAVKs2QK7ZcFGWSYELmn5OB0JyhnFhCmRb2VsJGVFOGNp+SDcFbfXmdtOo1z6159/VKo5nHUYQzOIdL8OAaGnAHTfCBgYBneIU3RzkvzrvzsWwtOPnMKfyB8/kDMh+Npg==</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>

3R
<latexit sha1_base64="GxR6eIbp0VkcCkPbP8eLRqFMWzc=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCSxsUTjAQlcyN6yBxv29i67cyaE8BtsLDTG1h9k579xgSsUfMkkL+/NZGZemEph0HW/ncLG5tb2TnG3tLd/cHhUPj5pmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7dxvP3FtRKIecZLyIKZDJSLBKFrJr16Rh2q/XHFr7gJknXg5qUCOZr/81RskLIu5QiapMV3PTTGYUo2CST4r9TLDU8rGdMi7lioacxNMF8fOyIVVBiRKtC2FZKH+npjS2JhJHNrOmOLIrHpz8T+vm2F0E0yFSjPkii0XRZkkmJD552QgNGcoJ5ZQpoW9lbAR1ZShzadkQ/BWX14nrXrNc2vefb3SaOZxFOEMzuESPLiGBtxBE3xgIOAZXuHNUc6L8+58LFsLTj5zCn/gfP4AMJiNpQ==</latexit><latexit sha1_base64="GxR6eIbp0VkcCkPbP8eLRqFMWzc=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCSxsUTjAQlcyN6yBxv29i67cyaE8BtsLDTG1h9k579xgSsUfMkkL+/NZGZemEph0HW/ncLG5tb2TnG3tLd/cHhUPj5pmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7dxvP3FtRKIecZLyIKZDJSLBKFrJr16Rh2q/XHFr7gJknXg5qUCOZr/81RskLIu5QiapMV3PTTGYUo2CST4r9TLDU8rGdMi7lioacxNMF8fOyIVVBiRKtC2FZKH+npjS2JhJHNrOmOLIrHpz8T+vm2F0E0yFSjPkii0XRZkkmJD552QgNGcoJ5ZQpoW9lbAR1ZShzadkQ/BWX14nrXrNc2vefb3SaOZxFOEMzuESPLiGBtxBE3xgIOAZXuHNUc6L8+58LFsLTj5zCn/gfP4AMJiNpQ==</latexit><latexit sha1_base64="GxR6eIbp0VkcCkPbP8eLRqFMWzc=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCSxsUTjAQlcyN6yBxv29i67cyaE8BtsLDTG1h9k579xgSsUfMkkL+/NZGZemEph0HW/ncLG5tb2TnG3tLd/cHhUPj5pmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7dxvP3FtRKIecZLyIKZDJSLBKFrJr16Rh2q/XHFr7gJknXg5qUCOZr/81RskLIu5QiapMV3PTTGYUo2CST4r9TLDU8rGdMi7lioacxNMF8fOyIVVBiRKtC2FZKH+npjS2JhJHNrOmOLIrHpz8T+vm2F0E0yFSjPkii0XRZkkmJD552QgNGcoJ5ZQpoW9lbAR1ZShzadkQ/BWX14nrXrNc2vefb3SaOZxFOEMzuESPLiGBtxBE3xgIOAZXuHNUc6L8+58LFsLTj5zCn/gfP4AMJiNpQ==</latexit><latexit sha1_base64="GxR6eIbp0VkcCkPbP8eLRqFMWzc=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCSxsUTjAQlcyN6yBxv29i67cyaE8BtsLDTG1h9k579xgSsUfMkkL+/NZGZemEph0HW/ncLG5tb2TnG3tLd/cHhUPj5pmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7dxvP3FtRKIecZLyIKZDJSLBKFrJr16Rh2q/XHFr7gJknXg5qUCOZr/81RskLIu5QiapMV3PTTGYUo2CST4r9TLDU8rGdMi7lioacxNMF8fOyIVVBiRKtC2FZKH+npjS2JhJHNrOmOLIrHpz8T+vm2F0E0yFSjPkii0XRZkkmJD552QgNGcoJ5ZQpoW9lbAR1ZShzadkQ/BWX14nrXrNc2vefb3SaOZxFOEMzuESPLiGBtxBE3xgIOAZXuHNUc6L8+58LFsLTj5zCn/gfP4AMJiNpQ==</latexit>

2R
<latexit sha1_base64="CK5Rurc+ooOOe2bY3scf+lZoLbA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF4+12A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKzVpzUK64VXcBsk68nFQgR2NQ/uoPY5ZGXCGT1Jie5yboZ1SjYJLPSv3U8ISyCR3xnqWKRtz42eLSGbmwypCEsbalkCzU3xMZjYyZRoHtjCiOzao3F//zeimGt34mVJIiV2y5KEwlwZjM3yZDoTlDObWEMi3srYSNqaYMbTglG4K3+vI6adeq3lW19nBdqTfzOIpwBudwCR7cQB3uoQEtYBDCM7zCmzNxXpx352PZWnDymVP4A+fzByOsjSY=</latexit>

7R
<latexit sha1_base64="HBMHpFQ3A29A5upXYPUVYvLDLNI=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkV6rHgxWMt9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHstHM03Qj+hI8pAzaqzUrDUHpbJbcRcg68TLSRlyNAalr/4wZmmE0jBBte55bmL8jCrDmcBZsZ9qTCib0BH2LJU0Qu1ni0tn5NIqQxLGypY0ZKH+nshopPU0CmxnRM1Yr3pz8T+vl5rw1s+4TFKDki0XhakgJibzt8mQK2RGTC2hTHF7K2FjqigzNpyiDcFbfXmdtKsV77pSfbgp15t5HAU4hwu4Ag9qUId7aEALGITwDK/w5kycF+fd+Vi2bjj5zBn8gfP5AytFjSs=</latexit>

3R
<latexit sha1_base64="OFGZ2TMnDsxtVbkqLV3NK/MYHEw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY8FLx5rsbXQhrLZbtqlm03YnQgl9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikY+JUM95msYx1N6CGS6F4GwVK3k00p1Eg+WMwuZ37j09cGxGrB5wm3I/oSIlQMIpWatVbg3LFrboLkHXi5aQCOZqD8ld/GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxaXzsiFVYYkjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10sxvPEzoZIUuWLLRWEqCcZk/jYZCs0ZyqkllGlhbyVsTDVlaMMp2RC81ZfXSadW9erV2v1VpdHK4yjCGZzDJXhwDQ24gya0gUEIz/AKb87EeXHenY9la8HJZ07hD5zPHyUxjSc=</latexit>
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4.
Calculate the total magnetic force on

(a) (3 pts) the straight and
(b) (5 pts) the curved sections of a semi-circular wire in a uniform magnetic field.
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5.
Using the Biot-Savart law, calculate the magnitude of the magnetic field at point P in terms
of R, I1 and I2.
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6.
The figure below shows a long wire carrying a current 30 A. The rectangular loop carries a
current of 20 A. Calculate the resultant force acting on the loop. Assume that a is 1.0 cm,
b is 8.0 cm and ` is 30 cm.

i1 = 30A
<latexit sha1_base64="RiJmdyK2P5YWfMLTDyOioA+cGxY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKewmgl6EiBePEcwDkyXMTnqTIbOzy8ysEEL+wosHRbz6N978GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/lgxkn6Ed0IHnIGTVWeuQ9j1yTqktuesWSW3bnIKvEy0gJMtR7xa9uP2ZphNIwQbXueG5i/AlVhjOB00I31ZhQNqID7FgqaYTan8wvnpIzq/RJGCtb0pC5+ntiQiOtx1FgOyNqhnrZm4n/eZ3UhFf+hMskNSjZYlGYCmJiMnuf9LlCZsTYEsoUt7cSNqSKMmNDKtgQvOWXV0mzUvaq5cr9RalWz+LIwwmcwjl4cAk1uIM6NICBhGd4hTdHOy/Ou/OxaM052cwx/IHz+QPt148q</latexit>

i2 = 20A
<latexit sha1_base64="nmDLKR6eZnGEnshOTUVPXGVRUek=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9CJUvHisYD+wDWWznbRLN5uwuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqd+6wmV5rF8MOME/YgOJA85o8ZKj7xXJdek6pKbXqnsVtwZyDLxclKGHPVe6avbj1kaoTRMUK07npsYP6PKcCZwUuymGhPKRnSAHUsljVD72eziCTm1Sp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9H3S5wqZEWNLKFPc3krYkCrKjA2paEPwFl9eJs1qxTuvVO8vyrV6HkcBjuEEzsCDS6jBHdShAQwkPMMrvDnaeXHenY9564qTzxzBHzifP+3bjyo=</latexit>

<̀latexit sha1_base64="AHC7xe33G1B7/kNAPDEQStZmQ6g=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V7Ae0oWy2k3bp7ibsboQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEAturOt+O6WNza3tnfJuZW//4PCoenzSMVGiGbZZJCLdC6hBwRW2LbcCe7FGKgOB3WB6l/vdJ9SGR+rRzmL0JR0rHnJGbS4NUIhhtebW3QXIOvEKUoMCrWH1azCKWCJRWSaoMX3Pja2fUm05EzivDBKDMWVTOsZ+RhWVaPx0ceucXGTKiISRzkpZslB/T6RUGjOTQdYpqZ2YVS8X//P6iQ1v/ZSrOLGo2HJRmAhiI5I/TkZcI7NilhHKNM9uJWxCNWU2i6eSheCtvrxOOo26d1VvPFzXmq0ijjKcwTlcggc30IR7aEEbGEzgGV7hzZHOi/PufCxbS04xcwp/4Hz+ABLqjk0=</latexit>

a
<latexit sha1_base64="7UMqzZ1mmyOEmgUohFcCQjNPvaw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20a1XvqlprXlfqjTyOIpzBOVyCBzdQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AyOGM9w==</latexit>

b
<latexit sha1_base64="wG+JuqrB8bY5J4//EXUdf9r8mxs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jpp16reVbXWvK7UG3kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBymWM+A==</latexit>
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7.
In the diagram below we show light of a vacuum wavelength λ0 = 565 nm passing obliquely
through a glass plate of refractive index 1.65 and thickness 3.67 mm. Calculate the following
quantities

75o
<latexit sha1_base64="0FZlO/FXdvZQimBnS0W1rlOqEXw=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mtSj0WvHisYj+gXUs2zbah2WRJskJZ+he8eFDEq3/Im//GbLsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tEEdoikkvVDbCmnAnaMsxw2o0VxVHAaSeY3GR+54kqzaR4MNOY+hEeCRYygk0m1a8e5aBccavuHGiVeDmpQI7moPzVH0qSRFQYwrHWPc+NjZ9iZRjhdFbqJ5rGmEzwiPYsFTii2k/nt87QmVWGKJTKljBorv6eSHGk9TQKbGeEzVgve5n4n9dLTHjtp0zEiaGCLBaFCUdGouxxNGSKEsOnlmCimL0VkTFWmBgbT8mG4C2/vEratap3Ua3dXVYa93kcRTiBUzgHD+rQgFtoQgsIjOEZXuHNiZwX5935WLQWnHzmGP7A+fwBgRiN7w==</latexit>

A
<latexit sha1_base64="R+tK59HjpC5rguxz1hT1haGTlPM=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI8YLx7ByCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1FipftMrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1fssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AJj7jNk=</latexit>

✓r
<latexit sha1_base64="/U9nTZHM82RQU30EkUIVYtytUYI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF49V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2ilTg9HHGlf98sVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5vfOyVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2fNkIDRnKCeWUKaFvZWwEdWUoY2oZEPwll9eJa1a1buo1u4uK/X7PI4inMApnIMHV1CHW2hAExhIeIZXeHMenRfn3flYtBacfOYY/sD5/AE2GJAh</latexit>

3.67mm
<latexit sha1_base64="PRe8ydE1MS2YXBaihVhtxVRLnoQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbB07JbxXosePFYxX5Au5Rsmm1jk82SZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YcKZNp737RTW1jc2t4rbpZ3dvf2D8uFRS8tUEdokkkvVCbGmnMW0aZjhtJMoikXIaTsc38z89hNVmsn4wUwSGgg8jFnECDZWal24VzUh+uWK53pzoFXi56QCORr98ldvIEkqaGwIx1p3fS8xQYaVYYTTaamXappgMsZD2rU0xoLqIJtfO0VnVhmgSCpbsUFz9fdEhoXWExHaToHNSC97M/E/r5ua6DrIWJykhsZksShKOTISzV5HA6YoMXxiCSaK2VsRGWGFibEBlWwI/vLLq6RVdf0Lt3p3Wanf53EU4QRO4Rx8qEEdbqEBTSDwCM/wCm+OdF6cd+dj0Vpw8plj+APn8wd1AI5y</latexit>

D
<latexit sha1_base64="XeDfyUU0PHkLeawo9wibkyPAr5E=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BPXhMxDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YRK81g+mHGCfkQHkoecUWOl+m2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaVbK3kW5Ur8sVe+zOPJwAqdwDh5cQRXuoAYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A52HjNw=</latexit>

B
<latexit sha1_base64="Cn9JmJDdrH4S2g6FAiZW7sYzyW0=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx7ByCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1FipftMrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1fssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AJp/jNo=</latexit>

n1 = 1
<latexit sha1_base64="leewTOvWEuNJHOq9DlO4wDIHZVk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoBeh4MVjFfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwShaqa36HrkhXr9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdKqVb2Lau3+slJ/yOMowgmcwjl4cAV1uIMGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx+i946A</latexit>

n2 = 1.65
<latexit sha1_base64="rMn1tijxNcXCxWevM8qgMZzcZtU=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8LbvxeRECXjxGMQ9MljA7mU2GzM4sM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dYcKZNp737Swtr6yurRc2iptb2zu7pb39hpapIrROJJeqFWJNORO0bpjhtJUoiuOQ02Y4vJn4zSeqNJPiwYwSGsS4L1jECDZWehTdCrpGvntx3i2VPdebAi0SPydlyFHrlr46PUnSmApDONa67XuJCTKsDCOcjoudVNMEkyHu07alAsdUB9n04jE6tkoPRVLZEgZN1d8TGY61HsWh7YyxGeh5byL+57VTE10FGRNJaqggs0VRypGRaPI+6jFFieEjSzBRzN6KyAArTIwNqWhD8OdfXiSNiuufupW7s3L1Po+jAIdwBCfgwyVU4RZqUAcCAp7hFd4c7bw4787HrHXJyWcO4A+czx8A8I84</latexit>

(a) (2 pts) the frequency

(b) (2 pts) the wavelength λ in the glass

(c) (2 pts) the velocity of light v in the glass
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(d) (2 pts) the angle θr

(e) (2 pts) the distance AB

(f) (2 pts) the optical path length in the glass.

PHYE0B1 Supplementary Exam – Version C (XX January 2020) – page 14 of 18 –



(g) (4 pts) Finally, with the help of diagrams, explain what (in general) is meant by total
internal reflection.
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Multiple Choice Questions 22 points (22.0% of available marks) (pgs 16-18)

MCQ 1. (3 pts)

The figure shows three identical lightbulbs
connected to a battery having a constant volt-
age across its terminals.

What happens to the brightness of lightbulb 1
when the switch S is closed?

AhThe brightness will increase momentarily then return to its previous level.
BhThe brightness increases permanently.
ChThe brightness will decrease momentarily then return to its previous level.
DhThe brightness remains the same as before the switch is closed.
EhThe brightness decreases permanently.

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

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

MCQ 3. (3 pts)

If a = 30 cm, b = 20 cm, q = +2.0 nC, and Q = −3.0 nC in the figure above, what is the
potential difference VA − VB?

Ah+72 V
Bh+96 V
Ch+48 V
Dh+60 V
Eh+84 V
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MCQ 4. (2 pts)
A horizontal wire carries a positive current straight
toward you as shown. From your point of view,
the magnetic field at a point, P , directly below
the wire points:

Ahdirectly toward you.
Bhdirectly away from you.
Chto the left.
Dhvertically upward.
Ehto the right.

MCQ 5. (3 pts) Calculate the magnetic field intensity (B) at a point on the centre of the circular
conductor of radius 2 m with current 8 A.

Ah8π × 10−7 T
Bh2π × 10−7 T
Ch0
Dh6π × 10−7 T
EhInsufficient information to calculate

MCQ 6. (2 pts) An emf can be induced by

Aha change in the area of the cross-section only
Bha change in the magnetic field, area or angle between them
Cha change of shoes
Dha change in the angle between the magnetic field and area only
Eha change in the magnetic field only

MCQ 7. (3 pts) Calculate the length of a conductor which is moving with a velocity 0.4 m/s in a
magnetic field of 8 T, inducing an emf of 20 V if the magnetic field, velocity and length of
conductor are mutually perpendicular to each other

Ah0.5 m
Bh67.5 m
Ch50 m
Dh5 m
Eh6.25 m
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MCQ 8. (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.
Dhequally divided between the electric and magnetic fields.
Ehmostly in the electric field.

MCQ 9. (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
Bhn1 ≥ n2
Chn2 > n1
Dhn2 ≥ n1
Ehn1 = n2

Rough Work:
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