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Physics 0Electromagnetism

• Electromagnetic interaction is one of four fundamental interactions in Nature.


• Electromagnetism is the theory of electromagnetic interactions or of electromagnetic forces.


• Electric charge Q can be positive and negative. The total electric charge is conserved.


• Electric current I is a flow of electric charge.


• Electric charges are sources of electric field E.


• Electric currents are sources of  magnetic field B.


• Electric field acts on electric charges - electric force.


• Magnetic field acts on moving electric charges - magnetic force.


• Magnetic field changing in time creates electric field.


• Electric field changing in time creates magnetic field.
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<latexit sha1_base64="L7aumIeRGw3UvXYLV9TSfRe6Qgw=">AAACFHicbZDLSgMxFIYz9VbrrerSTbAIglBmRNBlqQouXFSwF+iUkkkzbWgmGZIzShn6EG58FTcuFHHrwp1vY3oRtPWHwMd/zuHk/EEsuAHX/XIyC4tLyyvZ1dza+sbmVn57p2ZUoimrUiWUbgTEMMElqwIHwRqxZiQKBKsH/fNRvX7HtOFK3sIgZq2IdCUPOSVgrXb+yA81oal/wQQQfDn8IRhi/1rJrubdHhCt1T0ut/MFt+iOhefBm0IBTVVp5z/9jqJJxCRQQYxpem4MrZRo4FSwYc5PDIsJ7ZMua1qUJGKmlY6PGuID63RwqLR9EvDY/T2RksiYQRTYzohAz8zWRuZ/tWYC4Vkr5TJOgEk6WRQmAoPCo4Rwh2tGQQwsEKq5/SumPWJTAptjzobgzZ48D7XjoucWvZuTQqk8jSOL9tA+OkQeOkUldIUqqIooekBP6AW9Oo/Os/PmvE9aM850Zhf9kfPxDYwCnn0=</latexit><latexit sha1_base64="L7aumIeRGw3UvXYLV9TSfRe6Qgw=">AAACFHicbZDLSgMxFIYz9VbrrerSTbAIglBmRNBlqQouXFSwF+iUkkkzbWgmGZIzShn6EG58FTcuFHHrwp1vY3oRtPWHwMd/zuHk/EEsuAHX/XIyC4tLyyvZ1dza+sbmVn57p2ZUoimrUiWUbgTEMMElqwIHwRqxZiQKBKsH/fNRvX7HtOFK3sIgZq2IdCUPOSVgrXb+yA81oal/wQQQfDn8IRhi/1rJrubdHhCt1T0ut/MFt+iOhefBm0IBTVVp5z/9jqJJxCRQQYxpem4MrZRo4FSwYc5PDIsJ7ZMua1qUJGKmlY6PGuID63RwqLR9EvDY/T2RksiYQRTYzohAz8zWRuZ/tWYC4Vkr5TJOgEk6WRQmAoPCo4Rwh2tGQQwsEKq5/SumPWJTAptjzobgzZ48D7XjoucWvZuTQqk8jSOL9tA+OkQeOkUldIUqqIooekBP6AW9Oo/Os/PmvE9aM850Zhf9kfPxDYwCnn0=</latexit><latexit sha1_base64="L7aumIeRGw3UvXYLV9TSfRe6Qgw=">AAACFHicbZDLSgMxFIYz9VbrrerSTbAIglBmRNBlqQouXFSwF+iUkkkzbWgmGZIzShn6EG58FTcuFHHrwp1vY3oRtPWHwMd/zuHk/EEsuAHX/XIyC4tLyyvZ1dza+sbmVn57p2ZUoimrUiWUbgTEMMElqwIHwRqxZiQKBKsH/fNRvX7HtOFK3sIgZq2IdCUPOSVgrXb+yA81oal/wQQQfDn8IRhi/1rJrubdHhCt1T0ut/MFt+iOhefBm0IBTVVp5z/9jqJJxCRQQYxpem4MrZRo4FSwYc5PDIsJ7ZMua1qUJGKmlY6PGuID63RwqLR9EvDY/T2RksiYQRTYzohAz8zWRuZ/tWYC4Vkr5TJOgEk6WRQmAoPCo4Rwh2tGQQwsEKq5/SumPWJTAptjzobgzZ48D7XjoucWvZuTQqk8jSOL9tA+OkQeOkUldIUqqIooekBP6AW9Oo/Os/PmvE9aM850Zhf9kfPxDYwCnn0=</latexit><latexit sha1_base64="L7aumIeRGw3UvXYLV9TSfRe6Qgw=">AAACFHicbZDLSgMxFIYz9VbrrerSTbAIglBmRNBlqQouXFSwF+iUkkkzbWgmGZIzShn6EG58FTcuFHHrwp1vY3oRtPWHwMd/zuHk/EEsuAHX/XIyC4tLyyvZ1dza+sbmVn57p2ZUoimrUiWUbgTEMMElqwIHwRqxZiQKBKsH/fNRvX7HtOFK3sIgZq2IdCUPOSVgrXb+yA81oal/wQQQfDn8IRhi/1rJrubdHhCt1T0ut/MFt+iOhefBm0IBTVVp5z/9jqJJxCRQQYxpem4MrZRo4FSwYc5PDIsJ7ZMua1qUJGKmlY6PGuID63RwqLR9EvDY/T2RksiYQRTYzohAz8zWRuZ/tWYC4Vkr5TJOgEk6WRQmAoPCo4Rwh2tGQQwsEKq5/SumPWJTAptjzobgzZ48D7XjoucWvZuTQqk8jSOL9tA+OkQeOkUldIUqqIooekBP6AW9Oo/Os/PmvE9aM850Zhf9kfPxDYwCnn0=</latexit>
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Q, I =
�Q

�t
<latexit sha1_base64="BTbaqTafPsLqd1MYN+zhU9Nd3dw=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARXEhJRFAQoagL3bVgL9CEMplO2qGTCzMnQgnZuvFV3LhQxK1v4M63cdpG0NYfBj7+cw5nzu/FgiuwrC+jsLC4tLxSXC2trW9sbpnbO00VJZKyBo1EJNseUUzwkDWAg2DtWDISeIK1vOHVuN66Z1LxKLyDUczcgPRD7nNKQFtdE9ePnHN8e+H4ktDUuWYCCK5nPwRZ1yxbFWsiPA92DmWUq9Y1P51eRJOAhUAFUapjWzG4KZHAqWBZyUkUiwkdkj7raAxJwJSbTi7J8IF2etiPpH4h4In7eyIlgVKjwNOdAYGBmq2Nzf9qnQT8MzflYZwAC+l0kZ8IDBEex4J7XDIKYqSBUMn1XzEdEJ0J6PBKOgR79uR5aB5XbKti10/K1cs8jiLaQ/voENnoFFXRDaqhBqLoAT2hF/RqPBrPxpvxPm0tGPnMLvoj4+MbwuGZHg==</latexit><latexit sha1_base64="BTbaqTafPsLqd1MYN+zhU9Nd3dw=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARXEhJRFAQoagL3bVgL9CEMplO2qGTCzMnQgnZuvFV3LhQxK1v4M63cdpG0NYfBj7+cw5nzu/FgiuwrC+jsLC4tLxSXC2trW9sbpnbO00VJZKyBo1EJNseUUzwkDWAg2DtWDISeIK1vOHVuN66Z1LxKLyDUczcgPRD7nNKQFtdE9ePnHN8e+H4ktDUuWYCCK5nPwRZ1yxbFWsiPA92DmWUq9Y1P51eRJOAhUAFUapjWzG4KZHAqWBZyUkUiwkdkj7raAxJwJSbTi7J8IF2etiPpH4h4In7eyIlgVKjwNOdAYGBmq2Nzf9qnQT8MzflYZwAC+l0kZ8IDBEex4J7XDIKYqSBUMn1XzEdEJ0J6PBKOgR79uR5aB5XbKti10/K1cs8jiLaQ/voENnoFFXRDaqhBqLoAT2hF/RqPBrPxpvxPm0tGPnMLvoj4+MbwuGZHg==</latexit><latexit sha1_base64="BTbaqTafPsLqd1MYN+zhU9Nd3dw=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARXEhJRFAQoagL3bVgL9CEMplO2qGTCzMnQgnZuvFV3LhQxK1v4M63cdpG0NYfBj7+cw5nzu/FgiuwrC+jsLC4tLxSXC2trW9sbpnbO00VJZKyBo1EJNseUUzwkDWAg2DtWDISeIK1vOHVuN66Z1LxKLyDUczcgPRD7nNKQFtdE9ePnHN8e+H4ktDUuWYCCK5nPwRZ1yxbFWsiPA92DmWUq9Y1P51eRJOAhUAFUapjWzG4KZHAqWBZyUkUiwkdkj7raAxJwJSbTi7J8IF2etiPpH4h4In7eyIlgVKjwNOdAYGBmq2Nzf9qnQT8MzflYZwAC+l0kZ8IDBEex4J7XDIKYqSBUMn1XzEdEJ0J6PBKOgR79uR5aB5XbKti10/K1cs8jiLaQ/voENnoFFXRDaqhBqLoAT2hF/RqPBrPxpvxPm0tGPnMLvoj4+MbwuGZHg==</latexit><latexit sha1_base64="BTbaqTafPsLqd1MYN+zhU9Nd3dw=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARXEhJRFAQoagL3bVgL9CEMplO2qGTCzMnQgnZuvFV3LhQxK1v4M63cdpG0NYfBj7+cw5nzu/FgiuwrC+jsLC4tLxSXC2trW9sbpnbO00VJZKyBo1EJNseUUzwkDWAg2DtWDISeIK1vOHVuN66Z1LxKLyDUczcgPRD7nNKQFtdE9ePnHN8e+H4ktDUuWYCCK5nPwRZ1yxbFWsiPA92DmWUq9Y1P51eRJOAhUAFUapjWzG4KZHAqWBZyUkUiwkdkj7raAxJwJSbTi7J8IF2etiPpH4h4In7eyIlgVKjwNOdAYGBmq2Nzf9qnQT8MzflYZwAC+l0kZ8IDBEex4J7XDIKYqSBUMn1XzEdEJ0J6PBKOgR79uR5aB5XbKti10/K1cs8jiLaQ/voENnoFFXRDaqhBqLoAT2hF/RqPBrPxpvxPm0tGPnMLvoj4+MbwuGZHg==</latexit>

�B

�t
<latexit sha1_base64="Kp+4ShrvKivbqeo5JN5TJAsMQq8=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiuCqJCLos1YXLCvYCTSiT6aQdOpmEmROhhODGV3HjQhG3PoU738ZpG0Fbfxj4+M85nDl/kAiuwXG+rKXlldW19dJGeXNre2fX3ttv6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GV5N6+54pzWN5B+OE+REZSB5ySsBYPfvQCxWhmXfNBBBcz38I8p5dcarOVHgR3AIqqFCjZ396/ZimEZNABdG66zoJ+BlRwKlgedlLNUsIHZEB6xqUJGLaz6Yn5PjEOH0cxso8CXjq/p7ISKT1OApMZ0RgqOdrE/O/WjeF8NLPuExSYJLOFoWpwBDjSR64zxWjIMYGCFXc/BXTITGZgEmtbEJw509ehNZZ1XWq7u15pVYv4iihI3SMTpGLLlAN3aAGaiKKHtATekGv1qP1bL1Z77PWJauYOUB/ZH18A9g3lw8=</latexit><latexit sha1_base64="Kp+4ShrvKivbqeo5JN5TJAsMQq8=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiuCqJCLos1YXLCvYCTSiT6aQdOpmEmROhhODGV3HjQhG3PoU738ZpG0Fbfxj4+M85nDl/kAiuwXG+rKXlldW19dJGeXNre2fX3ttv6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GV5N6+54pzWN5B+OE+REZSB5ySsBYPfvQCxWhmXfNBBBcz38I8p5dcarOVHgR3AIqqFCjZ396/ZimEZNABdG66zoJ+BlRwKlgedlLNUsIHZEB6xqUJGLaz6Yn5PjEOH0cxso8CXjq/p7ISKT1OApMZ0RgqOdrE/O/WjeF8NLPuExSYJLOFoWpwBDjSR64zxWjIMYGCFXc/BXTITGZgEmtbEJw509ehNZZ1XWq7u15pVYv4iihI3SMTpGLLlAN3aAGaiKKHtATekGv1qP1bL1Z77PWJauYOUB/ZH18A9g3lw8=</latexit><latexit sha1_base64="Kp+4ShrvKivbqeo5JN5TJAsMQq8=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiuCqJCLos1YXLCvYCTSiT6aQdOpmEmROhhODGV3HjQhG3PoU738ZpG0Fbfxj4+M85nDl/kAiuwXG+rKXlldW19dJGeXNre2fX3ttv6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GV5N6+54pzWN5B+OE+REZSB5ySsBYPfvQCxWhmXfNBBBcz38I8p5dcarOVHgR3AIqqFCjZ396/ZimEZNABdG66zoJ+BlRwKlgedlLNUsIHZEB6xqUJGLaz6Yn5PjEOH0cxso8CXjq/p7ISKT1OApMZ0RgqOdrE/O/WjeF8NLPuExSYJLOFoWpwBDjSR64zxWjIMYGCFXc/BXTITGZgEmtbEJw509ehNZZ1XWq7u15pVYv4iihI3SMTpGLLlAN3aAGaiKKHtATekGv1qP1bL1Z77PWJauYOUB/ZH18A9g3lw8=</latexit><latexit sha1_base64="Kp+4ShrvKivbqeo5JN5TJAsMQq8=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiuCqJCLos1YXLCvYCTSiT6aQdOpmEmROhhODGV3HjQhG3PoU738ZpG0Fbfxj4+M85nDl/kAiuwXG+rKXlldW19dJGeXNre2fX3ttv6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GV5N6+54pzWN5B+OE+REZSB5ySsBYPfvQCxWhmXfNBBBcz38I8p5dcarOVHgR3AIqqFCjZ396/ZimEZNABdG66zoJ+BlRwKlgedlLNUsIHZEB6xqUJGLaz6Yn5PjEOH0cxso8CXjq/p7ISKT1OApMZ0RgqOdrE/O/WjeF8NLPuExSYJLOFoWpwBDjSR64zxWjIMYGCFXc/BXTITGZgEmtbEJw509ehNZZ1XWq7u15pVYv4iihI3SMTpGLLlAN3aAGaiKKHtATekGv1qP1bL1Z77PWJauYOUB/ZH18A9g3lw8=</latexit>

�E

�t
<latexit sha1_base64="+93+ILKwKJqzi36JrUtfcZSJ24s=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiuCqJCLosXsBlBXuBJpTJdNIOnUzCzIlQQnDjq7hxoYhbn8Kdb+O0jaCtPwx8/Occzpw/SATX4Dhf1sLi0vLKammtvL6xubVt7+w2dZwqyho0FrFqB0QzwSVrAAfB2oliJAoEawXDy3G9dc+U5rG8g1HC/Ij0JQ85JWCsrr3vhYrQzLtiAgi+zn8I8q5dcarORHge3AIqqFC9a396vZimEZNABdG64zoJ+BlRwKlgedlLNUsIHZI+6xiUJGLazyYn5PjIOD0cxso8CXji/p7ISKT1KApMZ0RgoGdrY/O/WieF8NzPuExSYJJOF4WpwBDjcR64xxWjIEYGCFXc/BXTATGZgEmtbEJwZ0+eh+ZJ1XWq7u1ppXZRxFFCB+gQHSMXnaEaukF11EAUPaAn9IJerUfr2Xqz3qetC1Yxs4f+yPr4BtzklxI=</latexit><latexit sha1_base64="+93+ILKwKJqzi36JrUtfcZSJ24s=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiuCqJCLosXsBlBXuBJpTJdNIOnUzCzIlQQnDjq7hxoYhbn8Kdb+O0jaCtPwx8/Occzpw/SATX4Dhf1sLi0vLKammtvL6xubVt7+w2dZwqyho0FrFqB0QzwSVrAAfB2oliJAoEawXDy3G9dc+U5rG8g1HC/Ij0JQ85JWCsrr3vhYrQzLtiAgi+zn8I8q5dcarORHge3AIqqFC9a396vZimEZNABdG64zoJ+BlRwKlgedlLNUsIHZI+6xiUJGLazyYn5PjIOD0cxso8CXji/p7ISKT1KApMZ0RgoGdrY/O/WieF8NzPuExSYJJOF4WpwBDjcR64xxWjIEYGCFXc/BXTATGZgEmtbEJwZ0+eh+ZJ1XWq7u1ppXZRxFFCB+gQHSMXnaEaukF11EAUPaAn9IJerUfr2Xqz3qetC1Yxs4f+yPr4BtzklxI=</latexit><latexit sha1_base64="+93+ILKwKJqzi36JrUtfcZSJ24s=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiuCqJCLosXsBlBXuBJpTJdNIOnUzCzIlQQnDjq7hxoYhbn8Kdb+O0jaCtPwx8/Occzpw/SATX4Dhf1sLi0vLKammtvL6xubVt7+w2dZwqyho0FrFqB0QzwSVrAAfB2oliJAoEawXDy3G9dc+U5rG8g1HC/Ij0JQ85JWCsrr3vhYrQzLtiAgi+zn8I8q5dcarORHge3AIqqFC9a396vZimEZNABdG64zoJ+BlRwKlgedlLNUsIHZI+6xiUJGLazyYn5PjIOD0cxso8CXji/p7ISKT1KApMZ0RgoGdrY/O/WieF8NzPuExSYJJOF4WpwBDjcR64xxWjIEYGCFXc/BXTATGZgEmtbEJwZ0+eh+ZJ1XWq7u1ppXZRxFFCB+gQHSMXnaEaukF11EAUPaAn9IJerUfr2Xqz3qetC1Yxs4f+yPr4BtzklxI=</latexit><latexit sha1_base64="+93+ILKwKJqzi36JrUtfcZSJ24s=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiuCqJCLosXsBlBXuBJpTJdNIOnUzCzIlQQnDjq7hxoYhbn8Kdb+O0jaCtPwx8/Occzpw/SATX4Dhf1sLi0vLKammtvL6xubVt7+w2dZwqyho0FrFqB0QzwSVrAAfB2oliJAoEawXDy3G9dc+U5rG8g1HC/Ij0JQ85JWCsrr3vhYrQzLtiAgi+zn8I8q5dcarORHge3AIqqFC9a396vZimEZNABdG64zoJ+BlRwKlgedlLNUsIHZI+6xiUJGLazyYn5PjIOD0cxso8CXji/p7ISKT1KApMZ0RgoGdrY/O/WieF8NzPuExSYJJOF4WpwBDjcR64xxWjIEYGCFXc/BXTATGZgEmtbEJwZ0+eh+ZJ1XWq7u1ppXZRxFFCB+gQHSMXnaEaukF11EAUPaAn9IJerUfr2Xqz3qetC1Yxs4f+yPr4BtzklxI=</latexit>

E
<latexit sha1_base64="o1sEXvFqUeKBMq6SR1NtvhgJRzs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRBI8t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJYPZpKgH9Gh5CFn1FipcdcvV9yqOwdZJV5OKpCj3i9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukdVH13KrXuKzUbvI4inACp3AOHlxBDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDmO2MyQ==</latexit><latexit sha1_base64="o1sEXvFqUeKBMq6SR1NtvhgJRzs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRBI8t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJYPZpKgH9Gh5CFn1FipcdcvV9yqOwdZJV5OKpCj3i9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukdVH13KrXuKzUbvI4inACp3AOHlxBDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDmO2MyQ==</latexit><latexit sha1_base64="o1sEXvFqUeKBMq6SR1NtvhgJRzs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRBI8t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJYPZpKgH9Gh5CFn1FipcdcvV9yqOwdZJV5OKpCj3i9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukdVH13KrXuKzUbvI4inACp3AOHlxBDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDmO2MyQ==</latexit><latexit sha1_base64="o1sEXvFqUeKBMq6SR1NtvhgJRzs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRBI8t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJYPZpKgH9Gh5CFn1FipcdcvV9yqOwdZJV5OKpCj3i9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukdVH13KrXuKzUbvI4inACp3AOHlxBDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDmO2MyQ==</latexit>

B
<latexit sha1_base64="omio59kvEVQ455XgB3RHdtTRWpI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldq9TyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AlGGMxg==</latexit><latexit sha1_base64="omio59kvEVQ455XgB3RHdtTRWpI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldq9TyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AlGGMxg==</latexit><latexit sha1_base64="omio59kvEVQ455XgB3RHdtTRWpI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldq9TyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AlGGMxg==</latexit><latexit sha1_base64="omio59kvEVQ455XgB3RHdtTRWpI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldq9TyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AlGGMxg==</latexit>

Electric Charge Electric Current

Electric Field Magnetic Field
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<latexit sha1_base64="3lfH/PlCPZIoGIdS10tMDLzcvPo=">AAACFHicbZDLSgMxFIYz9VbrrerSTbAIglBmRNBlqQouXFSwF+iUkkkzbWgmGZIzShn6EG58FTcuFHHrwp1vY3oRtPWHwMd/zuHk/EEsuAHX/XIyC4tLyyvZ1dza+sbmVn57p2ZUoimrUiWUbgTEMMElqwIHwRqxZiQKBKsH/fNRvX7HtOFK3sIgZq2IdCUPOSVgrXb+yA81oal/wQQQXB7+EAyxf61kV/NuD4jW6h5ftvMFt+iOhefBm0IBTVVp5z/9jqJJxCRQQYxpem4MrZRo4FSwYc5PDIsJ7ZMua1qUJGKmlY6PGuID63RwqLR9EvDY/T2RksiYQRTYzohAz8zWRuZ/tWYC4Vkr5TJOgEk6WRQmAoPCo4Rwh2tGQQwsEKq5/SumPWJTAptjzobgzZ48D7XjoucWvZuTQqk8jSOL9tA+OkQeOkUldIUqqIooekBP6AW9Oo/Os/PmvE9aM850Zhf9kfPxDYurnn0=</latexit><latexit sha1_base64="3lfH/PlCPZIoGIdS10tMDLzcvPo=">AAACFHicbZDLSgMxFIYz9VbrrerSTbAIglBmRNBlqQouXFSwF+iUkkkzbWgmGZIzShn6EG58FTcuFHHrwp1vY3oRtPWHwMd/zuHk/EEsuAHX/XIyC4tLyyvZ1dza+sbmVn57p2ZUoimrUiWUbgTEMMElqwIHwRqxZiQKBKsH/fNRvX7HtOFK3sIgZq2IdCUPOSVgrXb+yA81oal/wQQQXB7+EAyxf61kV/NuD4jW6h5ftvMFt+iOhefBm0IBTVVp5z/9jqJJxCRQQYxpem4MrZRo4FSwYc5PDIsJ7ZMua1qUJGKmlY6PGuID63RwqLR9EvDY/T2RksiYQRTYzohAz8zWRuZ/tWYC4Vkr5TJOgEk6WRQmAoPCo4Rwh2tGQQwsEKq5/SumPWJTAptjzobgzZ48D7XjoucWvZuTQqk8jSOL9tA+OkQeOkUldIUqqIooekBP6AW9Oo/Os/PmvE9aM850Zhf9kfPxDYurnn0=</latexit><latexit sha1_base64="3lfH/PlCPZIoGIdS10tMDLzcvPo=">AAACFHicbZDLSgMxFIYz9VbrrerSTbAIglBmRNBlqQouXFSwF+iUkkkzbWgmGZIzShn6EG58FTcuFHHrwp1vY3oRtPWHwMd/zuHk/EEsuAHX/XIyC4tLyyvZ1dza+sbmVn57p2ZUoimrUiWUbgTEMMElqwIHwRqxZiQKBKsH/fNRvX7HtOFK3sIgZq2IdCUPOSVgrXb+yA81oal/wQQQXB7+EAyxf61kV/NuD4jW6h5ftvMFt+iOhefBm0IBTVVp5z/9jqJJxCRQQYxpem4MrZRo4FSwYc5PDIsJ7ZMua1qUJGKmlY6PGuID63RwqLR9EvDY/T2RksiYQRTYzohAz8zWRuZ/tWYC4Vkr5TJOgEk6WRQmAoPCo4Rwh2tGQQwsEKq5/SumPWJTAptjzobgzZ48D7XjoucWvZuTQqk8jSOL9tA+OkQeOkUldIUqqIooekBP6AW9Oo/Os/PmvE9aM850Zhf9kfPxDYurnn0=</latexit><latexit sha1_base64="3lfH/PlCPZIoGIdS10tMDLzcvPo=">AAACFHicbZDLSgMxFIYz9VbrrerSTbAIglBmRNBlqQouXFSwF+iUkkkzbWgmGZIzShn6EG58FTcuFHHrwp1vY3oRtPWHwMd/zuHk/EEsuAHX/XIyC4tLyyvZ1dza+sbmVn57p2ZUoimrUiWUbgTEMMElqwIHwRqxZiQKBKsH/fNRvX7HtOFK3sIgZq2IdCUPOSVgrXb+yA81oal/wQQQXB7+EAyxf61kV/NuD4jW6h5ftvMFt+iOhefBm0IBTVVp5z/9jqJJxCRQQYxpem4MrZRo4FSwYc5PDIsJ7ZMua1qUJGKmlY6PGuID63RwqLR9EvDY/T2RksiYQRTYzohAz8zWRuZ/tWYC4Vkr5TJOgEk6WRQmAoPCo4Rwh2tGQQwsEKq5/SumPWJTAptjzobgzZ48D7XjoucWvZuTQqk8jSOL9tA+OkQeOkUldIUqqIooekBP6AW9Oo/Os/PmvE9aM850Zhf9kfPxDYurnn0=</latexit>

Faraday’s Law of Induction

Electric field (from battery) -> Electric force -> Charges move (current) -> 
Changing magnetic field in the ring -> Electric field in the second coil -> 

current in the second coil

Applications: of transformers, inductors, electrical motors, 
generators and solenoids.
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E(t) -> B(t) -> E(t) -> B(t) -> ….     - oscillations of E and B 
propagating in space. Electromagnetic Wave. 

Speed of E/M wave in vacuum - speed of light! c = 299, 792, 458 m/s
<latexit sha1_base64="uzsQog5lN9OvKILBBnZaiAB97nk=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFclJqUSltEKLpxWcE+oAllMp20Q2eSMDMRS+jCjb/ixoUibv0Id/6N0zYLbT1w4XDOvdx7jxcxKpVlfRsrq2vrG5uZrez2zu7evnlw2JJhLDBp4pCFouMhSRgNSFNRxUgnEgRxj5G2N7qe+u17IiQNgzs1jojL0SCgPsVIaaln5vBlqVYrVGqlQvm8Cp0L6HAvfEj4mZz0zLxVtGaAy8ROSR6kaPTML6cf4piTQGGGpOzaVqTcBAlFMSOTrBNLEiE8QgPS1TRAnEg3mT0xgSda6UM/FLoCBWfq74kEcSnH3NOdHKmhXPSm4n9eN1Z+1U1oEMWKBHi+yI8ZVCGcJgL7VBCs2FgThAXVt0I8RAJhpXPL6hDsxZeXSatUtK2ifVvO16/SODIgB47BKbBBBdTBDWiAJsDgETyDV/BmPBkvxrvxMW9dMdKZI/AHxucPmJeViA==</latexit><latexit sha1_base64="uzsQog5lN9OvKILBBnZaiAB97nk=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFclJqUSltEKLpxWcE+oAllMp20Q2eSMDMRS+jCjb/ixoUibv0Id/6N0zYLbT1w4XDOvdx7jxcxKpVlfRsrq2vrG5uZrez2zu7evnlw2JJhLDBp4pCFouMhSRgNSFNRxUgnEgRxj5G2N7qe+u17IiQNgzs1jojL0SCgPsVIaaln5vBlqVYrVGqlQvm8Cp0L6HAvfEj4mZz0zLxVtGaAy8ROSR6kaPTML6cf4piTQGGGpOzaVqTcBAlFMSOTrBNLEiE8QgPS1TRAnEg3mT0xgSda6UM/FLoCBWfq74kEcSnH3NOdHKmhXPSm4n9eN1Z+1U1oEMWKBHi+yI8ZVCGcJgL7VBCs2FgThAXVt0I8RAJhpXPL6hDsxZeXSatUtK2ifVvO16/SODIgB47BKbBBBdTBDWiAJsDgETyDV/BmPBkvxrvxMW9dMdKZI/AHxucPmJeViA==</latexit><latexit sha1_base64="uzsQog5lN9OvKILBBnZaiAB97nk=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFclJqUSltEKLpxWcE+oAllMp20Q2eSMDMRS+jCjb/ixoUibv0Id/6N0zYLbT1w4XDOvdx7jxcxKpVlfRsrq2vrG5uZrez2zu7evnlw2JJhLDBp4pCFouMhSRgNSFNRxUgnEgRxj5G2N7qe+u17IiQNgzs1jojL0SCgPsVIaaln5vBlqVYrVGqlQvm8Cp0L6HAvfEj4mZz0zLxVtGaAy8ROSR6kaPTML6cf4piTQGGGpOzaVqTcBAlFMSOTrBNLEiE8QgPS1TRAnEg3mT0xgSda6UM/FLoCBWfq74kEcSnH3NOdHKmhXPSm4n9eN1Z+1U1oEMWKBHi+yI8ZVCGcJgL7VBCs2FgThAXVt0I8RAJhpXPL6hDsxZeXSatUtK2ifVvO16/SODIgB47BKbBBBdTBDWiAJsDgETyDV/BmPBkvxrvxMW9dMdKZI/AHxucPmJeViA==</latexit><latexit sha1_base64="uzsQog5lN9OvKILBBnZaiAB97nk=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFclJqUSltEKLpxWcE+oAllMp20Q2eSMDMRS+jCjb/ixoUibv0Id/6N0zYLbT1w4XDOvdx7jxcxKpVlfRsrq2vrG5uZrez2zu7evnlw2JJhLDBp4pCFouMhSRgNSFNRxUgnEgRxj5G2N7qe+u17IiQNgzs1jojL0SCgPsVIaaln5vBlqVYrVGqlQvm8Cp0L6HAvfEj4mZz0zLxVtGaAy8ROSR6kaPTML6cf4piTQGGGpOzaVqTcBAlFMSOTrBNLEiE8QgPS1TRAnEg3mT0xgSda6UM/FLoCBWfq74kEcSnH3NOdHKmhXPSm4n9eN1Z+1U1oEMWKBHi+yI8ZVCGcJgL7VBCs2FgThAXVt0I8RAJhpXPL6hDsxZeXSatUtK2ifVvO16/SODIgB47BKbBBBdTBDWiAJsDgETyDV/BmPBkvxrvxMW9dMdKZI/AHxucPmJeViA==</latexit>

c ⇡ 3⇥ 108 m/s
<latexit sha1_base64="lcu7R3UD3Ej/7FlwACGhLa+1Thc=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4qjMqWHBTdOOygn1AZyyZNNOGJpOQZKRl6Ae48VfcuFDErR/gzr8xbWehrQcCh3PO5eaeUDKqjet+O7ml5ZXVtfx6YWNza3unuLvX0CJRmNSxYEK1QqQJozGpG2oYaUlFEA8ZaYaD64nffCBKUxHfmZEkAUe9mEYUI2OlTrGEfSSlEkN45hvKiYaee1+B/iX0eSiGKT/RY5tyy+4UcJF4GSmBDLVO8cvvCpxwEhvMkNZtz5UmSJEyFDMyLviJJhLhAeqRtqUxsnuDdHrMGB5ZpQsjoeyLDZyqvydSxLUe8dAmOTJ9Pe9NxP+8dmKiSpDSWCaGxHi2KEoYNAJOmoFdqgg2bGQJworav0LcRwphY/sr2BK8+ZMXSeO07Lll7/a8VL3K6siDA3AIjoEHLkAV3IAaqAMMHsEzeAVvzpPz4rw7H7Nozslm9sEfOJ8/4ReaOg==</latexit><latexit sha1_base64="lcu7R3UD3Ej/7FlwACGhLa+1Thc=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4qjMqWHBTdOOygn1AZyyZNNOGJpOQZKRl6Ae48VfcuFDErR/gzr8xbWehrQcCh3PO5eaeUDKqjet+O7ml5ZXVtfx6YWNza3unuLvX0CJRmNSxYEK1QqQJozGpG2oYaUlFEA8ZaYaD64nffCBKUxHfmZEkAUe9mEYUI2OlTrGEfSSlEkN45hvKiYaee1+B/iX0eSiGKT/RY5tyy+4UcJF4GSmBDLVO8cvvCpxwEhvMkNZtz5UmSJEyFDMyLviJJhLhAeqRtqUxsnuDdHrMGB5ZpQsjoeyLDZyqvydSxLUe8dAmOTJ9Pe9NxP+8dmKiSpDSWCaGxHi2KEoYNAJOmoFdqgg2bGQJworav0LcRwphY/sr2BK8+ZMXSeO07Lll7/a8VL3K6siDA3AIjoEHLkAV3IAaqAMMHsEzeAVvzpPz4rw7H7Nozslm9sEfOJ8/4ReaOg==</latexit><latexit sha1_base64="lcu7R3UD3Ej/7FlwACGhLa+1Thc=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4qjMqWHBTdOOygn1AZyyZNNOGJpOQZKRl6Ae48VfcuFDErR/gzr8xbWehrQcCh3PO5eaeUDKqjet+O7ml5ZXVtfx6YWNza3unuLvX0CJRmNSxYEK1QqQJozGpG2oYaUlFEA8ZaYaD64nffCBKUxHfmZEkAUe9mEYUI2OlTrGEfSSlEkN45hvKiYaee1+B/iX0eSiGKT/RY5tyy+4UcJF4GSmBDLVO8cvvCpxwEhvMkNZtz5UmSJEyFDMyLviJJhLhAeqRtqUxsnuDdHrMGB5ZpQsjoeyLDZyqvydSxLUe8dAmOTJ9Pe9NxP+8dmKiSpDSWCaGxHi2KEoYNAJOmoFdqgg2bGQJworav0LcRwphY/sr2BK8+ZMXSeO07Lll7/a8VL3K6siDA3AIjoEHLkAV3IAaqAMMHsEzeAVvzpPz4rw7H7Nozslm9sEfOJ8/4ReaOg==</latexit><latexit sha1_base64="lcu7R3UD3Ej/7FlwACGhLa+1Thc=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4qjMqWHBTdOOygn1AZyyZNNOGJpOQZKRl6Ae48VfcuFDErR/gzr8xbWehrQcCh3PO5eaeUDKqjet+O7ml5ZXVtfx6YWNza3unuLvX0CJRmNSxYEK1QqQJozGpG2oYaUlFEA8ZaYaD64nffCBKUxHfmZEkAUe9mEYUI2OlTrGEfSSlEkN45hvKiYaee1+B/iX0eSiGKT/RY5tyy+4UcJF4GSmBDLVO8cvvCpxwEhvMkNZtz5UmSJEyFDMyLviJJhLhAeqRtqUxsnuDdHrMGB5ZpQsjoeyLDZyqvydSxLUe8dAmOTJ9Pe9NxP+8dmKiSpDSWCaGxHi2KEoYNAJOmoFdqgg2bGQJworav0LcRwphY/sr2BK8+ZMXSeO07Lll7/a8VL3K6siDA3AIjoEHLkAV3IAaqAMMHsEzeAVvzpPz4rw7H7Nozslm9sEfOJ8/4ReaOg==</latexit>

Radio waves, microwaves, infrared, (visible) light, ultraviolet, X-rays, and gamma rays.
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Problem 1 

A laser on Earth is aimed at one of the reflectors planted on the Moon 
during the Apollo program. What time does it take for laser light to travel 
to the Moon and return to the Earth? The distance to the Moon is 
approximately 400,000 km. 


Remark: Actually, this experiment is designed so that by accurately measuring the time 
of the return one could tell the distance to the Moon.

Problem 2 

The Voyager 2 spacecraft passed close to Neptune in 1989. It 
communicated to Earth by sending signals by means of microwave 
electromagnetic radiation. How long did it take the signal to reach the 
Earth? (you can google the distance between Neptune and Earth)


