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Recap - classical mechanics
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Recap - quantum mechanics
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From classical to quantum

There is a way to take any classical system and quantise it

Canonical quantisation

Take a classical Hamiltonian

H = f(q1, ...qN ,p1, ...pN , t)
<latexit sha1_base64="kpbbeHFvm0kCqW9xdDmr3eF/Qdw=">AAACMXicbVDLSsNAFJ34rPUVdelmsAgVSkhE0I1QdNOVVLAPaEOYTCft0MkkzkyEEvpLbvwTcdOFIm79CSdtkNp6YODMOfdy7z1+zKhUtj0xVlbX1jc2C1vF7Z3dvX3z4LApo0Rg0sARi0TbR5IwyklDUcVIOxYEhT4jLX94m/mtJyIkjfiDGsXEDVGf04BipLTkmbUavIZBuRsiNfCD9HHsORVoWRacU+4qv794yY+nvjrzzJJt2VPAZeLkpARy1D3ztduLcBISrjBDUnYcO1ZuioSimJFxsZtIEiM8RH3S0ZSjkEg3nV48hqda6cEgEvpxBafqfEeKQilHoa8rsz3lopeJ/3mdRAVXbkp5nCjC8WxQkDCoIpjFB3tUEKzYSBOEBdW7QjxAAmGlQy7qEJzFk5dJ89xybMu5vyhVb/I4CuAYnIAycMAlqIIaqIMGwOAZvIF38GG8GBPj0/iala4Yec8R+APj+wdOqKdD</latexit><latexit sha1_base64="kpbbeHFvm0kCqW9xdDmr3eF/Qdw=">AAACMXicbVDLSsNAFJ34rPUVdelmsAgVSkhE0I1QdNOVVLAPaEOYTCft0MkkzkyEEvpLbvwTcdOFIm79CSdtkNp6YODMOfdy7z1+zKhUtj0xVlbX1jc2C1vF7Z3dvX3z4LApo0Rg0sARi0TbR5IwyklDUcVIOxYEhT4jLX94m/mtJyIkjfiDGsXEDVGf04BipLTkmbUavIZBuRsiNfCD9HHsORVoWRacU+4qv794yY+nvjrzzJJt2VPAZeLkpARy1D3ztduLcBISrjBDUnYcO1ZuioSimJFxsZtIEiM8RH3S0ZSjkEg3nV48hqda6cEgEvpxBafqfEeKQilHoa8rsz3lopeJ/3mdRAVXbkp5nCjC8WxQkDCoIpjFB3tUEKzYSBOEBdW7QjxAAmGlQy7qEJzFk5dJ89xybMu5vyhVb/I4CuAYnIAycMAlqIIaqIMGwOAZvIF38GG8GBPj0/iala4Yec8R+APj+wdOqKdD</latexit><latexit sha1_base64="kpbbeHFvm0kCqW9xdDmr3eF/Qdw=">AAACMXicbVDLSsNAFJ34rPUVdelmsAgVSkhE0I1QdNOVVLAPaEOYTCft0MkkzkyEEvpLbvwTcdOFIm79CSdtkNp6YODMOfdy7z1+zKhUtj0xVlbX1jc2C1vF7Z3dvX3z4LApo0Rg0sARi0TbR5IwyklDUcVIOxYEhT4jLX94m/mtJyIkjfiDGsXEDVGf04BipLTkmbUavIZBuRsiNfCD9HHsORVoWRacU+4qv794yY+nvjrzzJJt2VPAZeLkpARy1D3ztduLcBISrjBDUnYcO1ZuioSimJFxsZtIEiM8RH3S0ZSjkEg3nV48hqda6cEgEvpxBafqfEeKQilHoa8rsz3lopeJ/3mdRAVXbkp5nCjC8WxQkDCoIpjFB3tUEKzYSBOEBdW7QjxAAmGlQy7qEJzFk5dJ89xybMu5vyhVb/I4CuAYnIAycMAlqIIaqIMGwOAZvIF38GG8GBPj0/iala4Yec8R+APj+wdOqKdD</latexit><latexit sha1_base64="kpbbeHFvm0kCqW9xdDmr3eF/Qdw=">AAACMXicbVDLSsNAFJ34rPUVdelmsAgVSkhE0I1QdNOVVLAPaEOYTCft0MkkzkyEEvpLbvwTcdOFIm79CSdtkNp6YODMOfdy7z1+zKhUtj0xVlbX1jc2C1vF7Z3dvX3z4LApo0Rg0sARi0TbR5IwyklDUcVIOxYEhT4jLX94m/mtJyIkjfiDGsXEDVGf04BipLTkmbUavIZBuRsiNfCD9HHsORVoWRacU+4qv794yY+nvjrzzJJt2VPAZeLkpARy1D3ztduLcBISrjBDUnYcO1ZuioSimJFxsZtIEiM8RH3S0ZSjkEg3nV48hqda6cEgEvpxBafqfEeKQilHoa8rsz3lopeJ/3mdRAVXbkp5nCjC8WxQkDCoIpjFB3tUEKzYSBOEBdW7QjxAAmGlQy7qEJzFk5dJ89xybMu5vyhVb/I4CuAYnIAycMAlqIIaqIMGwOAZvIF38GG8GBPj0/iala4Yec8R+APj+wdOqKdD</latexit>

Turn all p’s and q’s into Hermitian operators and impose 
canonical commutation relations

qi ! q̂i
<latexit sha1_base64="arnizAjDoks+cHBvHCd25ItVqJU=">AAACFHicbVDLSsNAFJ34rPUVdelmsAiCUBIRdFl047KCfUATwmQ6aYZOHs7cKCX0I9z4K25cKOLWhTv/xkkbUFsPXDiccy/33uOngiuwrC9jYXFpeWW1slZd39jc2jZ3dtsqySRlLZqIRHZ9opjgMWsBB8G6qWQk8gXr+MPLwu/cMal4Et/AKGVuRAYxDzgloCXPPHYiAqEf5Ldjj2NH8kEIRMrkHjshgfzH1bZn1qy6NQGeJ3ZJaqhE0zM/nX5Cs4jFQAVRqmdbKbg5kcCpYOOqkymWEjokA9bTNCYRU24+eWqMD7XSx0EidcWAJ+rviZxESo0iX3cWR6pZrxD/83oZBOduzuM0AxbT6aIgExgSXCSE+1wyCmKkCaGS61sxDYkkFHSOVR2CPfvyPGmf1G2rbl+f1hoXZRwVtI8O0BGy0RlqoCvURC1E0QN6Qi/o1Xg0no03433aumCUM3voD4yPb58bn80=</latexit><latexit sha1_base64="arnizAjDoks+cHBvHCd25ItVqJU=">AAACFHicbVDLSsNAFJ34rPUVdelmsAiCUBIRdFl047KCfUATwmQ6aYZOHs7cKCX0I9z4K25cKOLWhTv/xkkbUFsPXDiccy/33uOngiuwrC9jYXFpeWW1slZd39jc2jZ3dtsqySRlLZqIRHZ9opjgMWsBB8G6qWQk8gXr+MPLwu/cMal4Et/AKGVuRAYxDzgloCXPPHYiAqEf5Ldjj2NH8kEIRMrkHjshgfzH1bZn1qy6NQGeJ3ZJaqhE0zM/nX5Cs4jFQAVRqmdbKbg5kcCpYOOqkymWEjokA9bTNCYRU24+eWqMD7XSx0EidcWAJ+rviZxESo0iX3cWR6pZrxD/83oZBOduzuM0AxbT6aIgExgSXCSE+1wyCmKkCaGS61sxDYkkFHSOVR2CPfvyPGmf1G2rbl+f1hoXZRwVtI8O0BGy0RlqoCvURC1E0QN6Qi/o1Xg0no03433aumCUM3voD4yPb58bn80=</latexit><latexit sha1_base64="arnizAjDoks+cHBvHCd25ItVqJU=">AAACFHicbVDLSsNAFJ34rPUVdelmsAiCUBIRdFl047KCfUATwmQ6aYZOHs7cKCX0I9z4K25cKOLWhTv/xkkbUFsPXDiccy/33uOngiuwrC9jYXFpeWW1slZd39jc2jZ3dtsqySRlLZqIRHZ9opjgMWsBB8G6qWQk8gXr+MPLwu/cMal4Et/AKGVuRAYxDzgloCXPPHYiAqEf5Ldjj2NH8kEIRMrkHjshgfzH1bZn1qy6NQGeJ3ZJaqhE0zM/nX5Cs4jFQAVRqmdbKbg5kcCpYOOqkymWEjokA9bTNCYRU24+eWqMD7XSx0EidcWAJ+rviZxESo0iX3cWR6pZrxD/83oZBOduzuM0AxbT6aIgExgSXCSE+1wyCmKkCaGS61sxDYkkFHSOVR2CPfvyPGmf1G2rbl+f1hoXZRwVtI8O0BGy0RlqoCvURC1E0QN6Qi/o1Xg0no03433aumCUM3voD4yPb58bn80=</latexit><latexit sha1_base64="arnizAjDoks+cHBvHCd25ItVqJU=">AAACFHicbVDLSsNAFJ34rPUVdelmsAiCUBIRdFl047KCfUATwmQ6aYZOHs7cKCX0I9z4K25cKOLWhTv/xkkbUFsPXDiccy/33uOngiuwrC9jYXFpeWW1slZd39jc2jZ3dtsqySRlLZqIRHZ9opjgMWsBB8G6qWQk8gXr+MPLwu/cMal4Et/AKGVuRAYxDzgloCXPPHYiAqEf5Ldjj2NH8kEIRMrkHjshgfzH1bZn1qy6NQGeJ3ZJaqhE0zM/nX5Cs4jFQAVRqmdbKbg5kcCpYOOqkymWEjokA9bTNCYRU24+eWqMD7XSx0EidcWAJ+rviZxESo0iX3cWR6pZrxD/83oZBOduzuM0AxbT6aIgExgSXCSE+1wyCmKkCaGS61sxDYkkFHSOVR2CPfvyPGmf1G2rbl+f1hoXZRwVtI8O0BGy0RlqoCvURC1E0QN6Qi/o1Xg0no03433aumCUM3voD4yPb58bn80=</latexit>

pi ! p̂i
<latexit sha1_base64="CpB3fl1gh121I9RqmtehO8nRsrA=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQhJKIoMuiG5cV7AOaECbTSTN08mDmRimhH+HGX3HjQhG3Ltz5N07agNp64MLhnHu59x4/FVyBZX0ZlaXlldW16nptY3Nre8fc3euoJJOUtWkiEtnziWKCx6wNHATrpZKRyBes64+uCr97x6TiSXwL45S5ERnGPOCUgJY888SJCIR+kKcTj2NH8mEIRMrkHjshgfzH1bZn1q2GNQVeJHZJ6qhEyzM/nUFCs4jFQAVRqm9bKbg5kcCpYJOakymWEjoiQ9bXNCYRU24+fWqCj7QywEEidcWAp+rviZxESo0jX3cWR6p5rxD/8/oZBBduzuM0AxbT2aIgExgSXCSEB1wyCmKsCaGS61sxDYkkFHSONR2CPf/yIumcNmyrYd+c1ZuXZRxVdIAO0TGy0TlqomvUQm1E0QN6Qi/o1Xg0no03433WWjHKmX30B8bHN5vtn8s=</latexit><latexit sha1_base64="CpB3fl1gh121I9RqmtehO8nRsrA=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQhJKIoMuiG5cV7AOaECbTSTN08mDmRimhH+HGX3HjQhG3Ltz5N07agNp64MLhnHu59x4/FVyBZX0ZlaXlldW16nptY3Nre8fc3euoJJOUtWkiEtnziWKCx6wNHATrpZKRyBes64+uCr97x6TiSXwL45S5ERnGPOCUgJY888SJCIR+kKcTj2NH8mEIRMrkHjshgfzH1bZn1q2GNQVeJHZJ6qhEyzM/nUFCs4jFQAVRqm9bKbg5kcCpYJOakymWEjoiQ9bXNCYRU24+fWqCj7QywEEidcWAp+rviZxESo0jX3cWR6p5rxD/8/oZBBduzuM0AxbT2aIgExgSXCSEB1wyCmKsCaGS61sxDYkkFHSONR2CPf/yIumcNmyrYd+c1ZuXZRxVdIAO0TGy0TlqomvUQm1E0QN6Qi/o1Xg0no03433WWjHKmX30B8bHN5vtn8s=</latexit><latexit sha1_base64="CpB3fl1gh121I9RqmtehO8nRsrA=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQhJKIoMuiG5cV7AOaECbTSTN08mDmRimhH+HGX3HjQhG3Ltz5N07agNp64MLhnHu59x4/FVyBZX0ZlaXlldW16nptY3Nre8fc3euoJJOUtWkiEtnziWKCx6wNHATrpZKRyBes64+uCr97x6TiSXwL45S5ERnGPOCUgJY888SJCIR+kKcTj2NH8mEIRMrkHjshgfzH1bZn1q2GNQVeJHZJ6qhEyzM/nUFCs4jFQAVRqm9bKbg5kcCpYJOakymWEjoiQ9bXNCYRU24+fWqCj7QywEEidcWAp+rviZxESo0jX3cWR6p5rxD/8/oZBBduzuM0AxbT2aIgExgSXCSEB1wyCmKsCaGS61sxDYkkFHSONR2CPf/yIumcNmyrYd+c1ZuXZRxVdIAO0TGy0TlqomvUQm1E0QN6Qi/o1Xg0no03433WWjHKmX30B8bHN5vtn8s=</latexit><latexit sha1_base64="CpB3fl1gh121I9RqmtehO8nRsrA=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQhJKIoMuiG5cV7AOaECbTSTN08mDmRimhH+HGX3HjQhG3Ltz5N07agNp64MLhnHu59x4/FVyBZX0ZlaXlldW16nptY3Nre8fc3euoJJOUtWkiEtnziWKCx6wNHATrpZKRyBes64+uCr97x6TiSXwL45S5ERnGPOCUgJY888SJCIR+kKcTj2NH8mEIRMrkHjshgfzH1bZn1q2GNQVeJHZJ6qhEyzM/nUFCs4jFQAVRqm9bKbg5kcCpYJOakymWEjoiQ9bXNCYRU24+fWqCj7QywEEidcWAp+rviZxESo0jX3cWR6p5rxD/8/oZBBduzuM0AxbT2aIgExgSXCSEB1wyCmKsCaGS61sxDYkkFHSONR2CPf/yIumcNmyrYd+c1ZuXZRxVdIAO0TGy0TlqomvUQm1E0QN6Qi/o1Xg0no03433WWjHKmX30B8bHN5vtn8s=</latexit>

such that
[q̂i, p̂j ] = 0, i 6= j

<latexit sha1_base64="vbtd0wfC4JiGaAZd+QdxAzjD7gM=">AAACH3icbZDLSsNAFIYn9VbrLerSzWARXJSSiKgboejGZQV7gSSUyXTSTjuZpDMToYS+iRtfxY0LRcRd38ZJm4Vt/WHg5zvnMOf8fsyoVJY1NQpr6xubW8Xt0s7u3v6BeXjUlFEiMGngiEWi7SNJGOWkoahipB0LgkKfkZY/vM/qrWciJI34kxrHxAtRj9OAYqQ06phXjttHKnVDpPp+kI4mkw6twAUWazbw4C20KpBCl5MRHHTMslW1ZoKrxs5NGeSqd8wftxvhJCRcYYakdGwrVl6KhKKYkUnJTSSJER6iHnG05Sgk0ktn903gmSZdGERCP67gjP6dSFEo5Tj0dWe2s1yuZfC/mpOo4MZLKY8TRTiefxQkDKoIZmHBLhUEKzbWBmFB9a4Q95FAWOlISzoEe/nkVdO8qNpW1X68LNfu8jiK4AScgnNgg2tQAw+gDhoAgxfwBj7Ap/FqvBtfxve8tWDkM8dgQcb0F5IMopc=</latexit><latexit sha1_base64="vbtd0wfC4JiGaAZd+QdxAzjD7gM=">AAACH3icbZDLSsNAFIYn9VbrLerSzWARXJSSiKgboejGZQV7gSSUyXTSTjuZpDMToYS+iRtfxY0LRcRd38ZJm4Vt/WHg5zvnMOf8fsyoVJY1NQpr6xubW8Xt0s7u3v6BeXjUlFEiMGngiEWi7SNJGOWkoahipB0LgkKfkZY/vM/qrWciJI34kxrHxAtRj9OAYqQ06phXjttHKnVDpPp+kI4mkw6twAUWazbw4C20KpBCl5MRHHTMslW1ZoKrxs5NGeSqd8wftxvhJCRcYYakdGwrVl6KhKKYkUnJTSSJER6iHnG05Sgk0ktn903gmSZdGERCP67gjP6dSFEo5Tj0dWe2s1yuZfC/mpOo4MZLKY8TRTiefxQkDKoIZmHBLhUEKzbWBmFB9a4Q95FAWOlISzoEe/nkVdO8qNpW1X68LNfu8jiK4AScgnNgg2tQAw+gDhoAgxfwBj7Ap/FqvBtfxve8tWDkM8dgQcb0F5IMopc=</latexit><latexit sha1_base64="vbtd0wfC4JiGaAZd+QdxAzjD7gM=">AAACH3icbZDLSsNAFIYn9VbrLerSzWARXJSSiKgboejGZQV7gSSUyXTSTjuZpDMToYS+iRtfxY0LRcRd38ZJm4Vt/WHg5zvnMOf8fsyoVJY1NQpr6xubW8Xt0s7u3v6BeXjUlFEiMGngiEWi7SNJGOWkoahipB0LgkKfkZY/vM/qrWciJI34kxrHxAtRj9OAYqQ06phXjttHKnVDpPp+kI4mkw6twAUWazbw4C20KpBCl5MRHHTMslW1ZoKrxs5NGeSqd8wftxvhJCRcYYakdGwrVl6KhKKYkUnJTSSJER6iHnG05Sgk0ktn903gmSZdGERCP67gjP6dSFEo5Tj0dWe2s1yuZfC/mpOo4MZLKY8TRTiefxQkDKoIZmHBLhUEKzbWBmFB9a4Q95FAWOlISzoEe/nkVdO8qNpW1X68LNfu8jiK4AScgnNgg2tQAw+gDhoAgxfwBj7Ap/FqvBtfxve8tWDkM8dgQcb0F5IMopc=</latexit><latexit sha1_base64="vbtd0wfC4JiGaAZd+QdxAzjD7gM=">AAACH3icbZDLSsNAFIYn9VbrLerSzWARXJSSiKgboejGZQV7gSSUyXTSTjuZpDMToYS+iRtfxY0LRcRd38ZJm4Vt/WHg5zvnMOf8fsyoVJY1NQpr6xubW8Xt0s7u3v6BeXjUlFEiMGngiEWi7SNJGOWkoahipB0LgkKfkZY/vM/qrWciJI34kxrHxAtRj9OAYqQ06phXjttHKnVDpPp+kI4mkw6twAUWazbw4C20KpBCl5MRHHTMslW1ZoKrxs5NGeSqd8wftxvhJCRcYYakdGwrVl6KhKKYkUnJTSSJER6iHnG05Sgk0ktn903gmSZdGERCP67gjP6dSFEo5Tj0dWe2s1yuZfC/mpOo4MZLKY8TRTiefxQkDKoIZmHBLhUEKzbWBmFB9a4Q95FAWOlISzoEe/nkVdO8qNpW1X68LNfu8jiK4AScgnNgg2tQAw+gDhoAgxfwBj7Ap/FqvBtfxve8tWDkM8dgQcb0F5IMopc=</latexit>

Ĥ = f(q̂1, ...q̂N , p̂1, ...p̂N , t)
<latexit sha1_base64="Q//8y+gyZHez/3R8z7UCNOuco9M=">AAACT3icdZFLSwMxFIUz9dXWV9Wlm2ARKpRhRgTdCEU3XUkF+4C2lEyaaUMzD5M7QhnmH7rRnX/DjQtFzLSzsK1eCHyce8K9OXFCwRVY1puRW1vf2NzKF4rbO7t7+6WDw5YKIklZkwYikB2HKCa4z5rAQbBOKBnxHMHazuQ27befmFQ88B9gGrK+R0Y+dzkloKVBye2NCcT1BF9jtzLjnkdg7LjxY5IM7Co2TROv6HfVRS38xxvOvXA2KJUt05oVXgU7gzLKqjEovfaGAY085gMVRKmubYXQj4kETgVLir1IsZDQCRmxrkafeEz141keCT7VyhC7gdTHBzxTf9+IiafU1HO0M11ULfdS8a9eNwL3qh9zP4yA+XQ+yI0EhgCn4eIhl4yCmGogVHK9K6ZjIgkF/QVFHYK9/ORVaJ2btmXa9xfl2k0WRx4doxNUQTa6RDVURw3URBQ9o3f0ib6MF+PD+M5l1pyRwRFaqFzhBwXhs0Y=</latexit><latexit sha1_base64="Q//8y+gyZHez/3R8z7UCNOuco9M=">AAACT3icdZFLSwMxFIUz9dXWV9Wlm2ARKpRhRgTdCEU3XUkF+4C2lEyaaUMzD5M7QhnmH7rRnX/DjQtFzLSzsK1eCHyce8K9OXFCwRVY1puRW1vf2NzKF4rbO7t7+6WDw5YKIklZkwYikB2HKCa4z5rAQbBOKBnxHMHazuQ27befmFQ88B9gGrK+R0Y+dzkloKVBye2NCcT1BF9jtzLjnkdg7LjxY5IM7Co2TROv6HfVRS38xxvOvXA2KJUt05oVXgU7gzLKqjEovfaGAY085gMVRKmubYXQj4kETgVLir1IsZDQCRmxrkafeEz141keCT7VyhC7gdTHBzxTf9+IiafU1HO0M11ULfdS8a9eNwL3qh9zP4yA+XQ+yI0EhgCn4eIhl4yCmGogVHK9K6ZjIgkF/QVFHYK9/ORVaJ2btmXa9xfl2k0WRx4doxNUQTa6RDVURw3URBQ9o3f0ib6MF+PD+M5l1pyRwRFaqFzhBwXhs0Y=</latexit><latexit sha1_base64="Q//8y+gyZHez/3R8z7UCNOuco9M=">AAACT3icdZFLSwMxFIUz9dXWV9Wlm2ARKpRhRgTdCEU3XUkF+4C2lEyaaUMzD5M7QhnmH7rRnX/DjQtFzLSzsK1eCHyce8K9OXFCwRVY1puRW1vf2NzKF4rbO7t7+6WDw5YKIklZkwYikB2HKCa4z5rAQbBOKBnxHMHazuQ27befmFQ88B9gGrK+R0Y+dzkloKVBye2NCcT1BF9jtzLjnkdg7LjxY5IM7Co2TROv6HfVRS38xxvOvXA2KJUt05oVXgU7gzLKqjEovfaGAY085gMVRKmubYXQj4kETgVLir1IsZDQCRmxrkafeEz141keCT7VyhC7gdTHBzxTf9+IiafU1HO0M11ULfdS8a9eNwL3qh9zP4yA+XQ+yI0EhgCn4eIhl4yCmGogVHK9K6ZjIgkF/QVFHYK9/ORVaJ2btmXa9xfl2k0WRx4doxNUQTa6RDVURw3URBQ9o3f0ib6MF+PD+M5l1pyRwRFaqFzhBwXhs0Y=</latexit><latexit sha1_base64="Q//8y+gyZHez/3R8z7UCNOuco9M=">AAACT3icdZFLSwMxFIUz9dXWV9Wlm2ARKpRhRgTdCEU3XUkF+4C2lEyaaUMzD5M7QhnmH7rRnX/DjQtFzLSzsK1eCHyce8K9OXFCwRVY1puRW1vf2NzKF4rbO7t7+6WDw5YKIklZkwYikB2HKCa4z5rAQbBOKBnxHMHazuQ27befmFQ88B9gGrK+R0Y+dzkloKVBye2NCcT1BF9jtzLjnkdg7LjxY5IM7Co2TROv6HfVRS38xxvOvXA2KJUt05oVXgU7gzLKqjEovfaGAY085gMVRKmubYXQj4kETgVLir1IsZDQCRmxrkafeEz141keCT7VyhC7gdTHBzxTf9+IiafU1HO0M11ULfdS8a9eNwL3qh9zP4yA+XQ+yI0EhgCn4eIhl4yCmGogVHK9K6ZjIgkF/QVFHYK9/ORVaJ2btmXa9xfl2k0WRx4doxNUQTa6RDVURw3URBQ9o3f0ib6MF+PD+M5l1pyRwRFaqFzhBwXhs0Y=</latexit>

The quantum Hamiltonian is then just

[q̂i, p̂i] = i~
<latexit sha1_base64="teG5lfRXzbWX8CaOG31sXdTscW4=">AAACG3icbZDLSsNAFIYn9VbrLerSzWARXEhJiqAboejGZQV7gSSEyXTSDp1M4sxEKCHv4cZXceNCEVeCC9/GSZuFbf1h4Oc75zDn/EHCqFSW9WNUVlbX1jeqm7Wt7Z3dPXP/oCvjVGDSwTGLRT9AkjDKSUdRxUg/EQRFASO9YHxT1HuPREga83s1SYgXoSGnIcVIaeSbTccdIZW5EVKjIMwe8tynZ3COJQXz4BWkmgdI+GbdalhTwWVjl6YOSrV988sdxDiNCFeYISkd20qUlyGhKGYkr7mpJAnCYzQkjrYcRUR62fS2HJ5oMoBhLPTjCk7p34kMRVJOokB3FvvKxVoB/6s5qQovvYzyJFWE49lHYcqgimERFBxQQbBiE20QFlTvCvEICYSVjrOmQ7AXT1423WbDthr23Xm9dV3GUQVH4BicAhtcgBa4BW3QARg8gRfwBt6NZ+PV+DA+Z60Vo5w5BHMyvn8BqyqhwQ==</latexit><latexit sha1_base64="teG5lfRXzbWX8CaOG31sXdTscW4=">AAACG3icbZDLSsNAFIYn9VbrLerSzWARXEhJiqAboejGZQV7gSSEyXTSDp1M4sxEKCHv4cZXceNCEVeCC9/GSZuFbf1h4Oc75zDn/EHCqFSW9WNUVlbX1jeqm7Wt7Z3dPXP/oCvjVGDSwTGLRT9AkjDKSUdRxUg/EQRFASO9YHxT1HuPREga83s1SYgXoSGnIcVIaeSbTccdIZW5EVKjIMwe8tynZ3COJQXz4BWkmgdI+GbdalhTwWVjl6YOSrV988sdxDiNCFeYISkd20qUlyGhKGYkr7mpJAnCYzQkjrYcRUR62fS2HJ5oMoBhLPTjCk7p34kMRVJOokB3FvvKxVoB/6s5qQovvYzyJFWE49lHYcqgimERFBxQQbBiE20QFlTvCvEICYSVjrOmQ7AXT1423WbDthr23Xm9dV3GUQVH4BicAhtcgBa4BW3QARg8gRfwBt6NZ+PV+DA+Z60Vo5w5BHMyvn8BqyqhwQ==</latexit><latexit sha1_base64="teG5lfRXzbWX8CaOG31sXdTscW4=">AAACG3icbZDLSsNAFIYn9VbrLerSzWARXEhJiqAboejGZQV7gSSEyXTSDp1M4sxEKCHv4cZXceNCEVeCC9/GSZuFbf1h4Oc75zDn/EHCqFSW9WNUVlbX1jeqm7Wt7Z3dPXP/oCvjVGDSwTGLRT9AkjDKSUdRxUg/EQRFASO9YHxT1HuPREga83s1SYgXoSGnIcVIaeSbTccdIZW5EVKjIMwe8tynZ3COJQXz4BWkmgdI+GbdalhTwWVjl6YOSrV988sdxDiNCFeYISkd20qUlyGhKGYkr7mpJAnCYzQkjrYcRUR62fS2HJ5oMoBhLPTjCk7p34kMRVJOokB3FvvKxVoB/6s5qQovvYzyJFWE49lHYcqgimERFBxQQbBiE20QFlTvCvEICYSVjrOmQ7AXT1423WbDthr23Xm9dV3GUQVH4BicAhtcgBa4BW3QARg8gRfwBt6NZ+PV+DA+Z60Vo5w5BHMyvn8BqyqhwQ==</latexit><latexit sha1_base64="teG5lfRXzbWX8CaOG31sXdTscW4=">AAACG3icbZDLSsNAFIYn9VbrLerSzWARXEhJiqAboejGZQV7gSSEyXTSDp1M4sxEKCHv4cZXceNCEVeCC9/GSZuFbf1h4Oc75zDn/EHCqFSW9WNUVlbX1jeqm7Wt7Z3dPXP/oCvjVGDSwTGLRT9AkjDKSUdRxUg/EQRFASO9YHxT1HuPREga83s1SYgXoSGnIcVIaeSbTccdIZW5EVKjIMwe8tynZ3COJQXz4BWkmgdI+GbdalhTwWVjl6YOSrV988sdxDiNCFeYISkd20qUlyGhKGYkr7mpJAnCYzQkjrYcRUR62fS2HJ5oMoBhLPTjCk7p34kMRVJOokB3FvvKxVoB/6s5qQovvYzyJFWE49lHYcqgimERFBxQQbBiE20QFlTvCvEICYSVjrOmQ7AXT1423WbDthr23Xm9dV3GUQVH4BicAhtcgBa4BW3QARg8gRfwBt6NZ+PV+DA+Z60Vo5w5BHMyvn8BqyqhwQ==</latexit>



From quantum to classical

How do we go back to classical?

Take expectation values of the quantum operators

qi  hq̂ii
<latexit sha1_base64="Cj1EeqREJrdBH2QXV0EUFwrEoUw=">AAACI3icbVDLSgNBEJz1bXxFPXoZDIKnsCuC4inoxaOCUSEbQu+kNxmcnV1nepWw5F+8+CtePCjixYP/4mQN+CwYKKqqme6KMiUt+f6bNzE5NT0zOzdfWVhcWl6prq6d2zQ3ApsiVam5jMCikhqbJEnhZWYQkkjhRXR1NPIvbtBYmeozGmTYTqCnZSwFkJM61YMwAepHcXE97EgeKowJjElvHQXdU8jDPlDxFSpTprQ61Zpf90vwvyQYkxob46RTfQm7qcgT1CQUWNsK/IzaBRiSQuGwEuYWMxBX0MOWoxoStO2ivHHIt5zS5XFq3NPES/X7RAGJtYMkcsnRsva3NxL/81o5xfvtQuosJ9Ti86M4V5xSPiqMd6VBQWrgCAgj3a5c9MGAIFdrxZUQ/D75LznfqQd+PTjdrTUOx3XMsQ22ybZZwPZYgx2zE9Zkgt2xB/bEnr1779F78V4/oxPeeGad/YD3/gEyMaXU</latexit><latexit sha1_base64="Cj1EeqREJrdBH2QXV0EUFwrEoUw=">AAACI3icbVDLSgNBEJz1bXxFPXoZDIKnsCuC4inoxaOCUSEbQu+kNxmcnV1nepWw5F+8+CtePCjixYP/4mQN+CwYKKqqme6KMiUt+f6bNzE5NT0zOzdfWVhcWl6prq6d2zQ3ApsiVam5jMCikhqbJEnhZWYQkkjhRXR1NPIvbtBYmeozGmTYTqCnZSwFkJM61YMwAepHcXE97EgeKowJjElvHQXdU8jDPlDxFSpTprQ61Zpf90vwvyQYkxob46RTfQm7qcgT1CQUWNsK/IzaBRiSQuGwEuYWMxBX0MOWoxoStO2ivHHIt5zS5XFq3NPES/X7RAGJtYMkcsnRsva3NxL/81o5xfvtQuosJ9Ti86M4V5xSPiqMd6VBQWrgCAgj3a5c9MGAIFdrxZUQ/D75LznfqQd+PTjdrTUOx3XMsQ22ybZZwPZYgx2zE9Zkgt2xB/bEnr1779F78V4/oxPeeGad/YD3/gEyMaXU</latexit><latexit sha1_base64="Cj1EeqREJrdBH2QXV0EUFwrEoUw=">AAACI3icbVDLSgNBEJz1bXxFPXoZDIKnsCuC4inoxaOCUSEbQu+kNxmcnV1nepWw5F+8+CtePCjixYP/4mQN+CwYKKqqme6KMiUt+f6bNzE5NT0zOzdfWVhcWl6prq6d2zQ3ApsiVam5jMCikhqbJEnhZWYQkkjhRXR1NPIvbtBYmeozGmTYTqCnZSwFkJM61YMwAepHcXE97EgeKowJjElvHQXdU8jDPlDxFSpTprQ61Zpf90vwvyQYkxob46RTfQm7qcgT1CQUWNsK/IzaBRiSQuGwEuYWMxBX0MOWoxoStO2ivHHIt5zS5XFq3NPES/X7RAGJtYMkcsnRsva3NxL/81o5xfvtQuosJ9Ti86M4V5xSPiqMd6VBQWrgCAgj3a5c9MGAIFdrxZUQ/D75LznfqQd+PTjdrTUOx3XMsQ22ybZZwPZYgx2zE9Zkgt2xB/bEnr1779F78V4/oxPeeGad/YD3/gEyMaXU</latexit><latexit sha1_base64="Cj1EeqREJrdBH2QXV0EUFwrEoUw=">AAACI3icbVDLSgNBEJz1bXxFPXoZDIKnsCuC4inoxaOCUSEbQu+kNxmcnV1nepWw5F+8+CtePCjixYP/4mQN+CwYKKqqme6KMiUt+f6bNzE5NT0zOzdfWVhcWl6prq6d2zQ3ApsiVam5jMCikhqbJEnhZWYQkkjhRXR1NPIvbtBYmeozGmTYTqCnZSwFkJM61YMwAepHcXE97EgeKowJjElvHQXdU8jDPlDxFSpTprQ61Zpf90vwvyQYkxob46RTfQm7qcgT1CQUWNsK/IzaBRiSQuGwEuYWMxBX0MOWoxoStO2ivHHIt5zS5XFq3NPES/X7RAGJtYMkcsnRsva3NxL/81o5xfvtQuosJ9Ti86M4V5xSPiqMd6VBQWrgCAgj3a5c9MGAIFdrxZUQ/D75LznfqQd+PTjdrTUOx3XMsQ22ybZZwPZYgx2zE9Zkgt2xB/bEnr1779F78V4/oxPeeGad/YD3/gEyMaXU</latexit>

pi  hp̂ii
<latexit sha1_base64="MMeO2Q3SYPqusSzm1fFKO6qjl9k=">AAACI3icbVDLSgNBEJz1bXxFPXoZDIKnsCuC4kn04jGCUSEbQu+kNxmcnV1mepWw5F+8+CtePCjBiwf/xcka8FkwUFRVM90VZUpa8v03b2p6ZnZufmGxsrS8srpWXd+4tGluBDZFqlJzHYFFJTU2SZLC68wgJJHCq+jmdOxf3aKxMtUXNMiwnUBPy1gKICd1qkdhAtSP4iIbdiQPFcYExqR3joLuKeRhH6j4CpUpU1qdas2v+yX4XxJMSI1N0OhUR2E3FXmCmoQCa1uBn1G7AENSKBxWwtxiBuIGethyVEOCtl2UNw75jlO6PE6Ne5p4qX6fKCCxdpBELjle1v72xuJ/Xiun+LBdSJ3lhFp8fhTnilPKx4XxrjQoSA0cAWGk25WLPhgQ5GqtuBKC3yf/JZd79cCvB+f7teOTSR0LbItts10WsAN2zM5YgzWZYPfskT2zF+/Be/JG3utndMqbzGyyH/DePwAu7KXS</latexit><latexit sha1_base64="MMeO2Q3SYPqusSzm1fFKO6qjl9k=">AAACI3icbVDLSgNBEJz1bXxFPXoZDIKnsCuC4kn04jGCUSEbQu+kNxmcnV1mepWw5F+8+CtePCjBiwf/xcka8FkwUFRVM90VZUpa8v03b2p6ZnZufmGxsrS8srpWXd+4tGluBDZFqlJzHYFFJTU2SZLC68wgJJHCq+jmdOxf3aKxMtUXNMiwnUBPy1gKICd1qkdhAtSP4iIbdiQPFcYExqR3joLuKeRhH6j4CpUpU1qdas2v+yX4XxJMSI1N0OhUR2E3FXmCmoQCa1uBn1G7AENSKBxWwtxiBuIGethyVEOCtl2UNw75jlO6PE6Ne5p4qX6fKCCxdpBELjle1v72xuJ/Xiun+LBdSJ3lhFp8fhTnilPKx4XxrjQoSA0cAWGk25WLPhgQ5GqtuBKC3yf/JZd79cCvB+f7teOTSR0LbItts10WsAN2zM5YgzWZYPfskT2zF+/Be/JG3utndMqbzGyyH/DePwAu7KXS</latexit><latexit sha1_base64="MMeO2Q3SYPqusSzm1fFKO6qjl9k=">AAACI3icbVDLSgNBEJz1bXxFPXoZDIKnsCuC4kn04jGCUSEbQu+kNxmcnV1mepWw5F+8+CtePCjBiwf/xcka8FkwUFRVM90VZUpa8v03b2p6ZnZufmGxsrS8srpWXd+4tGluBDZFqlJzHYFFJTU2SZLC68wgJJHCq+jmdOxf3aKxMtUXNMiwnUBPy1gKICd1qkdhAtSP4iIbdiQPFcYExqR3joLuKeRhH6j4CpUpU1qdas2v+yX4XxJMSI1N0OhUR2E3FXmCmoQCa1uBn1G7AENSKBxWwtxiBuIGethyVEOCtl2UNw75jlO6PE6Ne5p4qX6fKCCxdpBELjle1v72xuJ/Xiun+LBdSJ3lhFp8fhTnilPKx4XxrjQoSA0cAWGk25WLPhgQ5GqtuBKC3yf/JZd79cCvB+f7teOTSR0LbItts10WsAN2zM5YgzWZYPfskT2zF+/Be/JG3utndMqbzGyyH/DePwAu7KXS</latexit><latexit sha1_base64="MMeO2Q3SYPqusSzm1fFKO6qjl9k=">AAACI3icbVDLSgNBEJz1bXxFPXoZDIKnsCuC4kn04jGCUSEbQu+kNxmcnV1mepWw5F+8+CtePCjBiwf/xcka8FkwUFRVM90VZUpa8v03b2p6ZnZufmGxsrS8srpWXd+4tGluBDZFqlJzHYFFJTU2SZLC68wgJJHCq+jmdOxf3aKxMtUXNMiwnUBPy1gKICd1qkdhAtSP4iIbdiQPFcYExqR3joLuKeRhH6j4CpUpU1qdas2v+yX4XxJMSI1N0OhUR2E3FXmCmoQCa1uBn1G7AENSKBxWwtxiBuIGethyVEOCtl2UNw75jlO6PE6Ne5p4qX6fKCCxdpBELjle1v72xuJ/Xiun+LBdSJ3lhFp8fhTnilPKx4XxrjQoSA0cAWGk25WLPhgQ5GqtuBKC3yf/JZd79cCvB+f7teOTSR0LbItts10WsAN2zM5YgzWZYPfskT2zF+/Be/JG3utndMqbzGyyH/DePwAu7KXS</latexit>

hOi = h |O| i
<latexit sha1_base64="0+G57jAO8dp+KQ6xRUQ2CGi7u+0=">AAACHHicbZDLSsNAFIZPvNZ6i7p0M1gEVyVRQTdC0Y07K9gLNKFMppN26GQSZiZCafsgbnwVNy4UceNC8G2cNhG09cDAx/+fw5nzBwlnSjvOl7WwuLS8slpYK65vbG5t2zu7dRWnktAaiXksmwFWlDNBa5ppTpuJpDgKOG0E/auJ37inUrFY3OlBQv0IdwULGcHaSG37xONYdDlFN8iTGV2gH81LFEMjY40yzDvadskpO9NC8+DmUIK8qm37w+vEJI2o0IRjpVquk2h/iKVmhNNx0UsVTTDp4y5tGRQ4osofTo8bo0OjdFAYS/OERlP198QQR0oNosB0Rlj31Kw3Ef/zWqkOz/0hE0mqqSDZojDlSMdokhTqMEmJ5gMDmEhm/opID0tMtMmzaEJwZ0+eh/px2XXK7u1pqXKZx1GAfTiAI3DhDCpwDVWoAYEHeIIXeLUerWfrzXrPWhesfGYP/pT1+Q1rg6BU</latexit><latexit sha1_base64="0+G57jAO8dp+KQ6xRUQ2CGi7u+0=">AAACHHicbZDLSsNAFIZPvNZ6i7p0M1gEVyVRQTdC0Y07K9gLNKFMppN26GQSZiZCafsgbnwVNy4UceNC8G2cNhG09cDAx/+fw5nzBwlnSjvOl7WwuLS8slpYK65vbG5t2zu7dRWnktAaiXksmwFWlDNBa5ppTpuJpDgKOG0E/auJ37inUrFY3OlBQv0IdwULGcHaSG37xONYdDlFN8iTGV2gH81LFEMjY40yzDvadskpO9NC8+DmUIK8qm37w+vEJI2o0IRjpVquk2h/iKVmhNNx0UsVTTDp4y5tGRQ4osofTo8bo0OjdFAYS/OERlP198QQR0oNosB0Rlj31Kw3Ef/zWqkOz/0hE0mqqSDZojDlSMdokhTqMEmJ5gMDmEhm/opID0tMtMmzaEJwZ0+eh/px2XXK7u1pqXKZx1GAfTiAI3DhDCpwDVWoAYEHeIIXeLUerWfrzXrPWhesfGYP/pT1+Q1rg6BU</latexit><latexit sha1_base64="0+G57jAO8dp+KQ6xRUQ2CGi7u+0=">AAACHHicbZDLSsNAFIZPvNZ6i7p0M1gEVyVRQTdC0Y07K9gLNKFMppN26GQSZiZCafsgbnwVNy4UceNC8G2cNhG09cDAx/+fw5nzBwlnSjvOl7WwuLS8slpYK65vbG5t2zu7dRWnktAaiXksmwFWlDNBa5ppTpuJpDgKOG0E/auJ37inUrFY3OlBQv0IdwULGcHaSG37xONYdDlFN8iTGV2gH81LFEMjY40yzDvadskpO9NC8+DmUIK8qm37w+vEJI2o0IRjpVquk2h/iKVmhNNx0UsVTTDp4y5tGRQ4osofTo8bo0OjdFAYS/OERlP198QQR0oNosB0Rlj31Kw3Ef/zWqkOz/0hE0mqqSDZojDlSMdokhTqMEmJ5gMDmEhm/opID0tMtMmzaEJwZ0+eh/px2XXK7u1pqXKZx1GAfTiAI3DhDCpwDVWoAYEHeIIXeLUerWfrzXrPWhesfGYP/pT1+Q1rg6BU</latexit><latexit sha1_base64="0+G57jAO8dp+KQ6xRUQ2CGi7u+0=">AAACHHicbZDLSsNAFIZPvNZ6i7p0M1gEVyVRQTdC0Y07K9gLNKFMppN26GQSZiZCafsgbnwVNy4UceNC8G2cNhG09cDAx/+fw5nzBwlnSjvOl7WwuLS8slpYK65vbG5t2zu7dRWnktAaiXksmwFWlDNBa5ppTpuJpDgKOG0E/auJ37inUrFY3OlBQv0IdwULGcHaSG37xONYdDlFN8iTGV2gH81LFEMjY40yzDvadskpO9NC8+DmUIK8qm37w+vEJI2o0IRjpVquk2h/iKVmhNNx0UsVTTDp4y5tGRQ4osofTo8bo0OjdFAYS/OERlP198QQR0oNosB0Rlj31Kw3Ef/zWqkOz/0hE0mqqSDZojDlSMdokhTqMEmJ5gMDmEhm/opID0tMtMmzaEJwZ0+eh/px2XXK7u1pqXKZx1GAfTiAI3DhDCpwDVWoAYEHeIIXeLUerWfrzXrPWhesfGYP/pT1+Q1rg6BU</latexit>

Where

Ehrenfest’s theorem

Why does this work?



From quantum to classical

Recall…
 
X
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aiaj

interference term

Interference term close to 0 → classical computation

For everyday phenomena, amplitudes are fairly random

Interference term is close to 0

This is why we don’t see quantum weirdness around us!



The qubit (again)

|0i
<latexit sha1_base64="mjQqjCX97mZDRBNXUGxBrTG242k=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/0Rc0tNUDSXvV2tu3Z2DrBKvIDUo0OxXv3qDhGUxV8gkNcb33BSDnGoUTPJppZcZnlI2pkPuW6pozE2Qz0+ekjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKh0gy5YotFUSYJJmT2PxkIzRnKiSWUaWFvJWxENWVoU6rYELzll1dJ+6LuuXXv/rLWuCniKMMJnMI5eHAFDbiDJrSAQQLP8ApvDjovzrvzsWgtOcXMMfyB8/kDY0qQqQ==</latexit><latexit sha1_base64="mjQqjCX97mZDRBNXUGxBrTG242k=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/0Rc0tNUDSXvV2tu3Z2DrBKvIDUo0OxXv3qDhGUxV8gkNcb33BSDnGoUTPJppZcZnlI2pkPuW6pozE2Qz0+ekjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKh0gy5YotFUSYJJmT2PxkIzRnKiSWUaWFvJWxENWVoU6rYELzll1dJ+6LuuXXv/rLWuCniKMMJnMI5eHAFDbiDJrSAQQLP8ApvDjovzrvzsWgtOcXMMfyB8/kDY0qQqQ==</latexit><latexit sha1_base64="mjQqjCX97mZDRBNXUGxBrTG242k=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/0Rc0tNUDSXvV2tu3Z2DrBKvIDUo0OxXv3qDhGUxV8gkNcb33BSDnGoUTPJppZcZnlI2pkPuW6pozE2Qz0+ekjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKh0gy5YotFUSYJJmT2PxkIzRnKiSWUaWFvJWxENWVoU6rYELzll1dJ+6LuuXXv/rLWuCniKMMJnMI5eHAFDbiDJrSAQQLP8ApvDjovzrvzsWgtOcXMMfyB8/kDY0qQqQ==</latexit><latexit sha1_base64="mjQqjCX97mZDRBNXUGxBrTG242k=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/0Rc0tNUDSXvV2tu3Z2DrBKvIDUo0OxXv3qDhGUxV8gkNcb33BSDnGoUTPJppZcZnlI2pkPuW6pozE2Qz0+ekjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKh0gy5YotFUSYJJmT2PxkIzRnKiSWUaWFvJWxENWVoU6rYELzll1dJ+6LuuXXv/rLWuCniKMMJnMI5eHAFDbiDJrSAQQLP8ApvDjovzrvzsWgtOcXMMfyB8/kDY0qQqQ==</latexit>

|1i
<latexit sha1_base64="6Typza7OMfhssIEctEzFNv5UoI4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/0Q80tNUDSXvV2tu3Z2DrBKvIDUo0OxXv3qDhGUxV8gkNcb33BSDnGoUTPJppZcZnlI2pkPuW6pozE2Qz0+ekjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKh0gy5YotFUSYJJmT2PxkIzRnKiSWUaWFvJWxENWVoU6rYELzll1dJ+6LuuXXv/rLWuCniKMMJnMI5eHAFDbiDJrSAQQLP8ApvDjovzrvzsWgtOcXMMfyB8/kDZNaQqg==</latexit><latexit sha1_base64="6Typza7OMfhssIEctEzFNv5UoI4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/0Q80tNUDSXvV2tu3Z2DrBKvIDUo0OxXv3qDhGUxV8gkNcb33BSDnGoUTPJppZcZnlI2pkPuW6pozE2Qz0+ekjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKh0gy5YotFUSYJJmT2PxkIzRnKiSWUaWFvJWxENWVoU6rYELzll1dJ+6LuuXXv/rLWuCniKMMJnMI5eHAFDbiDJrSAQQLP8ApvDjovzrvzsWgtOcXMMfyB8/kDZNaQqg==</latexit><latexit sha1_base64="6Typza7OMfhssIEctEzFNv5UoI4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/0Q80tNUDSXvV2tu3Z2DrBKvIDUo0OxXv3qDhGUxV8gkNcb33BSDnGoUTPJppZcZnlI2pkPuW6pozE2Qz0+ekjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKh0gy5YotFUSYJJmT2PxkIzRnKiSWUaWFvJWxENWVoU6rYELzll1dJ+6LuuXXv/rLWuCniKMMJnMI5eHAFDbiDJrSAQQLP8ApvDjovzrvzsWgtOcXMMfyB8/kDZNaQqg==</latexit><latexit sha1_base64="6Typza7OMfhssIEctEzFNv5UoI4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/0Q80tNUDSXvV2tu3Z2DrBKvIDUo0OxXv3qDhGUxV8gkNcb33BSDnGoUTPJppZcZnlI2pkPuW6pozE2Qz0+ekjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKh0gy5YotFUSYJJmT2PxkIzRnKiSWUaWFvJWxENWVoU6rYELzll1dJ+6LuuXXv/rLWuCniKMMJnMI5eHAFDbiDJrSAQQLP8ApvDjovzrvzsWgtOcXMMfyB8/kDZNaQqg==</latexit>

Essentially a 2-level quantum system

Ground state

Excited state



Atoms

E = ~!
<latexit sha1_base64="U5bfvzr5o8Af8FNdqeSZS26wbW0=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0ItQFMFjBfsBTSiT7aZdupsNu5tCCf0nXjwo4tV/4s1/47bNQVsfDDzem2FmXpRypo3nfTultfWNza3ydmVnd2//wD08ammZKUKbRHKpOhFoyllCm4YZTjupoiAiTtvR6G7mt8dUaSaTJzNJaShgkLCYETBW6rnuPb7BwTAChQMp6AB6btWreXPgVeIXpIoKNHruV9CXJBM0MYSD1l3fS02YgzKMcDqtBJmmKZARDGjX0gQE1WE+v3yKz6zSx7FUthKD5+rviRyE1hMR2U4BZqiXvZn4n9fNTHwd5ixJM0MTslgUZxwbiWcx4D5TlBg+sQSIYvZWTIaggBgbVsWG4C+/vEpaFzXfq/mPl9X6bRFHGZ2gU3SOfHSF6ugBNVATETRGz+gVvTm58+K8Ox+L1pJTzByjP3A+fwDqsZKL</latexit><latexit sha1_base64="U5bfvzr5o8Af8FNdqeSZS26wbW0=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0ItQFMFjBfsBTSiT7aZdupsNu5tCCf0nXjwo4tV/4s1/47bNQVsfDDzem2FmXpRypo3nfTultfWNza3ydmVnd2//wD08ammZKUKbRHKpOhFoyllCm4YZTjupoiAiTtvR6G7mt8dUaSaTJzNJaShgkLCYETBW6rnuPb7BwTAChQMp6AB6btWreXPgVeIXpIoKNHruV9CXJBM0MYSD1l3fS02YgzKMcDqtBJmmKZARDGjX0gQE1WE+v3yKz6zSx7FUthKD5+rviRyE1hMR2U4BZqiXvZn4n9fNTHwd5ixJM0MTslgUZxwbiWcx4D5TlBg+sQSIYvZWTIaggBgbVsWG4C+/vEpaFzXfq/mPl9X6bRFHGZ2gU3SOfHSF6ugBNVATETRGz+gVvTm58+K8Ox+L1pJTzByjP3A+fwDqsZKL</latexit><latexit sha1_base64="U5bfvzr5o8Af8FNdqeSZS26wbW0=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0ItQFMFjBfsBTSiT7aZdupsNu5tCCf0nXjwo4tV/4s1/47bNQVsfDDzem2FmXpRypo3nfTultfWNza3ydmVnd2//wD08ammZKUKbRHKpOhFoyllCm4YZTjupoiAiTtvR6G7mt8dUaSaTJzNJaShgkLCYETBW6rnuPb7BwTAChQMp6AB6btWreXPgVeIXpIoKNHruV9CXJBM0MYSD1l3fS02YgzKMcDqtBJmmKZARDGjX0gQE1WE+v3yKz6zSx7FUthKD5+rviRyE1hMR2U4BZqiXvZn4n9fNTHwd5ixJM0MTslgUZxwbiWcx4D5TlBg+sQSIYvZWTIaggBgbVsWG4C+/vEpaFzXfq/mPl9X6bRFHGZ2gU3SOfHSF6ugBNVATETRGz+gVvTm58+K8Ox+L1pJTzByjP3A+fwDqsZKL</latexit><latexit sha1_base64="U5bfvzr5o8Af8FNdqeSZS26wbW0=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0ItQFMFjBfsBTSiT7aZdupsNu5tCCf0nXjwo4tV/4s1/47bNQVsfDDzem2FmXpRypo3nfTultfWNza3ydmVnd2//wD08ammZKUKbRHKpOhFoyllCm4YZTjupoiAiTtvR6G7mt8dUaSaTJzNJaShgkLCYETBW6rnuPb7BwTAChQMp6AB6btWreXPgVeIXpIoKNHruV9CXJBM0MYSD1l3fS02YgzKMcDqtBJmmKZARDGjX0gQE1WE+v3yKz6zSx7FUthKD5+rviRyE1hMR2U4BZqiXvZn4n9fNTHwd5ixJM0MTslgUZxwbiWcx4D5TlBg+sQSIYvZWTIaggBgbVsWG4C+/vEpaFzXfq/mPl9X6bRFHGZ2gU3SOfHSF6ugBNVATETRGz+gVvTm58+K8Ox+L1pJTzByjP3A+fwDqsZKL</latexit>

E = ~!
<latexit sha1_base64="U5bfvzr5o8Af8FNdqeSZS26wbW0=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0ItQFMFjBfsBTSiT7aZdupsNu5tCCf0nXjwo4tV/4s1/47bNQVsfDDzem2FmXpRypo3nfTultfWNza3ydmVnd2//wD08ammZKUKbRHKpOhFoyllCm4YZTjupoiAiTtvR6G7mt8dUaSaTJzNJaShgkLCYETBW6rnuPb7BwTAChQMp6AB6btWreXPgVeIXpIoKNHruV9CXJBM0MYSD1l3fS02YgzKMcDqtBJmmKZARDGjX0gQE1WE+v3yKz6zSx7FUthKD5+rviRyE1hMR2U4BZqiXvZn4n9fNTHwd5ixJM0MTslgUZxwbiWcx4D5TlBg+sQSIYvZWTIaggBgbVsWG4C+/vEpaFzXfq/mPl9X6bRFHGZ2gU3SOfHSF6ugBNVATETRGz+gVvTm58+K8Ox+L1pJTzByjP3A+fwDqsZKL</latexit><latexit sha1_base64="U5bfvzr5o8Af8FNdqeSZS26wbW0=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0ItQFMFjBfsBTSiT7aZdupsNu5tCCf0nXjwo4tV/4s1/47bNQVsfDDzem2FmXpRypo3nfTultfWNza3ydmVnd2//wD08ammZKUKbRHKpOhFoyllCm4YZTjupoiAiTtvR6G7mt8dUaSaTJzNJaShgkLCYETBW6rnuPb7BwTAChQMp6AB6btWreXPgVeIXpIoKNHruV9CXJBM0MYSD1l3fS02YgzKMcDqtBJmmKZARDGjX0gQE1WE+v3yKz6zSx7FUthKD5+rviRyE1hMR2U4BZqiXvZn4n9fNTHwd5ixJM0MTslgUZxwbiWcx4D5TlBg+sQSIYvZWTIaggBgbVsWG4C+/vEpaFzXfq/mPl9X6bRFHGZ2gU3SOfHSF6ugBNVATETRGz+gVvTm58+K8Ox+L1pJTzByjP3A+fwDqsZKL</latexit><latexit sha1_base64="U5bfvzr5o8Af8FNdqeSZS26wbW0=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0ItQFMFjBfsBTSiT7aZdupsNu5tCCf0nXjwo4tV/4s1/47bNQVsfDDzem2FmXpRypo3nfTultfWNza3ydmVnd2//wD08ammZKUKbRHKpOhFoyllCm4YZTjupoiAiTtvR6G7mt8dUaSaTJzNJaShgkLCYETBW6rnuPb7BwTAChQMp6AB6btWreXPgVeIXpIoKNHruV9CXJBM0MYSD1l3fS02YgzKMcDqtBJmmKZARDGjX0gQE1WE+v3yKz6zSx7FUthKD5+rviRyE1hMR2U4BZqiXvZn4n9fNTHwd5ixJM0MTslgUZxwbiWcx4D5TlBg+sQSIYvZWTIaggBgbVsWG4C+/vEpaFzXfq/mPl9X6bRFHGZ2gU3SOfHSF6ugBNVATETRGz+gVvTm58+K8Ox+L1pJTzByjP3A+fwDqsZKL</latexit><latexit sha1_base64="U5bfvzr5o8Af8FNdqeSZS26wbW0=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0ItQFMFjBfsBTSiT7aZdupsNu5tCCf0nXjwo4tV/4s1/47bNQVsfDDzem2FmXpRypo3nfTultfWNza3ydmVnd2//wD08ammZKUKbRHKpOhFoyllCm4YZTjupoiAiTtvR6G7mt8dUaSaTJzNJaShgkLCYETBW6rnuPb7BwTAChQMp6AB6btWreXPgVeIXpIoKNHruV9CXJBM0MYSD1l3fS02YgzKMcDqtBJmmKZARDGjX0gQE1WE+v3yKz6zSx7FUthKD5+rviRyE1hMR2U4BZqiXvZn4n9fNTHwd5ixJM0MTslgUZxwbiWcx4D5TlBg+sQSIYvZWTIaggBgbVsWG4C+/vEpaFzXfq/mPl9X6bRFHGZ2gU3SOfHSF6ugBNVATETRGz+gVvTm58+K8Ox+L1pJTzByjP3A+fwDqsZKL</latexit>

Absorbs

Emits

Ground state Excited state



Atoms



Qubits as atoms

Natural atoms

Artificial atoms (superconductors)



Superconducting qubits

C
<latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit>

L
<latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit>

Consider a simple oscillating circuit

q
<latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit>

electrical charge

u
<latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit> voltage (potential difference) i

<latexit sha1_base64="9jtkmSnVkzQh6f031uh1XGFh3yI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/PfYzt</latexit><latexit sha1_base64="9jtkmSnVkzQh6f031uh1XGFh3yI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/PfYzt</latexit><latexit sha1_base64="9jtkmSnVkzQh6f031uh1XGFh3yI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/PfYzt</latexit><latexit sha1_base64="9jtkmSnVkzQh6f031uh1XGFh3yI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/PfYzt</latexit>

electrical current

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

magnetic flux (through inductor)

L
<latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit> inductance C

<latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit>

capacitance

i =
dq

dt
<latexit sha1_base64="ntGu7eckO/OR0rpu2j+1XVSWWfY=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5KIoBeh6MVjBfsBbSibzaZdutnE3Y1SYn6KFw+KePWXePPfuG1z0NYHA4/3ZpiZ5yecKe0431ZpZXVtfaO8Wdna3tnds6v7bRWnktAWiXksuz5WlDNBW5ppTruJpDjyOe344+up33mgUrFY3OlJQr0IDwULGcHaSAO7ytAl6ocSkyy4z7NA5wO75tSdGdAycQtSgwLNgf3VD2KSRlRowrFSPddJtJdhqRnhNK/0U0UTTMZ4SHuGChxR5WWz03N0bJQAhbE0JTSaqb8nMhwpNYl80xlhPVKL3lT8z+ulOrzwMiaSVFNB5ovClCMdo2kOKGCSEs0nhmAimbkVkRE2OWiTVsWE4C6+vEzap3XXqbu3Z7XGVRFHGQ7hCE7AhXNowA00oQUEHuEZXuHNerJerHfrY95asoqZA/gD6/MH+DST0A==</latexit><latexit sha1_base64="ntGu7eckO/OR0rpu2j+1XVSWWfY=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5KIoBeh6MVjBfsBbSibzaZdutnE3Y1SYn6KFw+KePWXePPfuG1z0NYHA4/3ZpiZ5yecKe0431ZpZXVtfaO8Wdna3tnds6v7bRWnktAWiXksuz5WlDNBW5ppTruJpDjyOe344+up33mgUrFY3OlJQr0IDwULGcHaSAO7ytAl6ocSkyy4z7NA5wO75tSdGdAycQtSgwLNgf3VD2KSRlRowrFSPddJtJdhqRnhNK/0U0UTTMZ4SHuGChxR5WWz03N0bJQAhbE0JTSaqb8nMhwpNYl80xlhPVKL3lT8z+ulOrzwMiaSVFNB5ovClCMdo2kOKGCSEs0nhmAimbkVkRE2OWiTVsWE4C6+vEzap3XXqbu3Z7XGVRFHGQ7hCE7AhXNowA00oQUEHuEZXuHNerJerHfrY95asoqZA/gD6/MH+DST0A==</latexit><latexit sha1_base64="ntGu7eckO/OR0rpu2j+1XVSWWfY=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5KIoBeh6MVjBfsBbSibzaZdutnE3Y1SYn6KFw+KePWXePPfuG1z0NYHA4/3ZpiZ5yecKe0431ZpZXVtfaO8Wdna3tnds6v7bRWnktAWiXksuz5WlDNBW5ppTruJpDjyOe344+up33mgUrFY3OlJQr0IDwULGcHaSAO7ytAl6ocSkyy4z7NA5wO75tSdGdAycQtSgwLNgf3VD2KSRlRowrFSPddJtJdhqRnhNK/0U0UTTMZ4SHuGChxR5WWz03N0bJQAhbE0JTSaqb8nMhwpNYl80xlhPVKL3lT8z+ulOrzwMiaSVFNB5ovClCMdo2kOKGCSEs0nhmAimbkVkRE2OWiTVsWE4C6+vEzap3XXqbu3Z7XGVRFHGQ7hCE7AhXNowA00oQUEHuEZXuHNerJerHfrY95asoqZA/gD6/MH+DST0A==</latexit><latexit sha1_base64="ntGu7eckO/OR0rpu2j+1XVSWWfY=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5KIoBeh6MVjBfsBbSibzaZdutnE3Y1SYn6KFw+KePWXePPfuG1z0NYHA4/3ZpiZ5yecKe0431ZpZXVtfaO8Wdna3tnds6v7bRWnktAWiXksuz5WlDNBW5ppTruJpDjyOe344+up33mgUrFY3OlJQr0IDwULGcHaSAO7ytAl6ocSkyy4z7NA5wO75tSdGdAycQtSgwLNgf3VD2KSRlRowrFSPddJtJdhqRnhNK/0U0UTTMZ4SHuGChxR5WWz03N0bJQAhbE0JTSaqb8nMhwpNYl80xlhPVKL3lT8z+ulOrzwMiaSVFNB5ovClCMdo2kOKGCSEs0nhmAimbkVkRE2OWiTVsWE4C6+vEzap3XXqbu3Z7XGVRFHGQ7hCE7AhXNowA00oQUEHuEZXuHNerJerHfrY95asoqZA/gD6/MH+DST0A==</latexit>

� = L · i
<latexit sha1_base64="bmFm847hRMqjRKuHKNkLeniGlT4=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0ItQ9OLBQwX7AU0om822XbrZDbuTQgn9J148KOLVf+LNf+O2zUFbHww83pthZl6UCm7A876d0tr6xuZWebuys7u3f+AeHrWMyjRlTaqE0p2IGCa4ZE3gIFgn1YwkkWDtaHQ389tjpg1X8gkmKQsTMpC8zykBK/VcN0iHHN/gBxzQWAHmPbfq1bw58CrxC1JFBRo99yuIFc0SJoEKYkzX91IIc6KBU8GmlSAzLCV0RAasa6kkCTNhPr98is+sEuO+0rYk4Ln6eyIniTGTJLKdCYGhWfZm4n9eN4P+dZhzmWbAJF0s6mcCg8KzGHDMNaMgJpYQqrm9FdMh0YSCDatiQ/CXX14lrYua79X8x8tq/baIo4xO0Ck6Rz66QnV0jxqoiSgao2f0it6c3Hlx3p2PRWvJKWaO0R84nz+sm5Jg</latexit><latexit sha1_base64="bmFm847hRMqjRKuHKNkLeniGlT4=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0ItQ9OLBQwX7AU0om822XbrZDbuTQgn9J148KOLVf+LNf+O2zUFbHww83pthZl6UCm7A876d0tr6xuZWebuys7u3f+AeHrWMyjRlTaqE0p2IGCa4ZE3gIFgn1YwkkWDtaHQ389tjpg1X8gkmKQsTMpC8zykBK/VcN0iHHN/gBxzQWAHmPbfq1bw58CrxC1JFBRo99yuIFc0SJoEKYkzX91IIc6KBU8GmlSAzLCV0RAasa6kkCTNhPr98is+sEuO+0rYk4Ln6eyIniTGTJLKdCYGhWfZm4n9eN4P+dZhzmWbAJF0s6mcCg8KzGHDMNaMgJpYQqrm9FdMh0YSCDatiQ/CXX14lrYua79X8x8tq/baIo4xO0Ck6Rz66QnV0jxqoiSgao2f0it6c3Hlx3p2PRWvJKWaO0R84nz+sm5Jg</latexit><latexit sha1_base64="bmFm847hRMqjRKuHKNkLeniGlT4=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0ItQ9OLBQwX7AU0om822XbrZDbuTQgn9J148KOLVf+LNf+O2zUFbHww83pthZl6UCm7A876d0tr6xuZWebuys7u3f+AeHrWMyjRlTaqE0p2IGCa4ZE3gIFgn1YwkkWDtaHQ389tjpg1X8gkmKQsTMpC8zykBK/VcN0iHHN/gBxzQWAHmPbfq1bw58CrxC1JFBRo99yuIFc0SJoEKYkzX91IIc6KBU8GmlSAzLCV0RAasa6kkCTNhPr98is+sEuO+0rYk4Ln6eyIniTGTJLKdCYGhWfZm4n9eN4P+dZhzmWbAJF0s6mcCg8KzGHDMNaMgJpYQqrm9FdMh0YSCDatiQ/CXX14lrYua79X8x8tq/baIo4xO0Ck6Rz66QnV0jxqoiSgao2f0it6c3Hlx3p2PRWvJKWaO0R84nz+sm5Jg</latexit><latexit sha1_base64="bmFm847hRMqjRKuHKNkLeniGlT4=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0ItQ9OLBQwX7AU0om822XbrZDbuTQgn9J148KOLVf+LNf+O2zUFbHww83pthZl6UCm7A876d0tr6xuZWebuys7u3f+AeHrWMyjRlTaqE0p2IGCa4ZE3gIFgn1YwkkWDtaHQ389tjpg1X8gkmKQsTMpC8zykBK/VcN0iHHN/gBxzQWAHmPbfq1bw58CrxC1JFBRo99yuIFc0SJoEKYkzX91IIc6KBU8GmlSAzLCV0RAasa6kkCTNhPr98is+sEuO+0rYk4Ln6eyIniTGTJLKdCYGhWfZm4n9eN4P+dZhzmWbAJF0s6mcCg8KzGHDMNaMgJpYQqrm9FdMh0YSCDatiQ/CXX14lrYua79X8x8tq/baIo4xO0Ck6Rz66QnV0jxqoiSgao2f0it6c3Hlx3p2PRWvJKWaO0R84nz+sm5Jg</latexit>

q = C · u
<latexit sha1_base64="jJegmpfc4AQrUQkZn5DQErMvvg0=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQS9CsRePFewHtEvJZrNtaDbZJtlCWfo7vHhQxKs/xpv/xrTdg7Y+GHi8N8PMvCDhTBvX/XYKG5tb2zvF3dLe/sHhUfn4pKVlqghtEsml6gRYU84EbRpmOO0kiuI44LQdjOpzvz2hSjMpnsw0oX6MB4JFjGBjJX+M7lAd9UgoDUr75YpbdRdA68TLSQVyNPrlr14oSRpTYQjHWnc9NzF+hpVhhNNZqZdqmmAywgPatVTgmGo/Wxw9QxdWCVEklS1h0EL9PZHhWOtpHNjOGJuhXvXm4n9eNzXRrZ8xkaSGCrJcFKUcGYnmCaCQKUoMn1qCiWL2VkSGWGFibE4lG4K3+vI6aV1VPbfqPV5Xavd5HEU4g3O4BA9uoAYP0IAmEBjDM7zCmzNxXpx352PZWnDymVP4A+fzB/LIkOg=</latexit><latexit sha1_base64="jJegmpfc4AQrUQkZn5DQErMvvg0=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQS9CsRePFewHtEvJZrNtaDbZJtlCWfo7vHhQxKs/xpv/xrTdg7Y+GHi8N8PMvCDhTBvX/XYKG5tb2zvF3dLe/sHhUfn4pKVlqghtEsml6gRYU84EbRpmOO0kiuI44LQdjOpzvz2hSjMpnsw0oX6MB4JFjGBjJX+M7lAd9UgoDUr75YpbdRdA68TLSQVyNPrlr14oSRpTYQjHWnc9NzF+hpVhhNNZqZdqmmAywgPatVTgmGo/Wxw9QxdWCVEklS1h0EL9PZHhWOtpHNjOGJuhXvXm4n9eNzXRrZ8xkaSGCrJcFKUcGYnmCaCQKUoMn1qCiWL2VkSGWGFibE4lG4K3+vI6aV1VPbfqPV5Xavd5HEU4g3O4BA9uoAYP0IAmEBjDM7zCmzNxXpx352PZWnDymVP4A+fzB/LIkOg=</latexit><latexit sha1_base64="jJegmpfc4AQrUQkZn5DQErMvvg0=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQS9CsRePFewHtEvJZrNtaDbZJtlCWfo7vHhQxKs/xpv/xrTdg7Y+GHi8N8PMvCDhTBvX/XYKG5tb2zvF3dLe/sHhUfn4pKVlqghtEsml6gRYU84EbRpmOO0kiuI44LQdjOpzvz2hSjMpnsw0oX6MB4JFjGBjJX+M7lAd9UgoDUr75YpbdRdA68TLSQVyNPrlr14oSRpTYQjHWnc9NzF+hpVhhNNZqZdqmmAywgPatVTgmGo/Wxw9QxdWCVEklS1h0EL9PZHhWOtpHNjOGJuhXvXm4n9eNzXRrZ8xkaSGCrJcFKUcGYnmCaCQKUoMn1qCiWL2VkSGWGFibE4lG4K3+vI6aV1VPbfqPV5Xavd5HEU4g3O4BA9uoAYP0IAmEBjDM7zCmzNxXpx352PZWnDymVP4A+fzB/LIkOg=</latexit><latexit sha1_base64="jJegmpfc4AQrUQkZn5DQErMvvg0=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQS9CsRePFewHtEvJZrNtaDbZJtlCWfo7vHhQxKs/xpv/xrTdg7Y+GHi8N8PMvCDhTBvX/XYKG5tb2zvF3dLe/sHhUfn4pKVlqghtEsml6gRYU84EbRpmOO0kiuI44LQdjOpzvz2hSjMpnsw0oX6MB4JFjGBjJX+M7lAd9UgoDUr75YpbdRdA68TLSQVyNPrlr14oSRpTYQjHWnc9NzF+hpVhhNNZqZdqmmAywgPatVTgmGo/Wxw9QxdWCVEklS1h0EL9PZHhWOtpHNjOGJuhXvXm4n9eNzXRrZ8xkaSGCrJcFKUcGYnmCaCQKUoMn1qCiWL2VkSGWGFibE4lG4K3+vI6aV1VPbfqPV5Xavd5HEU4g3O4BA9uoAYP0IAmEBjDM7zCmzNxXpx352PZWnDymVP4A+fzB/LIkOg=</latexit>

u = �d�

dt
<latexit sha1_base64="0VpFMKX+Re3H72CFM0ErMEZfqYQ=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR3FgSEXQjFN24rGAf0IQymU7aoZNJmLkRSogbf8WNC0Xc+hfu/BunbRbaeuByD+fcy8w9QSK4Bsf5tkpLyyura+X1ysbm1vaOvbvX0nGqKGvSWMSqExDNBJesCRwE6ySKkSgQrB2MbiZ++4EpzWN5D+OE+REZSB5ySsBIPfsgxVf4FHuhIjTrYy8Z8tx0yHt21ak5U+BF4hakigo0evaX149pGjEJVBCtu66TgJ8RBZwKlle8VLOE0BEZsK6hkkRM+9n0ghwfG6WPw1iZkoCn6u+NjERaj6PATEYEhnrem4j/ed0Uwks/4zJJgUk6eyhMBYYYT+LAfa4YBTE2hFDFzV8xHRITBpjQKiYEd/7kRdI6q7lOzb07r9avizjK6BAdoRPkogtUR7eogZqIokf0jF7Rm/VkvVjv1sdstGQVO/voD6zPH9L8lds=</latexit><latexit sha1_base64="0VpFMKX+Re3H72CFM0ErMEZfqYQ=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR3FgSEXQjFN24rGAf0IQymU7aoZNJmLkRSogbf8WNC0Xc+hfu/BunbRbaeuByD+fcy8w9QSK4Bsf5tkpLyyura+X1ysbm1vaOvbvX0nGqKGvSWMSqExDNBJesCRwE6ySKkSgQrB2MbiZ++4EpzWN5D+OE+REZSB5ySsBIPfsgxVf4FHuhIjTrYy8Z8tx0yHt21ak5U+BF4hakigo0evaX149pGjEJVBCtu66TgJ8RBZwKlle8VLOE0BEZsK6hkkRM+9n0ghwfG6WPw1iZkoCn6u+NjERaj6PATEYEhnrem4j/ed0Uwks/4zJJgUk6eyhMBYYYT+LAfa4YBTE2hFDFzV8xHRITBpjQKiYEd/7kRdI6q7lOzb07r9avizjK6BAdoRPkogtUR7eogZqIokf0jF7Rm/VkvVjv1sdstGQVO/voD6zPH9L8lds=</latexit><latexit sha1_base64="0VpFMKX+Re3H72CFM0ErMEZfqYQ=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR3FgSEXQjFN24rGAf0IQymU7aoZNJmLkRSogbf8WNC0Xc+hfu/BunbRbaeuByD+fcy8w9QSK4Bsf5tkpLyyura+X1ysbm1vaOvbvX0nGqKGvSWMSqExDNBJesCRwE6ySKkSgQrB2MbiZ++4EpzWN5D+OE+REZSB5ySsBIPfsgxVf4FHuhIjTrYy8Z8tx0yHt21ak5U+BF4hakigo0evaX149pGjEJVBCtu66TgJ8RBZwKlle8VLOE0BEZsK6hkkRM+9n0ghwfG6WPw1iZkoCn6u+NjERaj6PATEYEhnrem4j/ed0Uwks/4zJJgUk6eyhMBYYYT+LAfa4YBTE2hFDFzV8xHRITBpjQKiYEd/7kRdI6q7lOzb07r9avizjK6BAdoRPkogtUR7eogZqIokf0jF7Rm/VkvVjv1sdstGQVO/voD6zPH9L8lds=</latexit><latexit sha1_base64="0VpFMKX+Re3H72CFM0ErMEZfqYQ=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR3FgSEXQjFN24rGAf0IQymU7aoZNJmLkRSogbf8WNC0Xc+hfu/BunbRbaeuByD+fcy8w9QSK4Bsf5tkpLyyura+X1ysbm1vaOvbvX0nGqKGvSWMSqExDNBJesCRwE6ySKkSgQrB2MbiZ++4EpzWN5D+OE+REZSB5ySsBIPfsgxVf4FHuhIjTrYy8Z8tx0yHt21ak5U+BF4hakigo0evaX149pGjEJVBCtu66TgJ8RBZwKlle8VLOE0BEZsK6hkkRM+9n0ghwfG6WPw1iZkoCn6u+NjERaj6PATEYEhnrem4j/ed0Uwks/4zJJgUk6eyhMBYYYT+LAfa4YBTE2hFDFzV8xHRITBpjQKiYEd/7kRdI6q7lOzb07r9avizjK6BAdoRPkogtUR7eogZqIokf0jF7Rm/VkvVjv1sdstGQVO/voD6zPH9L8lds=</latexit>



Superconducting qubits

C
<latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit>

L
<latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit>

Consider a simple oscillating circuit

We’ll take q
<latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

and as our canonical “position” and “momentum”

One can then write the following Hamiltonian
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<latexit sha1_base64="QiW24QUjwXjHuB2qdaudj+ZV6Wg="></latexit><latexit sha1_base64="QiW24QUjwXjHuB2qdaudj+ZV6Wg="></latexit><latexit sha1_base64="QiW24QUjwXjHuB2qdaudj+ZV6Wg="></latexit><latexit sha1_base64="QiW24QUjwXjHuB2qdaudj+ZV6Wg="></latexit>
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<latexit sha1_base64="AxjpNQt39SsLabO2guy3xFJVHiM=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAbBKuyKoI0QTGNhEcE8IBvC7GQ2GTKPdWZWCMs2Nv6KjYUitv6DnX/jJNlCEw9cOJxzL/feE8aMauN5305haXllda24XtrY3NrecXf3mlomCpMGlkyqdog0YVSQhqGGkXasCOIhI61wVJv4rQeiNJXizoxj0uVoIGhEMTJW6rmHgeRkgOAlDCKFcOpnaaDvlUlvalnWc8texZsCLhI/J2WQo95zv4K+xAknwmCGtO74Xmy6KVKGYkayUpBoEiM8QgPSsVQgTnQ3nX6RwWOr9GEklS1h4FT9PZEirvWYh7aTIzPU895E/M/rJCa66KZUxIkhAs8WRQmDRsJJJLBPFcGGjS1BWFF7K8RDZNMwNriSDcGff3mRNE8rvlfxb8/K1as8jiI4AEfgBPjgHFTBNaiDBsDgETyDV/DmPDkvzrvzMWstOPnMPvgD5/MHQZWYaw==</latexit><latexit sha1_base64="AxjpNQt39SsLabO2guy3xFJVHiM=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAbBKuyKoI0QTGNhEcE8IBvC7GQ2GTKPdWZWCMs2Nv6KjYUitv6DnX/jJNlCEw9cOJxzL/feE8aMauN5305haXllda24XtrY3NrecXf3mlomCpMGlkyqdog0YVSQhqGGkXasCOIhI61wVJv4rQeiNJXizoxj0uVoIGhEMTJW6rmHgeRkgOAlDCKFcOpnaaDvlUlvalnWc8texZsCLhI/J2WQo95zv4K+xAknwmCGtO74Xmy6KVKGYkayUpBoEiM8QgPSsVQgTnQ3nX6RwWOr9GEklS1h4FT9PZEirvWYh7aTIzPU895E/M/rJCa66KZUxIkhAs8WRQmDRsJJJLBPFcGGjS1BWFF7K8RDZNMwNriSDcGff3mRNE8rvlfxb8/K1as8jiI4AEfgBPjgHFTBNaiDBsDgETyDV/DmPDkvzrvzMWstOPnMPvgD5/MHQZWYaw==</latexit><latexit sha1_base64="AxjpNQt39SsLabO2guy3xFJVHiM=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAbBKuyKoI0QTGNhEcE8IBvC7GQ2GTKPdWZWCMs2Nv6KjYUitv6DnX/jJNlCEw9cOJxzL/feE8aMauN5305haXllda24XtrY3NrecXf3mlomCpMGlkyqdog0YVSQhqGGkXasCOIhI61wVJv4rQeiNJXizoxj0uVoIGhEMTJW6rmHgeRkgOAlDCKFcOpnaaDvlUlvalnWc8texZsCLhI/J2WQo95zv4K+xAknwmCGtO74Xmy6KVKGYkayUpBoEiM8QgPSsVQgTnQ3nX6RwWOr9GEklS1h4FT9PZEirvWYh7aTIzPU895E/M/rJCa66KZUxIkhAs8WRQmDRsJJJLBPFcGGjS1BWFF7K8RDZNMwNriSDcGff3mRNE8rvlfxb8/K1as8jiI4AEfgBPjgHFTBNaiDBsDgETyDV/DmPDkvzrvzMWstOPnMPvgD5/MHQZWYaw==</latexit><latexit sha1_base64="AxjpNQt39SsLabO2guy3xFJVHiM=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAbBKuyKoI0QTGNhEcE8IBvC7GQ2GTKPdWZWCMs2Nv6KjYUitv6DnX/jJNlCEw9cOJxzL/feE8aMauN5305haXllda24XtrY3NrecXf3mlomCpMGlkyqdog0YVSQhqGGkXasCOIhI61wVJv4rQeiNJXizoxj0uVoIGhEMTJW6rmHgeRkgOAlDCKFcOpnaaDvlUlvalnWc8texZsCLhI/J2WQo95zv4K+xAknwmCGtO74Xmy6KVKGYkayUpBoEiM8QgPSsVQgTnQ3nX6RwWOr9GEklS1h4FT9PZEirvWYh7aTIzPU895E/M/rJCa66KZUxIkhAs8WRQmDRsJJJLBPFcGGjS1BWFF7K8RDZNMwNriSDcGff3mRNE8rvlfxb8/K1as8jiI4AEfgBPjgHFTBNaiDBsDgETyDV/DmPDkvzrvzMWstOPnMPvgD5/MHQZWYaw==</latexit>



Superconducting qubits
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<latexit sha1_base64="6LM/o1hyXYEguK7b0sTuKyodXNI=">AAACG3icbVDLSgMxFM34rPU16tJNsAiCUGYGQTdCsZsuK9gHdNqSSTNtaJIZk4xQhvkPN/6KGxeKuBJc+Dem7Sy09cCFk3PuJfeeIGZUacf5tlZW19Y3Ngtbxe2d3b19++CwqaJEYtLAEYtkO0CKMCpIQ1PNSDuWBPGAkVYwrk791gORikbiTk9i0uVoKGhIMdJG6tteDV5DP5QIp/c9L0u9agbPc8E1zwxWoR9xMkQ9D/rxiPa8vl1yys4McJm4OSmBHPW+/ekPIpxwIjRmSKmO68S6myKpKWYkK/qJIjHCYzQkHUMF4kR109ltGTw1ygCGkTQlNJypvydSxJWa8MB0cqRHatGbiv95nUSHV92UijjRROD5R2HCoI7gNCg4oJJgzSaGICyp2RXiETK5aBNn0YTgLp68TJpe2XXK7u1FqXKTx1EAx+AEnAEXXIIKqIE6aAAMHsEzeAVv1pP1Yr1bH/PWFSufOQJ/YH39AIjonz0=</latexit><latexit sha1_base64="6LM/o1hyXYEguK7b0sTuKyodXNI=">AAACG3icbVDLSgMxFM34rPU16tJNsAiCUGYGQTdCsZsuK9gHdNqSSTNtaJIZk4xQhvkPN/6KGxeKuBJc+Dem7Sy09cCFk3PuJfeeIGZUacf5tlZW19Y3Ngtbxe2d3b19++CwqaJEYtLAEYtkO0CKMCpIQ1PNSDuWBPGAkVYwrk791gORikbiTk9i0uVoKGhIMdJG6tteDV5DP5QIp/c9L0u9agbPc8E1zwxWoR9xMkQ9D/rxiPa8vl1yys4McJm4OSmBHPW+/ekPIpxwIjRmSKmO68S6myKpKWYkK/qJIjHCYzQkHUMF4kR109ltGTw1ygCGkTQlNJypvydSxJWa8MB0cqRHatGbiv95nUSHV92UijjRROD5R2HCoI7gNCg4oJJgzSaGICyp2RXiETK5aBNn0YTgLp68TJpe2XXK7u1FqXKTx1EAx+AEnAEXXIIKqIE6aAAMHsEzeAVv1pP1Yr1bH/PWFSufOQJ/YH39AIjonz0=</latexit><latexit sha1_base64="6LM/o1hyXYEguK7b0sTuKyodXNI=">AAACG3icbVDLSgMxFM34rPU16tJNsAiCUGYGQTdCsZsuK9gHdNqSSTNtaJIZk4xQhvkPN/6KGxeKuBJc+Dem7Sy09cCFk3PuJfeeIGZUacf5tlZW19Y3Ngtbxe2d3b19++CwqaJEYtLAEYtkO0CKMCpIQ1PNSDuWBPGAkVYwrk791gORikbiTk9i0uVoKGhIMdJG6tteDV5DP5QIp/c9L0u9agbPc8E1zwxWoR9xMkQ9D/rxiPa8vl1yys4McJm4OSmBHPW+/ekPIpxwIjRmSKmO68S6myKpKWYkK/qJIjHCYzQkHUMF4kR109ltGTw1ygCGkTQlNJypvydSxJWa8MB0cqRHatGbiv95nUSHV92UijjRROD5R2HCoI7gNCg4oJJgzSaGICyp2RXiETK5aBNn0YTgLp68TJpe2XXK7u1FqXKTx1EAx+AEnAEXXIIKqIE6aAAMHsEzeAVv1pP1Yr1bH/PWFSufOQJ/YH39AIjonz0=</latexit><latexit sha1_base64="6LM/o1hyXYEguK7b0sTuKyodXNI=">AAACG3icbVDLSgMxFM34rPU16tJNsAiCUGYGQTdCsZsuK9gHdNqSSTNtaJIZk4xQhvkPN/6KGxeKuBJc+Dem7Sy09cCFk3PuJfeeIGZUacf5tlZW19Y3Ngtbxe2d3b19++CwqaJEYtLAEYtkO0CKMCpIQ1PNSDuWBPGAkVYwrk791gORikbiTk9i0uVoKGhIMdJG6tteDV5DP5QIp/c9L0u9agbPc8E1zwxWoR9xMkQ9D/rxiPa8vl1yys4McJm4OSmBHPW+/ekPIpxwIjRmSKmO68S6myKpKWYkK/qJIjHCYzQkHUMF4kR109ltGTw1ygCGkTQlNJypvydSxJWa8MB0cqRHatGbiv95nUSHV92UijjRROD5R2HCoI7gNCg4oJJgzSaGICyp2RXiETK5aBNn0YTgLp68TJpe2XXK7u1FqXKTx1EAx+AEnAEXXIIKqIE6aAAMHsEzeAVv1pP1Yr1bH/PWFSufOQJ/YH39AIjonz0=</latexit>

This is the same as the Hamiltonian for the harmonic oscillator

H =
p
2

2m
+

1

2
m!

2
x
2

<latexit sha1_base64="LDD+cLIQ8kjzwpU8VqGKeola5/o=">AAACGHicbVDLSgMxFM34rPU16tJNsAiCUGcGQTdC0U2XFewDOm3JpJk2NMkMSUYsw3yGG3/FjQtF3Hbn35i2s9DWAxdOzrmX3HuCmFGlHefbWlldW9/YLGwVt3d29/btg8OGihKJSR1HLJKtACnCqCB1TTUjrVgSxANGmsHobuo3H4lUNBIPehyTDkcDQUOKkTZSz76owhvohxLhNO56WerxDJ7ngmueGeTQjzgZoK4Hn7pezy45ZWcGuEzcnJRAjlrPnvj9CCecCI0ZUqrtOrHupEhqihnJin6iSIzwCA1I21CBOFGddHZYBk+N0odhJE0JDWfq74kUcaXGPDCdHOmhWvSm4n9eO9HhdSelIk40EXj+UZgwqCM4TQn2qSRYs7EhCEtqdoV4iEwo2mRZNCG4iycvk4ZXdp2ye39ZqtzmcRTAMTgBZ8AFV6ACqqAG6gCDZ/AK3sGH9WK9WZ/W17x1xcpnjsAfWJMfsVCeTQ==</latexit><latexit sha1_base64="LDD+cLIQ8kjzwpU8VqGKeola5/o=">AAACGHicbVDLSgMxFM34rPU16tJNsAiCUGcGQTdC0U2XFewDOm3JpJk2NMkMSUYsw3yGG3/FjQtF3Hbn35i2s9DWAxdOzrmX3HuCmFGlHefbWlldW9/YLGwVt3d29/btg8OGihKJSR1HLJKtACnCqCB1TTUjrVgSxANGmsHobuo3H4lUNBIPehyTDkcDQUOKkTZSz76owhvohxLhNO56WerxDJ7ngmueGeTQjzgZoK4Hn7pezy45ZWcGuEzcnJRAjlrPnvj9CCecCI0ZUqrtOrHupEhqihnJin6iSIzwCA1I21CBOFGddHZYBk+N0odhJE0JDWfq74kUcaXGPDCdHOmhWvSm4n9eO9HhdSelIk40EXj+UZgwqCM4TQn2qSRYs7EhCEtqdoV4iEwo2mRZNCG4iycvk4ZXdp2ye39ZqtzmcRTAMTgBZ8AFV6ACqqAG6gCDZ/AK3sGH9WK9WZ/W17x1xcpnjsAfWJMfsVCeTQ==</latexit><latexit sha1_base64="LDD+cLIQ8kjzwpU8VqGKeola5/o=">AAACGHicbVDLSgMxFM34rPU16tJNsAiCUGcGQTdC0U2XFewDOm3JpJk2NMkMSUYsw3yGG3/FjQtF3Hbn35i2s9DWAxdOzrmX3HuCmFGlHefbWlldW9/YLGwVt3d29/btg8OGihKJSR1HLJKtACnCqCB1TTUjrVgSxANGmsHobuo3H4lUNBIPehyTDkcDQUOKkTZSz76owhvohxLhNO56WerxDJ7ngmueGeTQjzgZoK4Hn7pezy45ZWcGuEzcnJRAjlrPnvj9CCecCI0ZUqrtOrHupEhqihnJin6iSIzwCA1I21CBOFGddHZYBk+N0odhJE0JDWfq74kUcaXGPDCdHOmhWvSm4n9eO9HhdSelIk40EXj+UZgwqCM4TQn2qSRYs7EhCEtqdoV4iEwo2mRZNCG4iycvk4ZXdp2ye39ZqtzmcRTAMTgBZ8AFV6ACqqAG6gCDZ/AK3sGH9WK9WZ/W17x1xcpnjsAfWJMfsVCeTQ==</latexit><latexit sha1_base64="LDD+cLIQ8kjzwpU8VqGKeola5/o=">AAACGHicbVDLSgMxFM34rPU16tJNsAiCUGcGQTdC0U2XFewDOm3JpJk2NMkMSUYsw3yGG3/FjQtF3Hbn35i2s9DWAxdOzrmX3HuCmFGlHefbWlldW9/YLGwVt3d29/btg8OGihKJSR1HLJKtACnCqCB1TTUjrVgSxANGmsHobuo3H4lUNBIPehyTDkcDQUOKkTZSz76owhvohxLhNO56WerxDJ7ngmueGeTQjzgZoK4Hn7pezy45ZWcGuEzcnJRAjlrPnvj9CCecCI0ZUqrtOrHupEhqihnJin6iSIzwCA1I21CBOFGddHZYBk+N0odhJE0JDWfq74kUcaXGPDCdHOmhWvSm4n9eO9HhdSelIk40EXj+UZgwqCM4TQn2qSRYs7EhCEtqdoV4iEwo2mRZNCG4iycvk4ZXdp2ye39ZqtzmcRTAMTgBZ8AFV6ACqqAG6gCDZ/AK3sGH9WK9WZ/W17x1xcpnjsAfWJMfsVCeTQ==</latexit>

dq

dt
= �@H

@�
<latexit sha1_base64="AAWMMXhLAPdxeKLwF1xaGWPylZA=">AAACG3icbZBPS8MwGMbT+W/Of1WPXoJD8OJoh6AXYehlxwluE9Yy0jTdwtI0JqkwSr+HF7+KFw+KeBI8+G3MtoK6+UDgx/O+b5L3CQSjSjvOl1VaWl5ZXSuvVzY2t7Z37N29jkpSiUkbJyyRtwFShFFO2ppqRm6FJCgOGOkGo6tJvXtPpKIJv9FjQfwYDTiNKEbaWH277kUS4Sy8y7NQ5/ACnsCZ4wkkNUUMNvMf9sSQ5n276tScqeAiuAVUQaFW3/7wwgSnMeEaM6RUz3WE9rPJnZiRvOKligiER2hAegY5ionys+luOTwyTgijRJrDNZy6vycyFCs1jgPTGSM9VPO1iflfrZfq6NzPKBepJhzPHopSBnUCJ0HBkEqCNRsbQFhS81eIh8hEo02cFROCO7/yInTqNdepuden1cZlEUcZHIBDcAxccAYaoAlaoA0weABP4AW8Wo/Ws/Vmvc9aS1Yxsw/+yPr8Bl5boZ0=</latexit><latexit sha1_base64="AAWMMXhLAPdxeKLwF1xaGWPylZA=">AAACG3icbZBPS8MwGMbT+W/Of1WPXoJD8OJoh6AXYehlxwluE9Yy0jTdwtI0JqkwSr+HF7+KFw+KeBI8+G3MtoK6+UDgx/O+b5L3CQSjSjvOl1VaWl5ZXSuvVzY2t7Z37N29jkpSiUkbJyyRtwFShFFO2ppqRm6FJCgOGOkGo6tJvXtPpKIJv9FjQfwYDTiNKEbaWH277kUS4Sy8y7NQ5/ACnsCZ4wkkNUUMNvMf9sSQ5n276tScqeAiuAVUQaFW3/7wwgSnMeEaM6RUz3WE9rPJnZiRvOKligiER2hAegY5ionys+luOTwyTgijRJrDNZy6vycyFCs1jgPTGSM9VPO1iflfrZfq6NzPKBepJhzPHopSBnUCJ0HBkEqCNRsbQFhS81eIh8hEo02cFROCO7/yInTqNdepuden1cZlEUcZHIBDcAxccAYaoAlaoA0weABP4AW8Wo/Ws/Vmvc9aS1Yxsw/+yPr8Bl5boZ0=</latexit><latexit sha1_base64="AAWMMXhLAPdxeKLwF1xaGWPylZA=">AAACG3icbZBPS8MwGMbT+W/Of1WPXoJD8OJoh6AXYehlxwluE9Yy0jTdwtI0JqkwSr+HF7+KFw+KeBI8+G3MtoK6+UDgx/O+b5L3CQSjSjvOl1VaWl5ZXSuvVzY2t7Z37N29jkpSiUkbJyyRtwFShFFO2ppqRm6FJCgOGOkGo6tJvXtPpKIJv9FjQfwYDTiNKEbaWH277kUS4Sy8y7NQ5/ACnsCZ4wkkNUUMNvMf9sSQ5n276tScqeAiuAVUQaFW3/7wwgSnMeEaM6RUz3WE9rPJnZiRvOKligiER2hAegY5ionys+luOTwyTgijRJrDNZy6vycyFCs1jgPTGSM9VPO1iflfrZfq6NzPKBepJhzPHopSBnUCJ0HBkEqCNRsbQFhS81eIh8hEo02cFROCO7/yInTqNdepuden1cZlEUcZHIBDcAxccAYaoAlaoA0weABP4AW8Wo/Ws/Vmvc9aS1Yxsw/+yPr8Bl5boZ0=</latexit><latexit sha1_base64="AAWMMXhLAPdxeKLwF1xaGWPylZA=">AAACG3icbZBPS8MwGMbT+W/Of1WPXoJD8OJoh6AXYehlxwluE9Yy0jTdwtI0JqkwSr+HF7+KFw+KeBI8+G3MtoK6+UDgx/O+b5L3CQSjSjvOl1VaWl5ZXSuvVzY2t7Z37N29jkpSiUkbJyyRtwFShFFO2ppqRm6FJCgOGOkGo6tJvXtPpKIJv9FjQfwYDTiNKEbaWH277kUS4Sy8y7NQ5/ACnsCZ4wkkNUUMNvMf9sSQ5n276tScqeAiuAVUQaFW3/7wwgSnMeEaM6RUz3WE9rPJnZiRvOKligiER2hAegY5ionys+luOTwyTgijRJrDNZy6vycyFCs1jgPTGSM9VPO1iflfrZfq6NzPKBepJhzPHopSBnUCJ0HBkEqCNRsbQFhS81eIh8hEo02cFROCO7/yInTqNdepuden1cZlEUcZHIBDcAxccAYaoAlaoA0weABP4AW8Wo/Ws/Vmvc9aS1Yxsw/+yPr8Bl5boZ0=</latexit>

d�

dt
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@H

@q
<latexit sha1_base64="mr7lWKv7g5LiCga2gbj/np4RkMA=">AAACGnicbZBNS8MwGMdTX+d8q3r0EhyCp9GKoBdh6GXHCe4F1jLSNN3C0jQmqTBKP4cXv4oXD4p4Ey9+G9OtoG7+IfDj/zxPkucfCEaVdpwva2l5ZXVtvbJR3dza3tm19/Y7KkklJm2csET2AqQIo5y0NdWM9IQkKA4Y6Qbj66LevSdS0YTf6okgfoyGnEYUI22sge16kUQ4C6EnRjTPQp3DSzjzPIGkpojBZv7Dd/nArjl1Zyq4CG4JNVCqNbA/vDDBaUy4xgwp1Xcdof2suBAzkle9VBGB8BgNSd8gRzFRfjZdLYfHxglhlEhzuIZT9/dEhmKlJnFgOmOkR2q+Vpj/1fqpji78jHKRasLx7KEoZVAnsMgJhlQSrNnEAMKSmr9CPEImF23SrJoQ3PmVF6FzWneduntzVmtclXFUwCE4AifABeegAZqgBdoAgwfwBF7Aq/VoPVtv1vusdckqZw7AH1mf3+eroWY=</latexit><latexit sha1_base64="mr7lWKv7g5LiCga2gbj/np4RkMA=">AAACGnicbZBNS8MwGMdTX+d8q3r0EhyCp9GKoBdh6GXHCe4F1jLSNN3C0jQmqTBKP4cXv4oXD4p4Ey9+G9OtoG7+IfDj/zxPkucfCEaVdpwva2l5ZXVtvbJR3dza3tm19/Y7KkklJm2csET2AqQIo5y0NdWM9IQkKA4Y6Qbj66LevSdS0YTf6okgfoyGnEYUI22sge16kUQ4C6EnRjTPQp3DSzjzPIGkpojBZv7Dd/nArjl1Zyq4CG4JNVCqNbA/vDDBaUy4xgwp1Xcdof2suBAzkle9VBGB8BgNSd8gRzFRfjZdLYfHxglhlEhzuIZT9/dEhmKlJnFgOmOkR2q+Vpj/1fqpji78jHKRasLx7KEoZVAnsMgJhlQSrNnEAMKSmr9CPEImF23SrJoQ3PmVF6FzWneduntzVmtclXFUwCE4AifABeegAZqgBdoAgwfwBF7Aq/VoPVtv1vusdckqZw7AH1mf3+eroWY=</latexit><latexit sha1_base64="mr7lWKv7g5LiCga2gbj/np4RkMA=">AAACGnicbZBNS8MwGMdTX+d8q3r0EhyCp9GKoBdh6GXHCe4F1jLSNN3C0jQmqTBKP4cXv4oXD4p4Ey9+G9OtoG7+IfDj/zxPkucfCEaVdpwva2l5ZXVtvbJR3dza3tm19/Y7KkklJm2csET2AqQIo5y0NdWM9IQkKA4Y6Qbj66LevSdS0YTf6okgfoyGnEYUI22sge16kUQ4C6EnRjTPQp3DSzjzPIGkpojBZv7Dd/nArjl1Zyq4CG4JNVCqNbA/vDDBaUy4xgwp1Xcdof2suBAzkle9VBGB8BgNSd8gRzFRfjZdLYfHxglhlEhzuIZT9/dEhmKlJnFgOmOkR2q+Vpj/1fqpji78jHKRasLx7KEoZVAnsMgJhlQSrNnEAMKSmr9CPEImF23SrJoQ3PmVF6FzWneduntzVmtclXFUwCE4AifABeegAZqgBdoAgwfwBF7Aq/VoPVtv1vusdckqZw7AH1mf3+eroWY=</latexit><latexit sha1_base64="mr7lWKv7g5LiCga2gbj/np4RkMA=">AAACGnicbZBNS8MwGMdTX+d8q3r0EhyCp9GKoBdh6GXHCe4F1jLSNN3C0jQmqTBKP4cXv4oXD4p4Ey9+G9OtoG7+IfDj/zxPkucfCEaVdpwva2l5ZXVtvbJR3dza3tm19/Y7KkklJm2csET2AqQIo5y0NdWM9IQkKA4Y6Qbj66LevSdS0YTf6okgfoyGnEYUI22sge16kUQ4C6EnRjTPQp3DSzjzPIGkpojBZv7Dd/nArjl1Zyq4CG4JNVCqNbA/vDDBaUy4xgwp1Xcdof2suBAzkle9VBGB8BgNSd8gRzFRfjZdLYfHxglhlEhzuIZT9/dEhmKlJnFgOmOkR2q+Vpj/1fqpji78jHKRasLx7KEoZVAnsMgJhlQSrNnEAMKSmr9CPEImF23SrJoQ3PmVF6FzWneduntzVmtclXFUwCE4AifABeegAZqgBdoAgwfwBF7Aq/VoPVtv1vusdckqZw7AH1mf3+eroWY=</latexit>

Solving the system entails solving Hamilton’s equations

q(t) = q0 cos(!t+ ↵0)
<latexit sha1_base64="QWks3Vb03tToVXIo+J3PSPcfC1M=">AAACD3icbVBNS8NAEN34bf2qevSyWJSKUBIRFEQQvXisYLXQhDDZbtrFTTbdnQil9B948a948aCIV6/e/DduPw5afTDweG+GmXlRJoVB1/1ypqZnZufmFxYLS8srq2vF9Y0bo3LNeI0pqXQ9AsOlSHkNBUpezzSHJJL8Nrq7GPi391wbodJr7GY8SKCVilgwQCuFxd1OGffoKe2ELvVPKFOm7KuEt4Ai3ac+yKwNobsXFktuxR2C/iXemJTIGNWw+Ok3FcsTniKTYEzDczMMeqBRMMn7BT83PAN2By3esDSFhJugN/ynT3es0qSx0rZSpEP150QPEmO6SWQ7E8C2mfQG4n9eI8f4OOiJNMuRp2y0KM4lRUUH4dCm0Jyh7FoCTAt7K2Vt0MDQRliwIXiTL/8lNwcVz614V4els/NxHAtki2yTMvHIETkjl6RKaoSRB/JEXsir8+g8O2/O+6h1yhnPbJJfcD6+ATEMmZw=</latexit><latexit sha1_base64="QWks3Vb03tToVXIo+J3PSPcfC1M=">AAACD3icbVBNS8NAEN34bf2qevSyWJSKUBIRFEQQvXisYLXQhDDZbtrFTTbdnQil9B948a948aCIV6/e/DduPw5afTDweG+GmXlRJoVB1/1ypqZnZufmFxYLS8srq2vF9Y0bo3LNeI0pqXQ9AsOlSHkNBUpezzSHJJL8Nrq7GPi391wbodJr7GY8SKCVilgwQCuFxd1OGffoKe2ELvVPKFOm7KuEt4Ai3ac+yKwNobsXFktuxR2C/iXemJTIGNWw+Ok3FcsTniKTYEzDczMMeqBRMMn7BT83PAN2By3esDSFhJugN/ynT3es0qSx0rZSpEP150QPEmO6SWQ7E8C2mfQG4n9eI8f4OOiJNMuRp2y0KM4lRUUH4dCm0Jyh7FoCTAt7K2Vt0MDQRliwIXiTL/8lNwcVz614V4els/NxHAtki2yTMvHIETkjl6RKaoSRB/JEXsir8+g8O2/O+6h1yhnPbJJfcD6+ATEMmZw=</latexit><latexit sha1_base64="QWks3Vb03tToVXIo+J3PSPcfC1M=">AAACD3icbVBNS8NAEN34bf2qevSyWJSKUBIRFEQQvXisYLXQhDDZbtrFTTbdnQil9B948a948aCIV6/e/DduPw5afTDweG+GmXlRJoVB1/1ypqZnZufmFxYLS8srq2vF9Y0bo3LNeI0pqXQ9AsOlSHkNBUpezzSHJJL8Nrq7GPi391wbodJr7GY8SKCVilgwQCuFxd1OGffoKe2ELvVPKFOm7KuEt4Ai3ac+yKwNobsXFktuxR2C/iXemJTIGNWw+Ok3FcsTniKTYEzDczMMeqBRMMn7BT83PAN2By3esDSFhJugN/ynT3es0qSx0rZSpEP150QPEmO6SWQ7E8C2mfQG4n9eI8f4OOiJNMuRp2y0KM4lRUUH4dCm0Jyh7FoCTAt7K2Vt0MDQRliwIXiTL/8lNwcVz614V4els/NxHAtki2yTMvHIETkjl6RKaoSRB/JEXsir8+g8O2/O+6h1yhnPbJJfcD6+ATEMmZw=</latexit><latexit sha1_base64="QWks3Vb03tToVXIo+J3PSPcfC1M=">AAACD3icbVBNS8NAEN34bf2qevSyWJSKUBIRFEQQvXisYLXQhDDZbtrFTTbdnQil9B948a948aCIV6/e/DduPw5afTDweG+GmXlRJoVB1/1ypqZnZufmFxYLS8srq2vF9Y0bo3LNeI0pqXQ9AsOlSHkNBUpezzSHJJL8Nrq7GPi391wbodJr7GY8SKCVilgwQCuFxd1OGffoKe2ELvVPKFOm7KuEt4Ai3ac+yKwNobsXFktuxR2C/iXemJTIGNWw+Ok3FcsTniKTYEzDczMMeqBRMMn7BT83PAN2By3esDSFhJugN/ynT3es0qSx0rZSpEP150QPEmO6SWQ7E8C2mfQG4n9eI8f4OOiJNMuRp2y0KM4lRUUH4dCm0Jyh7FoCTAt7K2Vt0MDQRliwIXiTL/8lNwcVz614V4els/NxHAtki2yTMvHIETkjl6RKaoSRB/JEXsir8+g8O2/O+6h1yhnPbJJfcD6+ATEMmZw=</latexit>

�(t) = �!q0 sin(!t+ ↵0)
<latexit sha1_base64="r4S2mJST1yQQUN1NU3YohW20cc4=">AAACG3icbVBNS8NAEN34bf2KevSyWISKWJIiKIggevFYwWqhKWGy3baLm03cnQil9H948a948aCIJ8GD/8Ztm4NWHww83pthZl6USmHQ876cqemZ2bn5hcXC0vLK6pq7vnFtkkwzXmOJTHQ9AsOlULyGAiWvp5pDHEl+E92eD/2be66NSNQV9lLejKGjRFswQCuFbiVIu6KEu/SE7tMgiXkH6F3o0eCYGqFKuYJ0jwYg0y6E3m7oFr2yNwL9S/ycFEmOauh+BK2EZTFXyCQY0/C9FJt90CiY5INCkBmeAruFDm9YqiDmptkf/TagO1Zp0XaibSmkI/XnRB9iY3pxZDtjwK6Z9Ibif14jw/ZRsy9UmiFXbLyonUmKCR0GRVtCc4ayZwkwLeytlHVBA0MbZ8GG4E++/JdcV8q+V/YvD4qnZ3kcC2SLbJMS8ckhOSUXpEpqhJEH8kReyKvz6Dw7b877uHXKyWc2yS84n9+wXZ4X</latexit><latexit sha1_base64="r4S2mJST1yQQUN1NU3YohW20cc4=">AAACG3icbVBNS8NAEN34bf2KevSyWISKWJIiKIggevFYwWqhKWGy3baLm03cnQil9H948a948aCIJ8GD/8Ztm4NWHww83pthZl6USmHQ876cqemZ2bn5hcXC0vLK6pq7vnFtkkwzXmOJTHQ9AsOlULyGAiWvp5pDHEl+E92eD/2be66NSNQV9lLejKGjRFswQCuFbiVIu6KEu/SE7tMgiXkH6F3o0eCYGqFKuYJ0jwYg0y6E3m7oFr2yNwL9S/ycFEmOauh+BK2EZTFXyCQY0/C9FJt90CiY5INCkBmeAruFDm9YqiDmptkf/TagO1Zp0XaibSmkI/XnRB9iY3pxZDtjwK6Z9Ibif14jw/ZRsy9UmiFXbLyonUmKCR0GRVtCc4ayZwkwLeytlHVBA0MbZ8GG4E++/JdcV8q+V/YvD4qnZ3kcC2SLbJMS8ckhOSUXpEpqhJEH8kReyKvz6Dw7b877uHXKyWc2yS84n9+wXZ4X</latexit><latexit sha1_base64="r4S2mJST1yQQUN1NU3YohW20cc4=">AAACG3icbVBNS8NAEN34bf2KevSyWISKWJIiKIggevFYwWqhKWGy3baLm03cnQil9H948a948aCIJ8GD/8Ztm4NWHww83pthZl6USmHQ876cqemZ2bn5hcXC0vLK6pq7vnFtkkwzXmOJTHQ9AsOlULyGAiWvp5pDHEl+E92eD/2be66NSNQV9lLejKGjRFswQCuFbiVIu6KEu/SE7tMgiXkH6F3o0eCYGqFKuYJ0jwYg0y6E3m7oFr2yNwL9S/ycFEmOauh+BK2EZTFXyCQY0/C9FJt90CiY5INCkBmeAruFDm9YqiDmptkf/TagO1Zp0XaibSmkI/XnRB9iY3pxZDtjwK6Z9Ibif14jw/ZRsy9UmiFXbLyonUmKCR0GRVtCc4ayZwkwLeytlHVBA0MbZ8GG4E++/JdcV8q+V/YvD4qnZ3kcC2SLbJMS8ckhOSUXpEpqhJEH8kReyKvz6Dw7b877uHXKyWc2yS84n9+wXZ4X</latexit><latexit sha1_base64="r4S2mJST1yQQUN1NU3YohW20cc4=">AAACG3icbVBNS8NAEN34bf2KevSyWISKWJIiKIggevFYwWqhKWGy3baLm03cnQil9H948a948aCIJ8GD/8Ztm4NWHww83pthZl6USmHQ876cqemZ2bn5hcXC0vLK6pq7vnFtkkwzXmOJTHQ9AsOlULyGAiWvp5pDHEl+E92eD/2be66NSNQV9lLejKGjRFswQCuFbiVIu6KEu/SE7tMgiXkH6F3o0eCYGqFKuYJ0jwYg0y6E3m7oFr2yNwL9S/ycFEmOauh+BK2EZTFXyCQY0/C9FJt90CiY5INCkBmeAruFDm9YqiDmptkf/TagO1Zp0XaibSmkI/XnRB9iY3pxZDtjwK6Z9Ibif14jw/ZRsy9UmiFXbLyonUmKCR0GRVtCc4ayZwkwLeytlHVBA0MbZ8GG4E++/JdcV8q+V/YvD4qnZ3kcC2SLbJMS8ckhOSUXpEpqhJEH8kReyKvz6Dw7b877uHXKyWc2yS84n9+wXZ4X</latexit>



Superconducting qubits

C
<latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit>

L
<latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit>

Consider a simple oscillating circuit

If we cool this circuit to near absolute 0 temperature 
it will start to behave quantumly

Classical description no longer applies

But we have canonical quantisation!



Superconducting qubits

Let’s quantise this

[q̂, �̂] = i~
<latexit sha1_base64="8vhb0QwI1j/sqsvEuGH68MRWiqc=">AAACCHicbZDLSsNAFIYnXmu9RV26cLAILqQkIuhGKLpxWcFeIAnlZDpph04uzkyEErJ046u4caGIWx/BnW/jNM1CW38Y+OY/5zBzfj/hTCrL+jYWFpeWV1Yra9X1jc2tbXNnty3jVBDaIjGPRdcHSTmLaEsxxWk3ERRCn9OOP7qe1DsPVEgWR3dqnFAvhEHEAkZAaatnHjjuEFR2n5/gAtxkyHIPX2Km7z6Inlmz6lYhPA92CTVUqtkzv9x+TNKQRopwkNKxrUR5GQjFCKd51U0lTYCMYEAdjRGEVHpZsUiOj7TTx0Es9IkULtzfExmEUo5DX3eGoIZytjYx/6s5qQouvIxFSapoRKYPBSnHKsaTVHCfCUoUH2sAIpj+KyZDEECUzq6qQ7BnV56H9mndtur27VmtcVXGUUH76BAdIxudowa6QU3UQgQ9omf0it6MJ+PFeDc+pq0LRjmzh/7I+PwBqAuZFA==</latexit><latexit sha1_base64="8vhb0QwI1j/sqsvEuGH68MRWiqc=">AAACCHicbZDLSsNAFIYnXmu9RV26cLAILqQkIuhGKLpxWcFeIAnlZDpph04uzkyEErJ046u4caGIWx/BnW/jNM1CW38Y+OY/5zBzfj/hTCrL+jYWFpeWV1Yra9X1jc2tbXNnty3jVBDaIjGPRdcHSTmLaEsxxWk3ERRCn9OOP7qe1DsPVEgWR3dqnFAvhEHEAkZAaatnHjjuEFR2n5/gAtxkyHIPX2Km7z6Inlmz6lYhPA92CTVUqtkzv9x+TNKQRopwkNKxrUR5GQjFCKd51U0lTYCMYEAdjRGEVHpZsUiOj7TTx0Es9IkULtzfExmEUo5DX3eGoIZytjYx/6s5qQouvIxFSapoRKYPBSnHKsaTVHCfCUoUH2sAIpj+KyZDEECUzq6qQ7BnV56H9mndtur27VmtcVXGUUH76BAdIxudowa6QU3UQgQ9omf0it6MJ+PFeDc+pq0LRjmzh/7I+PwBqAuZFA==</latexit><latexit sha1_base64="8vhb0QwI1j/sqsvEuGH68MRWiqc=">AAACCHicbZDLSsNAFIYnXmu9RV26cLAILqQkIuhGKLpxWcFeIAnlZDpph04uzkyEErJ046u4caGIWx/BnW/jNM1CW38Y+OY/5zBzfj/hTCrL+jYWFpeWV1Yra9X1jc2tbXNnty3jVBDaIjGPRdcHSTmLaEsxxWk3ERRCn9OOP7qe1DsPVEgWR3dqnFAvhEHEAkZAaatnHjjuEFR2n5/gAtxkyHIPX2Km7z6Inlmz6lYhPA92CTVUqtkzv9x+TNKQRopwkNKxrUR5GQjFCKd51U0lTYCMYEAdjRGEVHpZsUiOj7TTx0Es9IkULtzfExmEUo5DX3eGoIZytjYx/6s5qQouvIxFSapoRKYPBSnHKsaTVHCfCUoUH2sAIpj+KyZDEECUzq6qQ7BnV56H9mndtur27VmtcVXGUUH76BAdIxudowa6QU3UQgQ9omf0it6MJ+PFeDc+pq0LRjmzh/7I+PwBqAuZFA==</latexit><latexit sha1_base64="8vhb0QwI1j/sqsvEuGH68MRWiqc=">AAACCHicbZDLSsNAFIYnXmu9RV26cLAILqQkIuhGKLpxWcFeIAnlZDpph04uzkyEErJ046u4caGIWx/BnW/jNM1CW38Y+OY/5zBzfj/hTCrL+jYWFpeWV1Yra9X1jc2tbXNnty3jVBDaIjGPRdcHSTmLaEsxxWk3ERRCn9OOP7qe1DsPVEgWR3dqnFAvhEHEAkZAaatnHjjuEFR2n5/gAtxkyHIPX2Km7z6Inlmz6lYhPA92CTVUqtkzv9x+TNKQRopwkNKxrUR5GQjFCKd51U0lTYCMYEAdjRGEVHpZsUiOj7TTx0Es9IkULtzfExmEUo5DX3eGoIZytjYx/6s5qQouvIxFSapoRKYPBSnHKsaTVHCfCUoUH2sAIpj+KyZDEECUzq6qQ7BnV56H9mndtur27VmtcVXGUUH76BAdIxudowa6QU3UQgQ9omf0it6MJ+PFeDc+pq0LRjmzh/7I+PwBqAuZFA==</latexit>

We want to find the eigenstates of H

There’s a standard way of doing this,  
which we won’t go through :)

What we find is that “neighbouring” eigenstates will  
be separated by the same energy

Ĥ =
q̂
2

2C
+

1

2
C!

2
�̂
2

<latexit sha1_base64="ddQ4DEkFgV8c9iPrVUH9B24If+s="></latexit><latexit sha1_base64="ddQ4DEkFgV8c9iPrVUH9B24If+s="></latexit><latexit sha1_base64="ddQ4DEkFgV8c9iPrVUH9B24If+s="></latexit><latexit sha1_base64="ddQ4DEkFgV8c9iPrVUH9B24If+s="></latexit>
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|0i
<latexit sha1_base64="mjQqjCX97mZDRBNXUGxBrTG242k=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/0Rc0tNUDSXvV2tu3Z2DrBKvIDUo0OxXv3qDhGUxV8gkNcb33BSDnGoUTPJppZcZnlI2pkPuW6pozE2Qz0+ekjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKh0gy5YotFUSYJJmT2PxkIzRnKiSWUaWFvJWxENWVoU6rYELzll1dJ+6LuuXXv/rLWuCniKMMJnMI5eHAFDbiDJrSAQQLP8ApvDjovzrvzsWgtOcXMMfyB8/kDY0qQqQ==</latexit><latexit sha1_base64="mjQqjCX97mZDRBNXUGxBrTG242k=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/0Rc0tNUDSXvV2tu3Z2DrBKvIDUo0OxXv3qDhGUxV8gkNcb33BSDnGoUTPJppZcZnlI2pkPuW6pozE2Qz0+ekjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKh0gy5YotFUSYJJmT2PxkIzRnKiSWUaWFvJWxENWVoU6rYELzll1dJ+6LuuXXv/rLWuCniKMMJnMI5eHAFDbiDJrSAQQLP8ApvDjovzrvzsWgtOcXMMfyB8/kDY0qQqQ==</latexit><latexit sha1_base64="mjQqjCX97mZDRBNXUGxBrTG242k=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/0Rc0tNUDSXvV2tu3Z2DrBKvIDUo0OxXv3qDhGUxV8gkNcb33BSDnGoUTPJppZcZnlI2pkPuW6pozE2Qz0+ekjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKh0gy5YotFUSYJJmT2PxkIzRnKiSWUaWFvJWxENWVoU6rYELzll1dJ+6LuuXXv/rLWuCniKMMJnMI5eHAFDbiDJrSAQQLP8ApvDjovzrvzsWgtOcXMMfyB8/kDY0qQqQ==</latexit><latexit sha1_base64="mjQqjCX97mZDRBNXUGxBrTG242k=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/0Rc0tNUDSXvV2tu3Z2DrBKvIDUo0OxXv3qDhGUxV8gkNcb33BSDnGoUTPJppZcZnlI2pkPuW6pozE2Qz0+ekjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKh0gy5YotFUSYJJmT2PxkIzRnKiSWUaWFvJWxENWVoU6rYELzll1dJ+6LuuXXv/rLWuCniKMMJnMI5eHAFDbiDJrSAQQLP8ApvDjovzrvzsWgtOcXMMfyB8/kDY0qQqQ==</latexit>

|1i
<latexit sha1_base64="6Typza7OMfhssIEctEzFNv5UoI4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/0Q80tNUDSXvV2tu3Z2DrBKvIDUo0OxXv3qDhGUxV8gkNcb33BSDnGoUTPJppZcZnlI2pkPuW6pozE2Qz0+ekjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKh0gy5YotFUSYJJmT2PxkIzRnKiSWUaWFvJWxENWVoU6rYELzll1dJ+6LuuXXv/rLWuCniKMMJnMI5eHAFDbiDJrSAQQLP8ApvDjovzrvzsWgtOcXMMfyB8/kDZNaQqg==</latexit><latexit sha1_base64="6Typza7OMfhssIEctEzFNv5UoI4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/0Q80tNUDSXvV2tu3Z2DrBKvIDUo0OxXv3qDhGUxV8gkNcb33BSDnGoUTPJppZcZnlI2pkPuW6pozE2Qz0+ekjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKh0gy5YotFUSYJJmT2PxkIzRnKiSWUaWFvJWxENWVoU6rYELzll1dJ+6LuuXXv/rLWuCniKMMJnMI5eHAFDbiDJrSAQQLP8ApvDjovzrvzsWgtOcXMMfyB8/kDZNaQqg==</latexit><latexit sha1_base64="6Typza7OMfhssIEctEzFNv5UoI4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/0Q80tNUDSXvV2tu3Z2DrBKvIDUo0OxXv3qDhGUxV8gkNcb33BSDnGoUTPJppZcZnlI2pkPuW6pozE2Qz0+ekjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKh0gy5YotFUSYJJmT2PxkIzRnKiSWUaWFvJWxENWVoU6rYELzll1dJ+6LuuXXv/rLWuCniKMMJnMI5eHAFDbiDJrSAQQLP8ApvDjovzrvzsWgtOcXMMfyB8/kDZNaQqg==</latexit><latexit sha1_base64="6Typza7OMfhssIEctEzFNv5UoI4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/0Q80tNUDSXvV2tu3Z2DrBKvIDUo0OxXv3qDhGUxV8gkNcb33BSDnGoUTPJppZcZnlI2pkPuW6pozE2Qz0+ekjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKh0gy5YotFUSYJJmT2PxkIzRnKiSWUaWFvJWxENWVoU6rYELzll1dJ+6LuuXXv/rLWuCniKMMJnMI5eHAFDbiDJrSAQQLP8ApvDjovzrvzsWgtOcXMMfyB8/kDZNaQqg==</latexit>

|2i
<latexit sha1_base64="33zil8sHhb3PgssP7rZd87gCdtk=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA0lM120i7dbMLuRiixP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1Q6pRcIktw43AbqqQxqHATji+nfmdR1SaJ/LBTFIMYjqUPOKMGiv5T6ROeorKocB+perW3DnIKvEKUoUCzX7lqzdIWBajNExQrX3PTU2QU2U4Ezgt9zKNKWVjOkTfUklj1EE+P3lKzq0yIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//P8zETXQc5lmhmUbLEoygQxCZn9TwZcITNiYgllittbCRtRRZmxKZVtCN7yy6ukXa95bs27v6w2boo4SnAKZ3ABHlxBA+6gCS1gkMAzvMKbY5wX5935WLSuOcXMCfyB8/kDZmKQqw==</latexit><latexit sha1_base64="33zil8sHhb3PgssP7rZd87gCdtk=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA0lM120i7dbMLuRiixP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1Q6pRcIktw43AbqqQxqHATji+nfmdR1SaJ/LBTFIMYjqUPOKMGiv5T6ROeorKocB+perW3DnIKvEKUoUCzX7lqzdIWBajNExQrX3PTU2QU2U4Ezgt9zKNKWVjOkTfUklj1EE+P3lKzq0yIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//P8zETXQc5lmhmUbLEoygQxCZn9TwZcITNiYgllittbCRtRRZmxKZVtCN7yy6ukXa95bs27v6w2boo4SnAKZ3ABHlxBA+6gCS1gkMAzvMKbY5wX5935WLSuOcXMCfyB8/kDZmKQqw==</latexit><latexit sha1_base64="33zil8sHhb3PgssP7rZd87gCdtk=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA0lM120i7dbMLuRiixP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1Q6pRcIktw43AbqqQxqHATji+nfmdR1SaJ/LBTFIMYjqUPOKMGiv5T6ROeorKocB+perW3DnIKvEKUoUCzX7lqzdIWBajNExQrX3PTU2QU2U4Ezgt9zKNKWVjOkTfUklj1EE+P3lKzq0yIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//P8zETXQc5lmhmUbLEoygQxCZn9TwZcITNiYgllittbCRtRRZmxKZVtCN7yy6ukXa95bs27v6w2boo4SnAKZ3ABHlxBA+6gCS1gkMAzvMKbY5wX5935WLSuOcXMCfyB8/kDZmKQqw==</latexit><latexit sha1_base64="33zil8sHhb3PgssP7rZd87gCdtk=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA0lM120i7dbMLuRiixP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1Q6pRcIktw43AbqqQxqHATji+nfmdR1SaJ/LBTFIMYjqUPOKMGiv5T6ROeorKocB+perW3DnIKvEKUoUCzX7lqzdIWBajNExQrX3PTU2QU2U4Ezgt9zKNKWVjOkTfUklj1EE+P3lKzq0yIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//P8zETXQc5lmhmUbLEoygQxCZn9TwZcITNiYgllittbCRtRRZmxKZVtCN7yy6ukXa95bs27v6w2boo4SnAKZ3ABHlxBA+6gCS1gkMAzvMKbY5wX5935WLSuOcXMCfyB8/kDZmKQqw==</latexit>

|3i
<latexit sha1_base64="dutYX+90EF1tNn31FsE+UlV4PPo=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKthbSUDbbSbt0swm7G6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYnqhFSj4BJbhhuBnVQhjUOBD+HoZuo/PKLSPJH3ZpxiENOB5BFn1FjJfyLnpKuoHAjsVWtu3Z2BLBOvIDUo0OxVv7r9hGUxSsME1dr33NQEOVWGM4GTSjfTmFI2ogP0LZU0Rh3ks5Mn5MQqfRIlypY0ZKb+nshprPU4Dm1nTM1QL3pT8T/Pz0x0FeRcpplByeaLokwQk5Dp/6TPFTIjxpZQpri9lbAhVZQZm1LFhuAtvrxM2md1z617dxe1xnURRxmO4BhOwYNLaMAtNKEFDBJ4hld4c4zz4rw7H/PWklPMHMIfOJ8/Z+6QrA==</latexit><latexit sha1_base64="dutYX+90EF1tNn31FsE+UlV4PPo=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKthbSUDbbSbt0swm7G6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYnqhFSj4BJbhhuBnVQhjUOBD+HoZuo/PKLSPJH3ZpxiENOB5BFn1FjJfyLnpKuoHAjsVWtu3Z2BLBOvIDUo0OxVv7r9hGUxSsME1dr33NQEOVWGM4GTSjfTmFI2ogP0LZU0Rh3ks5Mn5MQqfRIlypY0ZKb+nshprPU4Dm1nTM1QL3pT8T/Pz0x0FeRcpplByeaLokwQk5Dp/6TPFTIjxpZQpri9lbAhVZQZm1LFhuAtvrxM2md1z617dxe1xnURRxmO4BhOwYNLaMAtNKEFDBJ4hld4c4zz4rw7H/PWklPMHMIfOJ8/Z+6QrA==</latexit><latexit sha1_base64="dutYX+90EF1tNn31FsE+UlV4PPo=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKthbSUDbbSbt0swm7G6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYnqhFSj4BJbhhuBnVQhjUOBD+HoZuo/PKLSPJH3ZpxiENOB5BFn1FjJfyLnpKuoHAjsVWtu3Z2BLBOvIDUo0OxVv7r9hGUxSsME1dr33NQEOVWGM4GTSjfTmFI2ogP0LZU0Rh3ks5Mn5MQqfRIlypY0ZKb+nshprPU4Dm1nTM1QL3pT8T/Pz0x0FeRcpplByeaLokwQk5Dp/6TPFTIjxpZQpri9lbAhVZQZm1LFhuAtvrxM2md1z617dxe1xnURRxmO4BhOwYNLaMAtNKEFDBJ4hld4c4zz4rw7H/PWklPMHMIfOJ8/Z+6QrA==</latexit><latexit sha1_base64="dutYX+90EF1tNn31FsE+UlV4PPo=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKthbSUDbbSbt0swm7G6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYnqhFSj4BJbhhuBnVQhjUOBD+HoZuo/PKLSPJH3ZpxiENOB5BFn1FjJfyLnpKuoHAjsVWtu3Z2BLBOvIDUo0OxVv7r9hGUxSsME1dr33NQEOVWGM4GTSjfTmFI2ogP0LZU0Rh3ks5Mn5MQqfRIlypY0ZKb+nshprPU4Dm1nTM1QL3pT8T/Pz0x0FeRcpplByeaLokwQk5Dp/6TPFTIjxpZQpri9lbAhVZQZm1LFhuAtvrxM2md1z617dxe1xnURRxmO4BhOwYNLaMAtNKEFDBJ4hld4c4zz4rw7H/PWklPMHMIfOJ8/Z+6QrA==</latexit>

...
<latexit sha1_base64="ocgiAjpDjkxJr5kPWC1BB+yVGnk=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxgP6ANZbPZtGs3u2F3Uiih/8GLB0W8+n+8+W/ctjlo64OBx3szzMwLU8ENet63s7a+sbm1Xdop7+7tHxxWjo5bRmWasiZVQulOSAwTXLImchSsk2pGklCwdji6m/ntMdOGK/mIk5QFCRlIHnNK0Eqt3jhSaPqVqlfz5nBXiV+QKhRo9CtfvUjRLGESqSDGdH0vxSAnGjkVbFruZYalhI7IgHUtlSRhJsjn107dc6tEbqy0LYnuXP09kZPEmEkS2s6E4NAsezPxP6+bYXwT5FymGTJJF4viTLio3NnrbsQ1oygmlhCqub3VpUOiCUUbUNmG4C+/vEpalzXfq/kPV9X6bRFHCU7hDC7Ah2uowz00oAkUnuAZXuHNUc6L8+58LFrXnGLmBP7A+fwBy2+PQg==</latexit><latexit sha1_base64="ocgiAjpDjkxJr5kPWC1BB+yVGnk=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxgP6ANZbPZtGs3u2F3Uiih/8GLB0W8+n+8+W/ctjlo64OBx3szzMwLU8ENet63s7a+sbm1Xdop7+7tHxxWjo5bRmWasiZVQulOSAwTXLImchSsk2pGklCwdji6m/ntMdOGK/mIk5QFCRlIHnNK0Eqt3jhSaPqVqlfz5nBXiV+QKhRo9CtfvUjRLGESqSDGdH0vxSAnGjkVbFruZYalhI7IgHUtlSRhJsjn107dc6tEbqy0LYnuXP09kZPEmEkS2s6E4NAsezPxP6+bYXwT5FymGTJJF4viTLio3NnrbsQ1oygmlhCqub3VpUOiCUUbUNmG4C+/vEpalzXfq/kPV9X6bRFHCU7hDC7Ah2uowz00oAkUnuAZXuHNUc6L8+58LFrXnGLmBP7A+fwBy2+PQg==</latexit><latexit sha1_base64="ocgiAjpDjkxJr5kPWC1BB+yVGnk=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxgP6ANZbPZtGs3u2F3Uiih/8GLB0W8+n+8+W/ctjlo64OBx3szzMwLU8ENet63s7a+sbm1Xdop7+7tHxxWjo5bRmWasiZVQulOSAwTXLImchSsk2pGklCwdji6m/ntMdOGK/mIk5QFCRlIHnNK0Eqt3jhSaPqVqlfz5nBXiV+QKhRo9CtfvUjRLGESqSDGdH0vxSAnGjkVbFruZYalhI7IgHUtlSRhJsjn107dc6tEbqy0LYnuXP09kZPEmEkS2s6E4NAsezPxP6+bYXwT5FymGTJJF4viTLio3NnrbsQ1oygmlhCqub3VpUOiCUUbUNmG4C+/vEpalzXfq/kPV9X6bRFHCU7hDC7Ah2uowz00oAkUnuAZXuHNUc6L8+58LFrXnGLmBP7A+fwBy2+PQg==</latexit><latexit sha1_base64="ocgiAjpDjkxJr5kPWC1BB+yVGnk=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxgP6ANZbPZtGs3u2F3Uiih/8GLB0W8+n+8+W/ctjlo64OBx3szzMwLU8ENet63s7a+sbm1Xdop7+7tHxxWjo5bRmWasiZVQulOSAwTXLImchSsk2pGklCwdji6m/ntMdOGK/mIk5QFCRlIHnNK0Eqt3jhSaPqVqlfz5nBXiV+QKhRo9CtfvUjRLGESqSDGdH0vxSAnGjkVbFruZYalhI7IgHUtlSRhJsjn107dc6tEbqy0LYnuXP09kZPEmEkS2s6E4NAsezPxP6+bYXwT5FymGTJJF4viTLio3NnrbsQ1oygmlhCqub3VpUOiCUUbUNmG4C+/vEpalzXfq/kPV9X6bRFHCU7hDC7Ah2uowz00oAkUnuAZXuHNUc6L8+58LFrXnGLmBP7A+fwBy2+PQg==</latexit>

Energy

1

2
~!

<latexit sha1_base64="0s4gDTJ8G40Lx6P/gqpywgJJbvw=">AAACAXicbVBNS8NAEN34WetX1IvgZbEInkpSBD0WvXisYD+gCWWy3bRLdzdhdyOUUC/+FS8eFPHqv/Dmv3Hb5qCtDwYe780wMy9KOdPG876dldW19Y3N0lZ5e2d3b989OGzpJFOENknCE9WJQFPOJG0aZjjtpIqCiDhtR6Obqd9+oEqzRN6bcUpDAQPJYkbAWKnnHgexApL7k7w2wcEwAoWDRNAB9NyKV/VmwMvEL0gFFWj03K+gn5BMUGkIB627vpeaMAdlGOF0Ug4yTVMgIxjQrqUSBNVhPvtggs+s0sdxomxJg2fq74kchNZjEdlOAWaoF72p+J/XzUx8FeZMppmhkswXxRnHJsHTOHCfKUoMH1sCRDF7KyZDsJEYG1rZhuAvvrxMWrWq71X9u4tK/bqIo4RO0Ck6Rz66RHV0ixqoiQh6RM/oFb05T86L8+58zFtXnGLmCP2B8/kD5OqWhA==</latexit><latexit sha1_base64="0s4gDTJ8G40Lx6P/gqpywgJJbvw=">AAACAXicbVBNS8NAEN34WetX1IvgZbEInkpSBD0WvXisYD+gCWWy3bRLdzdhdyOUUC/+FS8eFPHqv/Dmv3Hb5qCtDwYe780wMy9KOdPG876dldW19Y3N0lZ5e2d3b989OGzpJFOENknCE9WJQFPOJG0aZjjtpIqCiDhtR6Obqd9+oEqzRN6bcUpDAQPJYkbAWKnnHgexApL7k7w2wcEwAoWDRNAB9NyKV/VmwMvEL0gFFWj03K+gn5BMUGkIB627vpeaMAdlGOF0Ug4yTVMgIxjQrqUSBNVhPvtggs+s0sdxomxJg2fq74kchNZjEdlOAWaoF72p+J/XzUx8FeZMppmhkswXxRnHJsHTOHCfKUoMH1sCRDF7KyZDsJEYG1rZhuAvvrxMWrWq71X9u4tK/bqIo4RO0Ck6Rz66RHV0ixqoiQh6RM/oFb05T86L8+58zFtXnGLmCP2B8/kD5OqWhA==</latexit><latexit sha1_base64="0s4gDTJ8G40Lx6P/gqpywgJJbvw=">AAACAXicbVBNS8NAEN34WetX1IvgZbEInkpSBD0WvXisYD+gCWWy3bRLdzdhdyOUUC/+FS8eFPHqv/Dmv3Hb5qCtDwYe780wMy9KOdPG876dldW19Y3N0lZ5e2d3b989OGzpJFOENknCE9WJQFPOJG0aZjjtpIqCiDhtR6Obqd9+oEqzRN6bcUpDAQPJYkbAWKnnHgexApL7k7w2wcEwAoWDRNAB9NyKV/VmwMvEL0gFFWj03K+gn5BMUGkIB627vpeaMAdlGOF0Ug4yTVMgIxjQrqUSBNVhPvtggs+s0sdxomxJg2fq74kchNZjEdlOAWaoF72p+J/XzUx8FeZMppmhkswXxRnHJsHTOHCfKUoMH1sCRDF7KyZDsJEYG1rZhuAvvrxMWrWq71X9u4tK/bqIo4RO0Ck6Rz66RHV0ixqoiQh6RM/oFb05T86L8+58zFtXnGLmCP2B8/kD5OqWhA==</latexit><latexit sha1_base64="0s4gDTJ8G40Lx6P/gqpywgJJbvw=">AAACAXicbVBNS8NAEN34WetX1IvgZbEInkpSBD0WvXisYD+gCWWy3bRLdzdhdyOUUC/+FS8eFPHqv/Dmv3Hb5qCtDwYe780wMy9KOdPG876dldW19Y3N0lZ5e2d3b989OGzpJFOENknCE9WJQFPOJG0aZjjtpIqCiDhtR6Obqd9+oEqzRN6bcUpDAQPJYkbAWKnnHgexApL7k7w2wcEwAoWDRNAB9NyKV/VmwMvEL0gFFWj03K+gn5BMUGkIB627vpeaMAdlGOF0Ug4yTVMgIxjQrqUSBNVhPvtggs+s0sdxomxJg2fq74kchNZjEdlOAWaoF72p+J/XzUx8FeZMppmhkswXxRnHJsHTOHCfKUoMH1sCRDF7KyZDsJEYG1rZhuAvvrxMWrWq71X9u4tK/bqIo4RO0Ck6Rz66RHV0ixqoiQh6RM/oFb05T86L8+58zFtXnGLmCP2B8/kD5OqWhA==</latexit>

3
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~!

<latexit sha1_base64="t/bk9G8Bzd2RAeEK4suiuOEgvwE=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCrosunFZwT6gCWUynbRD5xFmJkIJceOvuHGhiFv/wp1/47TNQlsPXDiccy/33hMljGrjed9OaWV1bX2jvFnZ2t7Z3XP3D9papgqTFpZMqm6ENGFUkJahhpFuogjiESOdaHwz9TsPRGkqxb2ZJCTkaChoTDEyVuq7R0GsEM7O86yew2AUIQUDyckQ9d2qV/NmgMvEL0gVFGj23a9gIHHKiTCYIa17vpeYMEPKUMxIXglSTRKEx2hIepYKxIkOs9kHOTy1ygDGUtkSBs7U3xMZ4lpPeGQ7OTIjvehNxf+8XmriqzCjIkkNEXi+KE4ZNBJO44ADqgg2bGIJworaWyEeIRuJsaFVbAj+4svLpF2v+V7Nv7uoNq6LOMrgGJyAM+CDS9AAt6AJWgCDR/AMXsGb8+S8OO/Ox7y15BQzh+APnM8f6BSWhg==</latexit><latexit sha1_base64="t/bk9G8Bzd2RAeEK4suiuOEgvwE=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCrosunFZwT6gCWUynbRD5xFmJkIJceOvuHGhiFv/wp1/47TNQlsPXDiccy/33hMljGrjed9OaWV1bX2jvFnZ2t7Z3XP3D9papgqTFpZMqm6ENGFUkJahhpFuogjiESOdaHwz9TsPRGkqxb2ZJCTkaChoTDEyVuq7R0GsEM7O86yew2AUIQUDyckQ9d2qV/NmgMvEL0gVFGj23a9gIHHKiTCYIa17vpeYMEPKUMxIXglSTRKEx2hIepYKxIkOs9kHOTy1ygDGUtkSBs7U3xMZ4lpPeGQ7OTIjvehNxf+8XmriqzCjIkkNEXi+KE4ZNBJO44ADqgg2bGIJworaWyEeIRuJsaFVbAj+4svLpF2v+V7Nv7uoNq6LOMrgGJyAM+CDS9AAt6AJWgCDR/AMXsGb8+S8OO/Ox7y15BQzh+APnM8f6BSWhg==</latexit><latexit sha1_base64="t/bk9G8Bzd2RAeEK4suiuOEgvwE=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCrosunFZwT6gCWUynbRD5xFmJkIJceOvuHGhiFv/wp1/47TNQlsPXDiccy/33hMljGrjed9OaWV1bX2jvFnZ2t7Z3XP3D9papgqTFpZMqm6ENGFUkJahhpFuogjiESOdaHwz9TsPRGkqxb2ZJCTkaChoTDEyVuq7R0GsEM7O86yew2AUIQUDyckQ9d2qV/NmgMvEL0gVFGj23a9gIHHKiTCYIa17vpeYMEPKUMxIXglSTRKEx2hIepYKxIkOs9kHOTy1ygDGUtkSBs7U3xMZ4lpPeGQ7OTIjvehNxf+8XmriqzCjIkkNEXi+KE4ZNBJO44ADqgg2bGIJworaWyEeIRuJsaFVbAj+4svLpF2v+V7Nv7uoNq6LOMrgGJyAM+CDS9AAt6AJWgCDR/AMXsGb8+S8OO/Ox7y15BQzh+APnM8f6BSWhg==</latexit><latexit sha1_base64="t/bk9G8Bzd2RAeEK4suiuOEgvwE=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCrosunFZwT6gCWUynbRD5xFmJkIJceOvuHGhiFv/wp1/47TNQlsPXDiccy/33hMljGrjed9OaWV1bX2jvFnZ2t7Z3XP3D9papgqTFpZMqm6ENGFUkJahhpFuogjiESOdaHwz9TsPRGkqxb2ZJCTkaChoTDEyVuq7R0GsEM7O86yew2AUIQUDyckQ9d2qV/NmgMvEL0gVFGj23a9gIHHKiTCYIa17vpeYMEPKUMxIXglSTRKEx2hIepYKxIkOs9kHOTy1ygDGUtkSBs7U3xMZ4lpPeGQ7OTIjvehNxf+8XmriqzCjIkkNEXi+KE4ZNBJO44ADqgg2bGIJworaWyEeIRuJsaFVbAj+4svLpF2v+V7Nv7uoNq6LOMrgGJyAM+CDS9AAt6AJWgCDR/AMXsGb8+S8OO/Ox7y15BQzh+APnM8f6BSWhg==</latexit>
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<latexit sha1_base64="+0F+kxVUKXuwFA0veezMarubUfw=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkKLosunFZwT6gCWUynbRD5xFmJkIJceOvuHGhiFv/wp1/47TNQlsPXDiccy/33hMljGrjed9OaWV1bX2jvFnZ2t7Z3XP3D9papgqTFpZMqm6ENGFUkJahhpFuogjiESOdaHwz9TsPRGkqxb2ZJCTkaChoTDEyVuq7R0GsEM4u8qyew2AUIQUDyckQ9d2qV/NmgMvEL0gVFGj23a9gIHHKiTCYIa17vpeYMEPKUMxIXglSTRKEx2hIepYKxIkOs9kHOTy1ygDGUtkSBs7U3xMZ4lpPeGQ7OTIjvehNxf+8XmriqzCjIkkNEXi+KE4ZNBJO44ADqgg2bGIJworaWyEeIRuJsaFVbAj+4svLpF2v+V7NvzuvNq6LOMrgGJyAM+CDS9AAt6AJWgCDR/AMXsGb8+S8OO/Ox7y15BQzh+APnM8f6z6WiA==</latexit><latexit sha1_base64="+0F+kxVUKXuwFA0veezMarubUfw=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkKLosunFZwT6gCWUynbRD5xFmJkIJceOvuHGhiFv/wp1/47TNQlsPXDiccy/33hMljGrjed9OaWV1bX2jvFnZ2t7Z3XP3D9papgqTFpZMqm6ENGFUkJahhpFuogjiESOdaHwz9TsPRGkqxb2ZJCTkaChoTDEyVuq7R0GsEM4u8qyew2AUIQUDyckQ9d2qV/NmgMvEL0gVFGj23a9gIHHKiTCYIa17vpeYMEPKUMxIXglSTRKEx2hIepYKxIkOs9kHOTy1ygDGUtkSBs7U3xMZ4lpPeGQ7OTIjvehNxf+8XmriqzCjIkkNEXi+KE4ZNBJO44ADqgg2bGIJworaWyEeIRuJsaFVbAj+4svLpF2v+V7NvzuvNq6LOMrgGJyAM+CDS9AAt6AJWgCDR/AMXsGb8+S8OO/Ox7y15BQzh+APnM8f6z6WiA==</latexit><latexit sha1_base64="+0F+kxVUKXuwFA0veezMarubUfw=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkKLosunFZwT6gCWUynbRD5xFmJkIJceOvuHGhiFv/wp1/47TNQlsPXDiccy/33hMljGrjed9OaWV1bX2jvFnZ2t7Z3XP3D9papgqTFpZMqm6ENGFUkJahhpFuogjiESOdaHwz9TsPRGkqxb2ZJCTkaChoTDEyVuq7R0GsEM4u8qyew2AUIQUDyckQ9d2qV/NmgMvEL0gVFGj23a9gIHHKiTCYIa17vpeYMEPKUMxIXglSTRKEx2hIepYKxIkOs9kHOTy1ygDGUtkSBs7U3xMZ4lpPeGQ7OTIjvehNxf+8XmriqzCjIkkNEXi+KE4ZNBJO44ADqgg2bGIJworaWyEeIRuJsaFVbAj+4svLpF2v+V7NvzuvNq6LOMrgGJyAM+CDS9AAt6AJWgCDR/AMXsGb8+S8OO/Ox7y15BQzh+APnM8f6z6WiA==</latexit><latexit sha1_base64="+0F+kxVUKXuwFA0veezMarubUfw=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkKLosunFZwT6gCWUynbRD5xFmJkIJceOvuHGhiFv/wp1/47TNQlsPXDiccy/33hMljGrjed9OaWV1bX2jvFnZ2t7Z3XP3D9papgqTFpZMqm6ENGFUkJahhpFuogjiESOdaHwz9TsPRGkqxb2ZJCTkaChoTDEyVuq7R0GsEM4u8qyew2AUIQUDyckQ9d2qV/NmgMvEL0gVFGj23a9gIHHKiTCYIa17vpeYMEPKUMxIXglSTRKEx2hIepYKxIkOs9kHOTy1ygDGUtkSBs7U3xMZ4lpPeGQ7OTIjvehNxf+8XmriqzCjIkkNEXi+KE4ZNBJO44ADqgg2bGIJworaWyEeIRuJsaFVbAj+4svLpF2v+V7NvzuvNq6LOMrgGJyAM+CDS9AAt6AJWgCDR/AMXsGb8+S8OO/Ox7y15BQzh+APnM8f6z6WiA==</latexit>
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<latexit sha1_base64="eflybz1WfiM1lzCfe3prTAd9yxQ=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCHVZdOOygn1AE8pkOmmHziPMTIQS4sZfceNCEbf+hTv/xmmbhbYeuHA4517uvSdKGNXG876d0tr6xuZWebuys7u3f+AeHnW0TBUmbSyZVL0IacKoIG1DDSO9RBHEI0a60eRm5ncfiNJUinszTUjI0UjQmGJkrDRwT4JYIZw18qyew2AcIQUDyckIDdyqV/PmgKvEL0gVFGgN3K9gKHHKiTCYIa37vpeYMEPKUMxIXglSTRKEJ2hE+pYKxIkOs/kHOTy3yhDGUtkSBs7V3xMZ4lpPeWQ7OTJjvezNxP+8fmriqzCjIkkNEXixKE4ZNBLO4oBDqgg2bGoJworaWyEeIxuJsaFVbAj+8surpFOv+V7Nv7usNq+LOMrgFJyBC+CDBmiCW9ACbYDBI3gGr+DNeXJenHfnY9FacoqZY/AHzucP7miWig==</latexit><latexit sha1_base64="eflybz1WfiM1lzCfe3prTAd9yxQ=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCHVZdOOygn1AE8pkOmmHziPMTIQS4sZfceNCEbf+hTv/xmmbhbYeuHA4517uvSdKGNXG876d0tr6xuZWebuys7u3f+AeHnW0TBUmbSyZVL0IacKoIG1DDSO9RBHEI0a60eRm5ncfiNJUinszTUjI0UjQmGJkrDRwT4JYIZw18qyew2AcIQUDyckIDdyqV/PmgKvEL0gVFGgN3K9gKHHKiTCYIa37vpeYMEPKUMxIXglSTRKEJ2hE+pYKxIkOs/kHOTy3yhDGUtkSBs7V3xMZ4lpPeWQ7OTJjvezNxP+8fmriqzCjIkkNEXixKE4ZNBLO4oBDqgg2bGoJworaWyEeIxuJsaFVbAj+8surpFOv+V7Nv7usNq+LOMrgFJyBC+CDBmiCW9ACbYDBI3gGr+DNeXJenHfnY9FacoqZY/AHzucP7miWig==</latexit><latexit sha1_base64="eflybz1WfiM1lzCfe3prTAd9yxQ=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCHVZdOOygn1AE8pkOmmHziPMTIQS4sZfceNCEbf+hTv/xmmbhbYeuHA4517uvSdKGNXG876d0tr6xuZWebuys7u3f+AeHnW0TBUmbSyZVL0IacKoIG1DDSO9RBHEI0a60eRm5ncfiNJUinszTUjI0UjQmGJkrDRwT4JYIZw18qyew2AcIQUDyckIDdyqV/PmgKvEL0gVFGgN3K9gKHHKiTCYIa37vpeYMEPKUMxIXglSTRKEJ2hE+pYKxIkOs/kHOTy3yhDGUtkSBs7V3xMZ4lpPeWQ7OTJjvezNxP+8fmriqzCjIkkNEXixKE4ZNBLO4oBDqgg2bGoJworaWyEeIxuJsaFVbAj+8surpFOv+V7Nv7usNq+LOMrgFJyBC+CDBmiCW9ACbYDBI3gGr+DNeXJenHfnY9FacoqZY/AHzucP7miWig==</latexit><latexit sha1_base64="eflybz1WfiM1lzCfe3prTAd9yxQ=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCHVZdOOygn1AE8pkOmmHziPMTIQS4sZfceNCEbf+hTv/xmmbhbYeuHA4517uvSdKGNXG876d0tr6xuZWebuys7u3f+AeHnW0TBUmbSyZVL0IacKoIG1DDSO9RBHEI0a60eRm5ncfiNJUinszTUjI0UjQmGJkrDRwT4JYIZw18qyew2AcIQUDyckIDdyqV/PmgKvEL0gVFGgN3K9gKHHKiTCYIa37vpeYMEPKUMxIXglSTRKEJ2hE+pYKxIkOs/kHOTy3yhDGUtkSBs7V3xMZ4lpPeWQ7OTJjvezNxP+8fmriqzCjIkkNEXixKE4ZNBLO4oBDqgg2bGoJworaWyEeIxuJsaFVbAj+8surpFOv+V7Nv7usNq+LOMrgFJyBC+CDBmiCW9ACbYDBI3gGr+DNeXJenHfnY9FacoqZY/AHzucP7miWig==</latexit>

~!
<latexit sha1_base64="QTkfRfrxsVTGsPwS/5EzySfj3fU=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubSbJkd+/Y3RPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhLdialBwRW2LLcCO6lGKmOBj/H4duY/PqE2PFEPdpJiJOlQ8QFn1DopDEcx1SRMJA5pr1rz6/4cZJUEBalBgWav+hX2E5ZJVJYJakw38FMb5VRbzgROK2FmMKVsTIfYdVRRiSbK5zdPyZlT+mSQaFfKkrn6eyKn0piJjF2npHZklr2Z+J/XzezgOsq5SjOLii0WDTJBbEJmAZA+18ismDhCmebuVsJGVFNmXUwVF0Kw/PIqaV/UA78e3F/WGjdFHGU4gVM4hwCuoAF30IQWMEjhGV7hzcu8F+/d+1i0lrxi5hj+wPv8Aa5fkXA=</latexit><latexit sha1_base64="QTkfRfrxsVTGsPwS/5EzySfj3fU=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubSbJkd+/Y3RPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhLdialBwRW2LLcCO6lGKmOBj/H4duY/PqE2PFEPdpJiJOlQ8QFn1DopDEcx1SRMJA5pr1rz6/4cZJUEBalBgWav+hX2E5ZJVJYJakw38FMb5VRbzgROK2FmMKVsTIfYdVRRiSbK5zdPyZlT+mSQaFfKkrn6eyKn0piJjF2npHZklr2Z+J/XzezgOsq5SjOLii0WDTJBbEJmAZA+18ismDhCmebuVsJGVFNmXUwVF0Kw/PIqaV/UA78e3F/WGjdFHGU4gVM4hwCuoAF30IQWMEjhGV7hzcu8F+/d+1i0lrxi5hj+wPv8Aa5fkXA=</latexit><latexit sha1_base64="QTkfRfrxsVTGsPwS/5EzySfj3fU=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubSbJkd+/Y3RPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhLdialBwRW2LLcCO6lGKmOBj/H4duY/PqE2PFEPdpJiJOlQ8QFn1DopDEcx1SRMJA5pr1rz6/4cZJUEBalBgWav+hX2E5ZJVJYJakw38FMb5VRbzgROK2FmMKVsTIfYdVRRiSbK5zdPyZlT+mSQaFfKkrn6eyKn0piJjF2npHZklr2Z+J/XzezgOsq5SjOLii0WDTJBbEJmAZA+18ismDhCmebuVsJGVFNmXUwVF0Kw/PIqaV/UA78e3F/WGjdFHGU4gVM4hwCuoAF30IQWMEjhGV7hzcu8F+/d+1i0lrxi5hj+wPv8Aa5fkXA=</latexit><latexit sha1_base64="QTkfRfrxsVTGsPwS/5EzySfj3fU=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubSbJkd+/Y3RPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhLdialBwRW2LLcCO6lGKmOBj/H4duY/PqE2PFEPdpJiJOlQ8QFn1DopDEcx1SRMJA5pr1rz6/4cZJUEBalBgWav+hX2E5ZJVJYJakw38FMb5VRbzgROK2FmMKVsTIfYdVRRiSbK5zdPyZlT+mSQaFfKkrn6eyKn0piJjF2npHZklr2Z+J/XzezgOsq5SjOLii0WDTJBbEJmAZA+18ismDhCmebuVsJGVFNmXUwVF0Kw/PIqaV/UA78e3F/WGjdFHGU4gVM4hwCuoAF30IQWMEjhGV7hzcu8F+/d+1i0lrxi5hj+wPv8Aa5fkXA=</latexit>

~!
<latexit sha1_base64="QTkfRfrxsVTGsPwS/5EzySfj3fU=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubSbJkd+/Y3RPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhLdialBwRW2LLcCO6lGKmOBj/H4duY/PqE2PFEPdpJiJOlQ8QFn1DopDEcx1SRMJA5pr1rz6/4cZJUEBalBgWav+hX2E5ZJVJYJakw38FMb5VRbzgROK2FmMKVsTIfYdVRRiSbK5zdPyZlT+mSQaFfKkrn6eyKn0piJjF2npHZklr2Z+J/XzezgOsq5SjOLii0WDTJBbEJmAZA+18ismDhCmebuVsJGVFNmXUwVF0Kw/PIqaV/UA78e3F/WGjdFHGU4gVM4hwCuoAF30IQWMEjhGV7hzcu8F+/d+1i0lrxi5hj+wPv8Aa5fkXA=</latexit><latexit sha1_base64="QTkfRfrxsVTGsPwS/5EzySfj3fU=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubSbJkd+/Y3RPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhLdialBwRW2LLcCO6lGKmOBj/H4duY/PqE2PFEPdpJiJOlQ8QFn1DopDEcx1SRMJA5pr1rz6/4cZJUEBalBgWav+hX2E5ZJVJYJakw38FMb5VRbzgROK2FmMKVsTIfYdVRRiSbK5zdPyZlT+mSQaFfKkrn6eyKn0piJjF2npHZklr2Z+J/XzezgOsq5SjOLii0WDTJBbEJmAZA+18ismDhCmebuVsJGVFNmXUwVF0Kw/PIqaV/UA78e3F/WGjdFHGU4gVM4hwCuoAF30IQWMEjhGV7hzcu8F+/d+1i0lrxi5hj+wPv8Aa5fkXA=</latexit><latexit sha1_base64="QTkfRfrxsVTGsPwS/5EzySfj3fU=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubSbJkd+/Y3RPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhLdialBwRW2LLcCO6lGKmOBj/H4duY/PqE2PFEPdpJiJOlQ8QFn1DopDEcx1SRMJA5pr1rz6/4cZJUEBalBgWav+hX2E5ZJVJYJakw38FMb5VRbzgROK2FmMKVsTIfYdVRRiSbK5zdPyZlT+mSQaFfKkrn6eyKn0piJjF2npHZklr2Z+J/XzezgOsq5SjOLii0WDTJBbEJmAZA+18ismDhCmebuVsJGVFNmXUwVF0Kw/PIqaV/UA78e3F/WGjdFHGU4gVM4hwCuoAF30IQWMEjhGV7hzcu8F+/d+1i0lrxi5hj+wPv8Aa5fkXA=</latexit><latexit sha1_base64="QTkfRfrxsVTGsPwS/5EzySfj3fU=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubSbJkd+/Y3RPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhLdialBwRW2LLcCO6lGKmOBj/H4duY/PqE2PFEPdpJiJOlQ8QFn1DopDEcx1SRMJA5pr1rz6/4cZJUEBalBgWav+hX2E5ZJVJYJakw38FMb5VRbzgROK2FmMKVsTIfYdVRRiSbK5zdPyZlT+mSQaFfKkrn6eyKn0piJjF2npHZklr2Z+J/XzezgOsq5SjOLii0WDTJBbEJmAZA+18ismDhCmebuVsJGVFNmXUwVF0Kw/PIqaV/UA78e3F/WGjdFHGU4gVM4hwCuoAF30IQWMEjhGV7hzcu8F+/d+1i0lrxi5hj+wPv8Aa5fkXA=</latexit>

~!
<latexit sha1_base64="QTkfRfrxsVTGsPwS/5EzySfj3fU=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubSbJkd+/Y3RPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhLdialBwRW2LLcCO6lGKmOBj/H4duY/PqE2PFEPdpJiJOlQ8QFn1DopDEcx1SRMJA5pr1rz6/4cZJUEBalBgWav+hX2E5ZJVJYJakw38FMb5VRbzgROK2FmMKVsTIfYdVRRiSbK5zdPyZlT+mSQaFfKkrn6eyKn0piJjF2npHZklr2Z+J/XzezgOsq5SjOLii0WDTJBbEJmAZA+18ismDhCmebuVsJGVFNmXUwVF0Kw/PIqaV/UA78e3F/WGjdFHGU4gVM4hwCuoAF30IQWMEjhGV7hzcu8F+/d+1i0lrxi5hj+wPv8Aa5fkXA=</latexit><latexit sha1_base64="QTkfRfrxsVTGsPwS/5EzySfj3fU=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubSbJkd+/Y3RPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhLdialBwRW2LLcCO6lGKmOBj/H4duY/PqE2PFEPdpJiJOlQ8QFn1DopDEcx1SRMJA5pr1rz6/4cZJUEBalBgWav+hX2E5ZJVJYJakw38FMb5VRbzgROK2FmMKVsTIfYdVRRiSbK5zdPyZlT+mSQaFfKkrn6eyKn0piJjF2npHZklr2Z+J/XzezgOsq5SjOLii0WDTJBbEJmAZA+18ismDhCmebuVsJGVFNmXUwVF0Kw/PIqaV/UA78e3F/WGjdFHGU4gVM4hwCuoAF30IQWMEjhGV7hzcu8F+/d+1i0lrxi5hj+wPv8Aa5fkXA=</latexit><latexit sha1_base64="QTkfRfrxsVTGsPwS/5EzySfj3fU=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubSbJkd+/Y3RPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhLdialBwRW2LLcCO6lGKmOBj/H4duY/PqE2PFEPdpJiJOlQ8QFn1DopDEcx1SRMJA5pr1rz6/4cZJUEBalBgWav+hX2E5ZJVJYJakw38FMb5VRbzgROK2FmMKVsTIfYdVRRiSbK5zdPyZlT+mSQaFfKkrn6eyKn0piJjF2npHZklr2Z+J/XzezgOsq5SjOLii0WDTJBbEJmAZA+18ismDhCmebuVsJGVFNmXUwVF0Kw/PIqaV/UA78e3F/WGjdFHGU4gVM4hwCuoAF30IQWMEjhGV7hzcu8F+/d+1i0lrxi5hj+wPv8Aa5fkXA=</latexit><latexit sha1_base64="QTkfRfrxsVTGsPwS/5EzySfj3fU=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubSbJkd+/Y3RPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhLdialBwRW2LLcCO6lGKmOBj/H4duY/PqE2PFEPdpJiJOlQ8QFn1DopDEcx1SRMJA5pr1rz6/4cZJUEBalBgWav+hX2E5ZJVJYJakw38FMb5VRbzgROK2FmMKVsTIfYdVRRiSbK5zdPyZlT+mSQaFfKkrn6eyKn0piJjF2npHZklr2Z+J/XzezgOsq5SjOLii0WDTJBbEJmAZA+18ismDhCmebuVsJGVFNmXUwVF0Kw/PIqaV/UA78e3F/WGjdFHGU4gVM4hwCuoAF30IQWMEjhGV7hzcu8F+/d+1i0lrxi5hj+wPv8Aa5fkXA=</latexit>

Energy levels are equally spaced

This is unlike atoms!

! =
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<latexit sha1_base64="AxjpNQt39SsLabO2guy3xFJVHiM=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAbBKuyKoI0QTGNhEcE8IBvC7GQ2GTKPdWZWCMs2Nv6KjYUitv6DnX/jJNlCEw9cOJxzL/feE8aMauN5305haXllda24XtrY3NrecXf3mlomCpMGlkyqdog0YVSQhqGGkXasCOIhI61wVJv4rQeiNJXizoxj0uVoIGhEMTJW6rmHgeRkgOAlDCKFcOpnaaDvlUlvalnWc8texZsCLhI/J2WQo95zv4K+xAknwmCGtO74Xmy6KVKGYkayUpBoEiM8QgPSsVQgTnQ3nX6RwWOr9GEklS1h4FT9PZEirvWYh7aTIzPU895E/M/rJCa66KZUxIkhAs8WRQmDRsJJJLBPFcGGjS1BWFF7K8RDZNMwNriSDcGff3mRNE8rvlfxb8/K1as8jiI4AEfgBPjgHFTBNaiDBsDgETyDV/DmPDkvzrvzMWstOPnMPvgD5/MHQZWYaw==</latexit><latexit sha1_base64="AxjpNQt39SsLabO2guy3xFJVHiM=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAbBKuyKoI0QTGNhEcE8IBvC7GQ2GTKPdWZWCMs2Nv6KjYUitv6DnX/jJNlCEw9cOJxzL/feE8aMauN5305haXllda24XtrY3NrecXf3mlomCpMGlkyqdog0YVSQhqGGkXasCOIhI61wVJv4rQeiNJXizoxj0uVoIGhEMTJW6rmHgeRkgOAlDCKFcOpnaaDvlUlvalnWc8texZsCLhI/J2WQo95zv4K+xAknwmCGtO74Xmy6KVKGYkayUpBoEiM8QgPSsVQgTnQ3nX6RwWOr9GEklS1h4FT9PZEirvWYh7aTIzPU895E/M/rJCa66KZUxIkhAs8WRQmDRsJJJLBPFcGGjS1BWFF7K8RDZNMwNriSDcGff3mRNE8rvlfxb8/K1as8jiI4AEfgBPjgHFTBNaiDBsDgETyDV/DmPDkvzrvzMWstOPnMPvgD5/MHQZWYaw==</latexit><latexit sha1_base64="AxjpNQt39SsLabO2guy3xFJVHiM=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAbBKuyKoI0QTGNhEcE8IBvC7GQ2GTKPdWZWCMs2Nv6KjYUitv6DnX/jJNlCEw9cOJxzL/feE8aMauN5305haXllda24XtrY3NrecXf3mlomCpMGlkyqdog0YVSQhqGGkXasCOIhI61wVJv4rQeiNJXizoxj0uVoIGhEMTJW6rmHgeRkgOAlDCKFcOpnaaDvlUlvalnWc8texZsCLhI/J2WQo95zv4K+xAknwmCGtO74Xmy6KVKGYkayUpBoEiM8QgPSsVQgTnQ3nX6RwWOr9GEklS1h4FT9PZEirvWYh7aTIzPU895E/M/rJCa66KZUxIkhAs8WRQmDRsJJJLBPFcGGjS1BWFF7K8RDZNMwNriSDcGff3mRNE8rvlfxb8/K1as8jiI4AEfgBPjgHFTBNaiDBsDgETyDV/DmPDkvzrvzMWstOPnMPvgD5/MHQZWYaw==</latexit><latexit sha1_base64="AxjpNQt39SsLabO2guy3xFJVHiM=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAbBKuyKoI0QTGNhEcE8IBvC7GQ2GTKPdWZWCMs2Nv6KjYUitv6DnX/jJNlCEw9cOJxzL/feE8aMauN5305haXllda24XtrY3NrecXf3mlomCpMGlkyqdog0YVSQhqGGkXasCOIhI61wVJv4rQeiNJXizoxj0uVoIGhEMTJW6rmHgeRkgOAlDCKFcOpnaaDvlUlvalnWc8texZsCLhI/J2WQo95zv4K+xAknwmCGtO74Xmy6KVKGYkayUpBoEiM8QgPSsVQgTnQ3nX6RwWOr9GEklS1h4FT9PZEirvWYh7aTIzPU895E/M/rJCa66KZUxIkhAs8WRQmDRsJJJLBPFcGGjS1BWFF7K8RDZNMwNriSDcGff3mRNE8rvlfxb8/K1as8jiI4AEfgBPjgHFTBNaiDBsDgETyDV/DmPDkvzrvzMWstOPnMPvgD5/MHQZWYaw==</latexit>

How do we excite the system?

With EM radiation of course!



Superconducting qubits

C
<latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit>

L
<latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit>

V = V0cos(!t)
<latexit sha1_base64="tOHTxjZGWjvsYg53al8ovMXCjY0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEuimJCLoRim5cVrBpoQ1hMp20Q+cRZiZCCQV/xY0LRdz6He78G6dtFtp64MLhnHu59544ZVQbz/t2Siura+sb5c3K1vbO7p67fxBomSlMWlgyqTox0oRRQVqGGkY6qSKIx4y049Ht1G8/EqWpFA9mnJKQo4GgCcXIWClyjwJ4DYPIg1jqWk9yMkDQnEVu1at7M8Bl4hekCgo0I/er15c440QYzJDWXd9LTZgjZShmZFLpZZqkCI/QgHQtFYgTHeaz8yfw1Cp9mEhlSxg4U39P5IhrPeax7eTIDPWiNxX/87qZSa7CnIo0M0Tg+aIkY9BIOM0C9qki2LCxJQgram+FeIgUwsYmVrEh+IsvL5PgvO57df/+otq4KeIog2NwAmrAB5egAe5AE7QABjl4Bq/gzXlyXpx352PeWnKKmUPwB87nD3zYk+Q=</latexit><latexit sha1_base64="tOHTxjZGWjvsYg53al8ovMXCjY0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEuimJCLoRim5cVrBpoQ1hMp20Q+cRZiZCCQV/xY0LRdz6He78G6dtFtp64MLhnHu59544ZVQbz/t2Siura+sb5c3K1vbO7p67fxBomSlMWlgyqTox0oRRQVqGGkY6qSKIx4y049Ht1G8/EqWpFA9mnJKQo4GgCcXIWClyjwJ4DYPIg1jqWk9yMkDQnEVu1at7M8Bl4hekCgo0I/er15c440QYzJDWXd9LTZgjZShmZFLpZZqkCI/QgHQtFYgTHeaz8yfw1Cp9mEhlSxg4U39P5IhrPeax7eTIDPWiNxX/87qZSa7CnIo0M0Tg+aIkY9BIOM0C9qki2LCxJQgram+FeIgUwsYmVrEh+IsvL5PgvO57df/+otq4KeIog2NwAmrAB5egAe5AE7QABjl4Bq/gzXlyXpx352PeWnKKmUPwB87nD3zYk+Q=</latexit><latexit sha1_base64="tOHTxjZGWjvsYg53al8ovMXCjY0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEuimJCLoRim5cVrBpoQ1hMp20Q+cRZiZCCQV/xY0LRdz6He78G6dtFtp64MLhnHu59544ZVQbz/t2Siura+sb5c3K1vbO7p67fxBomSlMWlgyqTox0oRRQVqGGkY6qSKIx4y049Ht1G8/EqWpFA9mnJKQo4GgCcXIWClyjwJ4DYPIg1jqWk9yMkDQnEVu1at7M8Bl4hekCgo0I/er15c440QYzJDWXd9LTZgjZShmZFLpZZqkCI/QgHQtFYgTHeaz8yfw1Cp9mEhlSxg4U39P5IhrPeax7eTIDPWiNxX/87qZSa7CnIo0M0Tg+aIkY9BIOM0C9qki2LCxJQgram+FeIgUwsYmVrEh+IsvL5PgvO57df/+otq4KeIog2NwAmrAB5egAe5AE7QABjl4Bq/gzXlyXpx352PeWnKKmUPwB87nD3zYk+Q=</latexit><latexit sha1_base64="tOHTxjZGWjvsYg53al8ovMXCjY0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEuimJCLoRim5cVrBpoQ1hMp20Q+cRZiZCCQV/xY0LRdz6He78G6dtFtp64MLhnHu59544ZVQbz/t2Siura+sb5c3K1vbO7p67fxBomSlMWlgyqTox0oRRQVqGGkY6qSKIx4y049Ht1G8/EqWpFA9mnJKQo4GgCcXIWClyjwJ4DYPIg1jqWk9yMkDQnEVu1at7M8Bl4hekCgo0I/er15c440QYzJDWXd9LTZgjZShmZFLpZZqkCI/QgHQtFYgTHeaz8yfw1Cp9mEhlSxg4U39P5IhrPeax7eTIDPWiNxX/87qZSa7CnIo0M0Tg+aIkY9BIOM0C9qki2LCxJQgram+FeIgUwsYmVrEh+IsvL5PgvO57df/+otq4KeIog2NwAmrAB5egAe5AE7QABjl4Bq/gzXlyXpx352PeWnKKmUPwB87nD3zYk+Q=</latexit>

Typical values for L and C L ⇡ 1nH
<latexit sha1_base64="WfVvbtATKG0hJUiZ+SgQmKcxjq8=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FLz14qGA/oF1KNs22odkkJtliKf0dXjwo4tUf481/Y9ruQVsfDDzem2FmXqQ4M9b3v73c2vrG5lZ+u7Czu7d/UDw8ahiZakLrRHKpWxE2lDNB65ZZTltKU5xEnDaj4e3Mb46oNkyKBztWNExwX7CYEWydFN6hDlZKyycUiGq3WPLL/hxolQQZKUGGWrf41elJkiZUWMKxMe3AVzacYG0Z4XRa6KSGKkyGuE/bjgqcUBNO5kdP0ZlTeiiW2pWwaK7+npjgxJhxErnOBNuBWfZm4n9eO7XxdThhQqWWCrJYFKccWYlmCaAe05RYPnYEE83crYgMsMbEupwKLoRg+eVV0rgoB345uL8sVW6yOPJwAqdwDgFcQQWqUIM6EHiEZ3iFN2/kvXjv3seiNedlM8fwB97nD7WRkWU=</latexit><latexit sha1_base64="WfVvbtATKG0hJUiZ+SgQmKcxjq8=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FLz14qGA/oF1KNs22odkkJtliKf0dXjwo4tUf481/Y9ruQVsfDDzem2FmXqQ4M9b3v73c2vrG5lZ+u7Czu7d/UDw8ahiZakLrRHKpWxE2lDNB65ZZTltKU5xEnDaj4e3Mb46oNkyKBztWNExwX7CYEWydFN6hDlZKyycUiGq3WPLL/hxolQQZKUGGWrf41elJkiZUWMKxMe3AVzacYG0Z4XRa6KSGKkyGuE/bjgqcUBNO5kdP0ZlTeiiW2pWwaK7+npjgxJhxErnOBNuBWfZm4n9eO7XxdThhQqWWCrJYFKccWYlmCaAe05RYPnYEE83crYgMsMbEupwKLoRg+eVV0rgoB345uL8sVW6yOPJwAqdwDgFcQQWqUIM6EHiEZ3iFN2/kvXjv3seiNedlM8fwB97nD7WRkWU=</latexit><latexit sha1_base64="WfVvbtATKG0hJUiZ+SgQmKcxjq8=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FLz14qGA/oF1KNs22odkkJtliKf0dXjwo4tUf481/Y9ruQVsfDDzem2FmXqQ4M9b3v73c2vrG5lZ+u7Czu7d/UDw8ahiZakLrRHKpWxE2lDNB65ZZTltKU5xEnDaj4e3Mb46oNkyKBztWNExwX7CYEWydFN6hDlZKyycUiGq3WPLL/hxolQQZKUGGWrf41elJkiZUWMKxMe3AVzacYG0Z4XRa6KSGKkyGuE/bjgqcUBNO5kdP0ZlTeiiW2pWwaK7+npjgxJhxErnOBNuBWfZm4n9eO7XxdThhQqWWCrJYFKccWYlmCaAe05RYPnYEE83crYgMsMbEupwKLoRg+eVV0rgoB345uL8sVW6yOPJwAqdwDgFcQQWqUIM6EHiEZ3iFN2/kvXjv3seiNedlM8fwB97nD7WRkWU=</latexit><latexit sha1_base64="WfVvbtATKG0hJUiZ+SgQmKcxjq8=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FLz14qGA/oF1KNs22odkkJtliKf0dXjwo4tUf481/Y9ruQVsfDDzem2FmXqQ4M9b3v73c2vrG5lZ+u7Czu7d/UDw8ahiZakLrRHKpWxE2lDNB65ZZTltKU5xEnDaj4e3Mb46oNkyKBztWNExwX7CYEWydFN6hDlZKyycUiGq3WPLL/hxolQQZKUGGWrf41elJkiZUWMKxMe3AVzacYG0Z4XRa6KSGKkyGuE/bjgqcUBNO5kdP0ZlTeiiW2pWwaK7+npjgxJhxErnOBNuBWfZm4n9eO7XxdThhQqWWCrJYFKccWYlmCaAe05RYPnYEE83crYgMsMbEupwKLoRg+eVV0rgoB345uL8sVW6yOPJwAqdwDgFcQQWqUIM6EHiEZ3iFN2/kvXjv3seiNedlM8fwB97nD7WRkWU=</latexit>

C ⇡ 1pF
<latexit sha1_base64="pAopSVFdmDLOtD1N0kqkIJfa0U8=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY/FgnisYD+gXUo2zbah2SQm2WIp/R1ePCji1R/jzX9j2u5BWx8MPN6bYWZepDgz1ve/vdza+sbmVn67sLO7t39QPDxqGJlqQutEcqlbETaUM0HrlllOW0pTnEScNqNhdeY3R1QbJsWDHSsaJrgvWMwItk4Kq6iDldLyCQXqtlss+WV/DrRKgoyUIEOtW/zq9CRJEyos4diYduArG06wtoxwOi10UkMVJkPcp21HBU6oCSfzo6fozCk9FEvtSlg0V39PTHBizDiJXGeC7cAsezPxP6+d2vg6nDChUksFWSyKU46sRLMEUI9pSiwfO4KJZu5WRAZYY2JdTgUXQrD88ippXJQDvxzcX5YqN1kceTiBUziHAK6gAndQgzoQeIRneIU3b+S9eO/ex6I152Uzx/AH3ucPp4ORXA==</latexit><latexit sha1_base64="pAopSVFdmDLOtD1N0kqkIJfa0U8=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY/FgnisYD+gXUo2zbah2SQm2WIp/R1ePCji1R/jzX9j2u5BWx8MPN6bYWZepDgz1ve/vdza+sbmVn67sLO7t39QPDxqGJlqQutEcqlbETaUM0HrlllOW0pTnEScNqNhdeY3R1QbJsWDHSsaJrgvWMwItk4Kq6iDldLyCQXqtlss+WV/DrRKgoyUIEOtW/zq9CRJEyos4diYduArG06wtoxwOi10UkMVJkPcp21HBU6oCSfzo6fozCk9FEvtSlg0V39PTHBizDiJXGeC7cAsezPxP6+d2vg6nDChUksFWSyKU46sRLMEUI9pSiwfO4KJZu5WRAZYY2JdTgUXQrD88ippXJQDvxzcX5YqN1kceTiBUziHAK6gAndQgzoQeIRneIU3b+S9eO/ex6I152Uzx/AH3ucPp4ORXA==</latexit><latexit sha1_base64="pAopSVFdmDLOtD1N0kqkIJfa0U8=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY/FgnisYD+gXUo2zbah2SQm2WIp/R1ePCji1R/jzX9j2u5BWx8MPN6bYWZepDgz1ve/vdza+sbmVn67sLO7t39QPDxqGJlqQutEcqlbETaUM0HrlllOW0pTnEScNqNhdeY3R1QbJsWDHSsaJrgvWMwItk4Kq6iDldLyCQXqtlss+WV/DrRKgoyUIEOtW/zq9CRJEyos4diYduArG06wtoxwOi10UkMVJkPcp21HBU6oCSfzo6fozCk9FEvtSlg0V39PTHBizDiJXGeC7cAsezPxP6+d2vg6nDChUksFWSyKU46sRLMEUI9pSiwfO4KJZu5WRAZYY2JdTgUXQrD88ippXJQDvxzcX5YqN1kceTiBUziHAK6gAndQgzoQeIRneIU3b+S9eO/ex6I152Uzx/AH3ucPp4ORXA==</latexit><latexit sha1_base64="pAopSVFdmDLOtD1N0kqkIJfa0U8=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY/FgnisYD+gXUo2zbah2SQm2WIp/R1ePCji1R/jzX9j2u5BWx8MPN6bYWZepDgz1ve/vdza+sbmVn67sLO7t39QPDxqGJlqQutEcqlbETaUM0HrlllOW0pTnEScNqNhdeY3R1QbJsWDHSsaJrgvWMwItk4Kq6iDldLyCQXqtlss+WV/DrRKgoyUIEOtW/zq9CRJEyos4diYduArG06wtoxwOi10UkMVJkPcp21HBU6oCSfzo6fozCk9FEvtSlg0V39PTHBizDiJXGeC7cAsezPxP6+d2vg6nDChUksFWSyKU46sRLMEUI9pSiwfO4KJZu5WRAZYY2JdTgUXQrD88ippXJQDvxzcX5YqN1kceTiBUziHAK6gAndQgzoQeIRneIU3b+S9eO/ex6I152Uzx/AH3ucPp4ORXA==</latexit>

! ⇡ 10� 30GHz
<latexit sha1_base64="qGlvPs/T65O4sdu8sxRaiSslldQ=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR3FhmVNBl0YVdVrAP6Awlk2ba0EwSkoxYh7rxV9y4UMStf+HOvzF9LLT1wIXDOfdy7z2RZFQbz/t2cguLS8sr+dXC2vrG5pa7vVPXIlWY1LBgQjUjpAmjnNQMNYw0pSIoiRhpRP2rkd+4I0pTwW/NQJIwQV1OY4qRsVLb3QtEQroIBkhKJe6h7x2fevC68tB2i17JGwPOE39KimCKatv9CjoCpwnhBjOkdcv3pAkzpAzFjAwLQaqJRLiPuqRlKUcJ0WE2/mAID63SgbFQtriBY/X3RIYSrQdJZDsTZHp61huJ/3mt1MQXYUa5TA3heLIoThk0Ao7igB2qCDZsYAnCitpbIe4hhbCxoRVsCP7sy/OkflLyvZJ/c1YsX07jyIN9cACOgA/OQRlUQBXUAAaP4Bm8gjfnyXlx3p2PSWvOmc7sgj9wPn8ADCCVUA==</latexit><latexit sha1_base64="qGlvPs/T65O4sdu8sxRaiSslldQ=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR3FhmVNBl0YVdVrAP6Awlk2ba0EwSkoxYh7rxV9y4UMStf+HOvzF9LLT1wIXDOfdy7z2RZFQbz/t2cguLS8sr+dXC2vrG5pa7vVPXIlWY1LBgQjUjpAmjnNQMNYw0pSIoiRhpRP2rkd+4I0pTwW/NQJIwQV1OY4qRsVLb3QtEQroIBkhKJe6h7x2fevC68tB2i17JGwPOE39KimCKatv9CjoCpwnhBjOkdcv3pAkzpAzFjAwLQaqJRLiPuqRlKUcJ0WE2/mAID63SgbFQtriBY/X3RIYSrQdJZDsTZHp61huJ/3mt1MQXYUa5TA3heLIoThk0Ao7igB2qCDZsYAnCitpbIe4hhbCxoRVsCP7sy/OkflLyvZJ/c1YsX07jyIN9cACOgA/OQRlUQBXUAAaP4Bm8gjfnyXlx3p2PSWvOmc7sgj9wPn8ADCCVUA==</latexit><latexit sha1_base64="qGlvPs/T65O4sdu8sxRaiSslldQ=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR3FhmVNBl0YVdVrAP6Awlk2ba0EwSkoxYh7rxV9y4UMStf+HOvzF9LLT1wIXDOfdy7z2RZFQbz/t2cguLS8sr+dXC2vrG5pa7vVPXIlWY1LBgQjUjpAmjnNQMNYw0pSIoiRhpRP2rkd+4I0pTwW/NQJIwQV1OY4qRsVLb3QtEQroIBkhKJe6h7x2fevC68tB2i17JGwPOE39KimCKatv9CjoCpwnhBjOkdcv3pAkzpAzFjAwLQaqJRLiPuqRlKUcJ0WE2/mAID63SgbFQtriBY/X3RIYSrQdJZDsTZHp61huJ/3mt1MQXYUa5TA3heLIoThk0Ao7igB2qCDZsYAnCitpbIe4hhbCxoRVsCP7sy/OkflLyvZJ/c1YsX07jyIN9cACOgA/OQRlUQBXUAAaP4Bm8gjfnyXlx3p2PSWvOmc7sgj9wPn8ADCCVUA==</latexit><latexit sha1_base64="qGlvPs/T65O4sdu8sxRaiSslldQ=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR3FhmVNBl0YVdVrAP6Awlk2ba0EwSkoxYh7rxV9y4UMStf+HOvzF9LLT1wIXDOfdy7z2RZFQbz/t2cguLS8sr+dXC2vrG5pa7vVPXIlWY1LBgQjUjpAmjnNQMNYw0pSIoiRhpRP2rkd+4I0pTwW/NQJIwQV1OY4qRsVLb3QtEQroIBkhKJe6h7x2fevC68tB2i17JGwPOE39KimCKatv9CjoCpwnhBjOkdcv3pAkzpAzFjAwLQaqJRLiPuqRlKUcJ0WE2/mAID63SgbFQtriBY/X3RIYSrQdJZDsTZHp61huJ/3mt1MQXYUa5TA3heLIoThk0Ao7igB2qCDZsYAnCitpbIe4hhbCxoRVsCP7sy/OkflLyvZJ/c1YsX07jyIN9cACOgA/OQRlUQBXUAAaP4Bm8gjfnyXlx3p2PSWvOmc7sgj9wPn8ADCCVUA==</latexit>

Microwaves!



Superconducting qubits

But there’s a problem!

A laser or our microwave source do not produce 
single-photon states

Instead, they produce coherent states

| i = e�
|↵|2
2 (|0i+ ↵|1i+ ↵2

p
2
|2i+ ↵3

p
3
|3i+ ...

<latexit sha1_base64="RuxRLVJZLspoe1RiffOiO2WgX+g="></latexit><latexit sha1_base64="RuxRLVJZLspoe1RiffOiO2WgX+g="></latexit><latexit sha1_base64="RuxRLVJZLspoe1RiffOiO2WgX+g="></latexit><latexit sha1_base64="RuxRLVJZLspoe1RiffOiO2WgX+g="></latexit>

This means that our “qubit” will be in a superposition 
of all energy levels!



Superconducting qubits

We need to “space out” the energy levels

Josephson junction

A and B regions are superconductors

C region is an insulator



Superconducting qubits

Current can tunnel through the insulator



Superconducting qubits

Current can tunnel through the insulator

The junction acts as a non-linear inductor
i = f(�)

<latexit sha1_base64="HSmRwVUtQJsJZdhxa8zvixzBfDk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBahXkoigl6EohePFewHpKFstpt26WYTdidCKf0ZXjwo4tVf481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk04w3WSIT3Qmp4VIo3kSBkndSzWkcSt4OR3czv/3EtRGJesRxyoOYDpSIBKNoJV+QGxJVu+lQnPfKFbfmzkFWiZeTCuRo9Mpf3X7CspgrZJIa43tuisGEahRM8mmpmxmeUjaiA+5bqmjMTTCZnzwlZ1bpkyjRthSSufp7YkJjY8ZxaDtjikOz7M3E/zw/w+g6mAiVZsgVWyyKMkkwIbP/SV9ozlCOLaFMC3srYUOqKUObUsmG4C2/vEpaFzXPrXkPl5X6bR5HEU7gFKrgwRXU4R4a0AQGCTzDK7w56Lw4787HorXg5DPH8AfO5w+VBJAi</latexit><latexit sha1_base64="HSmRwVUtQJsJZdhxa8zvixzBfDk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBahXkoigl6EohePFewHpKFstpt26WYTdidCKf0ZXjwo4tVf481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk04w3WSIT3Qmp4VIo3kSBkndSzWkcSt4OR3czv/3EtRGJesRxyoOYDpSIBKNoJV+QGxJVu+lQnPfKFbfmzkFWiZeTCuRo9Mpf3X7CspgrZJIa43tuisGEahRM8mmpmxmeUjaiA+5bqmjMTTCZnzwlZ1bpkyjRthSSufp7YkJjY8ZxaDtjikOz7M3E/zw/w+g6mAiVZsgVWyyKMkkwIbP/SV9ozlCOLaFMC3srYUOqKUObUsmG4C2/vEpaFzXPrXkPl5X6bR5HEU7gFKrgwRXU4R4a0AQGCTzDK7w56Lw4787HorXg5DPH8AfO5w+VBJAi</latexit><latexit sha1_base64="HSmRwVUtQJsJZdhxa8zvixzBfDk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBahXkoigl6EohePFewHpKFstpt26WYTdidCKf0ZXjwo4tVf481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk04w3WSIT3Qmp4VIo3kSBkndSzWkcSt4OR3czv/3EtRGJesRxyoOYDpSIBKNoJV+QGxJVu+lQnPfKFbfmzkFWiZeTCuRo9Mpf3X7CspgrZJIa43tuisGEahRM8mmpmxmeUjaiA+5bqmjMTTCZnzwlZ1bpkyjRthSSufp7YkJjY8ZxaDtjikOz7M3E/zw/w+g6mAiVZsgVWyyKMkkwIbP/SV9ozlCOLaFMC3srYUOqKUObUsmG4C2/vEpaFzXPrXkPl5X6bR5HEU7gFKrgwRXU4R4a0AQGCTzDK7w56Lw4787HorXg5DPH8AfO5w+VBJAi</latexit><latexit sha1_base64="HSmRwVUtQJsJZdhxa8zvixzBfDk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBahXkoigl6EohePFewHpKFstpt26WYTdidCKf0ZXjwo4tVf481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk04w3WSIT3Qmp4VIo3kSBkndSzWkcSt4OR3czv/3EtRGJesRxyoOYDpSIBKNoJV+QGxJVu+lQnPfKFbfmzkFWiZeTCuRo9Mpf3X7CspgrZJIa43tuisGEahRM8mmpmxmeUjaiA+5bqmjMTTCZnzwlZ1bpkyjRthSSufp7YkJjY8ZxaDtjikOz7M3E/zw/w+g6mAiVZsgVWyyKMkkwIbP/SV9ozlCOLaFMC3srYUOqKUObUsmG4C2/vEpaFzXPrXkPl5X6bR5HEU7gFKrgwRXU4R4a0AQGCTzDK7w56Lw4787HorXg5DPH8AfO5w+VBJAi</latexit>

i = �/L
<latexit sha1_base64="jZwGf/ArX/5ZF9hi97nnT8p/L0M=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU01E0ItQ9OLBQwX7AU0om+2mXbrZLLsboYT+DS8eFPHqn/Hmv3HT5qCtDwYe780wMy+UnGnjut9OaWV1bX2jvFnZ2t7Z3avuH7R1kipCWyThieqGWFPOBG0ZZjjtSkVxHHLaCce3ud95okqzRDyaiaRBjIeCRYxgYyWfoWvkyxFDZ+i+X625dXcGtEy8gtSgQLNf/fIHCUljKgzhWOue50oTZFgZRjidVvxUU4nJGA9pz1KBY6qDbHbzFJ1YZYCiRNkSBs3U3xMZjrWexKHtjLEZ6UUvF//zeqmJroKMCZkaKsh8UZRyZBKUB4AGTFFi+MQSTBSztyIywgoTY2Oq2BC8xZeXSfu87rl17+Gi1rgp4ijDERzDKXhwCQ24gya0gICEZ3iFNyd1Xpx352PeWnKKmUP4A+fzB8N7kDA=</latexit><latexit sha1_base64="jZwGf/ArX/5ZF9hi97nnT8p/L0M=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU01E0ItQ9OLBQwX7AU0om+2mXbrZLLsboYT+DS8eFPHqn/Hmv3HT5qCtDwYe780wMy+UnGnjut9OaWV1bX2jvFnZ2t7Z3avuH7R1kipCWyThieqGWFPOBG0ZZjjtSkVxHHLaCce3ud95okqzRDyaiaRBjIeCRYxgYyWfoWvkyxFDZ+i+X625dXcGtEy8gtSgQLNf/fIHCUljKgzhWOue50oTZFgZRjidVvxUU4nJGA9pz1KBY6qDbHbzFJ1YZYCiRNkSBs3U3xMZjrWexKHtjLEZ6UUvF//zeqmJroKMCZkaKsh8UZRyZBKUB4AGTFFi+MQSTBSztyIywgoTY2Oq2BC8xZeXSfu87rl17+Gi1rgp4ijDERzDKXhwCQ24gya0gICEZ3iFNyd1Xpx352PeWnKKmUP4A+fzB8N7kDA=</latexit><latexit sha1_base64="jZwGf/ArX/5ZF9hi97nnT8p/L0M=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU01E0ItQ9OLBQwX7AU0om+2mXbrZLLsboYT+DS8eFPHqn/Hmv3HT5qCtDwYe780wMy+UnGnjut9OaWV1bX2jvFnZ2t7Z3avuH7R1kipCWyThieqGWFPOBG0ZZjjtSkVxHHLaCce3ud95okqzRDyaiaRBjIeCRYxgYyWfoWvkyxFDZ+i+X625dXcGtEy8gtSgQLNf/fIHCUljKgzhWOue50oTZFgZRjidVvxUU4nJGA9pz1KBY6qDbHbzFJ1YZYCiRNkSBs3U3xMZjrWexKHtjLEZ6UUvF//zeqmJroKMCZkaKsh8UZRyZBKUB4AGTFFi+MQSTBSztyIywgoTY2Oq2BC8xZeXSfu87rl17+Gi1rgp4ijDERzDKXhwCQ24gya0gICEZ3iFNyd1Xpx352PeWnKKmUP4A+fzB8N7kDA=</latexit><latexit sha1_base64="jZwGf/ArX/5ZF9hi97nnT8p/L0M=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU01E0ItQ9OLBQwX7AU0om+2mXbrZLLsboYT+DS8eFPHqn/Hmv3HT5qCtDwYe780wMy+UnGnjut9OaWV1bX2jvFnZ2t7Z3avuH7R1kipCWyThieqGWFPOBG0ZZjjtSkVxHHLaCce3ud95okqzRDyaiaRBjIeCRYxgYyWfoWvkyxFDZ+i+X625dXcGtEy8gtSgQLNf/fIHCUljKgzhWOue50oTZFgZRjidVvxUU4nJGA9pz1KBY6qDbHbzFJ1YZYCiRNkSBs3U3xMZjrWexKHtjLEZ6UUvF//zeqmJroKMCZkaKsh8UZRyZBKUB4AGTFFi+MQSTBSztyIywgoTY2Oq2BC8xZeXSfu87rl17+Gi1rgp4ijDERzDKXhwCQ24gya0gICEZ3iFNyd1Xpx352PeWnKKmUP4A+fzB8N7kDA=</latexit>

Inductor
i = i0sin(2⇡�/�0)

<latexit sha1_base64="pMx+qus++w88lrXfdbBP4H6icb0=">AAACCXicbVDLSsNAFL2pr1pfUZduBotQNzUpgm6EohuXFewD2hIm00k7dDIJMxOhhG7d+CtuXCji1j9w5984TbPQ1gOXOZxzL3fu8WPOlHacb6uwsrq2vlHcLG1t7+zu2fsHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3745uZ336gUrFI3OtJTPshHgoWMIK1kTwbMXSFmOcgxUSlhnoxMzVi6Cx7POfUs8tO1cmAlombkzLkaHj2V28QkSSkQhOOleq6Tqz7KZaaEU6npV6iaIzJGA9p11CBQ6r6aXbJFJ0YZYCCSJoSGmXq74kUh0pNQt90hliP1KI3E//zuokOLvspE3GiqSDzRUHCkY7QLBY0YJISzSeGYCKZ+SsiIywx0Sa8kgnBXTx5mbRqVdepunfn5fp1HkcRjuAYKuDCBdThFhrQBAKP8Ayv8GY9WS/Wu/Uxby1Y+cwh/IH1+QMQQZdj</latexit><latexit sha1_base64="pMx+qus++w88lrXfdbBP4H6icb0=">AAACCXicbVDLSsNAFL2pr1pfUZduBotQNzUpgm6EohuXFewD2hIm00k7dDIJMxOhhG7d+CtuXCji1j9w5984TbPQ1gOXOZxzL3fu8WPOlHacb6uwsrq2vlHcLG1t7+zu2fsHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3745uZ336gUrFI3OtJTPshHgoWMIK1kTwbMXSFmOcgxUSlhnoxMzVi6Cx7POfUs8tO1cmAlombkzLkaHj2V28QkSSkQhOOleq6Tqz7KZaaEU6npV6iaIzJGA9p11CBQ6r6aXbJFJ0YZYCCSJoSGmXq74kUh0pNQt90hliP1KI3E//zuokOLvspE3GiqSDzRUHCkY7QLBY0YJISzSeGYCKZ+SsiIywx0Sa8kgnBXTx5mbRqVdepunfn5fp1HkcRjuAYKuDCBdThFhrQBAKP8Ayv8GY9WS/Wu/Uxby1Y+cwh/IH1+QMQQZdj</latexit><latexit sha1_base64="pMx+qus++w88lrXfdbBP4H6icb0=">AAACCXicbVDLSsNAFL2pr1pfUZduBotQNzUpgm6EohuXFewD2hIm00k7dDIJMxOhhG7d+CtuXCji1j9w5984TbPQ1gOXOZxzL3fu8WPOlHacb6uwsrq2vlHcLG1t7+zu2fsHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3745uZ336gUrFI3OtJTPshHgoWMIK1kTwbMXSFmOcgxUSlhnoxMzVi6Cx7POfUs8tO1cmAlombkzLkaHj2V28QkSSkQhOOleq6Tqz7KZaaEU6npV6iaIzJGA9p11CBQ6r6aXbJFJ0YZYCCSJoSGmXq74kUh0pNQt90hliP1KI3E//zuokOLvspE3GiqSDzRUHCkY7QLBY0YJISzSeGYCKZ+SsiIywx0Sa8kgnBXTx5mbRqVdepunfn5fp1HkcRjuAYKuDCBdThFhrQBAKP8Ayv8GY9WS/Wu/Uxby1Y+cwh/IH1+QMQQZdj</latexit><latexit sha1_base64="pMx+qus++w88lrXfdbBP4H6icb0=">AAACCXicbVDLSsNAFL2pr1pfUZduBotQNzUpgm6EohuXFewD2hIm00k7dDIJMxOhhG7d+CtuXCji1j9w5984TbPQ1gOXOZxzL3fu8WPOlHacb6uwsrq2vlHcLG1t7+zu2fsHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3745uZ336gUrFI3OtJTPshHgoWMIK1kTwbMXSFmOcgxUSlhnoxMzVi6Cx7POfUs8tO1cmAlombkzLkaHj2V28QkSSkQhOOleq6Tqz7KZaaEU6npV6iaIzJGA9p11CBQ6r6aXbJFJ0YZYCCSJoSGmXq74kUh0pNQt90hliP1KI3E//zuokOLvspE3GiqSDzRUHCkY7QLBY0YJISzSeGYCKZ+SsiIywx0Sa8kgnBXTx5mbRqVdepunfn5fp1HkcRjuAYKuDCBdThFhrQBAKP8Ayv8GY9WS/Wu/Uxby1Y+cwh/IH1+QMQQZdj</latexit>

Josephson junction



Superconducting qubits

C
<latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit>

L
<latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit>

Is replaced with

C
<latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit>

�0, i0
<latexit sha1_base64="HiGxQ4ZtTtJgpE9tgvTEDOu2mV8=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD8gDWWz3bRLN5uwOxFK6M/w4kERr/4ab/4bt20O2vpgl8d7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+G7md564NiJRjzhJeRDToRKRYBSt5PfSkei7F8R+/WrNrbtzkFXiFaQGBZr96ldvkLAs5gqZpMb4nptikFONgkk+rfQyw1PKxnTIfUsVjbkJ8vnKU3JmlQGJEm2fQjJXf3fkNDZmEoe2MqY4MsveTPzP8zOMboJcqDRDrthiUJRJggmZ3U8GQnOGcmIJZVrYXQkbUU0Z2pQqNgRv+eRV0r6se27de7iqNW6LOMpwAqdwDh5cQwPuoQktYJDAM7zCm4POi/PufCxKS07Rcwx/4Hz+AOrHkFg=</latexit><latexit sha1_base64="HiGxQ4ZtTtJgpE9tgvTEDOu2mV8=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD8gDWWz3bRLN5uwOxFK6M/w4kERr/4ab/4bt20O2vpgl8d7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+G7md564NiJRjzhJeRDToRKRYBSt5PfSkei7F8R+/WrNrbtzkFXiFaQGBZr96ldvkLAs5gqZpMb4nptikFONgkk+rfQyw1PKxnTIfUsVjbkJ8vnKU3JmlQGJEm2fQjJXf3fkNDZmEoe2MqY4MsveTPzP8zOMboJcqDRDrthiUJRJggmZ3U8GQnOGcmIJZVrYXQkbUU0Z2pQqNgRv+eRV0r6se27de7iqNW6LOMpwAqdwDh5cQwPuoQktYJDAM7zCm4POi/PufCxKS07Rcwx/4Hz+AOrHkFg=</latexit><latexit sha1_base64="HiGxQ4ZtTtJgpE9tgvTEDOu2mV8=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD8gDWWz3bRLN5uwOxFK6M/w4kERr/4ab/4bt20O2vpgl8d7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+G7md564NiJRjzhJeRDToRKRYBSt5PfSkei7F8R+/WrNrbtzkFXiFaQGBZr96ldvkLAs5gqZpMb4nptikFONgkk+rfQyw1PKxnTIfUsVjbkJ8vnKU3JmlQGJEm2fQjJXf3fkNDZmEoe2MqY4MsveTPzP8zOMboJcqDRDrthiUJRJggmZ3U8GQnOGcmIJZVrYXQkbUU0Z2pQqNgRv+eRV0r6se27de7iqNW6LOMpwAqdwDh5cQwPuoQktYJDAM7zCm4POi/PufCxKS07Rcwx/4Hz+AOrHkFg=</latexit><latexit sha1_base64="HiGxQ4ZtTtJgpE9tgvTEDOu2mV8=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD8gDWWz3bRLN5uwOxFK6M/w4kERr/4ab/4bt20O2vpgl8d7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+G7md564NiJRjzhJeRDToRKRYBSt5PfSkei7F8R+/WrNrbtzkFXiFaQGBZr96ldvkLAs5gqZpMb4nptikFONgkk+rfQyw1PKxnTIfUsVjbkJ8vnKU3JmlQGJEm2fQjJXf3fkNDZmEoe2MqY4MsveTPzP8zOMboJcqDRDrthiUJRJggmZ3U8GQnOGcmIJZVrYXQkbUU0Z2pQqNgRv+eRV0r6se27de7iqNW6LOMpwAqdwDh5cQwPuoQktYJDAM7zCm4POi/PufCxKS07Rcwx/4Hz+AOrHkFg=</latexit>

We can still treat the Josephson junction as an inductor



Superconducting qubits

C
<latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit>

LJ
<latexit sha1_base64="DHJOx5QvZWJG/kg0hL+RL5Rm/LM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi4iHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD31W0+oNI/loxkn6Ed0IHnIGTVWerjr3fbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlU9t+rdn1dqV3kcRTiCYzgFDy6gBjdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB7n2NjQ==</latexit><latexit sha1_base64="DHJOx5QvZWJG/kg0hL+RL5Rm/LM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi4iHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD31W0+oNI/loxkn6Ed0IHnIGTVWerjr3fbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlU9t+rdn1dqV3kcRTiCYzgFDy6gBjdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB7n2NjQ==</latexit><latexit sha1_base64="DHJOx5QvZWJG/kg0hL+RL5Rm/LM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi4iHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD31W0+oNI/loxkn6Ed0IHnIGTVWerjr3fbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlU9t+rdn1dqV3kcRTiCYzgFDy6gBjdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB7n2NjQ==</latexit><latexit sha1_base64="DHJOx5QvZWJG/kg0hL+RL5Rm/LM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi4iHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD31W0+oNI/loxkn6Ed0IHnIGTVWerjr3fbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlU9t+rdn1dqV3kcRTiCYzgFDy6gBjdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB7n2NjQ==</latexit>

LJ =

✓
@i

@�

◆�1

<latexit sha1_base64="2Aw+S679uSiYzPMvfTfIw0cKANk="></latexit><latexit sha1_base64="2Aw+S679uSiYzPMvfTfIw0cKANk="></latexit><latexit sha1_base64="2Aw+S679uSiYzPMvfTfIw0cKANk="></latexit><latexit sha1_base64="2Aw+S679uSiYzPMvfTfIw0cKANk="></latexit>
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<latexit sha1_base64="Op6gXVp+EdPsd4L7t8tcKSt8nt0=">AAACKnicbVDLSsNAFJ34rPUVdelmsAh1U5Mi6EaouhFxUcE+oClhMp20QyfJMDMRSsj3uPFX3HShFLd+iJMmC209MHA451zu3ONxRqWyrJmxsrq2vrFZ2ipv7+zu7ZsHh20ZxQKTFo5YJLoekoTRkLQUVYx0uSAo8BjpeOO7zO+8ECFpFD6rCSf9AA1D6lOMlJZc8+bRfYDX0PEFwonDR9S10qQOHU5hRgvDThMcyWquZyl4DvPwWeqaFatmzQGXiV2QCijQdM2pM4hwHJBQYYak7NkWV/0ECUUxI2nZiSXhCI/RkPQ0DVFAZD+Zn5rCU60MoB8J/UIF5+rviQQFUk4CTycDpEZy0cvE/7xerPyrfkJDHisS4nyRHzOoIpj1BgdUEKzYRBOEBdV/hXiEdDlKt1vWJdiLJy+Tdr1mWzX76aLSuC3qKIFjcAKqwAaXoAHuQRO0AAav4B18gE/jzZgaM+Mrj64YxcwR+APj+wfMNqUI</latexit><latexit sha1_base64="Op6gXVp+EdPsd4L7t8tcKSt8nt0=">AAACKnicbVDLSsNAFJ34rPUVdelmsAh1U5Mi6EaouhFxUcE+oClhMp20QyfJMDMRSsj3uPFX3HShFLd+iJMmC209MHA451zu3ONxRqWyrJmxsrq2vrFZ2ipv7+zu7ZsHh20ZxQKTFo5YJLoekoTRkLQUVYx0uSAo8BjpeOO7zO+8ECFpFD6rCSf9AA1D6lOMlJZc8+bRfYDX0PEFwonDR9S10qQOHU5hRgvDThMcyWquZyl4DvPwWeqaFatmzQGXiV2QCijQdM2pM4hwHJBQYYak7NkWV/0ECUUxI2nZiSXhCI/RkPQ0DVFAZD+Zn5rCU60MoB8J/UIF5+rviQQFUk4CTycDpEZy0cvE/7xerPyrfkJDHisS4nyRHzOoIpj1BgdUEKzYRBOEBdV/hXiEdDlKt1vWJdiLJy+Tdr1mWzX76aLSuC3qKIFjcAKqwAaXoAHuQRO0AAav4B18gE/jzZgaM+Mrj64YxcwR+APj+wfMNqUI</latexit><latexit sha1_base64="Op6gXVp+EdPsd4L7t8tcKSt8nt0=">AAACKnicbVDLSsNAFJ34rPUVdelmsAh1U5Mi6EaouhFxUcE+oClhMp20QyfJMDMRSsj3uPFX3HShFLd+iJMmC209MHA451zu3ONxRqWyrJmxsrq2vrFZ2ipv7+zu7ZsHh20ZxQKTFo5YJLoekoTRkLQUVYx0uSAo8BjpeOO7zO+8ECFpFD6rCSf9AA1D6lOMlJZc8+bRfYDX0PEFwonDR9S10qQOHU5hRgvDThMcyWquZyl4DvPwWeqaFatmzQGXiV2QCijQdM2pM4hwHJBQYYak7NkWV/0ECUUxI2nZiSXhCI/RkPQ0DVFAZD+Zn5rCU60MoB8J/UIF5+rviQQFUk4CTycDpEZy0cvE/7xerPyrfkJDHisS4nyRHzOoIpj1BgdUEKzYRBOEBdV/hXiEdDlKt1vWJdiLJy+Tdr1mWzX76aLSuC3qKIFjcAKqwAaXoAHuQRO0AAav4B18gE/jzZgaM+Mrj64YxcwR+APj+wfMNqUI</latexit><latexit sha1_base64="Op6gXVp+EdPsd4L7t8tcKSt8nt0=">AAACKnicbVDLSsNAFJ34rPUVdelmsAh1U5Mi6EaouhFxUcE+oClhMp20QyfJMDMRSsj3uPFX3HShFLd+iJMmC209MHA451zu3ONxRqWyrJmxsrq2vrFZ2ipv7+zu7ZsHh20ZxQKTFo5YJLoekoTRkLQUVYx0uSAo8BjpeOO7zO+8ECFpFD6rCSf9AA1D6lOMlJZc8+bRfYDX0PEFwonDR9S10qQOHU5hRgvDThMcyWquZyl4DvPwWeqaFatmzQGXiV2QCijQdM2pM4hwHJBQYYak7NkWV/0ECUUxI2nZiSXhCI/RkPQ0DVFAZD+Zn5rCU60MoB8J/UIF5+rviQQFUk4CTycDpEZy0cvE/7xerPyrfkJDHisS4nyRHzOoIpj1BgdUEKzYRBOEBdV/hXiEdDlKt1vWJdiLJy+Tdr1mWzX76aLSuC3qKIFjcAKqwAaXoAHuQRO0AAav4B18gE/jzZgaM+Mrj64YxcwR+APj+wfMNqUI</latexit>
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<latexit sha1_base64="Gys4YAQSxbPxwQz/cw3FCSbZjuw=">AAACF3icbZBNS8MwGMfT+TbnW9Wjl+AQJkJph6AXYbjLEA8T3Atss6RZuoWlaU1SYZR+Cy9+FS8eFPGqN7+N2daDbv4h8M/veR6S5+9FjEpl299Gbml5ZXUtv17Y2Nza3jF395oyjAUmDRyyULQ9JAmjnDQUVYy0I0FQ4DHS8kbVSb31QISkIb9V44j0AjTg1KcYKY1c06rBC9j1BcLJ/V05TcrVFJ5koBsN6ZRdu1elyeU4dc2ibdlTwUXjZKYIMtVd86vbD3EcEK4wQ1J2HDtSvQQJRTEjaaEbSxIhPEID0tGWo4DIXjLdK4VHmvShHwp9uIJT+nsiQYGU48DTnQFSQzlfm8D/ap1Y+ee9hPIoVoTj2UN+zKAK4SQk2KeCYMXG2iAsqP4rxEOkM1E6yoIOwZlfedE0y5ZjW87NabFymcWRBwfgEJSAA85ABdRAHTQABo/gGbyCN+PJeDHejY9Za87IZvbBHxmfP10Lni8=</latexit><latexit sha1_base64="Gys4YAQSxbPxwQz/cw3FCSbZjuw=">AAACF3icbZBNS8MwGMfT+TbnW9Wjl+AQJkJph6AXYbjLEA8T3Atss6RZuoWlaU1SYZR+Cy9+FS8eFPGqN7+N2daDbv4h8M/veR6S5+9FjEpl299Gbml5ZXUtv17Y2Nza3jF395oyjAUmDRyyULQ9JAmjnDQUVYy0I0FQ4DHS8kbVSb31QISkIb9V44j0AjTg1KcYKY1c06rBC9j1BcLJ/V05TcrVFJ5koBsN6ZRdu1elyeU4dc2ibdlTwUXjZKYIMtVd86vbD3EcEK4wQ1J2HDtSvQQJRTEjaaEbSxIhPEID0tGWo4DIXjLdK4VHmvShHwp9uIJT+nsiQYGU48DTnQFSQzlfm8D/ap1Y+ee9hPIoVoTj2UN+zKAK4SQk2KeCYMXG2iAsqP4rxEOkM1E6yoIOwZlfedE0y5ZjW87NabFymcWRBwfgEJSAA85ABdRAHTQABo/gGbyCN+PJeDHejY9Za87IZvbBHxmfP10Lni8=</latexit><latexit sha1_base64="Gys4YAQSxbPxwQz/cw3FCSbZjuw=">AAACF3icbZBNS8MwGMfT+TbnW9Wjl+AQJkJph6AXYbjLEA8T3Atss6RZuoWlaU1SYZR+Cy9+FS8eFPGqN7+N2daDbv4h8M/veR6S5+9FjEpl299Gbml5ZXUtv17Y2Nza3jF395oyjAUmDRyyULQ9JAmjnDQUVYy0I0FQ4DHS8kbVSb31QISkIb9V44j0AjTg1KcYKY1c06rBC9j1BcLJ/V05TcrVFJ5koBsN6ZRdu1elyeU4dc2ibdlTwUXjZKYIMtVd86vbD3EcEK4wQ1J2HDtSvQQJRTEjaaEbSxIhPEID0tGWo4DIXjLdK4VHmvShHwp9uIJT+nsiQYGU48DTnQFSQzlfm8D/ap1Y+ee9hPIoVoTj2UN+zKAK4SQk2KeCYMXG2iAsqP4rxEOkM1E6yoIOwZlfedE0y5ZjW87NabFymcWRBwfgEJSAA85ABdRAHTQABo/gGbyCN+PJeDHejY9Za87IZvbBHxmfP10Lni8=</latexit><latexit sha1_base64="Gys4YAQSxbPxwQz/cw3FCSbZjuw=">AAACF3icbZBNS8MwGMfT+TbnW9Wjl+AQJkJph6AXYbjLEA8T3Atss6RZuoWlaU1SYZR+Cy9+FS8eFPGqN7+N2daDbv4h8M/veR6S5+9FjEpl299Gbml5ZXUtv17Y2Nza3jF395oyjAUmDRyyULQ9JAmjnDQUVYy0I0FQ4DHS8kbVSb31QISkIb9V44j0AjTg1KcYKY1c06rBC9j1BcLJ/V05TcrVFJ5koBsN6ZRdu1elyeU4dc2ibdlTwUXjZKYIMtVd86vbD3EcEK4wQ1J2HDtSvQQJRTEjaaEbSxIhPEID0tGWo4DIXjLdK4VHmvShHwp9uIJT+nsiQYGU48DTnQFSQzlfm8D/ap1Y+ee9hPIoVoTj2UN+zKAK4SQk2KeCYMXG2iAsqP4rxEOkM1E6yoIOwZlfedE0y5ZjW87NabFymcWRBwfgEJSAA85ABdRAHTQABo/gGbyCN+PJeDHejY9Za87IZvbBHxmfP10Lni8=</latexit>



Superconducting qubits

|0i
<latexit sha1_base64="mjQqjCX97mZDRBNXUGxBrTG242k=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/0Rc0tNUDSXvV2tu3Z2DrBKvIDUo0OxXv3qDhGUxV8gkNcb33BSDnGoUTPJppZcZnlI2pkPuW6pozE2Qz0+ekjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKh0gy5YotFUSYJJmT2PxkIzRnKiSWUaWFvJWxENWVoU6rYELzll1dJ+6LuuXXv/rLWuCniKMMJnMI5eHAFDbiDJrSAQQLP8ApvDjovzrvzsWgtOcXMMfyB8/kDY0qQqQ==</latexit><latexit sha1_base64="mjQqjCX97mZDRBNXUGxBrTG242k=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/0Rc0tNUDSXvV2tu3Z2DrBKvIDUo0OxXv3qDhGUxV8gkNcb33BSDnGoUTPJppZcZnlI2pkPuW6pozE2Qz0+ekjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKh0gy5YotFUSYJJmT2PxkIzRnKiSWUaWFvJWxENWVoU6rYELzll1dJ+6LuuXXv/rLWuCniKMMJnMI5eHAFDbiDJrSAQQLP8ApvDjovzrvzsWgtOcXMMfyB8/kDY0qQqQ==</latexit><latexit sha1_base64="mjQqjCX97mZDRBNXUGxBrTG242k=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/0Rc0tNUDSXvV2tu3Z2DrBKvIDUo0OxXv3qDhGUxV8gkNcb33BSDnGoUTPJppZcZnlI2pkPuW6pozE2Qz0+ekjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKh0gy5YotFUSYJJmT2PxkIzRnKiSWUaWFvJWxENWVoU6rYELzll1dJ+6LuuXXv/rLWuCniKMMJnMI5eHAFDbiDJrSAQQLP8ApvDjovzrvzsWgtOcXMMfyB8/kDY0qQqQ==</latexit><latexit sha1_base64="mjQqjCX97mZDRBNXUGxBrTG242k=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/0Rc0tNUDSXvV2tu3Z2DrBKvIDUo0OxXv3qDhGUxV8gkNcb33BSDnGoUTPJppZcZnlI2pkPuW6pozE2Qz0+ekjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKh0gy5YotFUSYJJmT2PxkIzRnKiSWUaWFvJWxENWVoU6rYELzll1dJ+6LuuXXv/rLWuCniKMMJnMI5eHAFDbiDJrSAQQLP8ApvDjovzrvzsWgtOcXMMfyB8/kDY0qQqQ==</latexit>

|1i
<latexit sha1_base64="6Typza7OMfhssIEctEzFNv5UoI4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/0Q80tNUDSXvV2tu3Z2DrBKvIDUo0OxXv3qDhGUxV8gkNcb33BSDnGoUTPJppZcZnlI2pkPuW6pozE2Qz0+ekjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKh0gy5YotFUSYJJmT2PxkIzRnKiSWUaWFvJWxENWVoU6rYELzll1dJ+6LuuXXv/rLWuCniKMMJnMI5eHAFDbiDJrSAQQLP8ApvDjovzrvzsWgtOcXMMfyB8/kDZNaQqg==</latexit><latexit sha1_base64="6Typza7OMfhssIEctEzFNv5UoI4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/0Q80tNUDSXvV2tu3Z2DrBKvIDUo0OxXv3qDhGUxV8gkNcb33BSDnGoUTPJppZcZnlI2pkPuW6pozE2Qz0+ekjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKh0gy5YotFUSYJJmT2PxkIzRnKiSWUaWFvJWxENWVoU6rYELzll1dJ+6LuuXXv/rLWuCniKMMJnMI5eHAFDbiDJrSAQQLP8ApvDjovzrvzsWgtOcXMMfyB8/kDZNaQqg==</latexit><latexit sha1_base64="6Typza7OMfhssIEctEzFNv5UoI4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/0Q80tNUDSXvV2tu3Z2DrBKvIDUo0OxXv3qDhGUxV8gkNcb33BSDnGoUTPJppZcZnlI2pkPuW6pozE2Qz0+ekjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKh0gy5YotFUSYJJmT2PxkIzRnKiSWUaWFvJWxENWVoU6rYELzll1dJ+6LuuXXv/rLWuCniKMMJnMI5eHAFDbiDJrSAQQLP8ApvDjovzrvzsWgtOcXMMfyB8/kDZNaQqg==</latexit><latexit sha1_base64="6Typza7OMfhssIEctEzFNv5UoI4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/0Q80tNUDSXvV2tu3Z2DrBKvIDUo0OxXv3qDhGUxV8gkNcb33BSDnGoUTPJppZcZnlI2pkPuW6pozE2Qz0+ekjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKh0gy5YotFUSYJJmT2PxkIzRnKiSWUaWFvJWxENWVoU6rYELzll1dJ+6LuuXXv/rLWuCniKMMJnMI5eHAFDbiDJrSAQQLP8ApvDjovzrvzsWgtOcXMMfyB8/kDZNaQqg==</latexit>

|2i
<latexit sha1_base64="33zil8sHhb3PgssP7rZd87gCdtk=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA0lM120i7dbMLuRiixP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1Q6pRcIktw43AbqqQxqHATji+nfmdR1SaJ/LBTFIMYjqUPOKMGiv5T6ROeorKocB+perW3DnIKvEKUoUCzX7lqzdIWBajNExQrX3PTU2QU2U4Ezgt9zKNKWVjOkTfUklj1EE+P3lKzq0yIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//P8zETXQc5lmhmUbLEoygQxCZn9TwZcITNiYgllittbCRtRRZmxKZVtCN7yy6ukXa95bs27v6w2boo4SnAKZ3ABHlxBA+6gCS1gkMAzvMKbY5wX5935WLSuOcXMCfyB8/kDZmKQqw==</latexit><latexit sha1_base64="33zil8sHhb3PgssP7rZd87gCdtk=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA0lM120i7dbMLuRiixP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1Q6pRcIktw43AbqqQxqHATji+nfmdR1SaJ/LBTFIMYjqUPOKMGiv5T6ROeorKocB+perW3DnIKvEKUoUCzX7lqzdIWBajNExQrX3PTU2QU2U4Ezgt9zKNKWVjOkTfUklj1EE+P3lKzq0yIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//P8zETXQc5lmhmUbLEoygQxCZn9TwZcITNiYgllittbCRtRRZmxKZVtCN7yy6ukXa95bs27v6w2boo4SnAKZ3ABHlxBA+6gCS1gkMAzvMKbY5wX5935WLSuOcXMCfyB8/kDZmKQqw==</latexit><latexit sha1_base64="33zil8sHhb3PgssP7rZd87gCdtk=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA0lM120i7dbMLuRiixP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1Q6pRcIktw43AbqqQxqHATji+nfmdR1SaJ/LBTFIMYjqUPOKMGiv5T6ROeorKocB+perW3DnIKvEKUoUCzX7lqzdIWBajNExQrX3PTU2QU2U4Ezgt9zKNKWVjOkTfUklj1EE+P3lKzq0yIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//P8zETXQc5lmhmUbLEoygQxCZn9TwZcITNiYgllittbCRtRRZmxKZVtCN7yy6ukXa95bs27v6w2boo4SnAKZ3ABHlxBA+6gCS1gkMAzvMKbY5wX5935WLSuOcXMCfyB8/kDZmKQqw==</latexit><latexit sha1_base64="33zil8sHhb3PgssP7rZd87gCdtk=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA0lM120i7dbMLuRiixP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1Q6pRcIktw43AbqqQxqHATji+nfmdR1SaJ/LBTFIMYjqUPOKMGiv5T6ROeorKocB+perW3DnIKvEKUoUCzX7lqzdIWBajNExQrX3PTU2QU2U4Ezgt9zKNKWVjOkTfUklj1EE+P3lKzq0yIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//P8zETXQc5lmhmUbLEoygQxCZn9TwZcITNiYgllittbCRtRRZmxKZVtCN7yy6ukXa95bs27v6w2boo4SnAKZ3ABHlxBA+6gCS1gkMAzvMKbY5wX5935WLSuOcXMCfyB8/kDZmKQqw==</latexit>

...
<latexit sha1_base64="ocgiAjpDjkxJr5kPWC1BB+yVGnk=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxgP6ANZbPZtGs3u2F3Uiih/8GLB0W8+n+8+W/ctjlo64OBx3szzMwLU8ENet63s7a+sbm1Xdop7+7tHxxWjo5bRmWasiZVQulOSAwTXLImchSsk2pGklCwdji6m/ntMdOGK/mIk5QFCRlIHnNK0Eqt3jhSaPqVqlfz5nBXiV+QKhRo9CtfvUjRLGESqSDGdH0vxSAnGjkVbFruZYalhI7IgHUtlSRhJsjn107dc6tEbqy0LYnuXP09kZPEmEkS2s6E4NAsezPxP6+bYXwT5FymGTJJF4viTLio3NnrbsQ1oygmlhCqub3VpUOiCUUbUNmG4C+/vEpalzXfq/kPV9X6bRFHCU7hDC7Ah2uowz00oAkUnuAZXuHNUc6L8+58LFrXnGLmBP7A+fwBy2+PQg==</latexit><latexit sha1_base64="ocgiAjpDjkxJr5kPWC1BB+yVGnk=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxgP6ANZbPZtGs3u2F3Uiih/8GLB0W8+n+8+W/ctjlo64OBx3szzMwLU8ENet63s7a+sbm1Xdop7+7tHxxWjo5bRmWasiZVQulOSAwTXLImchSsk2pGklCwdji6m/ntMdOGK/mIk5QFCRlIHnNK0Eqt3jhSaPqVqlfz5nBXiV+QKhRo9CtfvUjRLGESqSDGdH0vxSAnGjkVbFruZYalhI7IgHUtlSRhJsjn107dc6tEbqy0LYnuXP09kZPEmEkS2s6E4NAsezPxP6+bYXwT5FymGTJJF4viTLio3NnrbsQ1oygmlhCqub3VpUOiCUUbUNmG4C+/vEpalzXfq/kPV9X6bRFHCU7hDC7Ah2uowz00oAkUnuAZXuHNUc6L8+58LFrXnGLmBP7A+fwBy2+PQg==</latexit><latexit sha1_base64="ocgiAjpDjkxJr5kPWC1BB+yVGnk=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxgP6ANZbPZtGs3u2F3Uiih/8GLB0W8+n+8+W/ctjlo64OBx3szzMwLU8ENet63s7a+sbm1Xdop7+7tHxxWjo5bRmWasiZVQulOSAwTXLImchSsk2pGklCwdji6m/ntMdOGK/mIk5QFCRlIHnNK0Eqt3jhSaPqVqlfz5nBXiV+QKhRo9CtfvUjRLGESqSDGdH0vxSAnGjkVbFruZYalhI7IgHUtlSRhJsjn107dc6tEbqy0LYnuXP09kZPEmEkS2s6E4NAsezPxP6+bYXwT5FymGTJJF4viTLio3NnrbsQ1oygmlhCqub3VpUOiCUUbUNmG4C+/vEpalzXfq/kPV9X6bRFHCU7hDC7Ah2uowz00oAkUnuAZXuHNUc6L8+58LFrXnGLmBP7A+fwBy2+PQg==</latexit><latexit sha1_base64="ocgiAjpDjkxJr5kPWC1BB+yVGnk=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxgP6ANZbPZtGs3u2F3Uiih/8GLB0W8+n+8+W/ctjlo64OBx3szzMwLU8ENet63s7a+sbm1Xdop7+7tHxxWjo5bRmWasiZVQulOSAwTXLImchSsk2pGklCwdji6m/ntMdOGK/mIk5QFCRlIHnNK0Eqt3jhSaPqVqlfz5nBXiV+QKhRo9CtfvUjRLGESqSDGdH0vxSAnGjkVbFruZYalhI7IgHUtlSRhJsjn107dc6tEbqy0LYnuXP09kZPEmEkS2s6E4NAsezPxP6+bYXwT5FymGTJJF4viTLio3NnrbsQ1oygmlhCqub3VpUOiCUUbUNmG4C+/vEpalzXfq/kPV9X6bRFHCU7hDC7Ah2uowz00oAkUnuAZXuHNUc6L8+58LFrXnGLmBP7A+fwBy2+PQg==</latexit>

Energy

~!
<latexit sha1_base64="QTkfRfrxsVTGsPwS/5EzySfj3fU=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubSbJkd+/Y3RPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhLdialBwRW2LLcCO6lGKmOBj/H4duY/PqE2PFEPdpJiJOlQ8QFn1DopDEcx1SRMJA5pr1rz6/4cZJUEBalBgWav+hX2E5ZJVJYJakw38FMb5VRbzgROK2FmMKVsTIfYdVRRiSbK5zdPyZlT+mSQaFfKkrn6eyKn0piJjF2npHZklr2Z+J/XzezgOsq5SjOLii0WDTJBbEJmAZA+18ismDhCmebuVsJGVFNmXUwVF0Kw/PIqaV/UA78e3F/WGjdFHGU4gVM4hwCuoAF30IQWMEjhGV7hzcu8F+/d+1i0lrxi5hj+wPv8Aa5fkXA=</latexit><latexit sha1_base64="QTkfRfrxsVTGsPwS/5EzySfj3fU=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubSbJkd+/Y3RPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhLdialBwRW2LLcCO6lGKmOBj/H4duY/PqE2PFEPdpJiJOlQ8QFn1DopDEcx1SRMJA5pr1rz6/4cZJUEBalBgWav+hX2E5ZJVJYJakw38FMb5VRbzgROK2FmMKVsTIfYdVRRiSbK5zdPyZlT+mSQaFfKkrn6eyKn0piJjF2npHZklr2Z+J/XzezgOsq5SjOLii0WDTJBbEJmAZA+18ismDhCmebuVsJGVFNmXUwVF0Kw/PIqaV/UA78e3F/WGjdFHGU4gVM4hwCuoAF30IQWMEjhGV7hzcu8F+/d+1i0lrxi5hj+wPv8Aa5fkXA=</latexit><latexit sha1_base64="QTkfRfrxsVTGsPwS/5EzySfj3fU=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubSbJkd+/Y3RPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhLdialBwRW2LLcCO6lGKmOBj/H4duY/PqE2PFEPdpJiJOlQ8QFn1DopDEcx1SRMJA5pr1rz6/4cZJUEBalBgWav+hX2E5ZJVJYJakw38FMb5VRbzgROK2FmMKVsTIfYdVRRiSbK5zdPyZlT+mSQaFfKkrn6eyKn0piJjF2npHZklr2Z+J/XzezgOsq5SjOLii0WDTJBbEJmAZA+18ismDhCmebuVsJGVFNmXUwVF0Kw/PIqaV/UA78e3F/WGjdFHGU4gVM4hwCuoAF30IQWMEjhGV7hzcu8F+/d+1i0lrxi5hj+wPv8Aa5fkXA=</latexit><latexit sha1_base64="QTkfRfrxsVTGsPwS/5EzySfj3fU=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubSbJkd+/Y3RPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhLdialBwRW2LLcCO6lGKmOBj/H4duY/PqE2PFEPdpJiJOlQ8QFn1DopDEcx1SRMJA5pr1rz6/4cZJUEBalBgWav+hX2E5ZJVJYJakw38FMb5VRbzgROK2FmMKVsTIfYdVRRiSbK5zdPyZlT+mSQaFfKkrn6eyKn0piJjF2npHZklr2Z+J/XzezgOsq5SjOLii0WDTJBbEJmAZA+18ismDhCmebuVsJGVFNmXUwVF0Kw/PIqaV/UA78e3F/WGjdFHGU4gVM4hwCuoAF30IQWMEjhGV7hzcu8F+/d+1i0lrxi5hj+wPv8Aa5fkXA=</latexit>

� ~!
<latexit sha1_base64="XUUnak/aybhWlPrNa1XqgD1e/XY=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUCbbTbp0dxN2N4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8KONMG8/7diobm1vbO9Xd2t7+weGRe3zS0WmuCG2TlKeqF4GmnEnaNsxw2ssUBRFx2o3G93O/O6FKs1Q+mWlGQwGJZDEjYKw0cN0gSXAwikDhIBU0gYFb9xreAnid+CWpoxKtgfsVDFOSCyoN4aB13/cyExagDCOczmpBrmkGZAwJ7VsqQVAdFovLZ/jCKkMcp8qWNHih/p4oQGg9FZHtFGBGetWbi/95/dzEt2HBZJYbKslyUZxzbFI8jwEPmaLE8KklQBSzt2IyAgXE2LBqNgR/9eV10rlq+F7Df7yuN+/KOKroDJ2jS+SjG9RED6iF2oigCXpGr+jNKZwX5935WLZWnHLmFP2B8/kDwD2TEw==</latexit><latexit sha1_base64="XUUnak/aybhWlPrNa1XqgD1e/XY=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUCbbTbp0dxN2N4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8KONMG8/7diobm1vbO9Xd2t7+weGRe3zS0WmuCG2TlKeqF4GmnEnaNsxw2ssUBRFx2o3G93O/O6FKs1Q+mWlGQwGJZDEjYKw0cN0gSXAwikDhIBU0gYFb9xreAnid+CWpoxKtgfsVDFOSCyoN4aB13/cyExagDCOczmpBrmkGZAwJ7VsqQVAdFovLZ/jCKkMcp8qWNHih/p4oQGg9FZHtFGBGetWbi/95/dzEt2HBZJYbKslyUZxzbFI8jwEPmaLE8KklQBSzt2IyAgXE2LBqNgR/9eV10rlq+F7Df7yuN+/KOKroDJ2jS+SjG9RED6iF2oigCXpGr+jNKZwX5935WLZWnHLmFP2B8/kDwD2TEw==</latexit><latexit sha1_base64="XUUnak/aybhWlPrNa1XqgD1e/XY=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUCbbTbp0dxN2N4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8KONMG8/7diobm1vbO9Xd2t7+weGRe3zS0WmuCG2TlKeqF4GmnEnaNsxw2ssUBRFx2o3G93O/O6FKs1Q+mWlGQwGJZDEjYKw0cN0gSXAwikDhIBU0gYFb9xreAnid+CWpoxKtgfsVDFOSCyoN4aB13/cyExagDCOczmpBrmkGZAwJ7VsqQVAdFovLZ/jCKkMcp8qWNHih/p4oQGg9FZHtFGBGetWbi/95/dzEt2HBZJYbKslyUZxzbFI8jwEPmaLE8KklQBSzt2IyAgXE2LBqNgR/9eV10rlq+F7Df7yuN+/KOKroDJ2jS+SjG9RED6iF2oigCXpGr+jNKZwX5935WLZWnHLmFP2B8/kDwD2TEw==</latexit><latexit sha1_base64="XUUnak/aybhWlPrNa1XqgD1e/XY=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUCbbTbp0dxN2N4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8KONMG8/7diobm1vbO9Xd2t7+weGRe3zS0WmuCG2TlKeqF4GmnEnaNsxw2ssUBRFx2o3G93O/O6FKs1Q+mWlGQwGJZDEjYKw0cN0gSXAwikDhIBU0gYFb9xreAnid+CWpoxKtgfsVDFOSCyoN4aB13/cyExagDCOczmpBrmkGZAwJ7VsqQVAdFovLZ/jCKkMcp8qWNHih/p4oQGg9FZHtFGBGetWbi/95/dzEt2HBZJYbKslyUZxzbFI8jwEPmaLE8KklQBSzt2IyAgXE2LBqNgR/9eV10rlq+F7Df7yuN+/KOKroDJ2jS+SjG9RED6iF2oigCXpGr+jNKZwX5935WLZWnHLmFP2B8/kDwD2TEw==</latexit>

This is effectively at 2-level system

Some typical values for the critical  
current and Josephson inductance

i0 ⇡ 100nA
<latexit sha1_base64="BZ0xcWmDrc9J5TGsjF16OZdFtrU=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqmRE0GXVjcsK9gHtMGTSTBuaSUKSUUvtp7hxoYhbv8Sdf2PazkJbD1w4nHMv994TK86MRejbK6ysrq1vFDdLW9s7u3t+eb9pZKYJbRDJpW7H2FDOBG1YZjltK01xGnPaiofXU791T7VhUtzZkaJhivuCJYxg66TIL7MIwS5WSstHGCAkLiO/gqpoBrhMgpxUQI565H91e5JkKRWWcGxMJ0DKhmOsLSOcTkrdzFCFyRD3acdRgVNqwvHs9Ak8dkoPJlK7EhbO1N8TY5waM0pj15liOzCL3lT8z+tkNrkIx0yozFJB5ouSjEMr4TQH2GOaEstHjmCimbsVkgHWmFiXVsmFECy+vEyap9UAVYPbs0rtKo+jCA7BETgBATgHNXAD6qABCHgAz+AVvHlP3ov37n3MWwtePnMA/sD7/AFgMJLD</latexit><latexit sha1_base64="BZ0xcWmDrc9J5TGsjF16OZdFtrU=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqmRE0GXVjcsK9gHtMGTSTBuaSUKSUUvtp7hxoYhbv8Sdf2PazkJbD1w4nHMv994TK86MRejbK6ysrq1vFDdLW9s7u3t+eb9pZKYJbRDJpW7H2FDOBG1YZjltK01xGnPaiofXU791T7VhUtzZkaJhivuCJYxg66TIL7MIwS5WSstHGCAkLiO/gqpoBrhMgpxUQI565H91e5JkKRWWcGxMJ0DKhmOsLSOcTkrdzFCFyRD3acdRgVNqwvHs9Ak8dkoPJlK7EhbO1N8TY5waM0pj15liOzCL3lT8z+tkNrkIx0yozFJB5ouSjEMr4TQH2GOaEstHjmCimbsVkgHWmFiXVsmFECy+vEyap9UAVYPbs0rtKo+jCA7BETgBATgHNXAD6qABCHgAz+AVvHlP3ov37n3MWwtePnMA/sD7/AFgMJLD</latexit><latexit sha1_base64="BZ0xcWmDrc9J5TGsjF16OZdFtrU=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqmRE0GXVjcsK9gHtMGTSTBuaSUKSUUvtp7hxoYhbv8Sdf2PazkJbD1w4nHMv994TK86MRejbK6ysrq1vFDdLW9s7u3t+eb9pZKYJbRDJpW7H2FDOBG1YZjltK01xGnPaiofXU791T7VhUtzZkaJhivuCJYxg66TIL7MIwS5WSstHGCAkLiO/gqpoBrhMgpxUQI565H91e5JkKRWWcGxMJ0DKhmOsLSOcTkrdzFCFyRD3acdRgVNqwvHs9Ak8dkoPJlK7EhbO1N8TY5waM0pj15liOzCL3lT8z+tkNrkIx0yozFJB5ouSjEMr4TQH2GOaEstHjmCimbsVkgHWmFiXVsmFECy+vEyap9UAVYPbs0rtKo+jCA7BETgBATgHNXAD6qABCHgAz+AVvHlP3ov37n3MWwtePnMA/sD7/AFgMJLD</latexit><latexit sha1_base64="BZ0xcWmDrc9J5TGsjF16OZdFtrU=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqmRE0GXVjcsK9gHtMGTSTBuaSUKSUUvtp7hxoYhbv8Sdf2PazkJbD1w4nHMv994TK86MRejbK6ysrq1vFDdLW9s7u3t+eb9pZKYJbRDJpW7H2FDOBG1YZjltK01xGnPaiofXU791T7VhUtzZkaJhivuCJYxg66TIL7MIwS5WSstHGCAkLiO/gqpoBrhMgpxUQI565H91e5JkKRWWcGxMJ0DKhmOsLSOcTkrdzFCFyRD3acdRgVNqwvHs9Ak8dkoPJlK7EhbO1N8TY5waM0pj15liOzCL3lT8z+tkNrkIx0yozFJB5ouSjEMr4TQH2GOaEstHjmCimbsVkgHWmFiXVsmFECy+vEyap9UAVYPbs0rtKo+jCA7BETgBATgHNXAD6qABCHgAz+AVvHlP3ov37n3MWwtePnMA/sD7/AFgMJLD</latexit>

LJ ⇡ 3nH
<latexit sha1_base64="qQRraF+xOSdc4AiqbipegkT0zw4=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Krgh6LXop4qGA/oF2WbJq2odlsSLLFsvSfePGgiFf/iTf/jWm7B60+GHi8N8PMvEhypo3nfTmFldW19Y3iZmlre2d3z90/aOokVYQ2SMIT1Y6wppwJ2jDMcNqWiuI44rQVjW5mfmtMlWaJeDATSYMYDwTrM4KNlULXvQtvURdLqZJHdI5ELXTLXsWbA/0lfk7KkKMeup/dXkLSmApDONa643vSBBlWhhFOp6VuqqnEZIQHtGOpwDHVQTa/fIpOrNJD/UTZEgbN1Z8TGY61nsSR7YyxGeplbyb+53VS078KMiZkaqggi0X9lCOToFkMqMcUJYZPLMFEMXsrIkOsMDE2rJINwV9++S9pnlV8r+LfX5Sr13kcRTiCYzgFHy6hCjWoQwMIjOEJXuDVyZxn5815X7QWnHzmEH7B+fgG3a6Sfw==</latexit><latexit sha1_base64="qQRraF+xOSdc4AiqbipegkT0zw4=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Krgh6LXop4qGA/oF2WbJq2odlsSLLFsvSfePGgiFf/iTf/jWm7B60+GHi8N8PMvEhypo3nfTmFldW19Y3iZmlre2d3z90/aOokVYQ2SMIT1Y6wppwJ2jDMcNqWiuI44rQVjW5mfmtMlWaJeDATSYMYDwTrM4KNlULXvQtvURdLqZJHdI5ELXTLXsWbA/0lfk7KkKMeup/dXkLSmApDONa643vSBBlWhhFOp6VuqqnEZIQHtGOpwDHVQTa/fIpOrNJD/UTZEgbN1Z8TGY61nsSR7YyxGeplbyb+53VS078KMiZkaqggi0X9lCOToFkMqMcUJYZPLMFEMXsrIkOsMDE2rJINwV9++S9pnlV8r+LfX5Sr13kcRTiCYzgFHy6hCjWoQwMIjOEJXuDVyZxn5815X7QWnHzmEH7B+fgG3a6Sfw==</latexit><latexit sha1_base64="qQRraF+xOSdc4AiqbipegkT0zw4=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Krgh6LXop4qGA/oF2WbJq2odlsSLLFsvSfePGgiFf/iTf/jWm7B60+GHi8N8PMvEhypo3nfTmFldW19Y3iZmlre2d3z90/aOokVYQ2SMIT1Y6wppwJ2jDMcNqWiuI44rQVjW5mfmtMlWaJeDATSYMYDwTrM4KNlULXvQtvURdLqZJHdI5ELXTLXsWbA/0lfk7KkKMeup/dXkLSmApDONa643vSBBlWhhFOp6VuqqnEZIQHtGOpwDHVQTa/fIpOrNJD/UTZEgbN1Z8TGY61nsSR7YyxGeplbyb+53VS078KMiZkaqggi0X9lCOToFkMqMcUJYZPLMFEMXsrIkOsMDE2rJINwV9++S9pnlV8r+LfX5Sr13kcRTiCYzgFHy6hCjWoQwMIjOEJXuDVyZxn5815X7QWnHzmEH7B+fgG3a6Sfw==</latexit><latexit sha1_base64="qQRraF+xOSdc4AiqbipegkT0zw4=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Krgh6LXop4qGA/oF2WbJq2odlsSLLFsvSfePGgiFf/iTf/jWm7B60+GHi8N8PMvEhypo3nfTmFldW19Y3iZmlre2d3z90/aOokVYQ2SMIT1Y6wppwJ2jDMcNqWiuI44rQVjW5mfmtMlWaJeDATSYMYDwTrM4KNlULXvQtvURdLqZJHdI5ELXTLXsWbA/0lfk7KkKMeup/dXkLSmApDONa643vSBBlWhhFOp6VuqqnEZIQHtGOpwDHVQTa/fIpOrNJD/UTZEgbN1Z8TGY61nsSR7YyxGeplbyb+53VS078KMiZkaqggi0X9lCOToFkMqMcUJYZPLMFEMXsrIkOsMDE2rJINwV9++S9pnlV8r+LfX5Sr13kcRTiCYzgFHy6hCjWoQwMIjOEJXuDVyZxn5815X7QWnHzmEH7B+fgG3a6Sfw==</latexit>

So how do we do single-qubit 
gates?



Superconducting qubits

C
<latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit>

LJ
<latexit sha1_base64="DHJOx5QvZWJG/kg0hL+RL5Rm/LM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi4iHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD31W0+oNI/loxkn6Ed0IHnIGTVWerjr3fbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlU9t+rdn1dqV3kcRTiCYzgFDy6gBjdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB7n2NjQ==</latexit><latexit sha1_base64="DHJOx5QvZWJG/kg0hL+RL5Rm/LM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi4iHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD31W0+oNI/loxkn6Ed0IHnIGTVWerjr3fbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlU9t+rdn1dqV3kcRTiCYzgFDy6gBjdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB7n2NjQ==</latexit><latexit sha1_base64="DHJOx5QvZWJG/kg0hL+RL5Rm/LM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi4iHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD31W0+oNI/loxkn6Ed0IHnIGTVWerjr3fbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlU9t+rdn1dqV3kcRTiCYzgFDy6gBjdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB7n2NjQ==</latexit><latexit sha1_base64="DHJOx5QvZWJG/kg0hL+RL5Rm/LM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi4iHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD31W0+oNI/loxkn6Ed0IHnIGTVWerjr3fbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlU9t+rdn1dqV3kcRTiCYzgFDy6gBjdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB7n2NjQ==</latexit>

V = V (t)
<latexit sha1_base64="68u9ogor3BoTjRIGxHuKjN2zTdQ=">AAAB73icbVBNS8NAEJ34WetX1aOXxSLUS0lE0ItQ9OKxgk0LbSib7aZdutnE3YlQSv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZF6ZSGHTdb2dldW19Y7OwVdze2d3bLx0c+ibJNOMNlshEt0JquBSKN1Cg5K1UcxqHkjfD4e3Ubz5xbUSiHnCU8iCmfSUiwShaqeWTa+JX8KxbKrtVdwayTLyclCFHvVv66vQSlsVcIZPUmLbnphiMqUbBJJ8UO5nhKWVD2udtSxWNuQnGs3sn5NQqPRIl2pZCMlN/T4xpbMwoDm1nTHFgFr2p+J/XzjC6CsZCpRlyxeaLokwSTMj0edITmjOUI0so08LeStiAasrQRlS0IXiLLy8T/7zquVXv/qJcu8njKMAxnEAFPLiEGtxBHRrAQMIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fJkSOuA==</latexit><latexit sha1_base64="68u9ogor3BoTjRIGxHuKjN2zTdQ=">AAAB73icbVBNS8NAEJ34WetX1aOXxSLUS0lE0ItQ9OKxgk0LbSib7aZdutnE3YlQSv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZF6ZSGHTdb2dldW19Y7OwVdze2d3bLx0c+ibJNOMNlshEt0JquBSKN1Cg5K1UcxqHkjfD4e3Ubz5xbUSiHnCU8iCmfSUiwShaqeWTa+JX8KxbKrtVdwayTLyclCFHvVv66vQSlsVcIZPUmLbnphiMqUbBJJ8UO5nhKWVD2udtSxWNuQnGs3sn5NQqPRIl2pZCMlN/T4xpbMwoDm1nTHFgFr2p+J/XzjC6CsZCpRlyxeaLokwSTMj0edITmjOUI0so08LeStiAasrQRlS0IXiLLy8T/7zquVXv/qJcu8njKMAxnEAFPLiEGtxBHRrAQMIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fJkSOuA==</latexit><latexit sha1_base64="68u9ogor3BoTjRIGxHuKjN2zTdQ=">AAAB73icbVBNS8NAEJ34WetX1aOXxSLUS0lE0ItQ9OKxgk0LbSib7aZdutnE3YlQSv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZF6ZSGHTdb2dldW19Y7OwVdze2d3bLx0c+ibJNOMNlshEt0JquBSKN1Cg5K1UcxqHkjfD4e3Ubz5xbUSiHnCU8iCmfSUiwShaqeWTa+JX8KxbKrtVdwayTLyclCFHvVv66vQSlsVcIZPUmLbnphiMqUbBJJ8UO5nhKWVD2udtSxWNuQnGs3sn5NQqPRIl2pZCMlN/T4xpbMwoDm1nTHFgFr2p+J/XzjC6CsZCpRlyxeaLokwSTMj0edITmjOUI0so08LeStiAasrQRlS0IXiLLy8T/7zquVXv/qJcu8njKMAxnEAFPLiEGtxBHRrAQMIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fJkSOuA==</latexit><latexit sha1_base64="68u9ogor3BoTjRIGxHuKjN2zTdQ=">AAAB73icbVBNS8NAEJ34WetX1aOXxSLUS0lE0ItQ9OKxgk0LbSib7aZdutnE3YlQSv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZF6ZSGHTdb2dldW19Y7OwVdze2d3bLx0c+ibJNOMNlshEt0JquBSKN1Cg5K1UcxqHkjfD4e3Ubz5xbUSiHnCU8iCmfSUiwShaqeWTa+JX8KxbKrtVdwayTLyclCFHvVv66vQSlsVcIZPUmLbnphiMqUbBJJ8UO5nhKWVD2udtSxWNuQnGs3sn5NQqPRIl2pZCMlN/T4xpbMwoDm1nTHFgFr2p+J/XzjC6CsZCpRlyxeaLokwSTMj0edITmjOUI0so08LeStiAasrQRlS0IXiLLy8T/7zquVXv/qJcu8njKMAxnEAFPLiEGtxBHRrAQMIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fJkSOuA==</latexit>

V (t) = Vx(t)cos(!dt) + Vy(t)sin(!dt)
<latexit sha1_base64="cpA27tL29lEPJm7xH7miUtQtOxU=">AAACH3icbZBPS8MwGMbT+W/Of1WPXoJDmAijFVEvwtCLxwmuG2ylpFm6haVJSVJxjH0TL34VLx4UEW/7NqZbD3PzhcAvz/O+JO8TJowq7TgTq7Cyura+UdwsbW3v7O7Z+weeEqnEpIEFE7IVIkUY5aShqWaklUiC4pCRZji4y/zmE5GKCv6ohwnxY9TjNKIYaSMF9qVX0afwBnrBcwZYqEpHxKSHgi409zNjDDNDUT5vBHbZqTrTgsvg5lAGedUD+6fTFTiNCdeYIaXarpNof4SkppiRcamTKpIgPEA90jbIUUyUP5ruN4YnRunCSEhzuIZTdX5ihGKlhnFoOmOk+2rRy8T/vHaqo2t/RHmSasLx7KEoZVALmIUFu1QSrNnQAMKSmr9C3EcSYW0iLZkQ3MWVl8E7r7pO1X24KNdu8ziK4AgcgwpwwRWogXtQBw2AwQt4Ax/g03q13q0v63vWWrDymUPwp6zJL4h+n5g=</latexit><latexit sha1_base64="cpA27tL29lEPJm7xH7miUtQtOxU=">AAACH3icbZBPS8MwGMbT+W/Of1WPXoJDmAijFVEvwtCLxwmuG2ylpFm6haVJSVJxjH0TL34VLx4UEW/7NqZbD3PzhcAvz/O+JO8TJowq7TgTq7Cyura+UdwsbW3v7O7Z+weeEqnEpIEFE7IVIkUY5aShqWaklUiC4pCRZji4y/zmE5GKCv6ohwnxY9TjNKIYaSMF9qVX0afwBnrBcwZYqEpHxKSHgi409zNjDDNDUT5vBHbZqTrTgsvg5lAGedUD+6fTFTiNCdeYIaXarpNof4SkppiRcamTKpIgPEA90jbIUUyUP5ruN4YnRunCSEhzuIZTdX5ihGKlhnFoOmOk+2rRy8T/vHaqo2t/RHmSasLx7KEoZVALmIUFu1QSrNnQAMKSmr9C3EcSYW0iLZkQ3MWVl8E7r7pO1X24KNdu8ziK4AgcgwpwwRWogXtQBw2AwQt4Ax/g03q13q0v63vWWrDymUPwp6zJL4h+n5g=</latexit><latexit sha1_base64="cpA27tL29lEPJm7xH7miUtQtOxU=">AAACH3icbZBPS8MwGMbT+W/Of1WPXoJDmAijFVEvwtCLxwmuG2ylpFm6haVJSVJxjH0TL34VLx4UEW/7NqZbD3PzhcAvz/O+JO8TJowq7TgTq7Cyura+UdwsbW3v7O7Z+weeEqnEpIEFE7IVIkUY5aShqWaklUiC4pCRZji4y/zmE5GKCv6ohwnxY9TjNKIYaSMF9qVX0afwBnrBcwZYqEpHxKSHgi409zNjDDNDUT5vBHbZqTrTgsvg5lAGedUD+6fTFTiNCdeYIaXarpNof4SkppiRcamTKpIgPEA90jbIUUyUP5ruN4YnRunCSEhzuIZTdX5ihGKlhnFoOmOk+2rRy8T/vHaqo2t/RHmSasLx7KEoZVALmIUFu1QSrNnQAMKSmr9C3EcSYW0iLZkQ3MWVl8E7r7pO1X24KNdu8ziK4AgcgwpwwRWogXtQBw2AwQt4Ax/g03q13q0v63vWWrDymUPwp6zJL4h+n5g=</latexit><latexit sha1_base64="cpA27tL29lEPJm7xH7miUtQtOxU=">AAACH3icbZBPS8MwGMbT+W/Of1WPXoJDmAijFVEvwtCLxwmuG2ylpFm6haVJSVJxjH0TL34VLx4UEW/7NqZbD3PzhcAvz/O+JO8TJowq7TgTq7Cyura+UdwsbW3v7O7Z+weeEqnEpIEFE7IVIkUY5aShqWaklUiC4pCRZji4y/zmE5GKCv6ohwnxY9TjNKIYaSMF9qVX0afwBnrBcwZYqEpHxKSHgi409zNjDDNDUT5vBHbZqTrTgsvg5lAGedUD+6fTFTiNCdeYIaXarpNof4SkppiRcamTKpIgPEA90jbIUUyUP5ruN4YnRunCSEhzuIZTdX5ihGKlhnFoOmOk+2rRy8T/vHaqo2t/RHmSasLx7KEoZVALmIUFu1QSrNnQAMKSmr9C3EcSYW0iLZkQ3MWVl8E7r7pO1X24KNdu8ziK4AgcgwpwwRWogXtQBw2AwQt4Ax/g03q13q0v63vWWrDymUPwp6zJL4h+n5g=</latexit>

Hd = (! � !d)|1ih1|+
Vx(t)

2
X +

Vy(t)

2
Y

<latexit sha1_base64="Ch2JDVLXeUOzQ16i2m6iPi394Bs="></latexit><latexit sha1_base64="Ch2JDVLXeUOzQ16i2m6iPi394Bs="></latexit><latexit sha1_base64="Ch2JDVLXeUOzQ16i2m6iPi394Bs="></latexit><latexit sha1_base64="Ch2JDVLXeUOzQ16i2m6iPi394Bs="></latexit>

!d
<latexit sha1_base64="sS85HLV66U+9tHOOPsFZZmDQTw0=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJczOziZD5rHOzAphyU948aCIV3/Hm3/jJNmDJhY0FFXddHdFKWfG+v63V1pb39jcKm9Xdnb39g+qh0dtozJNaIsornQ3woZyJmnLMstpN9UUi4jTTjS+nfmdJ6oNU/LBTlIaCjyULGEEWyd1+0rQIR7Eg2rNr/tzoFUSFKQGBZqD6lc/ViQTVFrCsTG9wE9tmGNtGeF0WulnhqaYjPGQ9hyVWFAT5vN7p+jMKTFKlHYlLZqrvydyLIyZiMh1CmxHZtmbif95vcwm12HOZJpZKsliUZJxZBWaPY9ipimxfOIIJpq5WxEZYY2JdRFVXAjB8surpH1RD/x6cH9Za9wUcZThBE7hHAK4ggbcQRNaQIDDM7zCm/fovXjv3seiteQVM8fwB97nDwbij/I=</latexit><latexit sha1_base64="sS85HLV66U+9tHOOPsFZZmDQTw0=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJczOziZD5rHOzAphyU948aCIV3/Hm3/jJNmDJhY0FFXddHdFKWfG+v63V1pb39jcKm9Xdnb39g+qh0dtozJNaIsornQ3woZyJmnLMstpN9UUi4jTTjS+nfmdJ6oNU/LBTlIaCjyULGEEWyd1+0rQIR7Eg2rNr/tzoFUSFKQGBZqD6lc/ViQTVFrCsTG9wE9tmGNtGeF0WulnhqaYjPGQ9hyVWFAT5vN7p+jMKTFKlHYlLZqrvydyLIyZiMh1CmxHZtmbif95vcwm12HOZJpZKsliUZJxZBWaPY9ipimxfOIIJpq5WxEZYY2JdRFVXAjB8surpH1RD/x6cH9Za9wUcZThBE7hHAK4ggbcQRNaQIDDM7zCm/fovXjv3seiteQVM8fwB97nDwbij/I=</latexit><latexit sha1_base64="sS85HLV66U+9tHOOPsFZZmDQTw0=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJczOziZD5rHOzAphyU948aCIV3/Hm3/jJNmDJhY0FFXddHdFKWfG+v63V1pb39jcKm9Xdnb39g+qh0dtozJNaIsornQ3woZyJmnLMstpN9UUi4jTTjS+nfmdJ6oNU/LBTlIaCjyULGEEWyd1+0rQIR7Eg2rNr/tzoFUSFKQGBZqD6lc/ViQTVFrCsTG9wE9tmGNtGeF0WulnhqaYjPGQ9hyVWFAT5vN7p+jMKTFKlHYlLZqrvydyLIyZiMh1CmxHZtmbif95vcwm12HOZJpZKsliUZJxZBWaPY9ipimxfOIIJpq5WxEZYY2JdRFVXAjB8surpH1RD/x6cH9Za9wUcZThBE7hHAK4ggbcQRNaQIDDM7zCm/fovXjv3seiteQVM8fwB97nDwbij/I=</latexit><latexit sha1_base64="sS85HLV66U+9tHOOPsFZZmDQTw0=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJczOziZD5rHOzAphyU948aCIV3/Hm3/jJNmDJhY0FFXddHdFKWfG+v63V1pb39jcKm9Xdnb39g+qh0dtozJNaIsornQ3woZyJmnLMstpN9UUi4jTTjS+nfmdJ6oNU/LBTlIaCjyULGEEWyd1+0rQIR7Eg2rNr/tzoFUSFKQGBZqD6lc/ViQTVFrCsTG9wE9tmGNtGeF0WulnhqaYjPGQ9hyVWFAT5vN7p+jMKTFKlHYlLZqrvydyLIyZiMh1CmxHZtmbif95vcwm12HOZJpZKsliUZJxZBWaPY9ipimxfOIIJpq5WxEZYY2JdRFVXAjB8surpH1RD/x6cH9Za9wUcZThBE7hHAK4ggbcQRNaQIDDM7zCm/fovXjv3seiteQVM8fwB97nDwbij/I=</latexit>

is the driving frequency



Superconducting qubits
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<latexit sha1_base64="XIwNa52DHwQ/cx06dQVUEwDmByQ=">AAACHXicbZDLSsNAFIYnXmu9RV26GSxCRShJKehGKHZTxEUFe4Emhsl00g6dXJyZCCX0Rdz4Km5cKOLCjfg2TtIstPXAwD/ffw4z53cjRoU0jG9taXlldW29sFHc3Nre2dX39jsijDkmbRyykPdcJAijAWlLKhnpRZwg32Wk644bqd99IFzQMLiVk4jYPhoG1KMYSYUcvdaEF9DyOMLJ/V11mlQbU3iaAysa0YxdO1fl9HKSek1n4Oglo2JkBReFmYsSyKvl6J/WIMSxTwKJGRKibxqRtBPEJcWMTItWLEiE8BgNSV/JAPlE2Em23RQeKzKAXsjVCSTM6O+JBPlCTHxXdfpIjsS8l8L/vH4svXM7oUEUSxLg2UNezKAMYRoVHFBOsGQTJRDmVP0V4hFSyUgVaFGFYM6vvCg61YppVMybWql+mcdRAIfgCJSBCc5AHTRBC7QBBo/gGbyCN+1Je9HetY9Z65KWzxyAP6V9/QDVR5/h</latexit><latexit sha1_base64="XIwNa52DHwQ/cx06dQVUEwDmByQ=">AAACHXicbZDLSsNAFIYnXmu9RV26GSxCRShJKehGKHZTxEUFe4Emhsl00g6dXJyZCCX0Rdz4Km5cKOLCjfg2TtIstPXAwD/ffw4z53cjRoU0jG9taXlldW29sFHc3Nre2dX39jsijDkmbRyykPdcJAijAWlLKhnpRZwg32Wk644bqd99IFzQMLiVk4jYPhoG1KMYSYUcvdaEF9DyOMLJ/V11mlQbU3iaAysa0YxdO1fl9HKSek1n4Oglo2JkBReFmYsSyKvl6J/WIMSxTwKJGRKibxqRtBPEJcWMTItWLEiE8BgNSV/JAPlE2Em23RQeKzKAXsjVCSTM6O+JBPlCTHxXdfpIjsS8l8L/vH4svXM7oUEUSxLg2UNezKAMYRoVHFBOsGQTJRDmVP0V4hFSyUgVaFGFYM6vvCg61YppVMybWql+mcdRAIfgCJSBCc5AHTRBC7QBBo/gGbyCN+1Je9HetY9Z65KWzxyAP6V9/QDVR5/h</latexit><latexit sha1_base64="XIwNa52DHwQ/cx06dQVUEwDmByQ=">AAACHXicbZDLSsNAFIYnXmu9RV26GSxCRShJKehGKHZTxEUFe4Emhsl00g6dXJyZCCX0Rdz4Km5cKOLCjfg2TtIstPXAwD/ffw4z53cjRoU0jG9taXlldW29sFHc3Nre2dX39jsijDkmbRyykPdcJAijAWlLKhnpRZwg32Wk644bqd99IFzQMLiVk4jYPhoG1KMYSYUcvdaEF9DyOMLJ/V11mlQbU3iaAysa0YxdO1fl9HKSek1n4Oglo2JkBReFmYsSyKvl6J/WIMSxTwKJGRKibxqRtBPEJcWMTItWLEiE8BgNSV/JAPlE2Em23RQeKzKAXsjVCSTM6O+JBPlCTHxXdfpIjsS8l8L/vH4svXM7oUEUSxLg2UNezKAMYRoVHFBOsGQTJRDmVP0V4hFSyUgVaFGFYM6vvCg61YppVMybWql+mcdRAIfgCJSBCc5AHTRBC7QBBo/gGbyCN+1Je9HetY9Z65KWzxyAP6V9/QDVR5/h</latexit><latexit sha1_base64="XIwNa52DHwQ/cx06dQVUEwDmByQ=">AAACHXicbZDLSsNAFIYnXmu9RV26GSxCRShJKehGKHZTxEUFe4Emhsl00g6dXJyZCCX0Rdz4Km5cKOLCjfg2TtIstPXAwD/ffw4z53cjRoU0jG9taXlldW29sFHc3Nre2dX39jsijDkmbRyykPdcJAijAWlLKhnpRZwg32Wk644bqd99IFzQMLiVk4jYPhoG1KMYSYUcvdaEF9DyOMLJ/V11mlQbU3iaAysa0YxdO1fl9HKSek1n4Oglo2JkBReFmYsSyKvl6J/WIMSxTwKJGRKibxqRtBPEJcWMTItWLEiE8BgNSV/JAPlE2Em23RQeKzKAXsjVCSTM6O+JBPlCTHxXdfpIjsS8l8L/vH4svXM7oUEUSxLg2UNezKAMYRoVHFBOsGQTJRDmVP0V4hFSyUgVaFGFYM6vvCg61YppVMybWql+mcdRAIfgCJSBCc5AHTRBC7QBBo/gGbyCN+1Je9HetY9Z65KWzxyAP6V9/QDVR5/h</latexit>

The true Hamiltonian of our system will be

We can assume that the system starts out in the 
ground state of the original Hamiltonian

The driving Hamiltonian will change this state

|0i !Hd U |0i
<latexit sha1_base64="tYE2bc5d9tu/QTYCBF75SZih8i0=">AAACEnicbVDLSgMxFM3UV62vUZdugkXQTZkRQZdFN11WcNpCW4ZMJjMNzSRDklHK2G9w46+4caGIW1fu/BvTdkBtPXC5h3PuJbknSBlV2nG+rNLS8srqWnm9srG5tb1j7+61lMgkJh4WTMhOgBRhlBNPU81IJ5UEJQEj7WB4NfHbt0QqKviNHqWkn6CY04hipI3k2yf3DuxJxGNGTKfxQCMpxZ2fN/xwDD34Y/t21ak5U8BF4hakCgo0ffuzFwqcJYRrzJBSXddJdT9HUlPMyLjSyxRJER6imHQN5Sghqp9PTxrDI6OEMBLSFNdwqv7eyFGi1CgJzGSC9EDNexPxP6+b6eiin1OeZppwPHsoyhjUAk7ygSGVBGs2MgRhSc1fIR4gibA2KVZMCO78yYukdVpznZp7fVatXxZxlMEBOATHwAXnoA4aoAk8gMEDeAIv4NV6tJ6tN+t9Nlqyip198AfWxzdcJp1D</latexit><latexit sha1_base64="tYE2bc5d9tu/QTYCBF75SZih8i0=">AAACEnicbVDLSgMxFM3UV62vUZdugkXQTZkRQZdFN11WcNpCW4ZMJjMNzSRDklHK2G9w46+4caGIW1fu/BvTdkBtPXC5h3PuJbknSBlV2nG+rNLS8srqWnm9srG5tb1j7+61lMgkJh4WTMhOgBRhlBNPU81IJ5UEJQEj7WB4NfHbt0QqKviNHqWkn6CY04hipI3k2yf3DuxJxGNGTKfxQCMpxZ2fN/xwDD34Y/t21ak5U8BF4hakCgo0ffuzFwqcJYRrzJBSXddJdT9HUlPMyLjSyxRJER6imHQN5Sghqp9PTxrDI6OEMBLSFNdwqv7eyFGi1CgJzGSC9EDNexPxP6+b6eiin1OeZppwPHsoyhjUAk7ygSGVBGs2MgRhSc1fIR4gibA2KVZMCO78yYukdVpznZp7fVatXxZxlMEBOATHwAXnoA4aoAk8gMEDeAIv4NV6tJ6tN+t9Nlqyip198AfWxzdcJp1D</latexit><latexit sha1_base64="tYE2bc5d9tu/QTYCBF75SZih8i0=">AAACEnicbVDLSgMxFM3UV62vUZdugkXQTZkRQZdFN11WcNpCW4ZMJjMNzSRDklHK2G9w46+4caGIW1fu/BvTdkBtPXC5h3PuJbknSBlV2nG+rNLS8srqWnm9srG5tb1j7+61lMgkJh4WTMhOgBRhlBNPU81IJ5UEJQEj7WB4NfHbt0QqKviNHqWkn6CY04hipI3k2yf3DuxJxGNGTKfxQCMpxZ2fN/xwDD34Y/t21ak5U8BF4hakCgo0ffuzFwqcJYRrzJBSXddJdT9HUlPMyLjSyxRJER6imHQN5Sghqp9PTxrDI6OEMBLSFNdwqv7eyFGi1CgJzGSC9EDNexPxP6+b6eiin1OeZppwPHsoyhjUAk7ygSGVBGs2MgRhSc1fIR4gibA2KVZMCO78yYukdVpznZp7fVatXxZxlMEBOATHwAXnoA4aoAk8gMEDeAIv4NV6tJ6tN+t9Nlqyip198AfWxzdcJp1D</latexit><latexit sha1_base64="tYE2bc5d9tu/QTYCBF75SZih8i0=">AAACEnicbVDLSgMxFM3UV62vUZdugkXQTZkRQZdFN11WcNpCW4ZMJjMNzSRDklHK2G9w46+4caGIW1fu/BvTdkBtPXC5h3PuJbknSBlV2nG+rNLS8srqWnm9srG5tb1j7+61lMgkJh4WTMhOgBRhlBNPU81IJ5UEJQEj7WB4NfHbt0QqKviNHqWkn6CY04hipI3k2yf3DuxJxGNGTKfxQCMpxZ2fN/xwDD34Y/t21ak5U8BF4hakCgo0ffuzFwqcJYRrzJBSXddJdT9HUlPMyLjSyxRJER6imHQN5Sghqp9PTxrDI6OEMBLSFNdwqv7eyFGi1CgJzGSC9EDNexPxP6+b6eiin1OeZppwPHsoyhjUAk7ygSGVBGs2MgRhSc1fIR4gibA2KVZMCO78yYukdVpznZp7fVatXxZxlMEBOATHwAXnoA4aoAk8gMEDeAIv4NV6tJ6tN+t9Nlqyip198AfWxzdcJp1D</latexit>

U = exp

n
� i

~

Z td

0
Hddt

o

<latexit sha1_base64="AoRFGEbNpg5paEb9oabe00Tbbi8=">AAACI3icbVDLSsQwFE3H9/iqunQTHAQ3Dq0IiiAMupnlCFaFaS1pms6ESdOS3IpD6b+48VfcuFDEjQv/xcxj4etA4HDOudzcE+WCa3CcD6s2Mzs3v7C4VF9eWV1btzc2r3RWKMo8molM3UREM8El84CDYDe5YiSNBLuOBucj//qOKc0zeQnDnAUp6UmecErASKF94uFTzO5z7J/xnl/ifT9RhJa8Kv1+RFSFfS4hdG5LCOMKt8MYxzDJVqHdcJrOGPgvcaekgabohPabH2e0SJkEKojWXdfJISiJAk4Fq+p+oVlO6ID0WNdQSVKmg3J8Y4V3jRLjJFPmScBj9ftESVKth2lkkimBvv7tjcT/vG4ByXFQcpkXwCSdLEoKgSHDo8JwzBWjIIaGEKq4+SumfWJKAlNr3ZTg/j75L7k6aLpO0704bLTOpnUsom20g/aQi45QC7VRB3mIogf0hF7Qq/VoPVtv1vskWrOmM1voB6zPL01xo3c=</latexit><latexit sha1_base64="AoRFGEbNpg5paEb9oabe00Tbbi8=">AAACI3icbVDLSsQwFE3H9/iqunQTHAQ3Dq0IiiAMupnlCFaFaS1pms6ESdOS3IpD6b+48VfcuFDEjQv/xcxj4etA4HDOudzcE+WCa3CcD6s2Mzs3v7C4VF9eWV1btzc2r3RWKMo8molM3UREM8El84CDYDe5YiSNBLuOBucj//qOKc0zeQnDnAUp6UmecErASKF94uFTzO5z7J/xnl/ifT9RhJa8Kv1+RFSFfS4hdG5LCOMKt8MYxzDJVqHdcJrOGPgvcaekgabohPabH2e0SJkEKojWXdfJISiJAk4Fq+p+oVlO6ID0WNdQSVKmg3J8Y4V3jRLjJFPmScBj9ftESVKth2lkkimBvv7tjcT/vG4ByXFQcpkXwCSdLEoKgSHDo8JwzBWjIIaGEKq4+SumfWJKAlNr3ZTg/j75L7k6aLpO0704bLTOpnUsom20g/aQi45QC7VRB3mIogf0hF7Qq/VoPVtv1vskWrOmM1voB6zPL01xo3c=</latexit><latexit sha1_base64="AoRFGEbNpg5paEb9oabe00Tbbi8=">AAACI3icbVDLSsQwFE3H9/iqunQTHAQ3Dq0IiiAMupnlCFaFaS1pms6ESdOS3IpD6b+48VfcuFDEjQv/xcxj4etA4HDOudzcE+WCa3CcD6s2Mzs3v7C4VF9eWV1btzc2r3RWKMo8molM3UREM8El84CDYDe5YiSNBLuOBucj//qOKc0zeQnDnAUp6UmecErASKF94uFTzO5z7J/xnl/ifT9RhJa8Kv1+RFSFfS4hdG5LCOMKt8MYxzDJVqHdcJrOGPgvcaekgabohPabH2e0SJkEKojWXdfJISiJAk4Fq+p+oVlO6ID0WNdQSVKmg3J8Y4V3jRLjJFPmScBj9ftESVKth2lkkimBvv7tjcT/vG4ByXFQcpkXwCSdLEoKgSHDo8JwzBWjIIaGEKq4+SumfWJKAlNr3ZTg/j75L7k6aLpO0704bLTOpnUsom20g/aQi45QC7VRB3mIogf0hF7Qq/VoPVtv1vskWrOmM1voB6zPL01xo3c=</latexit><latexit sha1_base64="AoRFGEbNpg5paEb9oabe00Tbbi8=">AAACI3icbVDLSsQwFE3H9/iqunQTHAQ3Dq0IiiAMupnlCFaFaS1pms6ESdOS3IpD6b+48VfcuFDEjQv/xcxj4etA4HDOudzcE+WCa3CcD6s2Mzs3v7C4VF9eWV1btzc2r3RWKMo8molM3UREM8El84CDYDe5YiSNBLuOBucj//qOKc0zeQnDnAUp6UmecErASKF94uFTzO5z7J/xnl/ifT9RhJa8Kv1+RFSFfS4hdG5LCOMKt8MYxzDJVqHdcJrOGPgvcaekgabohPabH2e0SJkEKojWXdfJISiJAk4Fq+p+oVlO6ID0WNdQSVKmg3J8Y4V3jRLjJFPmScBj9ftESVKth2lkkimBvv7tjcT/vG4ByXFQcpkXwCSdLEoKgSHDo8JwzBWjIIaGEKq4+SumfWJKAlNr3ZTg/j75L7k6aLpO0704bLTOpnUsom20g/aQi45QC7VRB3mIogf0hF7Qq/VoPVtv1vskWrOmM1voB6zPL01xo3c=</latexit>



Superconducting qubits

To sum up
Prepare this circuit

C
<latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit>

LJ
<latexit sha1_base64="DHJOx5QvZWJG/kg0hL+RL5Rm/LM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi4iHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD31W0+oNI/loxkn6Ed0IHnIGTVWerjr3fbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlU9t+rdn1dqV3kcRTiCYzgFDy6gBjdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB7n2NjQ==</latexit><latexit sha1_base64="DHJOx5QvZWJG/kg0hL+RL5Rm/LM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi4iHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD31W0+oNI/loxkn6Ed0IHnIGTVWerjr3fbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlU9t+rdn1dqV3kcRTiCYzgFDy6gBjdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB7n2NjQ==</latexit><latexit sha1_base64="DHJOx5QvZWJG/kg0hL+RL5Rm/LM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi4iHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD31W0+oNI/loxkn6Ed0IHnIGTVWerjr3fbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlU9t+rdn1dqV3kcRTiCYzgFDy6gBjdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB7n2NjQ==</latexit><latexit sha1_base64="DHJOx5QvZWJG/kg0hL+RL5Rm/LM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi4iHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD31W0+oNI/loxkn6Ed0IHnIGTVWerjr3fbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlU9t+rdn1dqV3kcRTiCYzgFDy6gBjdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB7n2NjQ==</latexit>

V = V (t)
<latexit sha1_base64="68u9ogor3BoTjRIGxHuKjN2zTdQ=">AAAB73icbVBNS8NAEJ34WetX1aOXxSLUS0lE0ItQ9OKxgk0LbSib7aZdutnE3YlQSv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZF6ZSGHTdb2dldW19Y7OwVdze2d3bLx0c+ibJNOMNlshEt0JquBSKN1Cg5K1UcxqHkjfD4e3Ubz5xbUSiHnCU8iCmfSUiwShaqeWTa+JX8KxbKrtVdwayTLyclCFHvVv66vQSlsVcIZPUmLbnphiMqUbBJJ8UO5nhKWVD2udtSxWNuQnGs3sn5NQqPRIl2pZCMlN/T4xpbMwoDm1nTHFgFr2p+J/XzjC6CsZCpRlyxeaLokwSTMj0edITmjOUI0so08LeStiAasrQRlS0IXiLLy8T/7zquVXv/qJcu8njKMAxnEAFPLiEGtxBHRrAQMIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fJkSOuA==</latexit><latexit sha1_base64="68u9ogor3BoTjRIGxHuKjN2zTdQ=">AAAB73icbVBNS8NAEJ34WetX1aOXxSLUS0lE0ItQ9OKxgk0LbSib7aZdutnE3YlQSv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZF6ZSGHTdb2dldW19Y7OwVdze2d3bLx0c+ibJNOMNlshEt0JquBSKN1Cg5K1UcxqHkjfD4e3Ubz5xbUSiHnCU8iCmfSUiwShaqeWTa+JX8KxbKrtVdwayTLyclCFHvVv66vQSlsVcIZPUmLbnphiMqUbBJJ8UO5nhKWVD2udtSxWNuQnGs3sn5NQqPRIl2pZCMlN/T4xpbMwoDm1nTHFgFr2p+J/XzjC6CsZCpRlyxeaLokwSTMj0edITmjOUI0so08LeStiAasrQRlS0IXiLLy8T/7zquVXv/qJcu8njKMAxnEAFPLiEGtxBHRrAQMIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fJkSOuA==</latexit><latexit sha1_base64="68u9ogor3BoTjRIGxHuKjN2zTdQ=">AAAB73icbVBNS8NAEJ34WetX1aOXxSLUS0lE0ItQ9OKxgk0LbSib7aZdutnE3YlQSv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZF6ZSGHTdb2dldW19Y7OwVdze2d3bLx0c+ibJNOMNlshEt0JquBSKN1Cg5K1UcxqHkjfD4e3Ubz5xbUSiHnCU8iCmfSUiwShaqeWTa+JX8KxbKrtVdwayTLyclCFHvVv66vQSlsVcIZPUmLbnphiMqUbBJJ8UO5nhKWVD2udtSxWNuQnGs3sn5NQqPRIl2pZCMlN/T4xpbMwoDm1nTHFgFr2p+J/XzjC6CsZCpRlyxeaLokwSTMj0edITmjOUI0so08LeStiAasrQRlS0IXiLLy8T/7zquVXv/qJcu8njKMAxnEAFPLiEGtxBHRrAQMIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fJkSOuA==</latexit><latexit sha1_base64="68u9ogor3BoTjRIGxHuKjN2zTdQ=">AAAB73icbVBNS8NAEJ34WetX1aOXxSLUS0lE0ItQ9OKxgk0LbSib7aZdutnE3YlQSv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZF6ZSGHTdb2dldW19Y7OwVdze2d3bLx0c+ibJNOMNlshEt0JquBSKN1Cg5K1UcxqHkjfD4e3Ubz5xbUSiHnCU8iCmfSUiwShaqeWTa+JX8KxbKrtVdwayTLyclCFHvVv66vQSlsVcIZPUmLbnphiMqUbBJJ8UO5nhKWVD2udtSxWNuQnGs3sn5NQqPRIl2pZCMlN/T4xpbMwoDm1nTHFgFr2p+J/XzjC6CsZCpRlyxeaLokwSTMj0edITmjOUI0so08LeStiAasrQRlS0IXiLLy8T/7zquVXv/qJcu8njKMAxnEAFPLiEGtxBHRrAQMIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fJkSOuA==</latexit>

Choose what unitary you’d like to perform
Apply microwave radiation of the right type  

and for the appropriate time



Superconducting qubits

Measurement

C
<latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit>

LJ
<latexit sha1_base64="DHJOx5QvZWJG/kg0hL+RL5Rm/LM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi4iHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD31W0+oNI/loxkn6Ed0IHnIGTVWerjr3fbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlU9t+rdn1dqV3kcRTiCYzgFDy6gBjdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB7n2NjQ==</latexit><latexit sha1_base64="DHJOx5QvZWJG/kg0hL+RL5Rm/LM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi4iHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD31W0+oNI/loxkn6Ed0IHnIGTVWerjr3fbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlU9t+rdn1dqV3kcRTiCYzgFDy6gBjdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB7n2NjQ==</latexit><latexit sha1_base64="DHJOx5QvZWJG/kg0hL+RL5Rm/LM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi4iHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD31W0+oNI/loxkn6Ed0IHnIGTVWerjr3fbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlU9t+rdn1dqV3kcRTiCYzgFDy6gBjdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB7n2NjQ==</latexit><latexit sha1_base64="DHJOx5QvZWJG/kg0hL+RL5Rm/LM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi4iHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD31W0+oNI/loxkn6Ed0IHnIGTVWerjr3fbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlU9t+rdn1dqV3kcRTiCYzgFDy6gBjdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB7n2NjQ==</latexit>

M
easurem

ent 
device

This is very “schematic”

What we measure depends on the type of qubit we have 
(flux qubit, charge qubit, phase qubit)



Superconducting qubits

Other configurations are also possible

SQUIDs, fluxonium, transmon, xmon, quantronium

Physicists have the better names again :)



Superconducting qubits

C
<latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit>

LJ
<latexit sha1_base64="DHJOx5QvZWJG/kg0hL+RL5Rm/LM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi4iHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD31W0+oNI/loxkn6Ed0IHnIGTVWerjr3fbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlU9t+rdn1dqV3kcRTiCYzgFDy6gBjdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB7n2NjQ==</latexit><latexit sha1_base64="DHJOx5QvZWJG/kg0hL+RL5Rm/LM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi4iHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD31W0+oNI/loxkn6Ed0IHnIGTVWerjr3fbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlU9t+rdn1dqV3kcRTiCYzgFDy6gBjdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB7n2NjQ==</latexit><latexit sha1_base64="DHJOx5QvZWJG/kg0hL+RL5Rm/LM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi4iHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD31W0+oNI/loxkn6Ed0IHnIGTVWerjr3fbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlU9t+rdn1dqV3kcRTiCYzgFDy6gBjdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB7n2NjQ==</latexit><latexit sha1_base64="DHJOx5QvZWJG/kg0hL+RL5Rm/LM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi4iHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD31W0+oNI/loxkn6Ed0IHnIGTVWerjr3fbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlU9t+rdn1dqV3kcRTiCYzgFDy6gBjdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB7n2NjQ==</latexit>

C
<latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit>

LJ
<latexit sha1_base64="DHJOx5QvZWJG/kg0hL+RL5Rm/LM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi4iHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD31W0+oNI/loxkn6Ed0IHnIGTVWerjr3fbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlU9t+rdn1dqV3kcRTiCYzgFDy6gBjdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB7n2NjQ==</latexit><latexit sha1_base64="DHJOx5QvZWJG/kg0hL+RL5Rm/LM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi4iHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD31W0+oNI/loxkn6Ed0IHnIGTVWerjr3fbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlU9t+rdn1dqV3kcRTiCYzgFDy6gBjdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB7n2NjQ==</latexit><latexit sha1_base64="DHJOx5QvZWJG/kg0hL+RL5Rm/LM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi4iHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD31W0+oNI/loxkn6Ed0IHnIGTVWerjr3fbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlU9t+rdn1dqV3kcRTiCYzgFDy6gBjdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB7n2NjQ==</latexit><latexit sha1_base64="DHJOx5QvZWJG/kg0hL+RL5Rm/LM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi4iHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD31W0+oNI/loxkn6Ed0IHnIGTVWerjr3fbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlU9t+rdn1dqV3kcRTiCYzgFDy6gBjdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB7n2NjQ==</latexit>

Multiple qubits

Hd
<latexit sha1_base64="KPdz6bPO8HecXbiZFRnWomha6XY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Qe0oWw2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuBdRwKRRvo0DJe6nmNA4k7waT27nffeTaiEQ94DTlfkxHSkSCUbTSfXMYDqs1t+4uQP4SryA1KNAaVj8HYcKymCtkkhrT99wU/ZxqFEzyWWWQGZ5SNqEj3rdU0ZgbP1+cOiNnVglJlGhbCslC/TmR09iYaRzYzpji2Kx6c/E/r59hdO3nQqUZcsWWi6JMEkzI/G8SCs0ZyqkllGlhbyVsTDVlaNOp2BC81Zf/ks5F3XPr3t1lrXFTxFGGEziFc/DgChrQhBa0gcEInuAFXh3pPDtvzvuyteQUM8fwC87HNw/cjaM=</latexit><latexit sha1_base64="KPdz6bPO8HecXbiZFRnWomha6XY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Qe0oWw2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuBdRwKRRvo0DJe6nmNA4k7waT27nffeTaiEQ94DTlfkxHSkSCUbTSfXMYDqs1t+4uQP4SryA1KNAaVj8HYcKymCtkkhrT99wU/ZxqFEzyWWWQGZ5SNqEj3rdU0ZgbP1+cOiNnVglJlGhbCslC/TmR09iYaRzYzpji2Kx6c/E/r59hdO3nQqUZcsWWi6JMEkzI/G8SCs0ZyqkllGlhbyVsTDVlaNOp2BC81Zf/ks5F3XPr3t1lrXFTxFGGEziFc/DgChrQhBa0gcEInuAFXh3pPDtvzvuyteQUM8fwC87HNw/cjaM=</latexit><latexit sha1_base64="KPdz6bPO8HecXbiZFRnWomha6XY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Qe0oWw2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuBdRwKRRvo0DJe6nmNA4k7waT27nffeTaiEQ94DTlfkxHSkSCUbTSfXMYDqs1t+4uQP4SryA1KNAaVj8HYcKymCtkkhrT99wU/ZxqFEzyWWWQGZ5SNqEj3rdU0ZgbP1+cOiNnVglJlGhbCslC/TmR09iYaRzYzpji2Kx6c/E/r59hdO3nQqUZcsWWi6JMEkzI/G8SCs0ZyqkllGlhbyVsTDVlaNOp2BC81Zf/ks5F3XPr3t1lrXFTxFGGEziFc/DgChrQhBa0gcEInuAFXh3pPDtvzvuyteQUM8fwC87HNw/cjaM=</latexit><latexit sha1_base64="KPdz6bPO8HecXbiZFRnWomha6XY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Qe0oWw2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuBdRwKRRvo0DJe6nmNA4k7waT27nffeTaiEQ94DTlfkxHSkSCUbTSfXMYDqs1t+4uQP4SryA1KNAaVj8HYcKymCtkkhrT99wU/ZxqFEzyWWWQGZ5SNqEj3rdU0ZgbP1+cOiNnVglJlGhbCslC/TmR09iYaRzYzpji2Kx6c/E/r59hdO3nQqUZcsWWi6JMEkzI/G8SCs0ZyqkllGlhbyVsTDVlaNOp2BC81Zf/ks5F3XPr3t1lrXFTxFGGEziFc/DgChrQhBa0gcEInuAFXh3pPDtvzvuyteQUM8fwC87HNw/cjaM=</latexit>

X ⌦X,Y ⌦ Y
<latexit sha1_base64="gznjpQpbQftnkA+2LsZ3cMRdn7U=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL4tF8CAlEUGPRS8eK9g2pQ1ls920SzebsLsRSqgX/4oXD4p49V9489+4bYNo64OFN+/NMDsvSDhT2nG+rMLS8srqWnG9tLG5tb1j7+41VJxKQusk5rH0AqwoZ4LWNdOceomkOAo4bQbD64nfvKdSsVjc6VFC/Qj3BQsZwdpIXfvAQ51Ys4gq5J2i1k/R6tplp+JMgRaJm5My5Kh17c9OLyZpRIUmHCvVdp1E+xmWmhFOx6VOqmiCyRD3adtQgc0aP5teMEbHRumhMJbmCY2m6u+JDEdKjaLAdEZYD9S8NxH/89qpDi/9jIkk1VSQ2aIw5UjHaBIH6jFJieYjQzCRzPwVkQGWmGgTWsmE4M6fvEgaZxXXqbi35+XqVR5HEQ7hCE7AhQuowg3UoA4EHuAJXuDVerSerTfrfdZasPKZffgD6+MbhKyVow==</latexit><latexit sha1_base64="gznjpQpbQftnkA+2LsZ3cMRdn7U=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL4tF8CAlEUGPRS8eK9g2pQ1ls920SzebsLsRSqgX/4oXD4p49V9489+4bYNo64OFN+/NMDsvSDhT2nG+rMLS8srqWnG9tLG5tb1j7+41VJxKQusk5rH0AqwoZ4LWNdOceomkOAo4bQbD64nfvKdSsVjc6VFC/Qj3BQsZwdpIXfvAQ51Ys4gq5J2i1k/R6tplp+JMgRaJm5My5Kh17c9OLyZpRIUmHCvVdp1E+xmWmhFOx6VOqmiCyRD3adtQgc0aP5teMEbHRumhMJbmCY2m6u+JDEdKjaLAdEZYD9S8NxH/89qpDi/9jIkk1VSQ2aIw5UjHaBIH6jFJieYjQzCRzPwVkQGWmGgTWsmE4M6fvEgaZxXXqbi35+XqVR5HEQ7hCE7AhQuowg3UoA4EHuAJXuDVerSerTfrfdZasPKZffgD6+MbhKyVow==</latexit><latexit sha1_base64="gznjpQpbQftnkA+2LsZ3cMRdn7U=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL4tF8CAlEUGPRS8eK9g2pQ1ls920SzebsLsRSqgX/4oXD4p49V9489+4bYNo64OFN+/NMDsvSDhT2nG+rMLS8srqWnG9tLG5tb1j7+41VJxKQusk5rH0AqwoZ4LWNdOceomkOAo4bQbD64nfvKdSsVjc6VFC/Qj3BQsZwdpIXfvAQ51Ys4gq5J2i1k/R6tplp+JMgRaJm5My5Kh17c9OLyZpRIUmHCvVdp1E+xmWmhFOx6VOqmiCyRD3adtQgc0aP5teMEbHRumhMJbmCY2m6u+JDEdKjaLAdEZYD9S8NxH/89qpDi/9jIkk1VSQ2aIw5UjHaBIH6jFJieYjQzCRzPwVkQGWmGgTWsmE4M6fvEgaZxXXqbi35+XqVR5HEQ7hCE7AhQuowg3UoA4EHuAJXuDVerSerTfrfdZasPKZffgD6+MbhKyVow==</latexit><latexit sha1_base64="gznjpQpbQftnkA+2LsZ3cMRdn7U=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL4tF8CAlEUGPRS8eK9g2pQ1ls920SzebsLsRSqgX/4oXD4p49V9489+4bYNo64OFN+/NMDsvSDhT2nG+rMLS8srqWnG9tLG5tb1j7+41VJxKQusk5rH0AqwoZ4LWNdOceomkOAo4bQbD64nfvKdSsVjc6VFC/Qj3BQsZwdpIXfvAQ51Ys4gq5J2i1k/R6tplp+JMgRaJm5My5Kh17c9OLyZpRIUmHCvVdp1E+xmWmhFOx6VOqmiCyRD3adtQgc0aP5teMEbHRumhMJbmCY2m6u+JDEdKjaLAdEZYD9S8NxH/89qpDi/9jIkk1VSQ2aIw5UjHaBIH6jFJieYjQzCRzPwVkQGWmGgTWsmE4M6fvEgaZxXXqbi35+XqVR5HEQ7hCE7AhQuowg3UoA4EHuAJXuDVerSerTfrfdZasPKZffgD6+MbhKyVow==</latexit>

will have interaction terms of the form



Superconducting qubits

exp(iX ⌦Xt)
<latexit sha1_base64="USzKAEwfNQcTZtUEwBD1ACGfApU=">AAAB/XicbZDLSgMxFIYzXmu9jZedm2AR6qbMiKDLohuXFewF2qFk0kwbmkmG5IxYh+KruHGhiFvfw51vY9rOQlt/CHz85xzOyR8mghvwvG9naXlldW29sFHc3Nre2XX39htGpZqyOlVC6VZIDBNcsjpwEKyVaEbiULBmOLye1Jv3TBuu5B2MEhbEpC95xCkBa3XdQ/aQlDlu4Y4CHjNjCU67bsmreFPhRfBzKKFcta771ekpmsZMAhXEmLbvJRBkRAOngo2LndSwhNAh6bO2RUnspiCbXj/GJ9bp4Uhp+yTgqft7IiOxMaM4tJ0xgYGZr03M/2rtFKLLIOMySYFJOlsUpQKDwpMocI9rRkGMLBCqub0V0wHRhIINrGhD8Oe/vAiNs4rvVfzb81L1Ko+jgI7QMSojH12gKrpBNVRHFD2iZ/SK3pwn58V5dz5mrUtOPnOA/sj5/AGnRpQL</latexit><latexit sha1_base64="USzKAEwfNQcTZtUEwBD1ACGfApU=">AAAB/XicbZDLSgMxFIYzXmu9jZedm2AR6qbMiKDLohuXFewF2qFk0kwbmkmG5IxYh+KruHGhiFvfw51vY9rOQlt/CHz85xzOyR8mghvwvG9naXlldW29sFHc3Nre2XX39htGpZqyOlVC6VZIDBNcsjpwEKyVaEbiULBmOLye1Jv3TBuu5B2MEhbEpC95xCkBa3XdQ/aQlDlu4Y4CHjNjCU67bsmreFPhRfBzKKFcta771ekpmsZMAhXEmLbvJRBkRAOngo2LndSwhNAh6bO2RUnspiCbXj/GJ9bp4Uhp+yTgqft7IiOxMaM4tJ0xgYGZr03M/2rtFKLLIOMySYFJOlsUpQKDwpMocI9rRkGMLBCqub0V0wHRhIINrGhD8Oe/vAiNs4rvVfzb81L1Ko+jgI7QMSojH12gKrpBNVRHFD2iZ/SK3pwn58V5dz5mrUtOPnOA/sj5/AGnRpQL</latexit><latexit sha1_base64="USzKAEwfNQcTZtUEwBD1ACGfApU=">AAAB/XicbZDLSgMxFIYzXmu9jZedm2AR6qbMiKDLohuXFewF2qFk0kwbmkmG5IxYh+KruHGhiFvfw51vY9rOQlt/CHz85xzOyR8mghvwvG9naXlldW29sFHc3Nre2XX39htGpZqyOlVC6VZIDBNcsjpwEKyVaEbiULBmOLye1Jv3TBuu5B2MEhbEpC95xCkBa3XdQ/aQlDlu4Y4CHjNjCU67bsmreFPhRfBzKKFcta771ekpmsZMAhXEmLbvJRBkRAOngo2LndSwhNAh6bO2RUnspiCbXj/GJ9bp4Uhp+yTgqft7IiOxMaM4tJ0xgYGZr03M/2rtFKLLIOMySYFJOlsUpQKDwpMocI9rRkGMLBCqub0V0wHRhIINrGhD8Oe/vAiNs4rvVfzb81L1Ko+jgI7QMSojH12gKrpBNVRHFD2iZ/SK3pwn58V5dz5mrUtOPnOA/sj5/AGnRpQL</latexit><latexit sha1_base64="USzKAEwfNQcTZtUEwBD1ACGfApU=">AAAB/XicbZDLSgMxFIYzXmu9jZedm2AR6qbMiKDLohuXFewF2qFk0kwbmkmG5IxYh+KruHGhiFvfw51vY9rOQlt/CHz85xzOyR8mghvwvG9naXlldW29sFHc3Nre2XX39htGpZqyOlVC6VZIDBNcsjpwEKyVaEbiULBmOLye1Jv3TBuu5B2MEhbEpC95xCkBa3XdQ/aQlDlu4Y4CHjNjCU67bsmreFPhRfBzKKFcta771ekpmsZMAhXEmLbvJRBkRAOngo2LndSwhNAh6bO2RUnspiCbXj/GJ9bp4Uhp+yTgqft7IiOxMaM4tJ0xgYGZr03M/2rtFKLLIOMySYFJOlsUpQKDwpMocI9rRkGMLBCqub0V0wHRhIINrGhD8Oe/vAiNs4rvVfzb81L1Ko+jgI7QMSojH12gKrpBNVRHFD2iZ/SK3pwn58V5dz5mrUtOPnOA/sj5/AGnRpQL</latexit>

together with local unitaries is universal

Again, this is schematic. In practice other configurations



Superconducting qubits



Superconducting qubits

Multi-qubit Readout

IBM

Rigetti

Google

Single qubit

Error rates for different implementations

0.1%
<latexit sha1_base64="3hN5qnxWJ5OkwQQc7FiMujRUC9I=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LJaCp5KIoMeiF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVby3YbXrw+qNbfhLkDWiVeQGhRoDapf/WHCshilYYJq3fPc1AQ5VYYzgbNKP9OYUjahI+xZKmmMOsgXx85I3SpDEiXKljRkof6eyGms9TQObWdMzVivenPxP6+XmegmyLlMM4OSLRdFmSAmIfPPyZArZEZMLaFMcXsrYWOqKDM2n4oNwVt9eZ20Lxuezezhqta8LeIowxmcwwV4cA1NuIcW+MCAwzO8wpsjnRfn3flYtpacYuYU/sD5/AFiW428</latexit><latexit sha1_base64="3hN5qnxWJ5OkwQQc7FiMujRUC9I=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LJaCp5KIoMeiF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVby3YbXrw+qNbfhLkDWiVeQGhRoDapf/WHCshilYYJq3fPc1AQ5VYYzgbNKP9OYUjahI+xZKmmMOsgXx85I3SpDEiXKljRkof6eyGms9TQObWdMzVivenPxP6+XmegmyLlMM4OSLRdFmSAmIfPPyZArZEZMLaFMcXsrYWOqKDM2n4oNwVt9eZ20Lxuezezhqta8LeIowxmcwwV4cA1NuIcW+MCAwzO8wpsjnRfn3flYtpacYuYU/sD5/AFiW428</latexit><latexit sha1_base64="3hN5qnxWJ5OkwQQc7FiMujRUC9I=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LJaCp5KIoMeiF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVby3YbXrw+qNbfhLkDWiVeQGhRoDapf/WHCshilYYJq3fPc1AQ5VYYzgbNKP9OYUjahI+xZKmmMOsgXx85I3SpDEiXKljRkof6eyGms9TQObWdMzVivenPxP6+XmegmyLlMM4OSLRdFmSAmIfPPyZArZEZMLaFMcXsrYWOqKDM2n4oNwVt9eZ20Lxuezezhqta8LeIowxmcwwV4cA1NuIcW+MCAwzO8wpsjnRfn3flYtpacYuYU/sD5/AFiW428</latexit><latexit sha1_base64="3hN5qnxWJ5OkwQQc7FiMujRUC9I=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LJaCp5KIoMeiF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVby3YbXrw+qNbfhLkDWiVeQGhRoDapf/WHCshilYYJq3fPc1AQ5VYYzgbNKP9OYUjahI+xZKmmMOsgXx85I3SpDEiXKljRkof6eyGms9TQObWdMzVivenPxP6+XmegmyLlMM4OSLRdFmSAmIfPPyZArZEZMLaFMcXsrYWOqKDM2n4oNwVt9eZ20Lxuezezhqta8LeIowxmcwwV4cA1NuIcW+MCAwzO8wpsjnRfn3flYtpacYuYU/sD5/AFiW428</latexit>

1%
<latexit sha1_base64="fbeh5GCxNXZtmzxZXZ5rYOYMXAk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LJaCp5KIUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD16/OihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxUrTIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4bWfCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtqXNc+tefdXlcZNHkcRzuAcLsCDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP4i4jUo=</latexit><latexit sha1_base64="fbeh5GCxNXZtmzxZXZ5rYOYMXAk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LJaCp5KIUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD16/OihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxUrTIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4bWfCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtqXNc+tefdXlcZNHkcRzuAcLsCDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP4i4jUo=</latexit><latexit sha1_base64="fbeh5GCxNXZtmzxZXZ5rYOYMXAk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LJaCp5KIUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD16/OihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxUrTIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4bWfCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtqXNc+tefdXlcZNHkcRzuAcLsCDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP4i4jUo=</latexit><latexit sha1_base64="fbeh5GCxNXZtmzxZXZ5rYOYMXAk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LJaCp5KIUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD16/OihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxUrTIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4bWfCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtqXNc+tefdXlcZNHkcRzuAcLsCDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP4i4jUo=</latexit>

1%
<latexit sha1_base64="fbeh5GCxNXZtmzxZXZ5rYOYMXAk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LJaCp5KIUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD16/OihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxUrTIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4bWfCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtqXNc+tefdXlcZNHkcRzuAcLsCDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP4i4jUo=</latexit><latexit sha1_base64="fbeh5GCxNXZtmzxZXZ5rYOYMXAk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LJaCp5KIUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD16/OihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxUrTIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4bWfCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtqXNc+tefdXlcZNHkcRzuAcLsCDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP4i4jUo=</latexit><latexit sha1_base64="fbeh5GCxNXZtmzxZXZ5rYOYMXAk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LJaCp5KIUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD16/OihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxUrTIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4bWfCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtqXNc+tefdXlcZNHkcRzuAcLsCDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP4i4jUo=</latexit><latexit sha1_base64="fbeh5GCxNXZtmzxZXZ5rYOYMXAk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LJaCp5KIUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD16/OihX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxUrTIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4bWfCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtqXNc+tefdXlcZNHkcRzuAcLsCDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP4i4jUo=</latexit>

2� 5%
<latexit sha1_base64="Xzx/w+fJQpt0XgNAcHGxhdbpdx4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LJaCF0tSFD0WvXisYGqhDWWznbRLN5uwuxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlk4yxdBniUhUO6QaBZfoG24EtlOFNA4FPoaj25n/+IRK80Q+mHGKQUwHkkecUWMlv35+2a32yhW35s5BVomXkwrkaPbKX91+wrIYpWGCat3x3NQEE6oMZwKnpW6mMaVsRAfYsVTSGHUwmR87JVWr9EmUKFvSkLn6e2JCY63HcWg7Y2qGetmbif95ncxE18GEyzQzKNliUZQJYhIy+5z0uUJmxNgSyhS3txI2pIoyY/Mp2RC85ZdXSate89yad39RadzkcRThBE7hDDy4ggbcQRN8YMDhGV7hzZHOi/PufCxaC04+cwx/4Hz+AGn8jcE=</latexit><latexit sha1_base64="Xzx/w+fJQpt0XgNAcHGxhdbpdx4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LJaCF0tSFD0WvXisYGqhDWWznbRLN5uwuxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlk4yxdBniUhUO6QaBZfoG24EtlOFNA4FPoaj25n/+IRK80Q+mHGKQUwHkkecUWMlv35+2a32yhW35s5BVomXkwrkaPbKX91+wrIYpWGCat3x3NQEE6oMZwKnpW6mMaVsRAfYsVTSGHUwmR87JVWr9EmUKFvSkLn6e2JCY63HcWg7Y2qGetmbif95ncxE18GEyzQzKNliUZQJYhIy+5z0uUJmxNgSyhS3txI2pIoyY/Mp2RC85ZdXSate89yad39RadzkcRThBE7hDDy4ggbcQRN8YMDhGV7hzZHOi/PufCxaC04+cwx/4Hz+AGn8jcE=</latexit><latexit sha1_base64="Xzx/w+fJQpt0XgNAcHGxhdbpdx4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LJaCF0tSFD0WvXisYGqhDWWznbRLN5uwuxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlk4yxdBniUhUO6QaBZfoG24EtlOFNA4FPoaj25n/+IRK80Q+mHGKQUwHkkecUWMlv35+2a32yhW35s5BVomXkwrkaPbKX91+wrIYpWGCat3x3NQEE6oMZwKnpW6mMaVsRAfYsVTSGHUwmR87JVWr9EmUKFvSkLn6e2JCY63HcWg7Y2qGetmbif95ncxE18GEyzQzKNliUZQJYhIy+5z0uUJmxNgSyhS3txI2pIoyY/Mp2RC85ZdXSate89yad39RadzkcRThBE7hDDy4ggbcQRN8YMDhGV7hzZHOi/PufCxaC04+cwx/4Hz+AGn8jcE=</latexit><latexit sha1_base64="Xzx/w+fJQpt0XgNAcHGxhdbpdx4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LJaCF0tSFD0WvXisYGqhDWWznbRLN5uwuxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlk4yxdBniUhUO6QaBZfoG24EtlOFNA4FPoaj25n/+IRK80Q+mHGKQUwHkkecUWMlv35+2a32yhW35s5BVomXkwrkaPbKX91+wrIYpWGCat3x3NQEE6oMZwKnpW6mMaVsRAfYsVTSGHUwmR87JVWr9EmUKFvSkLn6e2JCY63HcWg7Y2qGetmbif95ncxE18GEyzQzKNliUZQJYhIy+5z0uUJmxNgSyhS3txI2pIoyY/Mp2RC85ZdXSate89yad39RadzkcRThBE7hDDy4ggbcQRN8YMDhGV7hzZHOi/PufCxaC04+cwx/4Hz+AGn8jcE=</latexit>

7� 18%
<latexit sha1_base64="BfVVNNVxju9zjGf3gHyLlsc3ZRE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CZaCF8uuCO2x6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POlomitA2kVyqXoA15UzQtmGG016sKI4CTrvB9Dbzu09UaSbFg5nF1I/wWLCQEWys1Klfeo1BdViuuDV3AbROvJxUIEdrWP4ajCRJIioM4VjrvufGxk+xMoxwOi8NEk1jTKZ4TPuWChxR7aeLa+eoapURCqWyJQxaqL8nUhxpPYsC2xlhM9GrXib+5/UTEzb8lIk4MVSQ5aIw4chIlL2ORkxRYvjMEkwUs7ciMsEKE2MDKtkQvNWX10nnqua5Ne/+utK8yeMowhmcwwV4UIcm3EEL2kDgEZ7hFd4c6bw4787HsrXg5DOn8AfO5w/mXY4E</latexit><latexit sha1_base64="BfVVNNVxju9zjGf3gHyLlsc3ZRE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CZaCF8uuCO2x6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POlomitA2kVyqXoA15UzQtmGG016sKI4CTrvB9Dbzu09UaSbFg5nF1I/wWLCQEWys1Klfeo1BdViuuDV3AbROvJxUIEdrWP4ajCRJIioM4VjrvufGxk+xMoxwOi8NEk1jTKZ4TPuWChxR7aeLa+eoapURCqWyJQxaqL8nUhxpPYsC2xlhM9GrXib+5/UTEzb8lIk4MVSQ5aIw4chIlL2ORkxRYvjMEkwUs7ciMsEKE2MDKtkQvNWX10nnqua5Ne/+utK8yeMowhmcwwV4UIcm3EEL2kDgEZ7hFd4c6bw4787HsrXg5DOn8AfO5w/mXY4E</latexit><latexit sha1_base64="BfVVNNVxju9zjGf3gHyLlsc3ZRE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CZaCF8uuCO2x6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POlomitA2kVyqXoA15UzQtmGG016sKI4CTrvB9Dbzu09UaSbFg5nF1I/wWLCQEWys1Klfeo1BdViuuDV3AbROvJxUIEdrWP4ajCRJIioM4VjrvufGxk+xMoxwOi8NEk1jTKZ4TPuWChxR7aeLa+eoapURCqWyJQxaqL8nUhxpPYsC2xlhM9GrXib+5/UTEzb8lIk4MVSQ5aIw4chIlL2ORkxRYvjMEkwUs7ciMsEKE2MDKtkQvNWX10nnqua5Ne/+utK8yeMowhmcwwV4UIcm3EEL2kDgEZ7hFd4c6bw4787HsrXg5DOn8AfO5w/mXY4E</latexit><latexit sha1_base64="BfVVNNVxju9zjGf3gHyLlsc3ZRE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CZaCF8uuCO2x6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POlomitA2kVyqXoA15UzQtmGG016sKI4CTrvB9Dbzu09UaSbFg5nF1I/wWLCQEWys1Klfeo1BdViuuDV3AbROvJxUIEdrWP4ajCRJIioM4VjrvufGxk+xMoxwOi8NEk1jTKZ4TPuWChxR7aeLa+eoapURCqWyJQxaqL8nUhxpPYsC2xlhM9GrXib+5/UTEzb8lIk4MVSQ5aIw4chIlL2ORkxRYvjMEkwUs7ciMsEKE2MDKtkQvNWX10nnqua5Ne/+utK8yeMowhmcwwV4UIcm3EEL2kDgEZ7hFd4c6bw4787HsrXg5DOn8AfO5w/mXY4E</latexit>

8� 20%
<latexit sha1_base64="23/6zRyyckvYzU3KgtjBaKi7xVs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CZaCF8tuEeyx6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POlomitA2kVyqXoA15UzQtmGG016sKI4CTrvB9Dbzu09UaSbFg5nF1I/wWLCQEWys1Glc1t1BdViuuDV3AbROvJxUIEdrWP4ajCRJIioM4VjrvufGxk+xMoxwOi8NEk1jTKZ4TPuWChxR7aeLa+eoapURCqWyJQxaqL8nUhxpPYsC2xlhM9GrXib+5/UTEzb8lIk4MVSQ5aIw4chIlL2ORkxRYvjMEkwUs7ciMsEKE2MDKtkQvNWX10mnXvPcmnd/VWne5HEU4QzO4QI8uIYm3EEL2kDgEZ7hFd4c6bw4787HsrXg5DOn8AfO5w/dPY3+</latexit><latexit sha1_base64="23/6zRyyckvYzU3KgtjBaKi7xVs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CZaCF8tuEeyx6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POlomitA2kVyqXoA15UzQtmGG016sKI4CTrvB9Dbzu09UaSbFg5nF1I/wWLCQEWys1Glc1t1BdViuuDV3AbROvJxUIEdrWP4ajCRJIioM4VjrvufGxk+xMoxwOi8NEk1jTKZ4TPuWChxR7aeLa+eoapURCqWyJQxaqL8nUhxpPYsC2xlhM9GrXib+5/UTEzb8lIk4MVSQ5aIw4chIlL2ORkxRYvjMEkwUs7ciMsEKE2MDKtkQvNWX10mnXvPcmnd/VWne5HEU4QzO4QI8uIYm3EEL2kDgEZ7hFd4c6bw4787HsrXg5DOn8AfO5w/dPY3+</latexit><latexit sha1_base64="23/6zRyyckvYzU3KgtjBaKi7xVs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CZaCF8tuEeyx6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POlomitA2kVyqXoA15UzQtmGG016sKI4CTrvB9Dbzu09UaSbFg5nF1I/wWLCQEWys1Glc1t1BdViuuDV3AbROvJxUIEdrWP4ajCRJIioM4VjrvufGxk+xMoxwOi8NEk1jTKZ4TPuWChxR7aeLa+eoapURCqWyJQxaqL8nUhxpPYsC2xlhM9GrXib+5/UTEzb8lIk4MVSQ5aIw4chIlL2ORkxRYvjMEkwUs7ciMsEKE2MDKtkQvNWX10mnXvPcmnd/VWne5HEU4QzO4QI8uIYm3EEL2kDgEZ7hFd4c6bw4787HsrXg5DOn8AfO5w/dPY3+</latexit><latexit sha1_base64="23/6zRyyckvYzU3KgtjBaKi7xVs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CZaCF8tuEeyx6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POlomitA2kVyqXoA15UzQtmGG016sKI4CTrvB9Dbzu09UaSbFg5nF1I/wWLCQEWys1Glc1t1BdViuuDV3AbROvJxUIEdrWP4ajCRJIioM4VjrvufGxk+xMoxwOi8NEk1jTKZ4TPuWChxR7aeLa+eoapURCqWyJQxaqL8nUhxpPYsC2xlhM9GrXib+5/UTEzb8lIk4MVSQ5aIw4chIlL2ORkxRYvjMEkwUs7ciMsEKE2MDKtkQvNWX10mnXvPcmnd/VWne5HEU4QzO4QI8uIYm3EEL2kDgEZ7hFd4c6bw4787HsrXg5DOn8AfO5w/dPY3+</latexit>

0.05� 0.1%
<latexit sha1_base64="oXVIQY25S+XMjDkf0QVI/GygoMM=">AAAB8XicbVBNSwMxEJ31s9avqkcvwVLwYtkVRY9FLx4r2A9sl5JNZ9vQbHZJskJZ+i+8eFDEq//Gm//GtN2Dtj4IvLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzDhBP6IDyUPOqLHSo1t1L8/cqtet9Epl+5mBLBMvJ2XIUe+Vvrr9mKURSsME1brjuYnxM6oMZwInxW6qMaFsRAfYsVTSCLWfzTaekIpV+iSMlX3SkJn6uyOjkdbjKLCVETVDvehNxf+8TmrCaz/jMkkNSjYfFKaCmJhMzyd9rpAZMbaEMsXtroQNqaLM2JCKNgRv8eRl0jyvejaz+4ty7SaPowDHcAKn4MEV1OAO6tAABhKe4RXeHO28OO/Ox7x0xcl7juAPnM8fjXiO3g==</latexit><latexit sha1_base64="oXVIQY25S+XMjDkf0QVI/GygoMM=">AAAB8XicbVBNSwMxEJ31s9avqkcvwVLwYtkVRY9FLx4r2A9sl5JNZ9vQbHZJskJZ+i+8eFDEq//Gm//GtN2Dtj4IvLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzDhBP6IDyUPOqLHSo1t1L8/cqtet9Epl+5mBLBMvJ2XIUe+Vvrr9mKURSsME1brjuYnxM6oMZwInxW6qMaFsRAfYsVTSCLWfzTaekIpV+iSMlX3SkJn6uyOjkdbjKLCVETVDvehNxf+8TmrCaz/jMkkNSjYfFKaCmJhMzyd9rpAZMbaEMsXtroQNqaLM2JCKNgRv8eRl0jyvejaz+4ty7SaPowDHcAKn4MEV1OAO6tAABhKe4RXeHO28OO/Ox7x0xcl7juAPnM8fjXiO3g==</latexit><latexit sha1_base64="oXVIQY25S+XMjDkf0QVI/GygoMM=">AAAB8XicbVBNSwMxEJ31s9avqkcvwVLwYtkVRY9FLx4r2A9sl5JNZ9vQbHZJskJZ+i+8eFDEq//Gm//GtN2Dtj4IvLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzDhBP6IDyUPOqLHSo1t1L8/cqtet9Epl+5mBLBMvJ2XIUe+Vvrr9mKURSsME1brjuYnxM6oMZwInxW6qMaFsRAfYsVTSCLWfzTaekIpV+iSMlX3SkJn6uyOjkdbjKLCVETVDvehNxf+8TmrCaz/jMkkNSjYfFKaCmJhMzyd9rpAZMbaEMsXtroQNqaLM2JCKNgRv8eRl0jyvejaz+4ty7SaPowDHcAKn4MEV1OAO6tAABhKe4RXeHO28OO/Ox7x0xcl7juAPnM8fjXiO3g==</latexit><latexit sha1_base64="oXVIQY25S+XMjDkf0QVI/GygoMM=">AAAB8XicbVBNSwMxEJ31s9avqkcvwVLwYtkVRY9FLx4r2A9sl5JNZ9vQbHZJskJZ+i+8eFDEq//Gm//GtN2Dtj4IvLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzDhBP6IDyUPOqLHSo1t1L8/cqtet9Epl+5mBLBMvJ2XIUe+Vvrr9mKURSsME1brjuYnxM6oMZwInxW6qMaFsRAfYsVTSCLWfzTaekIpV+iSMlX3SkJn6uyOjkdbjKLCVETVDvehNxf+8TmrCaz/jMkkNSjYfFKaCmJhMzyd9rpAZMbaEMsXtroQNqaLM2JCKNgRv8eRl0jyvejaz+4ty7SaPowDHcAKn4MEV1OAO6tAABhKe4RXeHO28OO/Ox7x0xcl7juAPnM8fjXiO3g==</latexit>

0.5� 1%
<latexit sha1_base64="bsF8qMqlmwbv5XHp4Pk/J9NqCC0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LJaCF0Miih6LXjxWsB/QhrLZbtqlm03YnQil9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5YSqFQc/7dgpr6xubW8Xt0s7u3v5B+fCoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3c381hPXRiTqEccpD2I6UCISjKKVWp57de53q71yxXO9Ocgq8XNSgRz1Xvmr209YFnOFTFJjOr6XYjChGgWTfFrqZoanlI3ogHcsVTTmJpjMz52SqlX6JEq0LYVkrv6emNDYmHEc2s6Y4tAsezPxP6+TYXQTTIRKM+SKLRZFmSSYkNnvpC80ZyjHllCmhb2VsCHVlKFNqGRD8JdfXiXNC9f3XP/hslK7zeMowgmcwhn4cA01uIc6NIDBCJ7hFd6c1Hlx3p2PRWvByWeO4Q+czx9C444y</latexit><latexit sha1_base64="bsF8qMqlmwbv5XHp4Pk/J9NqCC0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LJaCF0Miih6LXjxWsB/QhrLZbtqlm03YnQil9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5YSqFQc/7dgpr6xubW8Xt0s7u3v5B+fCoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3c381hPXRiTqEccpD2I6UCISjKKVWp57de53q71yxXO9Ocgq8XNSgRz1Xvmr209YFnOFTFJjOr6XYjChGgWTfFrqZoanlI3ogHcsVTTmJpjMz52SqlX6JEq0LYVkrv6emNDYmHEc2s6Y4tAsezPxP6+TYXQTTIRKM+SKLRZFmSSYkNnvpC80ZyjHllCmhb2VsCHVlKFNqGRD8JdfXiXNC9f3XP/hslK7zeMowgmcwhn4cA01uIc6NIDBCJ7hFd6c1Hlx3p2PRWvByWeO4Q+czx9C444y</latexit><latexit sha1_base64="bsF8qMqlmwbv5XHp4Pk/J9NqCC0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LJaCF0Miih6LXjxWsB/QhrLZbtqlm03YnQil9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5YSqFQc/7dgpr6xubW8Xt0s7u3v5B+fCoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3c381hPXRiTqEccpD2I6UCISjKKVWp57de53q71yxXO9Ocgq8XNSgRz1Xvmr209YFnOFTFJjOr6XYjChGgWTfFrqZoanlI3ogHcsVTTmJpjMz52SqlX6JEq0LYVkrv6emNDYmHEc2s6Y4tAsezPxP6+TYXQTTIRKM+SKLRZFmSSYkNnvpC80ZyjHllCmhb2VsCHVlKFNqGRD8JdfXiXNC9f3XP/hslK7zeMowgmcwhn4cA01uIc6NIDBCJ7hFd6c1Hlx3p2PRWvByWeO4Q+czx9C444y</latexit><latexit sha1_base64="bsF8qMqlmwbv5XHp4Pk/J9NqCC0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LJaCF0Miih6LXjxWsB/QhrLZbtqlm03YnQil9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5YSqFQc/7dgpr6xubW8Xt0s7u3v5B+fCoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3c381hPXRiTqEccpD2I6UCISjKKVWp57de53q71yxXO9Ocgq8XNSgRz1Xvmr209YFnOFTFJjOr6XYjChGgWTfFrqZoanlI3ogHcsVTTmJpjMz52SqlX6JEq0LYVkrv6emNDYmHEc2s6Y4tAsezPxP6+TYXQTTIRKM+SKLRZFmSSYkNnvpC80ZyjHllCmhb2VsCHVlKFNqGRD8JdfXiXNC9f3XP/hslK7zeMowgmcwhn4cA01uIc6NIDBCJ7hFd6c1Hlx3p2PRWvByWeO4Q+czx9C444y</latexit>

0.5� 1%
<latexit sha1_base64="bsF8qMqlmwbv5XHp4Pk/J9NqCC0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LJaCF0Miih6LXjxWsB/QhrLZbtqlm03YnQil9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5YSqFQc/7dgpr6xubW8Xt0s7u3v5B+fCoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3c381hPXRiTqEccpD2I6UCISjKKVWp57de53q71yxXO9Ocgq8XNSgRz1Xvmr209YFnOFTFJjOr6XYjChGgWTfFrqZoanlI3ogHcsVTTmJpjMz52SqlX6JEq0LYVkrv6emNDYmHEc2s6Y4tAsezPxP6+TYXQTTIRKM+SKLRZFmSSYkNnvpC80ZyjHllCmhb2VsCHVlKFNqGRD8JdfXiXNC9f3XP/hslK7zeMowgmcwhn4cA01uIc6NIDBCJ7hFd6c1Hlx3p2PRWvByWeO4Q+czx9C444y</latexit><latexit sha1_base64="bsF8qMqlmwbv5XHp4Pk/J9NqCC0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LJaCF0Miih6LXjxWsB/QhrLZbtqlm03YnQil9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5YSqFQc/7dgpr6xubW8Xt0s7u3v5B+fCoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3c381hPXRiTqEccpD2I6UCISjKKVWp57de53q71yxXO9Ocgq8XNSgRz1Xvmr209YFnOFTFJjOr6XYjChGgWTfFrqZoanlI3ogHcsVTTmJpjMz52SqlX6JEq0LYVkrv6emNDYmHEc2s6Y4tAsezPxP6+TYXQTTIRKM+SKLRZFmSSYkNnvpC80ZyjHllCmhb2VsCHVlKFNqGRD8JdfXiXNC9f3XP/hslK7zeMowgmcwhn4cA01uIc6NIDBCJ7hFd6c1Hlx3p2PRWvByWeO4Q+czx9C444y</latexit><latexit sha1_base64="bsF8qMqlmwbv5XHp4Pk/J9NqCC0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LJaCF0Miih6LXjxWsB/QhrLZbtqlm03YnQil9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5YSqFQc/7dgpr6xubW8Xt0s7u3v5B+fCoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3c381hPXRiTqEccpD2I6UCISjKKVWp57de53q71yxXO9Ocgq8XNSgRz1Xvmr209YFnOFTFJjOr6XYjChGgWTfFrqZoanlI3ogHcsVTTmJpjMz52SqlX6JEq0LYVkrv6emNDYmHEc2s6Y4tAsezPxP6+TYXQTTIRKM+SKLRZFmSSYkNnvpC80ZyjHllCmhb2VsCHVlKFNqGRD8JdfXiXNC9f3XP/hslK7zeMowgmcwhn4cA01uIc6NIDBCJ7hFd6c1Hlx3p2PRWvByWeO4Q+czx9C444y</latexit><latexit sha1_base64="bsF8qMqlmwbv5XHp4Pk/J9NqCC0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LJaCF0Miih6LXjxWsB/QhrLZbtqlm03YnQil9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5YSqFQc/7dgpr6xubW8Xt0s7u3v5B+fCoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3c381hPXRiTqEccpD2I6UCISjKKVWp57de53q71yxXO9Ocgq8XNSgRz1Xvmr209YFnOFTFJjOr6XYjChGgWTfFrqZoanlI3ogHcsVTTmJpjMz52SqlX6JEq0LYVkrv6emNDYmHEc2s6Y4tAsezPxP6+TYXQTTIRKM+SKLRZFmSSYkNnvpC80ZyjHllCmhb2VsCHVlKFNqGRD8JdfXiXNC9f3XP/hslK7zeMowgmcwhn4cA01uIc6NIDBCJ7hFd6c1Hlx3p2PRWvByWeO4Q+czx9C444y</latexit>

But how stable are these qubits?



Superconducting qubits

C
<latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit>

LJ
<latexit sha1_base64="DHJOx5QvZWJG/kg0hL+RL5Rm/LM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi4iHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD31W0+oNI/loxkn6Ed0IHnIGTVWerjr3fbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlU9t+rdn1dqV3kcRTiCYzgFDy6gBjdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB7n2NjQ==</latexit><latexit sha1_base64="DHJOx5QvZWJG/kg0hL+RL5Rm/LM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi4iHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD31W0+oNI/loxkn6Ed0IHnIGTVWerjr3fbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlU9t+rdn1dqV3kcRTiCYzgFDy6gBjdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB7n2NjQ==</latexit><latexit sha1_base64="DHJOx5QvZWJG/kg0hL+RL5Rm/LM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi4iHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD31W0+oNI/loxkn6Ed0IHnIGTVWerjr3fbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlU9t+rdn1dqV3kcRTiCYzgFDy6gBjdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB7n2NjQ==</latexit><latexit sha1_base64="DHJOx5QvZWJG/kg0hL+RL5Rm/LM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi4iHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD31W0+oNI/loxkn6Ed0IHnIGTVWerjr3fbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlU9t+rdn1dqV3kcRTiCYzgFDy6gBjdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB7n2NjQ==</latexit>

Ideally



Superconducting qubits

In reality

C
<latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit>

LJ
<latexit sha1_base64="DHJOx5QvZWJG/kg0hL+RL5Rm/LM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi4iHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD31W0+oNI/loxkn6Ed0IHnIGTVWerjr3fbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlU9t+rdn1dqV3kcRTiCYzgFDy6gBjdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB7n2NjQ==</latexit><latexit sha1_base64="DHJOx5QvZWJG/kg0hL+RL5Rm/LM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi4iHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD31W0+oNI/loxkn6Ed0IHnIGTVWerjr3fbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlU9t+rdn1dqV3kcRTiCYzgFDy6gBjdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB7n2NjQ==</latexit><latexit sha1_base64="DHJOx5QvZWJG/kg0hL+RL5Rm/LM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi4iHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD31W0+oNI/loxkn6Ed0IHnIGTVWerjr3fbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlU9t+rdn1dqV3kcRTiCYzgFDy6gBjdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB7n2NjQ==</latexit><latexit sha1_base64="DHJOx5QvZWJG/kg0hL+RL5Rm/LM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi4iHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD31W0+oNI/loxkn6Ed0IHnIGTVWerjr3fbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlU9t+rdn1dqV3kcRTiCYzgFDy6gBjdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB7n2NjQ==</latexit>

Environment

Noise from the environment can corrupt our qubits

Radiation, heat, vibrations etc



Superconducting qubits

Initially I prepare
| i = a|0i+ b|1i

<latexit sha1_base64="BRxZ3W2naTE9ydHjY8xuIM3JlXQ=">AAACFHicbVDLSgMxFL1TX7W+Rl26CRZBKJQZEXQjFN24rGAf0Cklk2ba0ExmSDJCmfYj3Pgrblwo4taFO//GtB1FWw8Ezj3nXm7u8WPOlHacTyu3tLyyupZfL2xsbm3v2Lt7dRUlktAaiXgkmz5WlDNBa5ppTpuxpDj0OW34g6uJ37ijUrFI3OphTNsh7gkWMIK1kTp2aYS8WDHkSSx6nKILhEfOT1VCPhq532XHLjplZwq0SNyMFCFDtWN/eN2IJCEVmnCsVMt1Yt1OsdSMcDoueImiMSYD3KMtQwUOqWqn06PG6MgoXRRE0jyh0VT9PZHiUKlh6JvOEOu+mvcm4n9eK9HBeTtlIk40FWS2KEg40hGaJIS6TFKi+dAQTCQzf0WkjyUm2uRYMCG48ycvkvpJ2XXK7s1psXKZxZGHAziEY3DhDCpwDVWoAYF7eIRneLEerCfr1XqbteasbGYf/sB6/wKTZZyg</latexit><latexit sha1_base64="BRxZ3W2naTE9ydHjY8xuIM3JlXQ=">AAACFHicbVDLSgMxFL1TX7W+Rl26CRZBKJQZEXQjFN24rGAf0Cklk2ba0ExmSDJCmfYj3Pgrblwo4taFO//GtB1FWw8Ezj3nXm7u8WPOlHacTyu3tLyyupZfL2xsbm3v2Lt7dRUlktAaiXgkmz5WlDNBa5ppTpuxpDj0OW34g6uJ37ijUrFI3OphTNsh7gkWMIK1kTp2aYS8WDHkSSx6nKILhEfOT1VCPhq532XHLjplZwq0SNyMFCFDtWN/eN2IJCEVmnCsVMt1Yt1OsdSMcDoueImiMSYD3KMtQwUOqWqn06PG6MgoXRRE0jyh0VT9PZHiUKlh6JvOEOu+mvcm4n9eK9HBeTtlIk40FWS2KEg40hGaJIS6TFKi+dAQTCQzf0WkjyUm2uRYMCG48ycvkvpJ2XXK7s1psXKZxZGHAziEY3DhDCpwDVWoAYF7eIRneLEerCfr1XqbteasbGYf/sB6/wKTZZyg</latexit><latexit sha1_base64="BRxZ3W2naTE9ydHjY8xuIM3JlXQ=">AAACFHicbVDLSgMxFL1TX7W+Rl26CRZBKJQZEXQjFN24rGAf0Cklk2ba0ExmSDJCmfYj3Pgrblwo4taFO//GtB1FWw8Ezj3nXm7u8WPOlHacTyu3tLyyupZfL2xsbm3v2Lt7dRUlktAaiXgkmz5WlDNBa5ppTpuxpDj0OW34g6uJ37ijUrFI3OphTNsh7gkWMIK1kTp2aYS8WDHkSSx6nKILhEfOT1VCPhq532XHLjplZwq0SNyMFCFDtWN/eN2IJCEVmnCsVMt1Yt1OsdSMcDoueImiMSYD3KMtQwUOqWqn06PG6MgoXRRE0jyh0VT9PZHiUKlh6JvOEOu+mvcm4n9eK9HBeTtlIk40FWS2KEg40hGaJIS6TFKi+dAQTCQzf0WkjyUm2uRYMCG48ycvkvpJ2XXK7s1psXKZxZGHAziEY3DhDCpwDVWoAYF7eIRneLEerCfr1XqbteasbGYf/sB6/wKTZZyg</latexit><latexit sha1_base64="BRxZ3W2naTE9ydHjY8xuIM3JlXQ=">AAACFHicbVDLSgMxFL1TX7W+Rl26CRZBKJQZEXQjFN24rGAf0Cklk2ba0ExmSDJCmfYj3Pgrblwo4taFO//GtB1FWw8Ezj3nXm7u8WPOlHacTyu3tLyyupZfL2xsbm3v2Lt7dRUlktAaiXgkmz5WlDNBa5ppTpuxpDj0OW34g6uJ37ijUrFI3OphTNsh7gkWMIK1kTp2aYS8WDHkSSx6nKILhEfOT1VCPhq532XHLjplZwq0SNyMFCFDtWN/eN2IJCEVmnCsVMt1Yt1OsdSMcDoueImiMSYD3KMtQwUOqWqn06PG6MgoXRRE0jyh0VT9PZHiUKlh6JvOEOu+mvcm4n9eK9HBeTtlIk40FWS2KEg40hGaJIS6TFKi+dAQTCQzf0WkjyUm2uRYMCG48ycvkvpJ2XXK7s1psXKZxZGHAziEY3DhDCpwDVWoAYF7eIRneLEerCfr1XqbteasbGYf/sB6/wKTZZyg</latexit>

After some time, t

| i
<latexit sha1_base64="mFLzTGCBIgob+EOhZk49qa5B08c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbD6g0j+WdGSfoR3QgecgZNVa6fyLdRHPSVVQOBPbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mV0/IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKYRkD5XyIwYW0KZ4vZWwoZUUWZsUCUbgrf48jJpnlU9t+rdnldqV3kcRTiCYzgFDy6gBjdQhwYwUPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDHECSPw==</latexit><latexit sha1_base64="mFLzTGCBIgob+EOhZk49qa5B08c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbD6g0j+WdGSfoR3QgecgZNVa6fyLdRHPSVVQOBPbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mV0/IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKYRkD5XyIwYW0KZ4vZWwoZUUWZsUCUbgrf48jJpnlU9t+rdnldqV3kcRTiCYzgFDy6gBjdQhwYwUPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDHECSPw==</latexit><latexit sha1_base64="mFLzTGCBIgob+EOhZk49qa5B08c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbD6g0j+WdGSfoR3QgecgZNVa6fyLdRHPSVVQOBPbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mV0/IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKYRkD5XyIwYW0KZ4vZWwoZUUWZsUCUbgrf48jJpnlU9t+rdnldqV3kcRTiCYzgFDy6gBjdQhwYwUPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDHECSPw==</latexit><latexit sha1_base64="mFLzTGCBIgob+EOhZk49qa5B08c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbD6g0j+WdGSfoR3QgecgZNVa6fyLdRHPSVVQOBPbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mV0/IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKYRkD5XyIwYW0KZ4vZWwoZUUWZsUCUbgrf48jJpnlU9t+rdnldqV3kcRTiCYzgFDy6gBjdQhwYwUPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDHECSPw==</latexit>

X| i
<latexit sha1_base64="MO8PTxIVNbuehm0fJeFkjLcS9Tk=">AAAB+HicbVBNS8NAEJ3Ur1o/WvXoZbEInkoigh6LXjxWsB/QhLLZTtqlm03Y3Qi19pd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5YSq4Nq777RTW1jc2t4rbpZ3dvf1y5eCwpZNMMWyyRCSqE1KNgktsGm4EdlKFNA4FtsPRzcxvP6DSPJH3ZpxiENOB5BFn1FipVyl3noifak58ReVAYK9SdWvuHGSVeDmpQo5Gr/Ll9xOWxSgNE1TrruemJphQZTgTOC35mcaUshEdYNdSSWPUwWR++JScWqVPokTZkobM1d8TExprPY5D2xlTM9TL3kz8z+tmJroKJlymmUHJFouiTBCTkFkKpM8VMiPGllCmuL2VsCFVlBmbVcmG4C2/vEpa5zXPrXl3F9X6dR5HEY7hBM7Ag0uowy00oAkMMniGV3hzHp0X5935WLQWnHzmCP7A+fwBQzKS0g==</latexit><latexit sha1_base64="MO8PTxIVNbuehm0fJeFkjLcS9Tk=">AAAB+HicbVBNS8NAEJ3Ur1o/WvXoZbEInkoigh6LXjxWsB/QhLLZTtqlm03Y3Qi19pd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5YSq4Nq777RTW1jc2t4rbpZ3dvf1y5eCwpZNMMWyyRCSqE1KNgktsGm4EdlKFNA4FtsPRzcxvP6DSPJH3ZpxiENOB5BFn1FipVyl3noifak58ReVAYK9SdWvuHGSVeDmpQo5Gr/Ll9xOWxSgNE1TrruemJphQZTgTOC35mcaUshEdYNdSSWPUwWR++JScWqVPokTZkobM1d8TExprPY5D2xlTM9TL3kz8z+tmJroKJlymmUHJFouiTBCTkFkKpM8VMiPGllCmuL2VsCFVlBmbVcmG4C2/vEpa5zXPrXl3F9X6dR5HEY7hBM7Ag0uowy00oAkMMniGV3hzHp0X5935WLQWnHzmCP7A+fwBQzKS0g==</latexit><latexit sha1_base64="MO8PTxIVNbuehm0fJeFkjLcS9Tk=">AAAB+HicbVBNS8NAEJ3Ur1o/WvXoZbEInkoigh6LXjxWsB/QhLLZTtqlm03Y3Qi19pd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5YSq4Nq777RTW1jc2t4rbpZ3dvf1y5eCwpZNMMWyyRCSqE1KNgktsGm4EdlKFNA4FtsPRzcxvP6DSPJH3ZpxiENOB5BFn1FipVyl3noifak58ReVAYK9SdWvuHGSVeDmpQo5Gr/Ll9xOWxSgNE1TrruemJphQZTgTOC35mcaUshEdYNdSSWPUwWR++JScWqVPokTZkobM1d8TExprPY5D2xlTM9TL3kz8z+tmJroKJlymmUHJFouiTBCTkFkKpM8VMiPGllCmuL2VsCFVlBmbVcmG4C2/vEpa5zXPrXl3F9X6dR5HEY7hBM7Ag0uowy00oAkMMniGV3hzHp0X5935WLQWnHzmCP7A+fwBQzKS0g==</latexit><latexit sha1_base64="MO8PTxIVNbuehm0fJeFkjLcS9Tk=">AAAB+HicbVBNS8NAEJ3Ur1o/WvXoZbEInkoigh6LXjxWsB/QhLLZTtqlm03Y3Qi19pd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5YSq4Nq777RTW1jc2t4rbpZ3dvf1y5eCwpZNMMWyyRCSqE1KNgktsGm4EdlKFNA4FtsPRzcxvP6DSPJH3ZpxiENOB5BFn1FipVyl3noifak58ReVAYK9SdWvuHGSVeDmpQo5Gr/Ll9xOWxSgNE1TrruemJphQZTgTOC35mcaUshEdYNdSSWPUwWR++JScWqVPokTZkobM1d8TExprPY5D2xlTM9TL3kz8z+tmJroKJlymmUHJFouiTBCTkFkKpM8VMiPGllCmuL2VsCFVlBmbVcmG4C2/vEpa5zXPrXl3F9X6dR5HEY7hBM7Ag0uowy00oAkMMniGV3hzHp0X5935WLQWnHzmCP7A+fwBQzKS0g==</latexit>

Z| i
<latexit sha1_base64="8rD66L8Ic55xRYO6/9tgka1qCVA=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0GPRi8cK9gPbUDbbSbt0swm7G6HW/hIvHhTx6k/x5r9x2+agrQ8GHu/NMDMvTAXXxvO+nZXVtfWNzcJWcXtnd6/k7h80dJIphnWWiES1QqpRcIl1w43AVqqQxqHAZji8nvrNB1SaJ/LOjFIMYtqXPOKMGit13dL9E+mkmpOOorIvsOuWvYo3A1kmfk7KkKPWdb86vYRlMUrDBNW67XupCcZUGc4EToqdTGNK2ZD2sW2ppDHqYDw7fEJOrNIjUaJsSUNm6u+JMY21HsWh7YypGehFbyr+57UzE10GYy7TzKBk80VRJohJyDQF0uMKmREjSyhT3N5K2IAqyozNqmhD8BdfXiaNs4rvVfzb83L1Ko+jAEdwDKfgwwVU4QZqUAcGGTzDK7w5j86L8+58zFtXnHzmEP7A+fwBRlaS1A==</latexit><latexit sha1_base64="8rD66L8Ic55xRYO6/9tgka1qCVA=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0GPRi8cK9gPbUDbbSbt0swm7G6HW/hIvHhTx6k/x5r9x2+agrQ8GHu/NMDMvTAXXxvO+nZXVtfWNzcJWcXtnd6/k7h80dJIphnWWiES1QqpRcIl1w43AVqqQxqHAZji8nvrNB1SaJ/LOjFIMYtqXPOKMGit13dL9E+mkmpOOorIvsOuWvYo3A1kmfk7KkKPWdb86vYRlMUrDBNW67XupCcZUGc4EToqdTGNK2ZD2sW2ppDHqYDw7fEJOrNIjUaJsSUNm6u+JMY21HsWh7YypGehFbyr+57UzE10GYy7TzKBk80VRJohJyDQF0uMKmREjSyhT3N5K2IAqyozNqmhD8BdfXiaNs4rvVfzb83L1Ko+jAEdwDKfgwwVU4QZqUAcGGTzDK7w5j86L8+58zFtXnHzmEP7A+fwBRlaS1A==</latexit><latexit sha1_base64="8rD66L8Ic55xRYO6/9tgka1qCVA=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0GPRi8cK9gPbUDbbSbt0swm7G6HW/hIvHhTx6k/x5r9x2+agrQ8GHu/NMDMvTAXXxvO+nZXVtfWNzcJWcXtnd6/k7h80dJIphnWWiES1QqpRcIl1w43AVqqQxqHAZji8nvrNB1SaJ/LOjFIMYtqXPOKMGit13dL9E+mkmpOOorIvsOuWvYo3A1kmfk7KkKPWdb86vYRlMUrDBNW67XupCcZUGc4EToqdTGNK2ZD2sW2ppDHqYDw7fEJOrNIjUaJsSUNm6u+JMY21HsWh7YypGehFbyr+57UzE10GYy7TzKBk80VRJohJyDQF0uMKmREjSyhT3N5K2IAqyozNqmhD8BdfXiaNs4rvVfzb83L1Ko+jAEdwDKfgwwVU4QZqUAcGGTzDK7w5j86L8+58zFtXnHzmEP7A+fwBRlaS1A==</latexit><latexit sha1_base64="8rD66L8Ic55xRYO6/9tgka1qCVA=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0GPRi8cK9gPbUDbbSbt0swm7G6HW/hIvHhTx6k/x5r9x2+agrQ8GHu/NMDMvTAXXxvO+nZXVtfWNzcJWcXtnd6/k7h80dJIphnWWiES1QqpRcIl1w43AVqqQxqHAZji8nvrNB1SaJ/LOjFIMYtqXPOKMGit13dL9E+mkmpOOorIvsOuWvYo3A1kmfk7KkKPWdb86vYRlMUrDBNW67XupCcZUGc4EToqdTGNK2ZD2sW2ppDHqYDw7fEJOrNIjUaJsSUNm6u+JMY21HsWh7YypGehFbyr+57UzE10GYy7TzKBk80VRJohJyDQF0uMKmREjSyhT3N5K2IAqyozNqmhD8BdfXiaNs4rvVfzb83L1Ko+jAEdwDKfgwwVU4QZqUAcGGTzDK7w5j86L8+58zFtXnHzmEP7A+fwBRlaS1A==</latexit>

XZ| i
<latexit sha1_base64="qRslElUtgddXQYOUdRG8H+qd+/Y=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAcmS5id9CZDZmeXmdlAWPMnXjwo4tU/8ebfOHkcNLGgoajqprsrTAXXxvO+ncLa+sbmVnG7tLO7t3/gHh41dJIphnWWiES1QqpRcIl1w43AVqqQxqHAZji8nfrNESrNE/lgxikGMe1LHnFGjZW6rtt6fCKdVHPSUVT2BXbdslfxZiCrxF+QMixQ67pfnV7CshilYYJq3fa91AQ5VYYzgZNSJ9OYUjakfWxbKmmMOshnl0/ImVV6JEqULWnITP09kdNY63Ec2s6YmoFe9qbif147M9F1kHOZZgYlmy+KMkFMQqYxkB5XyIwYW0KZ4vZWwgZUUWZsWCUbgr/88ippXFR8r+LfX5arN4s4inACp3AOPlxBFe6gBnVgMIJneIU3J3denHfnY95acBYzx/AHzucP9f2TNg==</latexit><latexit sha1_base64="qRslElUtgddXQYOUdRG8H+qd+/Y=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAcmS5id9CZDZmeXmdlAWPMnXjwo4tU/8ebfOHkcNLGgoajqprsrTAXXxvO+ncLa+sbmVnG7tLO7t3/gHh41dJIphnWWiES1QqpRcIl1w43AVqqQxqHAZji8nfrNESrNE/lgxikGMe1LHnFGjZW6rtt6fCKdVHPSUVT2BXbdslfxZiCrxF+QMixQ67pfnV7CshilYYJq3fa91AQ5VYYzgZNSJ9OYUjakfWxbKmmMOshnl0/ImVV6JEqULWnITP09kdNY63Ec2s6YmoFe9qbif147M9F1kHOZZgYlmy+KMkFMQqYxkB5XyIwYW0KZ4vZWwgZUUWZsWCUbgr/88ippXFR8r+LfX5arN4s4inACp3AOPlxBFe6gBnVgMIJneIU3J3denHfnY95acBYzx/AHzucP9f2TNg==</latexit><latexit sha1_base64="qRslElUtgddXQYOUdRG8H+qd+/Y=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAcmS5id9CZDZmeXmdlAWPMnXjwo4tU/8ebfOHkcNLGgoajqprsrTAXXxvO+ncLa+sbmVnG7tLO7t3/gHh41dJIphnWWiES1QqpRcIl1w43AVqqQxqHAZji8nfrNESrNE/lgxikGMe1LHnFGjZW6rtt6fCKdVHPSUVT2BXbdslfxZiCrxF+QMixQ67pfnV7CshilYYJq3fa91AQ5VYYzgZNSJ9OYUjakfWxbKmmMOshnl0/ImVV6JEqULWnITP09kdNY63Ec2s6YmoFe9qbif147M9F1kHOZZgYlmy+KMkFMQqYxkB5XyIwYW0KZ4vZWwgZUUWZsWCUbgr/88ippXFR8r+LfX5arN4s4inACp3AOPlxBFe6gBnVgMIJneIU3J3denHfnY95acBYzx/AHzucP9f2TNg==</latexit><latexit sha1_base64="qRslElUtgddXQYOUdRG8H+qd+/Y=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAcmS5id9CZDZmeXmdlAWPMnXjwo4tU/8ebfOHkcNLGgoajqprsrTAXXxvO+ncLa+sbmVnG7tLO7t3/gHh41dJIphnWWiES1QqpRcIl1w43AVqqQxqHAZji8nfrNESrNE/lgxikGMe1LHnFGjZW6rtt6fCKdVHPSUVT2BXbdslfxZiCrxF+QMixQ67pfnV7CshilYYJq3fa91AQ5VYYzgZNSJ9OYUjakfWxbKmmMOshnl0/ImVV6JEqULWnITP09kdNY63Ec2s6YmoFe9qbif147M9F1kHOZZgYlmy+KMkFMQqYxkB5XyIwYW0KZ4vZWwgZUUWZsWCUbgr/88ippXFR8r+LfX5arN4s4inACp3AOPlxBFe6gBnVgMIJneIU3J3denHfnY95acBYzx/AHzucP9f2TNg==</latexit>

91%
<latexit sha1_base64="bWmJwwaEknJWHTjuJSxHiUhtmqw=">AAAB63icbVBNSwMxEJ2tX7V+VT16CZaCp7IRQb0VvXisYD+gXUo2zbahSXZJskJZ+he8eFDEq3/Im//GbLsHrT4YeLw3w8y8MBHcWN//8kpr6xubW+Xtys7u3v5B9fCoY+JUU9amsYh1LySGCa5Y23IrWC/RjMhQsG44vc397iPThsfqwc4SFkgyVjzilNhcusaD+rBa8xv+AugvwQWpQYHWsPo5GMU0lUxZKogxfewnNsiItpwKNq8MUsMSQqdkzPqOKiKZCbLFrXNUd8oIRbF2pSxaqD8nMiKNmcnQdUpiJ2bVy8X/vH5qo6sg4ypJLVN0uShKBbIxyh9HI64ZtWLmCKGau1sRnRBNqHXxVFwIePXlv6Rz3sB+A99f1Jo3RRxlOIFTOAMMl9CEO2hBGyhM4Ale4NWT3rP35r0vW0teMXMMv+B9fAMEvo2N</latexit><latexit sha1_base64="bWmJwwaEknJWHTjuJSxHiUhtmqw=">AAAB63icbVBNSwMxEJ2tX7V+VT16CZaCp7IRQb0VvXisYD+gXUo2zbahSXZJskJZ+he8eFDEq3/Im//GbLsHrT4YeLw3w8y8MBHcWN//8kpr6xubW+Xtys7u3v5B9fCoY+JUU9amsYh1LySGCa5Y23IrWC/RjMhQsG44vc397iPThsfqwc4SFkgyVjzilNhcusaD+rBa8xv+AugvwQWpQYHWsPo5GMU0lUxZKogxfewnNsiItpwKNq8MUsMSQqdkzPqOKiKZCbLFrXNUd8oIRbF2pSxaqD8nMiKNmcnQdUpiJ2bVy8X/vH5qo6sg4ypJLVN0uShKBbIxyh9HI64ZtWLmCKGau1sRnRBNqHXxVFwIePXlv6Rz3sB+A99f1Jo3RRxlOIFTOAMMl9CEO2hBGyhM4Ale4NWT3rP35r0vW0teMXMMv+B9fAMEvo2N</latexit><latexit sha1_base64="bWmJwwaEknJWHTjuJSxHiUhtmqw=">AAAB63icbVBNSwMxEJ2tX7V+VT16CZaCp7IRQb0VvXisYD+gXUo2zbahSXZJskJZ+he8eFDEq3/Im//GbLsHrT4YeLw3w8y8MBHcWN//8kpr6xubW+Xtys7u3v5B9fCoY+JUU9amsYh1LySGCa5Y23IrWC/RjMhQsG44vc397iPThsfqwc4SFkgyVjzilNhcusaD+rBa8xv+AugvwQWpQYHWsPo5GMU0lUxZKogxfewnNsiItpwKNq8MUsMSQqdkzPqOKiKZCbLFrXNUd8oIRbF2pSxaqD8nMiKNmcnQdUpiJ2bVy8X/vH5qo6sg4ypJLVN0uShKBbIxyh9HI64ZtWLmCKGau1sRnRBNqHXxVFwIePXlv6Rz3sB+A99f1Jo3RRxlOIFTOAMMl9CEO2hBGyhM4Ale4NWT3rP35r0vW0teMXMMv+B9fAMEvo2N</latexit><latexit sha1_base64="bWmJwwaEknJWHTjuJSxHiUhtmqw=">AAAB63icbVBNSwMxEJ2tX7V+VT16CZaCp7IRQb0VvXisYD+gXUo2zbahSXZJskJZ+he8eFDEq3/Im//GbLsHrT4YeLw3w8y8MBHcWN//8kpr6xubW+Xtys7u3v5B9fCoY+JUU9amsYh1LySGCa5Y23IrWC/RjMhQsG44vc397iPThsfqwc4SFkgyVjzilNhcusaD+rBa8xv+AugvwQWpQYHWsPo5GMU0lUxZKogxfewnNsiItpwKNq8MUsMSQqdkzPqOKiKZCbLFrXNUd8oIRbF2pSxaqD8nMiKNmcnQdUpiJ2bVy8X/vH5qo6sg4ypJLVN0uShKBbIxyh9HI64ZtWLmCKGau1sRnRBNqHXxVFwIePXlv6Rz3sB+A99f1Jo3RRxlOIFTOAMMl9CEO2hBGyhM4Ale4NWT3rP35r0vW0teMXMMv+B9fAMEvo2N</latexit>

3%
<latexit sha1_base64="9MLAQfftkZsajbR68dIvcWUkaVY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LJaCp5KooMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0cNGr9ssVt+bOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTknVKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTOa55b8+4vK/WbPI4inMApnIEHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCLxI1M</latexit><latexit sha1_base64="9MLAQfftkZsajbR68dIvcWUkaVY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LJaCp5KooMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0cNGr9ssVt+bOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTknVKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTOa55b8+4vK/WbPI4inMApnIEHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCLxI1M</latexit><latexit sha1_base64="9MLAQfftkZsajbR68dIvcWUkaVY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LJaCp5KooMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0cNGr9ssVt+bOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTknVKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTOa55b8+4vK/WbPI4inMApnIEHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCLxI1M</latexit><latexit sha1_base64="9MLAQfftkZsajbR68dIvcWUkaVY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LJaCp5KooMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0cNGr9ssVt+bOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTknVKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTOa55b8+4vK/WbPI4inMApnIEHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCLxI1M</latexit>

3%
<latexit sha1_base64="9MLAQfftkZsajbR68dIvcWUkaVY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LJaCp5KooMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0cNGr9ssVt+bOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTknVKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTOa55b8+4vK/WbPI4inMApnIEHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCLxI1M</latexit><latexit sha1_base64="9MLAQfftkZsajbR68dIvcWUkaVY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LJaCp5KooMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0cNGr9ssVt+bOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTknVKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTOa55b8+4vK/WbPI4inMApnIEHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCLxI1M</latexit><latexit sha1_base64="9MLAQfftkZsajbR68dIvcWUkaVY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LJaCp5KooMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0cNGr9ssVt+bOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTknVKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTOa55b8+4vK/WbPI4inMApnIEHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCLxI1M</latexit><latexit sha1_base64="9MLAQfftkZsajbR68dIvcWUkaVY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LJaCp5KooMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0cNGr9ssVt+bOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTknVKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTOa55b8+4vK/WbPI4inMApnIEHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCLxI1M</latexit>

3%
<latexit sha1_base64="9MLAQfftkZsajbR68dIvcWUkaVY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LJaCp5KooMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0cNGr9ssVt+bOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTknVKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTOa55b8+4vK/WbPI4inMApnIEHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCLxI1M</latexit><latexit sha1_base64="9MLAQfftkZsajbR68dIvcWUkaVY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LJaCp5KooMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0cNGr9ssVt+bOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTknVKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTOa55b8+4vK/WbPI4inMApnIEHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCLxI1M</latexit><latexit sha1_base64="9MLAQfftkZsajbR68dIvcWUkaVY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LJaCp5KooMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0cNGr9ssVt+bOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTknVKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTOa55b8+4vK/WbPI4inMApnIEHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCLxI1M</latexit><latexit sha1_base64="9MLAQfftkZsajbR68dIvcWUkaVY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LJaCp5KooMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0cNGr9ssVt+bOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTknVKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTOa55b8+4vK/WbPI4inMApnIEHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCLxI1M</latexit>

After more time, t

| i
<latexit sha1_base64="mFLzTGCBIgob+EOhZk49qa5B08c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbD6g0j+WdGSfoR3QgecgZNVa6fyLdRHPSVVQOBPbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mV0/IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKYRkD5XyIwYW0KZ4vZWwoZUUWZsUCUbgrf48jJpnlU9t+rdnldqV3kcRTiCYzgFDy6gBjdQhwYwUPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDHECSPw==</latexit><latexit sha1_base64="mFLzTGCBIgob+EOhZk49qa5B08c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbD6g0j+WdGSfoR3QgecgZNVa6fyLdRHPSVVQOBPbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mV0/IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKYRkD5XyIwYW0KZ4vZWwoZUUWZsUCUbgrf48jJpnlU9t+rdnldqV3kcRTiCYzgFDy6gBjdQhwYwUPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDHECSPw==</latexit><latexit sha1_base64="mFLzTGCBIgob+EOhZk49qa5B08c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbD6g0j+WdGSfoR3QgecgZNVa6fyLdRHPSVVQOBPbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mV0/IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKYRkD5XyIwYW0KZ4vZWwoZUUWZsUCUbgrf48jJpnlU9t+rdnldqV3kcRTiCYzgFDy6gBjdQhwYwUPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDHECSPw==</latexit><latexit sha1_base64="mFLzTGCBIgob+EOhZk49qa5B08c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbD6g0j+WdGSfoR3QgecgZNVa6fyLdRHPSVVQOBPbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mV0/IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKYRkD5XyIwYW0KZ4vZWwoZUUWZsUCUbgrf48jJpnlU9t+rdnldqV3kcRTiCYzgFDy6gBjdQhwYwUPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDHECSPw==</latexit>

X| i
<latexit sha1_base64="MO8PTxIVNbuehm0fJeFkjLcS9Tk=">AAAB+HicbVBNS8NAEJ3Ur1o/WvXoZbEInkoigh6LXjxWsB/QhLLZTtqlm03Y3Qi19pd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5YSq4Nq777RTW1jc2t4rbpZ3dvf1y5eCwpZNMMWyyRCSqE1KNgktsGm4EdlKFNA4FtsPRzcxvP6DSPJH3ZpxiENOB5BFn1FipVyl3noifak58ReVAYK9SdWvuHGSVeDmpQo5Gr/Ll9xOWxSgNE1TrruemJphQZTgTOC35mcaUshEdYNdSSWPUwWR++JScWqVPokTZkobM1d8TExprPY5D2xlTM9TL3kz8z+tmJroKJlymmUHJFouiTBCTkFkKpM8VMiPGllCmuL2VsCFVlBmbVcmG4C2/vEpa5zXPrXl3F9X6dR5HEY7hBM7Ag0uowy00oAkMMniGV3hzHp0X5935WLQWnHzmCP7A+fwBQzKS0g==</latexit><latexit sha1_base64="MO8PTxIVNbuehm0fJeFkjLcS9Tk=">AAAB+HicbVBNS8NAEJ3Ur1o/WvXoZbEInkoigh6LXjxWsB/QhLLZTtqlm03Y3Qi19pd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5YSq4Nq777RTW1jc2t4rbpZ3dvf1y5eCwpZNMMWyyRCSqE1KNgktsGm4EdlKFNA4FtsPRzcxvP6DSPJH3ZpxiENOB5BFn1FipVyl3noifak58ReVAYK9SdWvuHGSVeDmpQo5Gr/Ll9xOWxSgNE1TrruemJphQZTgTOC35mcaUshEdYNdSSWPUwWR++JScWqVPokTZkobM1d8TExprPY5D2xlTM9TL3kz8z+tmJroKJlymmUHJFouiTBCTkFkKpM8VMiPGllCmuL2VsCFVlBmbVcmG4C2/vEpa5zXPrXl3F9X6dR5HEY7hBM7Ag0uowy00oAkMMniGV3hzHp0X5935WLQWnHzmCP7A+fwBQzKS0g==</latexit><latexit sha1_base64="MO8PTxIVNbuehm0fJeFkjLcS9Tk=">AAAB+HicbVBNS8NAEJ3Ur1o/WvXoZbEInkoigh6LXjxWsB/QhLLZTtqlm03Y3Qi19pd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5YSq4Nq777RTW1jc2t4rbpZ3dvf1y5eCwpZNMMWyyRCSqE1KNgktsGm4EdlKFNA4FtsPRzcxvP6DSPJH3ZpxiENOB5BFn1FipVyl3noifak58ReVAYK9SdWvuHGSVeDmpQo5Gr/Ll9xOWxSgNE1TrruemJphQZTgTOC35mcaUshEdYNdSSWPUwWR++JScWqVPokTZkobM1d8TExprPY5D2xlTM9TL3kz8z+tmJroKJlymmUHJFouiTBCTkFkKpM8VMiPGllCmuL2VsCFVlBmbVcmG4C2/vEpa5zXPrXl3F9X6dR5HEY7hBM7Ag0uowy00oAkMMniGV3hzHp0X5935WLQWnHzmCP7A+fwBQzKS0g==</latexit><latexit sha1_base64="MO8PTxIVNbuehm0fJeFkjLcS9Tk=">AAAB+HicbVBNS8NAEJ3Ur1o/WvXoZbEInkoigh6LXjxWsB/QhLLZTtqlm03Y3Qi19pd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5YSq4Nq777RTW1jc2t4rbpZ3dvf1y5eCwpZNMMWyyRCSqE1KNgktsGm4EdlKFNA4FtsPRzcxvP6DSPJH3ZpxiENOB5BFn1FipVyl3noifak58ReVAYK9SdWvuHGSVeDmpQo5Gr/Ll9xOWxSgNE1TrruemJphQZTgTOC35mcaUshEdYNdSSWPUwWR++JScWqVPokTZkobM1d8TExprPY5D2xlTM9TL3kz8z+tmJroKJlymmUHJFouiTBCTkFkKpM8VMiPGllCmuL2VsCFVlBmbVcmG4C2/vEpa5zXPrXl3F9X6dR5HEY7hBM7Ag0uowy00oAkMMniGV3hzHp0X5935WLQWnHzmCP7A+fwBQzKS0g==</latexit>

Z| i
<latexit sha1_base64="8rD66L8Ic55xRYO6/9tgka1qCVA=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0GPRi8cK9gPbUDbbSbt0swm7G6HW/hIvHhTx6k/x5r9x2+agrQ8GHu/NMDMvTAXXxvO+nZXVtfWNzcJWcXtnd6/k7h80dJIphnWWiES1QqpRcIl1w43AVqqQxqHAZji8nvrNB1SaJ/LOjFIMYtqXPOKMGit13dL9E+mkmpOOorIvsOuWvYo3A1kmfk7KkKPWdb86vYRlMUrDBNW67XupCcZUGc4EToqdTGNK2ZD2sW2ppDHqYDw7fEJOrNIjUaJsSUNm6u+JMY21HsWh7YypGehFbyr+57UzE10GYy7TzKBk80VRJohJyDQF0uMKmREjSyhT3N5K2IAqyozNqmhD8BdfXiaNs4rvVfzb83L1Ko+jAEdwDKfgwwVU4QZqUAcGGTzDK7w5j86L8+58zFtXnHzmEP7A+fwBRlaS1A==</latexit><latexit sha1_base64="8rD66L8Ic55xRYO6/9tgka1qCVA=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0GPRi8cK9gPbUDbbSbt0swm7G6HW/hIvHhTx6k/x5r9x2+agrQ8GHu/NMDMvTAXXxvO+nZXVtfWNzcJWcXtnd6/k7h80dJIphnWWiES1QqpRcIl1w43AVqqQxqHAZji8nvrNB1SaJ/LOjFIMYtqXPOKMGit13dL9E+mkmpOOorIvsOuWvYo3A1kmfk7KkKPWdb86vYRlMUrDBNW67XupCcZUGc4EToqdTGNK2ZD2sW2ppDHqYDw7fEJOrNIjUaJsSUNm6u+JMY21HsWh7YypGehFbyr+57UzE10GYy7TzKBk80VRJohJyDQF0uMKmREjSyhT3N5K2IAqyozNqmhD8BdfXiaNs4rvVfzb83L1Ko+jAEdwDKfgwwVU4QZqUAcGGTzDK7w5j86L8+58zFtXnHzmEP7A+fwBRlaS1A==</latexit><latexit sha1_base64="8rD66L8Ic55xRYO6/9tgka1qCVA=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0GPRi8cK9gPbUDbbSbt0swm7G6HW/hIvHhTx6k/x5r9x2+agrQ8GHu/NMDMvTAXXxvO+nZXVtfWNzcJWcXtnd6/k7h80dJIphnWWiES1QqpRcIl1w43AVqqQxqHAZji8nvrNB1SaJ/LOjFIMYtqXPOKMGit13dL9E+mkmpOOorIvsOuWvYo3A1kmfk7KkKPWdb86vYRlMUrDBNW67XupCcZUGc4EToqdTGNK2ZD2sW2ppDHqYDw7fEJOrNIjUaJsSUNm6u+JMY21HsWh7YypGehFbyr+57UzE10GYy7TzKBk80VRJohJyDQF0uMKmREjSyhT3N5K2IAqyozNqmhD8BdfXiaNs4rvVfzb83L1Ko+jAEdwDKfgwwVU4QZqUAcGGTzDK7w5j86L8+58zFtXnHzmEP7A+fwBRlaS1A==</latexit><latexit sha1_base64="8rD66L8Ic55xRYO6/9tgka1qCVA=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0GPRi8cK9gPbUDbbSbt0swm7G6HW/hIvHhTx6k/x5r9x2+agrQ8GHu/NMDMvTAXXxvO+nZXVtfWNzcJWcXtnd6/k7h80dJIphnWWiES1QqpRcIl1w43AVqqQxqHAZji8nvrNB1SaJ/LOjFIMYtqXPOKMGit13dL9E+mkmpOOorIvsOuWvYo3A1kmfk7KkKPWdb86vYRlMUrDBNW67XupCcZUGc4EToqdTGNK2ZD2sW2ppDHqYDw7fEJOrNIjUaJsSUNm6u+JMY21HsWh7YypGehFbyr+57UzE10GYy7TzKBk80VRJohJyDQF0uMKmREjSyhT3N5K2IAqyozNqmhD8BdfXiaNs4rvVfzb83L1Ko+jAEdwDKfgwwVU4QZqUAcGGTzDK7w5j86L8+58zFtXnHzmEP7A+fwBRlaS1A==</latexit>

XZ| i
<latexit sha1_base64="qRslElUtgddXQYOUdRG8H+qd+/Y=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAcmS5id9CZDZmeXmdlAWPMnXjwo4tU/8ebfOHkcNLGgoajqprsrTAXXxvO+ncLa+sbmVnG7tLO7t3/gHh41dJIphnWWiES1QqpRcIl1w43AVqqQxqHAZji8nfrNESrNE/lgxikGMe1LHnFGjZW6rtt6fCKdVHPSUVT2BXbdslfxZiCrxF+QMixQ67pfnV7CshilYYJq3fa91AQ5VYYzgZNSJ9OYUjakfWxbKmmMOshnl0/ImVV6JEqULWnITP09kdNY63Ec2s6YmoFe9qbif147M9F1kHOZZgYlmy+KMkFMQqYxkB5XyIwYW0KZ4vZWwgZUUWZsWCUbgr/88ippXFR8r+LfX5arN4s4inACp3AOPlxBFe6gBnVgMIJneIU3J3denHfnY95acBYzx/AHzucP9f2TNg==</latexit><latexit sha1_base64="qRslElUtgddXQYOUdRG8H+qd+/Y=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAcmS5id9CZDZmeXmdlAWPMnXjwo4tU/8ebfOHkcNLGgoajqprsrTAXXxvO+ncLa+sbmVnG7tLO7t3/gHh41dJIphnWWiES1QqpRcIl1w43AVqqQxqHAZji8nfrNESrNE/lgxikGMe1LHnFGjZW6rtt6fCKdVHPSUVT2BXbdslfxZiCrxF+QMixQ67pfnV7CshilYYJq3fa91AQ5VYYzgZNSJ9OYUjakfWxbKmmMOshnl0/ImVV6JEqULWnITP09kdNY63Ec2s6YmoFe9qbif147M9F1kHOZZgYlmy+KMkFMQqYxkB5XyIwYW0KZ4vZWwgZUUWZsWCUbgr/88ippXFR8r+LfX5arN4s4inACp3AOPlxBFe6gBnVgMIJneIU3J3denHfnY95acBYzx/AHzucP9f2TNg==</latexit><latexit sha1_base64="qRslElUtgddXQYOUdRG8H+qd+/Y=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAcmS5id9CZDZmeXmdlAWPMnXjwo4tU/8ebfOHkcNLGgoajqprsrTAXXxvO+ncLa+sbmVnG7tLO7t3/gHh41dJIphnWWiES1QqpRcIl1w43AVqqQxqHAZji8nfrNESrNE/lgxikGMe1LHnFGjZW6rtt6fCKdVHPSUVT2BXbdslfxZiCrxF+QMixQ67pfnV7CshilYYJq3fa91AQ5VYYzgZNSJ9OYUjakfWxbKmmMOshnl0/ImVV6JEqULWnITP09kdNY63Ec2s6YmoFe9qbif147M9F1kHOZZgYlmy+KMkFMQqYxkB5XyIwYW0KZ4vZWwgZUUWZsWCUbgr/88ippXFR8r+LfX5arN4s4inACp3AOPlxBFe6gBnVgMIJneIU3J3denHfnY95acBYzx/AHzucP9f2TNg==</latexit><latexit sha1_base64="qRslElUtgddXQYOUdRG8H+qd+/Y=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAcmS5id9CZDZmeXmdlAWPMnXjwo4tU/8ebfOHkcNLGgoajqprsrTAXXxvO+ncLa+sbmVnG7tLO7t3/gHh41dJIphnWWiES1QqpRcIl1w43AVqqQxqHAZji8nfrNESrNE/lgxikGMe1LHnFGjZW6rtt6fCKdVHPSUVT2BXbdslfxZiCrxF+QMixQ67pfnV7CshilYYJq3fa91AQ5VYYzgZNSJ9OYUjakfWxbKmmMOshnl0/ImVV6JEqULWnITP09kdNY63Ec2s6YmoFe9qbif147M9F1kHOZZgYlmy+KMkFMQqYxkB5XyIwYW0KZ4vZWwgZUUWZsWCUbgr/88ippXFR8r+LfX5arN4s4inACp3AOPlxBFe6gBnVgMIJneIU3J3denHfnY95acBYzx/AHzucP9f2TNg==</latexit>

82%
<latexit sha1_base64="fnxS5/4XI310qxT1Tu2KGEjbxys=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LJaCp5IUwR6LXjxWsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN2kO2vpg4PHeDDPzgpgzbVz32yltbe/s7pX3KweHR8cn1dOzno4SRWiXRDxSgwBrypmkXcMMp4NYUSwCTvvB/C7z+09UaRbJR7OIqS/wVLKQEWwyqdUc1cfVmttwc6BN4hWkBgU64+rXaBKRRFBpCMdaDz03Nn6KlWGE02VllGgaYzLHUzq0VGJBtZ/mty5R3SoTFEbKljQoV39PpFhovRCB7RTYzPS6l4n/ecPEhC0/ZTJODJVktShMODIRyh5HE6YoMXxhCSaK2VsRmWGFibHxVGwI3vrLm6TXbHhuw3u4rrVvizjKcAGXcAUe3EAb7qEDXSAwg2d4hTdHOC/Ou/Oxai05xcw5/IHz+QMEvY2N</latexit><latexit sha1_base64="fnxS5/4XI310qxT1Tu2KGEjbxys=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LJaCp5IUwR6LXjxWsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN2kO2vpg4PHeDDPzgpgzbVz32yltbe/s7pX3KweHR8cn1dOzno4SRWiXRDxSgwBrypmkXcMMp4NYUSwCTvvB/C7z+09UaRbJR7OIqS/wVLKQEWwyqdUc1cfVmttwc6BN4hWkBgU64+rXaBKRRFBpCMdaDz03Nn6KlWGE02VllGgaYzLHUzq0VGJBtZ/mty5R3SoTFEbKljQoV39PpFhovRCB7RTYzPS6l4n/ecPEhC0/ZTJODJVktShMODIRyh5HE6YoMXxhCSaK2VsRmWGFibHxVGwI3vrLm6TXbHhuw3u4rrVvizjKcAGXcAUe3EAb7qEDXSAwg2d4hTdHOC/Ou/Oxai05xcw5/IHz+QMEvY2N</latexit><latexit sha1_base64="fnxS5/4XI310qxT1Tu2KGEjbxys=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LJaCp5IUwR6LXjxWsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN2kO2vpg4PHeDDPzgpgzbVz32yltbe/s7pX3KweHR8cn1dOzno4SRWiXRDxSgwBrypmkXcMMp4NYUSwCTvvB/C7z+09UaRbJR7OIqS/wVLKQEWwyqdUc1cfVmttwc6BN4hWkBgU64+rXaBKRRFBpCMdaDz03Nn6KlWGE02VllGgaYzLHUzq0VGJBtZ/mty5R3SoTFEbKljQoV39PpFhovRCB7RTYzPS6l4n/ecPEhC0/ZTJODJVktShMODIRyh5HE6YoMXxhCSaK2VsRmWGFibHxVGwI3vrLm6TXbHhuw3u4rrVvizjKcAGXcAUe3EAb7qEDXSAwg2d4hTdHOC/Ou/Oxai05xcw5/IHz+QMEvY2N</latexit><latexit sha1_base64="fnxS5/4XI310qxT1Tu2KGEjbxys=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LJaCp5IUwR6LXjxWsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN2kO2vpg4PHeDDPzgpgzbVz32yltbe/s7pX3KweHR8cn1dOzno4SRWiXRDxSgwBrypmkXcMMp4NYUSwCTvvB/C7z+09UaRbJR7OIqS/wVLKQEWwyqdUc1cfVmttwc6BN4hWkBgU64+rXaBKRRFBpCMdaDz03Nn6KlWGE02VllGgaYzLHUzq0VGJBtZ/mty5R3SoTFEbKljQoV39PpFhovRCB7RTYzPS6l4n/ecPEhC0/ZTJODJVktShMODIRyh5HE6YoMXxhCSaK2VsRmWGFibHxVGwI3vrLm6TXbHhuw3u4rrVvizjKcAGXcAUe3EAb7qEDXSAwg2d4hTdHOC/Ou/Oxai05xcw5/IHz+QMEvY2N</latexit>

6%
<latexit sha1_base64="pAIB29zWQ7VmAKKcMaEw6UCh3Ao=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LJaCp5KIqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0cNmr9ssVt+bOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTknVKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTOa55b8+4vKvWbPI4inMApnIEHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCQVo1P</latexit><latexit sha1_base64="pAIB29zWQ7VmAKKcMaEw6UCh3Ao=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LJaCp5KIqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0cNmr9ssVt+bOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTknVKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTOa55b8+4vKvWbPI4inMApnIEHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCQVo1P</latexit><latexit sha1_base64="pAIB29zWQ7VmAKKcMaEw6UCh3Ao=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LJaCp5KIqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0cNmr9ssVt+bOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTknVKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTOa55b8+4vKvWbPI4inMApnIEHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCQVo1P</latexit><latexit sha1_base64="pAIB29zWQ7VmAKKcMaEw6UCh3Ao=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LJaCp5KIqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0cNmr9ssVt+bOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTknVKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTOa55b8+4vKvWbPI4inMApnIEHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCQVo1P</latexit>

6%
<latexit sha1_base64="pAIB29zWQ7VmAKKcMaEw6UCh3Ao=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LJaCp5KIqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0cNmr9ssVt+bOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTknVKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTOa55b8+4vKvWbPI4inMApnIEHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCQVo1P</latexit><latexit sha1_base64="pAIB29zWQ7VmAKKcMaEw6UCh3Ao=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LJaCp5KIqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0cNmr9ssVt+bOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTknVKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTOa55b8+4vKvWbPI4inMApnIEHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCQVo1P</latexit><latexit sha1_base64="pAIB29zWQ7VmAKKcMaEw6UCh3Ao=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LJaCp5KIqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0cNmr9ssVt+bOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTknVKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTOa55b8+4vKvWbPI4inMApnIEHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCQVo1P</latexit><latexit sha1_base64="pAIB29zWQ7VmAKKcMaEw6UCh3Ao=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LJaCp5KIqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0cNmr9ssVt+bOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTknVKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTOa55b8+4vKvWbPI4inMApnIEHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCQVo1P</latexit>

6%
<latexit sha1_base64="pAIB29zWQ7VmAKKcMaEw6UCh3Ao=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LJaCp5KIqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0cNmr9ssVt+bOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTknVKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTOa55b8+4vKvWbPI4inMApnIEHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCQVo1P</latexit><latexit sha1_base64="pAIB29zWQ7VmAKKcMaEw6UCh3Ao=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LJaCp5KIqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0cNmr9ssVt+bOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTknVKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTOa55b8+4vKvWbPI4inMApnIEHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCQVo1P</latexit><latexit sha1_base64="pAIB29zWQ7VmAKKcMaEw6UCh3Ao=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LJaCp5KIqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0cNmr9ssVt+bOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTknVKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTOa55b8+4vKvWbPI4inMApnIEHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCQVo1P</latexit><latexit sha1_base64="pAIB29zWQ7VmAKKcMaEw6UCh3Ao=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LJaCp5KIqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0cNmr9ssVt+bOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTknVKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTOa55b8+4vKvWbPI4inMApnIEHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCQVo1P</latexit>



Superconducting qubits

This is called decoherence

More on this in the next lecture

| i = a|0i+ b|1i
<latexit sha1_base64="BRxZ3W2naTE9ydHjY8xuIM3JlXQ=">AAACFHicbVDLSgMxFL1TX7W+Rl26CRZBKJQZEXQjFN24rGAf0Cklk2ba0ExmSDJCmfYj3Pgrblwo4taFO//GtB1FWw8Ezj3nXm7u8WPOlHacTyu3tLyyupZfL2xsbm3v2Lt7dRUlktAaiXgkmz5WlDNBa5ppTpuxpDj0OW34g6uJ37ijUrFI3OphTNsh7gkWMIK1kTp2aYS8WDHkSSx6nKILhEfOT1VCPhq532XHLjplZwq0SNyMFCFDtWN/eN2IJCEVmnCsVMt1Yt1OsdSMcDoueImiMSYD3KMtQwUOqWqn06PG6MgoXRRE0jyh0VT9PZHiUKlh6JvOEOu+mvcm4n9eK9HBeTtlIk40FWS2KEg40hGaJIS6TFKi+dAQTCQzf0WkjyUm2uRYMCG48ycvkvpJ2XXK7s1psXKZxZGHAziEY3DhDCpwDVWoAYF7eIRneLEerCfr1XqbteasbGYf/sB6/wKTZZyg</latexit><latexit sha1_base64="BRxZ3W2naTE9ydHjY8xuIM3JlXQ=">AAACFHicbVDLSgMxFL1TX7W+Rl26CRZBKJQZEXQjFN24rGAf0Cklk2ba0ExmSDJCmfYj3Pgrblwo4taFO//GtB1FWw8Ezj3nXm7u8WPOlHacTyu3tLyyupZfL2xsbm3v2Lt7dRUlktAaiXgkmz5WlDNBa5ppTpuxpDj0OW34g6uJ37ijUrFI3OphTNsh7gkWMIK1kTp2aYS8WDHkSSx6nKILhEfOT1VCPhq532XHLjplZwq0SNyMFCFDtWN/eN2IJCEVmnCsVMt1Yt1OsdSMcDoueImiMSYD3KMtQwUOqWqn06PG6MgoXRRE0jyh0VT9PZHiUKlh6JvOEOu+mvcm4n9eK9HBeTtlIk40FWS2KEg40hGaJIS6TFKi+dAQTCQzf0WkjyUm2uRYMCG48ycvkvpJ2XXK7s1psXKZxZGHAziEY3DhDCpwDVWoAYF7eIRneLEerCfr1XqbteasbGYf/sB6/wKTZZyg</latexit><latexit sha1_base64="BRxZ3W2naTE9ydHjY8xuIM3JlXQ=">AAACFHicbVDLSgMxFL1TX7W+Rl26CRZBKJQZEXQjFN24rGAf0Cklk2ba0ExmSDJCmfYj3Pgrblwo4taFO//GtB1FWw8Ezj3nXm7u8WPOlHacTyu3tLyyupZfL2xsbm3v2Lt7dRUlktAaiXgkmz5WlDNBa5ppTpuxpDj0OW34g6uJ37ijUrFI3OphTNsh7gkWMIK1kTp2aYS8WDHkSSx6nKILhEfOT1VCPhq532XHLjplZwq0SNyMFCFDtWN/eN2IJCEVmnCsVMt1Yt1OsdSMcDoueImiMSYD3KMtQwUOqWqn06PG6MgoXRRE0jyh0VT9PZHiUKlh6JvOEOu+mvcm4n9eK9HBeTtlIk40FWS2KEg40hGaJIS6TFKi+dAQTCQzf0WkjyUm2uRYMCG48ycvkvpJ2XXK7s1psXKZxZGHAziEY3DhDCpwDVWoAYF7eIRneLEerCfr1XqbteasbGYf/sB6/wKTZZyg</latexit><latexit sha1_base64="BRxZ3W2naTE9ydHjY8xuIM3JlXQ=">AAACFHicbVDLSgMxFL1TX7W+Rl26CRZBKJQZEXQjFN24rGAf0Cklk2ba0ExmSDJCmfYj3Pgrblwo4taFO//GtB1FWw8Ezj3nXm7u8WPOlHacTyu3tLyyupZfL2xsbm3v2Lt7dRUlktAaiXgkmz5WlDNBa5ppTpuxpDj0OW34g6uJ37ijUrFI3OphTNsh7gkWMIK1kTp2aYS8WDHkSSx6nKILhEfOT1VCPhq532XHLjplZwq0SNyMFCFDtWN/eN2IJCEVmnCsVMt1Yt1OsdSMcDoueImiMSYD3KMtQwUOqWqn06PG6MgoXRRE0jyh0VT9PZHiUKlh6JvOEOu+mvcm4n9eK9HBeTtlIk40FWS2KEg40hGaJIS6TFKi+dAQTCQzf0WkjyUm2uRYMCG48ycvkvpJ2XXK7s1psXKZxZGHAziEY3DhDCpwDVWoAYF7eIRneLEerCfr1XqbteasbGYf/sB6/wKTZZyg</latexit>

| i
<latexit sha1_base64="mFLzTGCBIgob+EOhZk49qa5B08c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbD6g0j+WdGSfoR3QgecgZNVa6fyLdRHPSVVQOBPbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mV0/IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKYRkD5XyIwYW0KZ4vZWwoZUUWZsUCUbgrf48jJpnlU9t+rdnldqV3kcRTiCYzgFDy6gBjdQhwYwUPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDHECSPw==</latexit><latexit sha1_base64="mFLzTGCBIgob+EOhZk49qa5B08c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbD6g0j+WdGSfoR3QgecgZNVa6fyLdRHPSVVQOBPbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mV0/IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKYRkD5XyIwYW0KZ4vZWwoZUUWZsUCUbgrf48jJpnlU9t+rdnldqV3kcRTiCYzgFDy6gBjdQhwYwUPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDHECSPw==</latexit><latexit sha1_base64="mFLzTGCBIgob+EOhZk49qa5B08c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbD6g0j+WdGSfoR3QgecgZNVa6fyLdRHPSVVQOBPbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mV0/IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKYRkD5XyIwYW0KZ4vZWwoZUUWZsUCUbgrf48jJpnlU9t+rdnldqV3kcRTiCYzgFDy6gBjdQhwYwUPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDHECSPw==</latexit><latexit sha1_base64="mFLzTGCBIgob+EOhZk49qa5B08c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbD6g0j+WdGSfoR3QgecgZNVa6fyLdRHPSVVQOBPbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mV0/IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKYRkD5XyIwYW0KZ4vZWwoZUUWZsUCUbgrf48jJpnlU9t+rdnldqV3kcRTiCYzgFDy6gBjdQhwYwUPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDHECSPw==</latexit>

X| i
<latexit sha1_base64="MO8PTxIVNbuehm0fJeFkjLcS9Tk=">AAAB+HicbVBNS8NAEJ3Ur1o/WvXoZbEInkoigh6LXjxWsB/QhLLZTtqlm03Y3Qi19pd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5YSq4Nq777RTW1jc2t4rbpZ3dvf1y5eCwpZNMMWyyRCSqE1KNgktsGm4EdlKFNA4FtsPRzcxvP6DSPJH3ZpxiENOB5BFn1FipVyl3noifak58ReVAYK9SdWvuHGSVeDmpQo5Gr/Ll9xOWxSgNE1TrruemJphQZTgTOC35mcaUshEdYNdSSWPUwWR++JScWqVPokTZkobM1d8TExprPY5D2xlTM9TL3kz8z+tmJroKJlymmUHJFouiTBCTkFkKpM8VMiPGllCmuL2VsCFVlBmbVcmG4C2/vEpa5zXPrXl3F9X6dR5HEY7hBM7Ag0uowy00oAkMMniGV3hzHp0X5935WLQWnHzmCP7A+fwBQzKS0g==</latexit><latexit sha1_base64="MO8PTxIVNbuehm0fJeFkjLcS9Tk=">AAAB+HicbVBNS8NAEJ3Ur1o/WvXoZbEInkoigh6LXjxWsB/QhLLZTtqlm03Y3Qi19pd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5YSq4Nq777RTW1jc2t4rbpZ3dvf1y5eCwpZNMMWyyRCSqE1KNgktsGm4EdlKFNA4FtsPRzcxvP6DSPJH3ZpxiENOB5BFn1FipVyl3noifak58ReVAYK9SdWvuHGSVeDmpQo5Gr/Ll9xOWxSgNE1TrruemJphQZTgTOC35mcaUshEdYNdSSWPUwWR++JScWqVPokTZkobM1d8TExprPY5D2xlTM9TL3kz8z+tmJroKJlymmUHJFouiTBCTkFkKpM8VMiPGllCmuL2VsCFVlBmbVcmG4C2/vEpa5zXPrXl3F9X6dR5HEY7hBM7Ag0uowy00oAkMMniGV3hzHp0X5935WLQWnHzmCP7A+fwBQzKS0g==</latexit><latexit sha1_base64="MO8PTxIVNbuehm0fJeFkjLcS9Tk=">AAAB+HicbVBNS8NAEJ3Ur1o/WvXoZbEInkoigh6LXjxWsB/QhLLZTtqlm03Y3Qi19pd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5YSq4Nq777RTW1jc2t4rbpZ3dvf1y5eCwpZNMMWyyRCSqE1KNgktsGm4EdlKFNA4FtsPRzcxvP6DSPJH3ZpxiENOB5BFn1FipVyl3noifak58ReVAYK9SdWvuHGSVeDmpQo5Gr/Ll9xOWxSgNE1TrruemJphQZTgTOC35mcaUshEdYNdSSWPUwWR++JScWqVPokTZkobM1d8TExprPY5D2xlTM9TL3kz8z+tmJroKJlymmUHJFouiTBCTkFkKpM8VMiPGllCmuL2VsCFVlBmbVcmG4C2/vEpa5zXPrXl3F9X6dR5HEY7hBM7Ag0uowy00oAkMMniGV3hzHp0X5935WLQWnHzmCP7A+fwBQzKS0g==</latexit><latexit sha1_base64="MO8PTxIVNbuehm0fJeFkjLcS9Tk=">AAAB+HicbVBNS8NAEJ3Ur1o/WvXoZbEInkoigh6LXjxWsB/QhLLZTtqlm03Y3Qi19pd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5YSq4Nq777RTW1jc2t4rbpZ3dvf1y5eCwpZNMMWyyRCSqE1KNgktsGm4EdlKFNA4FtsPRzcxvP6DSPJH3ZpxiENOB5BFn1FipVyl3noifak58ReVAYK9SdWvuHGSVeDmpQo5Gr/Ll9xOWxSgNE1TrruemJphQZTgTOC35mcaUshEdYNdSSWPUwWR++JScWqVPokTZkobM1d8TExprPY5D2xlTM9TL3kz8z+tmJroKJlymmUHJFouiTBCTkFkKpM8VMiPGllCmuL2VsCFVlBmbVcmG4C2/vEpa5zXPrXl3F9X6dR5HEY7hBM7Ag0uowy00oAkMMniGV3hzHp0X5935WLQWnHzmCP7A+fwBQzKS0g==</latexit>

Z| i
<latexit sha1_base64="8rD66L8Ic55xRYO6/9tgka1qCVA=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0GPRi8cK9gPbUDbbSbt0swm7G6HW/hIvHhTx6k/x5r9x2+agrQ8GHu/NMDMvTAXXxvO+nZXVtfWNzcJWcXtnd6/k7h80dJIphnWWiES1QqpRcIl1w43AVqqQxqHAZji8nvrNB1SaJ/LOjFIMYtqXPOKMGit13dL9E+mkmpOOorIvsOuWvYo3A1kmfk7KkKPWdb86vYRlMUrDBNW67XupCcZUGc4EToqdTGNK2ZD2sW2ppDHqYDw7fEJOrNIjUaJsSUNm6u+JMY21HsWh7YypGehFbyr+57UzE10GYy7TzKBk80VRJohJyDQF0uMKmREjSyhT3N5K2IAqyozNqmhD8BdfXiaNs4rvVfzb83L1Ko+jAEdwDKfgwwVU4QZqUAcGGTzDK7w5j86L8+58zFtXnHzmEP7A+fwBRlaS1A==</latexit><latexit sha1_base64="8rD66L8Ic55xRYO6/9tgka1qCVA=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0GPRi8cK9gPbUDbbSbt0swm7G6HW/hIvHhTx6k/x5r9x2+agrQ8GHu/NMDMvTAXXxvO+nZXVtfWNzcJWcXtnd6/k7h80dJIphnWWiES1QqpRcIl1w43AVqqQxqHAZji8nvrNB1SaJ/LOjFIMYtqXPOKMGit13dL9E+mkmpOOorIvsOuWvYo3A1kmfk7KkKPWdb86vYRlMUrDBNW67XupCcZUGc4EToqdTGNK2ZD2sW2ppDHqYDw7fEJOrNIjUaJsSUNm6u+JMY21HsWh7YypGehFbyr+57UzE10GYy7TzKBk80VRJohJyDQF0uMKmREjSyhT3N5K2IAqyozNqmhD8BdfXiaNs4rvVfzb83L1Ko+jAEdwDKfgwwVU4QZqUAcGGTzDK7w5j86L8+58zFtXnHzmEP7A+fwBRlaS1A==</latexit><latexit sha1_base64="8rD66L8Ic55xRYO6/9tgka1qCVA=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0GPRi8cK9gPbUDbbSbt0swm7G6HW/hIvHhTx6k/x5r9x2+agrQ8GHu/NMDMvTAXXxvO+nZXVtfWNzcJWcXtnd6/k7h80dJIphnWWiES1QqpRcIl1w43AVqqQxqHAZji8nvrNB1SaJ/LOjFIMYtqXPOKMGit13dL9E+mkmpOOorIvsOuWvYo3A1kmfk7KkKPWdb86vYRlMUrDBNW67XupCcZUGc4EToqdTGNK2ZD2sW2ppDHqYDw7fEJOrNIjUaJsSUNm6u+JMY21HsWh7YypGehFbyr+57UzE10GYy7TzKBk80VRJohJyDQF0uMKmREjSyhT3N5K2IAqyozNqmhD8BdfXiaNs4rvVfzb83L1Ko+jAEdwDKfgwwVU4QZqUAcGGTzDK7w5j86L8+58zFtXnHzmEP7A+fwBRlaS1A==</latexit><latexit sha1_base64="8rD66L8Ic55xRYO6/9tgka1qCVA=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0GPRi8cK9gPbUDbbSbt0swm7G6HW/hIvHhTx6k/x5r9x2+agrQ8GHu/NMDMvTAXXxvO+nZXVtfWNzcJWcXtnd6/k7h80dJIphnWWiES1QqpRcIl1w43AVqqQxqHAZji8nvrNB1SaJ/LOjFIMYtqXPOKMGit13dL9E+mkmpOOorIvsOuWvYo3A1kmfk7KkKPWdb86vYRlMUrDBNW67XupCcZUGc4EToqdTGNK2ZD2sW2ppDHqYDw7fEJOrNIjUaJsSUNm6u+JMY21HsWh7YypGehFbyr+57UzE10GYy7TzKBk80VRJohJyDQF0uMKmREjSyhT3N5K2IAqyozNqmhD8BdfXiaNs4rvVfzb83L1Ko+jAEdwDKfgwwVU4QZqUAcGGTzDK7w5j86L8+58zFtXnHzmEP7A+fwBRlaS1A==</latexit>

XZ| i
<latexit sha1_base64="qRslElUtgddXQYOUdRG8H+qd+/Y=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAcmS5id9CZDZmeXmdlAWPMnXjwo4tU/8ebfOHkcNLGgoajqprsrTAXXxvO+ncLa+sbmVnG7tLO7t3/gHh41dJIphnWWiES1QqpRcIl1w43AVqqQxqHAZji8nfrNESrNE/lgxikGMe1LHnFGjZW6rtt6fCKdVHPSUVT2BXbdslfxZiCrxF+QMixQ67pfnV7CshilYYJq3fa91AQ5VYYzgZNSJ9OYUjakfWxbKmmMOshnl0/ImVV6JEqULWnITP09kdNY63Ec2s6YmoFe9qbif147M9F1kHOZZgYlmy+KMkFMQqYxkB5XyIwYW0KZ4vZWwgZUUWZsWCUbgr/88ippXFR8r+LfX5arN4s4inACp3AOPlxBFe6gBnVgMIJneIU3J3denHfnY95acBYzx/AHzucP9f2TNg==</latexit><latexit sha1_base64="qRslElUtgddXQYOUdRG8H+qd+/Y=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAcmS5id9CZDZmeXmdlAWPMnXjwo4tU/8ebfOHkcNLGgoajqprsrTAXXxvO+ncLa+sbmVnG7tLO7t3/gHh41dJIphnWWiES1QqpRcIl1w43AVqqQxqHAZji8nfrNESrNE/lgxikGMe1LHnFGjZW6rtt6fCKdVHPSUVT2BXbdslfxZiCrxF+QMixQ67pfnV7CshilYYJq3fa91AQ5VYYzgZNSJ9OYUjakfWxbKmmMOshnl0/ImVV6JEqULWnITP09kdNY63Ec2s6YmoFe9qbif147M9F1kHOZZgYlmy+KMkFMQqYxkB5XyIwYW0KZ4vZWwgZUUWZsWCUbgr/88ippXFR8r+LfX5arN4s4inACp3AOPlxBFe6gBnVgMIJneIU3J3denHfnY95acBYzx/AHzucP9f2TNg==</latexit><latexit sha1_base64="qRslElUtgddXQYOUdRG8H+qd+/Y=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAcmS5id9CZDZmeXmdlAWPMnXjwo4tU/8ebfOHkcNLGgoajqprsrTAXXxvO+ncLa+sbmVnG7tLO7t3/gHh41dJIphnWWiES1QqpRcIl1w43AVqqQxqHAZji8nfrNESrNE/lgxikGMe1LHnFGjZW6rtt6fCKdVHPSUVT2BXbdslfxZiCrxF+QMixQ67pfnV7CshilYYJq3fa91AQ5VYYzgZNSJ9OYUjakfWxbKmmMOshnl0/ImVV6JEqULWnITP09kdNY63Ec2s6YmoFe9qbif147M9F1kHOZZgYlmy+KMkFMQqYxkB5XyIwYW0KZ4vZWwgZUUWZsWCUbgr/88ippXFR8r+LfX5arN4s4inACp3AOPlxBFe6gBnVgMIJneIU3J3denHfnY95acBYzx/AHzucP9f2TNg==</latexit><latexit sha1_base64="qRslElUtgddXQYOUdRG8H+qd+/Y=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAcmS5id9CZDZmeXmdlAWPMnXjwo4tU/8ebfOHkcNLGgoajqprsrTAXXxvO+ncLa+sbmVnG7tLO7t3/gHh41dJIphnWWiES1QqpRcIl1w43AVqqQxqHAZji8nfrNESrNE/lgxikGMe1LHnFGjZW6rtt6fCKdVHPSUVT2BXbdslfxZiCrxF+QMixQ67pfnV7CshilYYJq3fa91AQ5VYYzgZNSJ9OYUjakfWxbKmmMOshnl0/ImVV6JEqULWnITP09kdNY63Ec2s6YmoFe9qbif147M9F1kHOZZgYlmy+KMkFMQqYxkB5XyIwYW0KZ4vZWwgZUUWZsWCUbgr/88ippXFR8r+LfX5arN4s4inACp3AOPlxBFe6gBnVgMIJneIU3J3denHfnY95acBYzx/AHzucP9f2TNg==</latexit>

25%
<latexit sha1_base64="j3Z9qP3SLrue3W5yGFCtBagFoMA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LJaCp5IURY9FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzQHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf5vSeqNIvko5nH1Bd4IlnICDaZ1Lwa1kfVmttwc6B14hWkBgXao+rXcByRRFBpCMdaDzw3Nn6KlWGE00VlmGgaYzLDEzqwVGJBtZ/mty5Q3SpjFEbKljQoV39PpFhoPReB7RTYTPWql4n/eYPEhDd+ymScGCrJclGYcGQilD2OxkxRYvjcEkwUs7ciMsUKE2PjqdgQvNWX10m32fDchvdwWWvdFnGU4QzO4QI8uIYW3EMbOkBgCs/wCm+OcF6cd+dj2VpyiplT+APn8wcAJY2K</latexit><latexit sha1_base64="j3Z9qP3SLrue3W5yGFCtBagFoMA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LJaCp5IURY9FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzQHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf5vSeqNIvko5nH1Bd4IlnICDaZ1Lwa1kfVmttwc6B14hWkBgXao+rXcByRRFBpCMdaDzw3Nn6KlWGE00VlmGgaYzLDEzqwVGJBtZ/mty5Q3SpjFEbKljQoV39PpFhoPReB7RTYTPWql4n/eYPEhDd+ymScGCrJclGYcGQilD2OxkxRYvjcEkwUs7ciMsUKE2PjqdgQvNWX10m32fDchvdwWWvdFnGU4QzO4QI8uIYW3EMbOkBgCs/wCm+OcF6cd+dj2VpyiplT+APn8wcAJY2K</latexit><latexit sha1_base64="j3Z9qP3SLrue3W5yGFCtBagFoMA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LJaCp5IURY9FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzQHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf5vSeqNIvko5nH1Bd4IlnICDaZ1Lwa1kfVmttwc6B14hWkBgXao+rXcByRRFBpCMdaDzw3Nn6KlWGE00VlmGgaYzLDEzqwVGJBtZ/mty5Q3SpjFEbKljQoV39PpFhoPReB7RTYTPWql4n/eYPEhDd+ymScGCrJclGYcGQilD2OxkxRYvjcEkwUs7ciMsUKE2PjqdgQvNWX10m32fDchvdwWWvdFnGU4QzO4QI8uIYW3EMbOkBgCs/wCm+OcF6cd+dj2VpyiplT+APn8wcAJY2K</latexit><latexit sha1_base64="j3Z9qP3SLrue3W5yGFCtBagFoMA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LJaCp5IURY9FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzQHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf5vSeqNIvko5nH1Bd4IlnICDaZ1Lwa1kfVmttwc6B14hWkBgXao+rXcByRRFBpCMdaDzw3Nn6KlWGE00VlmGgaYzLDEzqwVGJBtZ/mty5Q3SpjFEbKljQoV39PpFhoPReB7RTYTPWql4n/eYPEhDd+ymScGCrJclGYcGQilD2OxkxRYvjcEkwUs7ciMsUKE2PjqdgQvNWX10m32fDchvdwWWvdFnGU4QzO4QI8uIYW3EMbOkBgCs/wCm+OcF6cd+dj2VpyiplT+APn8wcAJY2K</latexit>

25%
<latexit sha1_base64="j3Z9qP3SLrue3W5yGFCtBagFoMA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LJaCp5IURY9FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzQHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf5vSeqNIvko5nH1Bd4IlnICDaZ1Lwa1kfVmttwc6B14hWkBgXao+rXcByRRFBpCMdaDzw3Nn6KlWGE00VlmGgaYzLDEzqwVGJBtZ/mty5Q3SpjFEbKljQoV39PpFhoPReB7RTYTPWql4n/eYPEhDd+ymScGCrJclGYcGQilD2OxkxRYvjcEkwUs7ciMsUKE2PjqdgQvNWX10m32fDchvdwWWvdFnGU4QzO4QI8uIYW3EMbOkBgCs/wCm+OcF6cd+dj2VpyiplT+APn8wcAJY2K</latexit><latexit sha1_base64="j3Z9qP3SLrue3W5yGFCtBagFoMA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LJaCp5IURY9FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzQHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf5vSeqNIvko5nH1Bd4IlnICDaZ1Lwa1kfVmttwc6B14hWkBgXao+rXcByRRFBpCMdaDzw3Nn6KlWGE00VlmGgaYzLDEzqwVGJBtZ/mty5Q3SpjFEbKljQoV39PpFhoPReB7RTYTPWql4n/eYPEhDd+ymScGCrJclGYcGQilD2OxkxRYvjcEkwUs7ciMsUKE2PjqdgQvNWX10m32fDchvdwWWvdFnGU4QzO4QI8uIYW3EMbOkBgCs/wCm+OcF6cd+dj2VpyiplT+APn8wcAJY2K</latexit><latexit sha1_base64="j3Z9qP3SLrue3W5yGFCtBagFoMA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LJaCp5IURY9FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzQHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf5vSeqNIvko5nH1Bd4IlnICDaZ1Lwa1kfVmttwc6B14hWkBgXao+rXcByRRFBpCMdaDzw3Nn6KlWGE00VlmGgaYzLDEzqwVGJBtZ/mty5Q3SpjFEbKljQoV39PpFhoPReB7RTYTPWql4n/eYPEhDd+ymScGCrJclGYcGQilD2OxkxRYvjcEkwUs7ciMsUKE2PjqdgQvNWX10m32fDchvdwWWvdFnGU4QzO4QI8uIYW3EMbOkBgCs/wCm+OcF6cd+dj2VpyiplT+APn8wcAJY2K</latexit><latexit sha1_base64="j3Z9qP3SLrue3W5yGFCtBagFoMA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LJaCp5IURY9FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzQHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf5vSeqNIvko5nH1Bd4IlnICDaZ1Lwa1kfVmttwc6B14hWkBgXao+rXcByRRFBpCMdaDzw3Nn6KlWGE00VlmGgaYzLDEzqwVGJBtZ/mty5Q3SpjFEbKljQoV39PpFhoPReB7RTYTPWql4n/eYPEhDd+ymScGCrJclGYcGQilD2OxkxRYvjcEkwUs7ciMsUKE2PjqdgQvNWX10m32fDchvdwWWvdFnGU4QzO4QI8uIYW3EMbOkBgCs/wCm+OcF6cd+dj2VpyiplT+APn8wcAJY2K</latexit>

25%
<latexit sha1_base64="j3Z9qP3SLrue3W5yGFCtBagFoMA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LJaCp5IURY9FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzQHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf5vSeqNIvko5nH1Bd4IlnICDaZ1Lwa1kfVmttwc6B14hWkBgXao+rXcByRRFBpCMdaDzw3Nn6KlWGE00VlmGgaYzLDEzqwVGJBtZ/mty5Q3SpjFEbKljQoV39PpFhoPReB7RTYTPWql4n/eYPEhDd+ymScGCrJclGYcGQilD2OxkxRYvjcEkwUs7ciMsUKE2PjqdgQvNWX10m32fDchvdwWWvdFnGU4QzO4QI8uIYW3EMbOkBgCs/wCm+OcF6cd+dj2VpyiplT+APn8wcAJY2K</latexit><latexit sha1_base64="j3Z9qP3SLrue3W5yGFCtBagFoMA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LJaCp5IURY9FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzQHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf5vSeqNIvko5nH1Bd4IlnICDaZ1Lwa1kfVmttwc6B14hWkBgXao+rXcByRRFBpCMdaDzw3Nn6KlWGE00VlmGgaYzLDEzqwVGJBtZ/mty5Q3SpjFEbKljQoV39PpFhoPReB7RTYTPWql4n/eYPEhDd+ymScGCrJclGYcGQilD2OxkxRYvjcEkwUs7ciMsUKE2PjqdgQvNWX10m32fDchvdwWWvdFnGU4QzO4QI8uIYW3EMbOkBgCs/wCm+OcF6cd+dj2VpyiplT+APn8wcAJY2K</latexit><latexit sha1_base64="j3Z9qP3SLrue3W5yGFCtBagFoMA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LJaCp5IURY9FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzQHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf5vSeqNIvko5nH1Bd4IlnICDaZ1Lwa1kfVmttwc6B14hWkBgXao+rXcByRRFBpCMdaDzw3Nn6KlWGE00VlmGgaYzLDEzqwVGJBtZ/mty5Q3SpjFEbKljQoV39PpFhoPReB7RTYTPWql4n/eYPEhDd+ymScGCrJclGYcGQilD2OxkxRYvjcEkwUs7ciMsUKE2PjqdgQvNWX10m32fDchvdwWWvdFnGU4QzO4QI8uIYW3EMbOkBgCs/wCm+OcF6cd+dj2VpyiplT+APn8wcAJY2K</latexit><latexit sha1_base64="j3Z9qP3SLrue3W5yGFCtBagFoMA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LJaCp5IURY9FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzQHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf5vSeqNIvko5nH1Bd4IlnICDaZ1Lwa1kfVmttwc6B14hWkBgXao+rXcByRRFBpCMdaDzw3Nn6KlWGE00VlmGgaYzLDEzqwVGJBtZ/mty5Q3SpjFEbKljQoV39PpFhoPReB7RTYTPWql4n/eYPEhDd+ymScGCrJclGYcGQilD2OxkxRYvjcEkwUs7ciMsUKE2PjqdgQvNWX10m32fDchvdwWWvdFnGU4QzO4QI8uIYW3EMbOkBgCs/wCm+OcF6cd+dj2VpyiplT+APn8wcAJY2K</latexit>

25%
<latexit sha1_base64="j3Z9qP3SLrue3W5yGFCtBagFoMA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LJaCp5IURY9FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzQHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf5vSeqNIvko5nH1Bd4IlnICDaZ1Lwa1kfVmttwc6B14hWkBgXao+rXcByRRFBpCMdaDzw3Nn6KlWGE00VlmGgaYzLDEzqwVGJBtZ/mty5Q3SpjFEbKljQoV39PpFhoPReB7RTYTPWql4n/eYPEhDd+ymScGCrJclGYcGQilD2OxkxRYvjcEkwUs7ciMsUKE2PjqdgQvNWX10m32fDchvdwWWvdFnGU4QzO4QI8uIYW3EMbOkBgCs/wCm+OcF6cd+dj2VpyiplT+APn8wcAJY2K</latexit><latexit sha1_base64="j3Z9qP3SLrue3W5yGFCtBagFoMA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LJaCp5IURY9FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzQHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf5vSeqNIvko5nH1Bd4IlnICDaZ1Lwa1kfVmttwc6B14hWkBgXao+rXcByRRFBpCMdaDzw3Nn6KlWGE00VlmGgaYzLDEzqwVGJBtZ/mty5Q3SpjFEbKljQoV39PpFhoPReB7RTYTPWql4n/eYPEhDd+ymScGCrJclGYcGQilD2OxkxRYvjcEkwUs7ciMsUKE2PjqdgQvNWX10m32fDchvdwWWvdFnGU4QzO4QI8uIYW3EMbOkBgCs/wCm+OcF6cd+dj2VpyiplT+APn8wcAJY2K</latexit><latexit sha1_base64="j3Z9qP3SLrue3W5yGFCtBagFoMA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LJaCp5IURY9FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzQHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf5vSeqNIvko5nH1Bd4IlnICDaZ1Lwa1kfVmttwc6B14hWkBgXao+rXcByRRFBpCMdaDzw3Nn6KlWGE00VlmGgaYzLDEzqwVGJBtZ/mty5Q3SpjFEbKljQoV39PpFhoPReB7RTYTPWql4n/eYPEhDd+ymScGCrJclGYcGQilD2OxkxRYvjcEkwUs7ciMsUKE2PjqdgQvNWX10m32fDchvdwWWvdFnGU4QzO4QI8uIYW3EMbOkBgCs/wCm+OcF6cd+dj2VpyiplT+APn8wcAJY2K</latexit><latexit sha1_base64="j3Z9qP3SLrue3W5yGFCtBagFoMA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LJaCp5IURY9FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzQHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf5vSeqNIvko5nH1Bd4IlnICDaZ1Lwa1kfVmttwc6B14hWkBgXao+rXcByRRFBpCMdaDzw3Nn6KlWGE00VlmGgaYzLDEzqwVGJBtZ/mty5Q3SpjFEbKljQoV39PpFhoPReB7RTYTPWql4n/eYPEhDd+ymScGCrJclGYcGQilD2OxkxRYvjcEkwUs7ciMsUKE2PjqdgQvNWX10m32fDchvdwWWvdFnGU4QzO4QI8uIYW3EMbOkBgCs/wCm+OcF6cd+dj2VpyiplT+APn8wcAJY2K</latexit>

Td
<latexit sha1_base64="oATc+DH0/lWLLsBlwVvCY+RPd6Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK/YI2lM1m0i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo9cHA470ZZuYFqeDauO6XU1pb39jcKm9Xdnb39g+qh0cdnWSKYZslIlG9gGoUXGLbcCOwlyqkcSCwG0xu5373EZXmiWyZaYp+TEeSR5xRY6WH1jAcVmtu3V2A/CVeQWpQoDmsfg7ChGUxSsME1brvuanxc6oMZwJnlUGmMaVsQkfYt1TSGLWfL06dkTOrhCRKlC1pyEL9OZHTWOtpHNjOmJqxXvXm4n9ePzPRtZ9zmWYGJVsuijJBTELmf5OQK2RGTC2hTHF7K2FjqigzNp2KDcFbffkv6VzUPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQ2MBjBE7zAqyOcZ+fNeV+2lpxi5hh+wfn4BiIkja8=</latexit><latexit sha1_base64="oATc+DH0/lWLLsBlwVvCY+RPd6Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK/YI2lM1m0i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo9cHA470ZZuYFqeDauO6XU1pb39jcKm9Xdnb39g+qh0cdnWSKYZslIlG9gGoUXGLbcCOwlyqkcSCwG0xu5373EZXmiWyZaYp+TEeSR5xRY6WH1jAcVmtu3V2A/CVeQWpQoDmsfg7ChGUxSsME1brvuanxc6oMZwJnlUGmMaVsQkfYt1TSGLWfL06dkTOrhCRKlC1pyEL9OZHTWOtpHNjOmJqxXvXm4n9ePzPRtZ9zmWYGJVsuijJBTELmf5OQK2RGTC2hTHF7K2FjqigzNp2KDcFbffkv6VzUPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQ2MBjBE7zAqyOcZ+fNeV+2lpxi5hh+wfn4BiIkja8=</latexit><latexit sha1_base64="oATc+DH0/lWLLsBlwVvCY+RPd6Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK/YI2lM1m0i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo9cHA470ZZuYFqeDauO6XU1pb39jcKm9Xdnb39g+qh0cdnWSKYZslIlG9gGoUXGLbcCOwlyqkcSCwG0xu5373EZXmiWyZaYp+TEeSR5xRY6WH1jAcVmtu3V2A/CVeQWpQoDmsfg7ChGUxSsME1brvuanxc6oMZwJnlUGmMaVsQkfYt1TSGLWfL06dkTOrhCRKlC1pyEL9OZHTWOtpHNjOmJqxXvXm4n9ePzPRtZ9zmWYGJVsuijJBTELmf5OQK2RGTC2hTHF7K2FjqigzNp2KDcFbffkv6VzUPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQ2MBjBE7zAqyOcZ+fNeV+2lpxi5hh+wfn4BiIkja8=</latexit><latexit sha1_base64="oATc+DH0/lWLLsBlwVvCY+RPd6Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK/YI2lM1m0i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo9cHA470ZZuYFqeDauO6XU1pb39jcKm9Xdnb39g+qh0cdnWSKYZslIlG9gGoUXGLbcCOwlyqkcSCwG0xu5373EZXmiWyZaYp+TEeSR5xRY6WH1jAcVmtu3V2A/CVeQWpQoDmsfg7ChGUxSsME1brvuanxc6oMZwJnlUGmMaVsQkfYt1TSGLWfL06dkTOrhCRKlC1pyEL9OZHTWOtpHNjOmJqxXvXm4n9ePzPRtZ9zmWYGJVsuijJBTELmf5OQK2RGTC2hTHF7K2FjqigzNp2KDcFbffkv6VzUPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQ2MBjBE7zAqyOcZ+fNeV+2lpxi5hh+wfn4BiIkja8=</latexit>

average time for this Decoherence time

Also called coherence time :)



Superconducting qubits

IBM

Rigetti

Google

Coherence/decoherence times

50� 77µs
<latexit sha1_base64="wYlXUjyzVq3UtPXX/rXFFdUKiwI=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgxbArSjwGvXiMYB6wWcLsZDYZMo9lplcIIZ/hxYMiXv0ab/6Nk2QPmljQUFR1090Vp4Jb8P1vr7C2vrG5Vdwu7ezu7R+UD49aVmeGsibVQptOTCwTXLEmcBCskxpGZCxYOx7dzfz2EzOWa/UI45RFkgwUTzgl4KTw2r+o1XBXZtj2yhW/6s+BV0mQkwrK0eiVv7p9TTPJFFBBrA0DP4VoQgxwKti01M0sSwkdkQELHVVEMhtN5idP8ZlT+jjRxpUCPFd/T0yItHYsY9cpCQztsjcT//PCDJKbaMJVmgFTdLEoyQQGjWf/4z43jIIYO0Ko4e5WTIfEEAoupZILIVh+eZW0LquBXw0erir12zyOIjpBp+gcBaiG6ugeNVATUaTRM3pFbx54L96797FoLXj5zDH6A+/zByOPj9k=</latexit><latexit sha1_base64="wYlXUjyzVq3UtPXX/rXFFdUKiwI=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgxbArSjwGvXiMYB6wWcLsZDYZMo9lplcIIZ/hxYMiXv0ab/6Nk2QPmljQUFR1090Vp4Jb8P1vr7C2vrG5Vdwu7ezu7R+UD49aVmeGsibVQptOTCwTXLEmcBCskxpGZCxYOx7dzfz2EzOWa/UI45RFkgwUTzgl4KTw2r+o1XBXZtj2yhW/6s+BV0mQkwrK0eiVv7p9TTPJFFBBrA0DP4VoQgxwKti01M0sSwkdkQELHVVEMhtN5idP8ZlT+jjRxpUCPFd/T0yItHYsY9cpCQztsjcT//PCDJKbaMJVmgFTdLEoyQQGjWf/4z43jIIYO0Ko4e5WTIfEEAoupZILIVh+eZW0LquBXw0erir12zyOIjpBp+gcBaiG6ugeNVATUaTRM3pFbx54L96797FoLXj5zDH6A+/zByOPj9k=</latexit><latexit sha1_base64="wYlXUjyzVq3UtPXX/rXFFdUKiwI=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgxbArSjwGvXiMYB6wWcLsZDYZMo9lplcIIZ/hxYMiXv0ab/6Nk2QPmljQUFR1090Vp4Jb8P1vr7C2vrG5Vdwu7ezu7R+UD49aVmeGsibVQptOTCwTXLEmcBCskxpGZCxYOx7dzfz2EzOWa/UI45RFkgwUTzgl4KTw2r+o1XBXZtj2yhW/6s+BV0mQkwrK0eiVv7p9TTPJFFBBrA0DP4VoQgxwKti01M0sSwkdkQELHVVEMhtN5idP8ZlT+jjRxpUCPFd/T0yItHYsY9cpCQztsjcT//PCDJKbaMJVmgFTdLEoyQQGjWf/4z43jIIYO0Ko4e5WTIfEEAoupZILIVh+eZW0LquBXw0erir12zyOIjpBp+gcBaiG6ugeNVATUaTRM3pFbx54L96797FoLXj5zDH6A+/zByOPj9k=</latexit><latexit sha1_base64="wYlXUjyzVq3UtPXX/rXFFdUKiwI=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgxbArSjwGvXiMYB6wWcLsZDYZMo9lplcIIZ/hxYMiXv0ab/6Nk2QPmljQUFR1090Vp4Jb8P1vr7C2vrG5Vdwu7ezu7R+UD49aVmeGsibVQptOTCwTXLEmcBCskxpGZCxYOx7dzfz2EzOWa/UI45RFkgwUTzgl4KTw2r+o1XBXZtj2yhW/6s+BV0mQkwrK0eiVv7p9TTPJFFBBrA0DP4VoQgxwKti01M0sSwkdkQELHVVEMhtN5idP8ZlT+jjRxpUCPFd/T0yItHYsY9cpCQztsjcT//PCDJKbaMJVmgFTdLEoyQQGjWf/4z43jIIYO0Ko4e5WTIfEEAoupZILIVh+eZW0LquBXw0erir12zyOIjpBp+gcBaiG6ugeNVATUaTRM3pFbx54L96797FoLXj5zDH6A+/zByOPj9k=</latexit>

10� 26µs
<latexit sha1_base64="xWPG0SkR5qVHq12vkWEWzRLZZnM=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4scwUUZdFNy4r2Ae0Q8mkmTY0jyG5I5Shn+HGhSJu/Rp3/o1pOwttPRA4nHPvzb0nSgS34PvfXmFtfWNzq7hd2tnd2z8oHx61rE4NZU2qhTadiFgmuGJN4CBYJzGMyEiwdjS+m/ntJ2Ys1+oRJgkLJRkqHnNKwEndwL+oXeGeTLHtlyt+1Z8Dr5IgJxWUo9Evf/UGmqaSKaCCWOuGJRBmxACngk1LvdSyhNAxGbKuo4pIZsNsvvIUnzllgGNt3FOA5+rvjoxIaycycpWSwMguezPxP6+bQnwTZlwlKTBFFx/FqcCg8ex+POCGURATRwg13O2K6YgYQsGlVHIhBMsnr5JWrRr41eDhslK/zeMoohN0is5RgK5RHd2jBmoiijR6Rq/ozQPvxXv3PhalBS/vOUZ/4H3+ABQWj88=</latexit><latexit sha1_base64="xWPG0SkR5qVHq12vkWEWzRLZZnM=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4scwUUZdFNy4r2Ae0Q8mkmTY0jyG5I5Shn+HGhSJu/Rp3/o1pOwttPRA4nHPvzb0nSgS34PvfXmFtfWNzq7hd2tnd2z8oHx61rE4NZU2qhTadiFgmuGJN4CBYJzGMyEiwdjS+m/ntJ2Ys1+oRJgkLJRkqHnNKwEndwL+oXeGeTLHtlyt+1Z8Dr5IgJxWUo9Evf/UGmqaSKaCCWOuGJRBmxACngk1LvdSyhNAxGbKuo4pIZsNsvvIUnzllgGNt3FOA5+rvjoxIaycycpWSwMguezPxP6+bQnwTZlwlKTBFFx/FqcCg8ex+POCGURATRwg13O2K6YgYQsGlVHIhBMsnr5JWrRr41eDhslK/zeMoohN0is5RgK5RHd2jBmoiijR6Rq/ozQPvxXv3PhalBS/vOUZ/4H3+ABQWj88=</latexit><latexit sha1_base64="xWPG0SkR5qVHq12vkWEWzRLZZnM=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4scwUUZdFNy4r2Ae0Q8mkmTY0jyG5I5Shn+HGhSJu/Rp3/o1pOwttPRA4nHPvzb0nSgS34PvfXmFtfWNzq7hd2tnd2z8oHx61rE4NZU2qhTadiFgmuGJN4CBYJzGMyEiwdjS+m/ntJ2Ys1+oRJgkLJRkqHnNKwEndwL+oXeGeTLHtlyt+1Z8Dr5IgJxWUo9Evf/UGmqaSKaCCWOuGJRBmxACngk1LvdSyhNAxGbKuo4pIZsNsvvIUnzllgGNt3FOA5+rvjoxIaycycpWSwMguezPxP6+bQnwTZlwlKTBFFx/FqcCg8ex+POCGURATRwg13O2K6YgYQsGlVHIhBMsnr5JWrRr41eDhslK/zeMoohN0is5RgK5RHd2jBmoiijR6Rq/ozQPvxXv3PhalBS/vOUZ/4H3+ABQWj88=</latexit><latexit sha1_base64="xWPG0SkR5qVHq12vkWEWzRLZZnM=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4scwUUZdFNy4r2Ae0Q8mkmTY0jyG5I5Shn+HGhSJu/Rp3/o1pOwttPRA4nHPvzb0nSgS34PvfXmFtfWNzq7hd2tnd2z8oHx61rE4NZU2qhTadiFgmuGJN4CBYJzGMyEiwdjS+m/ntJ2Ys1+oRJgkLJRkqHnNKwEndwL+oXeGeTLHtlyt+1Z8Dr5IgJxWUo9Evf/UGmqaSKaCCWOuGJRBmxACngk1LvdSyhNAxGbKuo4pIZsNsvvIUnzllgGNt3FOA5+rvjoxIaycycpWSwMguezPxP6+bQnwTZlwlKTBFFx/FqcCg8ex+POCGURATRwg13O2K6YgYQsGlVHIhBMsnr5JWrRr41eDhslK/zeMoohN0is5RgK5RHd2jBmoiijR6Rq/ozQPvxXv3PhalBS/vOUZ/4H3+ABQWj88=</latexit>

⇡ 50µs
<latexit sha1_base64="BCLgaSeFhR6R3oboe3benexKSzA=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9gVRY9BLx4jmAdklzA7mU2GzIuZ2WBY8idePCji1T/x5t84SfagiQUNRVU33V2JYtTYIPj2SmvrG5tb5e3Kzu7e/oF/eNQyMtOYNLFkUncSZAijgjQttYx0lCaIJ4y0k9HdzG+PiTZUikc7USTmaCBoSjGyTur5foSU0vIJXgUw4hk0Pb8a1II54CoJC1IFBRo9/yvqS5xxIixmyJhuGCgb50hbihmZVqLMEIXwCA1I11GBODFxPr98Cs+c0oep1K6EhXP190SOuDETnrhOjuzQLHsz8T+vm9n0Js6pUJklAi8WpRmDVsJZDLBPNcGWTRxBWFN3K8RDpBG2LqyKCyFcfnmVtC5qYVALHy6r9dsijjI4AafgHITgGtTBPWiAJsBgDJ7BK3jzcu/Fe/c+Fq0lr5g5Bn/gff4ANbqStw==</latexit><latexit sha1_base64="BCLgaSeFhR6R3oboe3benexKSzA=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9gVRY9BLx4jmAdklzA7mU2GzIuZ2WBY8idePCji1T/x5t84SfagiQUNRVU33V2JYtTYIPj2SmvrG5tb5e3Kzu7e/oF/eNQyMtOYNLFkUncSZAijgjQttYx0lCaIJ4y0k9HdzG+PiTZUikc7USTmaCBoSjGyTur5foSU0vIJXgUw4hk0Pb8a1II54CoJC1IFBRo9/yvqS5xxIixmyJhuGCgb50hbihmZVqLMEIXwCA1I11GBODFxPr98Cs+c0oep1K6EhXP190SOuDETnrhOjuzQLHsz8T+vm9n0Js6pUJklAi8WpRmDVsJZDLBPNcGWTRxBWFN3K8RDpBG2LqyKCyFcfnmVtC5qYVALHy6r9dsijjI4AafgHITgGtTBPWiAJsBgDJ7BK3jzcu/Fe/c+Fq0lr5g5Bn/gff4ANbqStw==</latexit><latexit sha1_base64="BCLgaSeFhR6R3oboe3benexKSzA=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9gVRY9BLx4jmAdklzA7mU2GzIuZ2WBY8idePCji1T/x5t84SfagiQUNRVU33V2JYtTYIPj2SmvrG5tb5e3Kzu7e/oF/eNQyMtOYNLFkUncSZAijgjQttYx0lCaIJ4y0k9HdzG+PiTZUikc7USTmaCBoSjGyTur5foSU0vIJXgUw4hk0Pb8a1II54CoJC1IFBRo9/yvqS5xxIixmyJhuGCgb50hbihmZVqLMEIXwCA1I11GBODFxPr98Cs+c0oep1K6EhXP190SOuDETnrhOjuzQLHsz8T+vm9n0Js6pUJklAi8WpRmDVsJZDLBPNcGWTRxBWFN3K8RDpBG2LqyKCyFcfnmVtC5qYVALHy6r9dsijjI4AafgHITgGtTBPWiAJsBgDJ7BK3jzcu/Fe/c+Fq0lr5g5Bn/gff4ANbqStw==</latexit><latexit sha1_base64="BCLgaSeFhR6R3oboe3benexKSzA=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9gVRY9BLx4jmAdklzA7mU2GzIuZ2WBY8idePCji1T/x5t84SfagiQUNRVU33V2JYtTYIPj2SmvrG5tb5e3Kzu7e/oF/eNQyMtOYNLFkUncSZAijgjQttYx0lCaIJ4y0k9HdzG+PiTZUikc7USTmaCBoSjGyTur5foSU0vIJXgUw4hk0Pb8a1II54CoJC1IFBRo9/yvqS5xxIixmyJhuGCgb50hbihmZVqLMEIXwCA1I11GBODFxPr98Cs+c0oep1K6EhXP190SOuDETnrhOjuzQLHsz8T+vm9n0Js6pUJklAi8WpRmDVsJZDLBPNcGWTRxBWFN3K8RDpBG2LqyKCyFcfnmVtC5qYVALHy6r9dsijjI4AafgHITgGtTBPWiAJsBgDJ7BK3jzcu/Fe/c+Fq0lr5g5Bn/gff4ANbqStw==</latexit>

D-Wave ⇡ 100ns
<latexit sha1_base64="JqAW8rTmmM3bvtsqj7Qfs7BYRDI=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU8mKoMeiF48V7Ae0S8mm2TY0m41JtliW/g4vHhTx6o/x5r8xbfegrQ8GHu/NMDMvVIIbi/G3V1hb39jcKm6Xdnb39g/Kh0dNk6SasgZNRKLbITFMcMkallvB2kozEoeCtcLR7cxvjZk2PJEPdqJYEJOB5BGnxDop6BKldPKEfIyl6ZUruIrnQKvEz0kFctR75a9uP6FpzKSlghjT8bGyQUa05VSwaambGqYIHZEB6zgqScxMkM2PnqIzp/RRlGhX0qK5+nsiI7Exkzh0nTGxQ7PszcT/vE5qo+sg41Kllkm6WBSlAtkEzRJAfa4ZtWLiCKGau1sRHRJNqHU5lVwI/vLLq6R5UfVx1b+/rNRu8jiKcAKncA4+XEEN7qAODaDwCM/wCm/e2Hvx3r2PRWvBy2eO4Q+8zx/nG5GE</latexit><latexit sha1_base64="JqAW8rTmmM3bvtsqj7Qfs7BYRDI=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU8mKoMeiF48V7Ae0S8mm2TY0m41JtliW/g4vHhTx6o/x5r8xbfegrQ8GHu/NMDMvVIIbi/G3V1hb39jcKm6Xdnb39g/Kh0dNk6SasgZNRKLbITFMcMkallvB2kozEoeCtcLR7cxvjZk2PJEPdqJYEJOB5BGnxDop6BKldPKEfIyl6ZUruIrnQKvEz0kFctR75a9uP6FpzKSlghjT8bGyQUa05VSwaambGqYIHZEB6zgqScxMkM2PnqIzp/RRlGhX0qK5+nsiI7Exkzh0nTGxQ7PszcT/vE5qo+sg41Kllkm6WBSlAtkEzRJAfa4ZtWLiCKGau1sRHRJNqHU5lVwI/vLLq6R5UfVx1b+/rNRu8jiKcAKncA4+XEEN7qAODaDwCM/wCm/e2Hvx3r2PRWvBy2eO4Q+8zx/nG5GE</latexit><latexit sha1_base64="JqAW8rTmmM3bvtsqj7Qfs7BYRDI=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU8mKoMeiF48V7Ae0S8mm2TY0m41JtliW/g4vHhTx6o/x5r8xbfegrQ8GHu/NMDMvVIIbi/G3V1hb39jcKm6Xdnb39g/Kh0dNk6SasgZNRKLbITFMcMkallvB2kozEoeCtcLR7cxvjZk2PJEPdqJYEJOB5BGnxDop6BKldPKEfIyl6ZUruIrnQKvEz0kFctR75a9uP6FpzKSlghjT8bGyQUa05VSwaambGqYIHZEB6zgqScxMkM2PnqIzp/RRlGhX0qK5+nsiI7Exkzh0nTGxQ7PszcT/vE5qo+sg41Kllkm6WBSlAtkEzRJAfa4ZtWLiCKGau1sRHRJNqHU5lVwI/vLLq6R5UfVx1b+/rNRu8jiKcAKncA4+XEEN7qAODaDwCM/wCm/e2Hvx3r2PRWvBy2eO4Q+8zx/nG5GE</latexit><latexit sha1_base64="JqAW8rTmmM3bvtsqj7Qfs7BYRDI=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU8mKoMeiF48V7Ae0S8mm2TY0m41JtliW/g4vHhTx6o/x5r8xbfegrQ8GHu/NMDMvVIIbi/G3V1hb39jcKm6Xdnb39g/Kh0dNk6SasgZNRKLbITFMcMkallvB2kozEoeCtcLR7cxvjZk2PJEPdqJYEJOB5BGnxDop6BKldPKEfIyl6ZUruIrnQKvEz0kFctR75a9uP6FpzKSlghjT8bGyQUa05VSwaambGqYIHZEB6zgqScxMkM2PnqIzp/RRlGhX0qK5+nsiI7Exkzh0nTGxQ7PszcT/vE5qo+sg41Kllkm6WBSlAtkEzRJAfa4ZtWLiCKGau1sRHRJNqHU5lVwI/vLLq6R5UfVx1b+/rNRu8jiKcAKncA4+XEEN7qAODaDwCM/wCm/e2Hvx3r2PRWvBy2eO4Q+8zx/nG5GE</latexit>

10� 100ns
<latexit sha1_base64="FyLR8WXx0kYRtkpTcKa8yU2fm4E=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBiyURQY9FLx4r2A9ol5JNs21oNrtNskJZ+ie8eFDEq3/Hm//GtN2Dtj4YeLw3w8y8IJHCWIy/vcLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijesMJK3k40p1EgeSsY3c381hPXRsTq0U4S7kd0oEQoGLVOahN8QTBWpleu4CqeA60SkpMK5Kj3yl/dfszSiCvLJDWmQ3Bi/YxqK5jk01I3NTyhbEQHvOOoohE3fja/d4rOnNJHYaxdKYvm6u+JjEbGTKLAdUbUDs2yNxP/8zqpDW/8TKgktVyxxaIwlcjGaPY86gvNmZUTRyjTwt2K2JBqyqyLqORCIMsvr5LmZZXgKnm4qtRu8ziKcAKncA4ErqEG91CHBjCQ8Ayv8OaNvRfv3ftYtBa8fOYY/sD7/AFAdY7K</latexit><latexit sha1_base64="FyLR8WXx0kYRtkpTcKa8yU2fm4E=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBiyURQY9FLx4r2A9ol5JNs21oNrtNskJZ+ie8eFDEq3/Hm//GtN2Dtj4YeLw3w8y8IJHCWIy/vcLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijesMJK3k40p1EgeSsY3c381hPXRsTq0U4S7kd0oEQoGLVOahN8QTBWpleu4CqeA60SkpMK5Kj3yl/dfszSiCvLJDWmQ3Bi/YxqK5jk01I3NTyhbEQHvOOoohE3fja/d4rOnNJHYaxdKYvm6u+JjEbGTKLAdUbUDs2yNxP/8zqpDW/8TKgktVyxxaIwlcjGaPY86gvNmZUTRyjTwt2K2JBqyqyLqORCIMsvr5LmZZXgKnm4qtRu8ziKcAKncA4ErqEG91CHBjCQ8Ayv8OaNvRfv3ftYtBa8fOYY/sD7/AFAdY7K</latexit><latexit sha1_base64="FyLR8WXx0kYRtkpTcKa8yU2fm4E=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBiyURQY9FLx4r2A9ol5JNs21oNrtNskJZ+ie8eFDEq3/Hm//GtN2Dtj4YeLw3w8y8IJHCWIy/vcLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijesMJK3k40p1EgeSsY3c381hPXRsTq0U4S7kd0oEQoGLVOahN8QTBWpleu4CqeA60SkpMK5Kj3yl/dfszSiCvLJDWmQ3Bi/YxqK5jk01I3NTyhbEQHvOOoohE3fja/d4rOnNJHYaxdKYvm6u+JjEbGTKLAdUbUDs2yNxP/8zqpDW/8TKgktVyxxaIwlcjGaPY86gvNmZUTRyjTwt2K2JBqyqyLqORCIMsvr5LmZZXgKnm4qtRu8ziKcAKncA4ErqEG91CHBjCQ8Ayv8OaNvRfv3ftYtBa8fOYY/sD7/AFAdY7K</latexit><latexit sha1_base64="FyLR8WXx0kYRtkpTcKa8yU2fm4E=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBiyURQY9FLx4r2A9ol5JNs21oNrtNskJZ+ie8eFDEq3/Hm//GtN2Dtj4YeLw3w8y8IJHCWIy/vcLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijesMJK3k40p1EgeSsY3c381hPXRsTq0U4S7kd0oEQoGLVOahN8QTBWpleu4CqeA60SkpMK5Kj3yl/dfszSiCvLJDWmQ3Bi/YxqK5jk01I3NTyhbEQHvOOoohE3fja/d4rOnNJHYaxdKYvm6u+JjEbGTKLAdUbUDs2yNxP/8zqpDW/8TKgktVyxxaIwlcjGaPY86gvNmZUTRyjTwt2K2JBqyqyLqORCIMsvr5LmZZXgKnm4qtRu8ziKcAKncA4ErqEG91CHBjCQ8Ayv8OaNvRfv3ftYtBa8fOYY/sD7/AFAdY7K</latexit>

Time to perform a quantum operation (for IBM, Rigetti, Google)



Superconducting qubits

http://science.sciencemag.org/content/339/6124/1169/F3 

http://science.sciencemag.org/content/339/6124/1169/F3


Ion traps

Same idea as before, but using nature’s atoms

We need to capture them, hence why we use ions

This can be done with a combination of electric and 
magnetic fields (Penning trap, Paul trap etc)



Ion traps

Of course, we need more than just one ion!

Linear ion traps

Typically the ions are kept tens of micrometers apart

Enough so that Coulomb interaction becomes important!



Ion traps
Either use energy levels (optical qubits)  

or hyperfine energy levels (hyperfine qubits)



Ion traps
The 21cm line of hydrogen

Hyperfine levels are very stable and have have  
long decay times

“Regular” levels have short  
decay times (spontaneus emission/decay) 



Ion traps

The position of the ions is also quantised!

Thus, the state of each ion is

|m,ni
<latexit sha1_base64="PpCnB/SFXPiUMRaS3n7bC8aEddI=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMeiF48V7Ae0oWy2k3bpZhN3N4US+zu8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhQ8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbD26nfHKHSPJYPZpygH9G+5CFn1FjJf4rOiSQdRWVfYLdUdivuDGSZeDkpQ45at/TV6cUsjVAaJqjWbc9NjJ9RZTgTOCl2Uo0JZUPax7alkkao/Wx29IScWqVHwljZkobM1N8TGY20HkeB7YyoGehFbyr+57VTE177GZdJalCy+aIwFcTEZJoA6XGFzIixJZQpbm8lbEAVZcbmVLQheIsvL5PGRcVzK979Zbl6k8dRgGM4gTPw4AqqcAc1qAODR3iGV3hzRs6L8+58zFtXnHzmCP7A+fwB/HaRlA==</latexit><latexit sha1_base64="PpCnB/SFXPiUMRaS3n7bC8aEddI=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMeiF48V7Ae0oWy2k3bpZhN3N4US+zu8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhQ8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbD26nfHKHSPJYPZpygH9G+5CFn1FjJf4rOiSQdRWVfYLdUdivuDGSZeDkpQ45at/TV6cUsjVAaJqjWbc9NjJ9RZTgTOCl2Uo0JZUPax7alkkao/Wx29IScWqVHwljZkobM1N8TGY20HkeB7YyoGehFbyr+57VTE177GZdJalCy+aIwFcTEZJoA6XGFzIixJZQpbm8lbEAVZcbmVLQheIsvL5PGRcVzK979Zbl6k8dRgGM4gTPw4AqqcAc1qAODR3iGV3hzRs6L8+58zFtXnHzmCP7A+fwB/HaRlA==</latexit><latexit sha1_base64="PpCnB/SFXPiUMRaS3n7bC8aEddI=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMeiF48V7Ae0oWy2k3bpZhN3N4US+zu8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhQ8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbD26nfHKHSPJYPZpygH9G+5CFn1FjJf4rOiSQdRWVfYLdUdivuDGSZeDkpQ45at/TV6cUsjVAaJqjWbc9NjJ9RZTgTOCl2Uo0JZUPax7alkkao/Wx29IScWqVHwljZkobM1N8TGY20HkeB7YyoGehFbyr+57VTE177GZdJalCy+aIwFcTEZJoA6XGFzIixJZQpbm8lbEAVZcbmVLQheIsvL5PGRcVzK979Zbl6k8dRgGM4gTPw4AqqcAc1qAODR3iGV3hzRs6L8+58zFtXnHzmCP7A+fwB/HaRlA==</latexit><latexit sha1_base64="PpCnB/SFXPiUMRaS3n7bC8aEddI=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMeiF48V7Ae0oWy2k3bpZhN3N4US+zu8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhQ8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbD26nfHKHSPJYPZpygH9G+5CFn1FjJf4rOiSQdRWVfYLdUdivuDGSZeDkpQ45at/TV6cUsjVAaJqjWbc9NjJ9RZTgTOCl2Uo0JZUPax7alkkao/Wx29IScWqVHwljZkobM1N8TGY20HkeB7YyoGehFbyr+57VTE177GZdJalCy+aIwFcTEZJoA6XGFzIixJZQpbm8lbEAVZcbmVLQheIsvL5PGRcVzK979Zbl6k8dRgGM4gTPw4AqqcAc1qAODR3iGV3hzRs6L8+58zFtXnHzmCP7A+fwB/HaRlA==</latexit>

Energy 
state

Position 
state

Importantly, because the ions repel 
each other, their positions can 

become entangled



Ion traps

In fact, we quantise the position of all ions together

The basis states of the whole system of k ions will be

|m1,m2, ...mk, ni
<latexit sha1_base64="MHEd9YiQms2+eRzeJT9lkX5yXEE=">AAACBnicbZDLSgMxFIbP1Futt1GXIgSL4KIMM0XQZdGNywr2Am0ZMmnahiaZIckIZezKja/ixoUibn0Gd76N6WWhrT8EPv5zDifnjxLOtPH9bye3srq2vpHfLGxt7+zuufsHdR2nitAaiXmsmhHWlDNJa4YZTpuJolhEnDai4fWk3rinSrNY3plRQjsC9yXrMYKNtUL3+EGEQQmJsFxCnudZGJaQRG2FZZ/T0C36nj8VWoZgDkWYqxq6X+1uTFJBpSEca90K/MR0MqwMI5yOC+1U0wSTIe7TlkWJBdWdbHrGGJ1ap4t6sbJPGjR1f09kWGg9EpHtFNgM9GJtYv5Xa6Wmd9nJmExSQyWZLeqlHJkYTTJBXaYoMXxkARPF7F8RGWCFibHJFWwIweLJy1Ave4HvBbfnxcrVPI48HMEJnEEAF1CBG6hCDQg8wjO8wpvz5Lw4787HrDXnzGcO4Y+czx85SZZs</latexit><latexit sha1_base64="MHEd9YiQms2+eRzeJT9lkX5yXEE=">AAACBnicbZDLSgMxFIbP1Futt1GXIgSL4KIMM0XQZdGNywr2Am0ZMmnahiaZIckIZezKja/ixoUibn0Gd76N6WWhrT8EPv5zDifnjxLOtPH9bye3srq2vpHfLGxt7+zuufsHdR2nitAaiXmsmhHWlDNJa4YZTpuJolhEnDai4fWk3rinSrNY3plRQjsC9yXrMYKNtUL3+EGEQQmJsFxCnudZGJaQRG2FZZ/T0C36nj8VWoZgDkWYqxq6X+1uTFJBpSEca90K/MR0MqwMI5yOC+1U0wSTIe7TlkWJBdWdbHrGGJ1ap4t6sbJPGjR1f09kWGg9EpHtFNgM9GJtYv5Xa6Wmd9nJmExSQyWZLeqlHJkYTTJBXaYoMXxkARPF7F8RGWCFibHJFWwIweLJy1Ave4HvBbfnxcrVPI48HMEJnEEAF1CBG6hCDQg8wjO8wpvz5Lw4787HrDXnzGcO4Y+czx85SZZs</latexit><latexit sha1_base64="MHEd9YiQms2+eRzeJT9lkX5yXEE=">AAACBnicbZDLSgMxFIbP1Futt1GXIgSL4KIMM0XQZdGNywr2Am0ZMmnahiaZIckIZezKja/ixoUibn0Gd76N6WWhrT8EPv5zDifnjxLOtPH9bye3srq2vpHfLGxt7+zuufsHdR2nitAaiXmsmhHWlDNJa4YZTpuJolhEnDai4fWk3rinSrNY3plRQjsC9yXrMYKNtUL3+EGEQQmJsFxCnudZGJaQRG2FZZ/T0C36nj8VWoZgDkWYqxq6X+1uTFJBpSEca90K/MR0MqwMI5yOC+1U0wSTIe7TlkWJBdWdbHrGGJ1ap4t6sbJPGjR1f09kWGg9EpHtFNgM9GJtYv5Xa6Wmd9nJmExSQyWZLeqlHJkYTTJBXaYoMXxkARPF7F8RGWCFibHJFWwIweLJy1Ave4HvBbfnxcrVPI48HMEJnEEAF1CBG6hCDQg8wjO8wpvz5Lw4787HrDXnzGcO4Y+czx85SZZs</latexit><latexit sha1_base64="MHEd9YiQms2+eRzeJT9lkX5yXEE=">AAACBnicbZDLSgMxFIbP1Futt1GXIgSL4KIMM0XQZdGNywr2Am0ZMmnahiaZIckIZezKja/ixoUibn0Gd76N6WWhrT8EPv5zDifnjxLOtPH9bye3srq2vpHfLGxt7+zuufsHdR2nitAaiXmsmhHWlDNJa4YZTpuJolhEnDai4fWk3rinSrNY3plRQjsC9yXrMYKNtUL3+EGEQQmJsFxCnudZGJaQRG2FZZ/T0C36nj8VWoZgDkWYqxq6X+1uTFJBpSEca90K/MR0MqwMI5yOC+1U0wSTIe7TlkWJBdWdbHrGGJ1ap4t6sbJPGjR1f09kWGg9EpHtFNgM9GJtYv5Xa6Wmd9nJmExSQyWZLeqlHJkYTTJBXaYoMXxkARPF7F8RGWCFibHJFWwIweLJy1Ave4HvBbfnxcrVPI48HMEJnEEAF1CBG6hCDQg8wjO8wpvz5Lw4787HrDXnzGcO4Y+czx85SZZs</latexit>

The m’s label the energy states of each ion

n labels the position states of all ions

We also say that we have n phonons in the system

Quantised vibrations of the ions



Ion traps

Depending on the type of ion qubits we have, changing their 
state is done with either lasers or RF radiation

Laser can be used to perform single-qubit gates on one ion

But also 2-qubit gates by entangling its energy state to 
the position state!



Ion traps

...
<latexit sha1_base64="ocgiAjpDjkxJr5kPWC1BB+yVGnk=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxgP6ANZbPZtGs3u2F3Uiih/8GLB0W8+n+8+W/ctjlo64OBx3szzMwLU8ENet63s7a+sbm1Xdop7+7tHxxWjo5bRmWasiZVQulOSAwTXLImchSsk2pGklCwdji6m/ntMdOGK/mIk5QFCRlIHnNK0Eqt3jhSaPqVqlfz5nBXiV+QKhRo9CtfvUjRLGESqSDGdH0vxSAnGjkVbFruZYalhI7IgHUtlSRhJsjn107dc6tEbqy0LYnuXP09kZPEmEkS2s6E4NAsezPxP6+bYXwT5FymGTJJF4viTLio3NnrbsQ1oygmlhCqub3VpUOiCUUbUNmG4C+/vEpalzXfq/kPV9X6bRFHCU7hDC7Ah2uowz00oAkUnuAZXuHNUc6L8+58LFrXnGLmBP7A+fwBy2+PQg==</latexit><latexit sha1_base64="ocgiAjpDjkxJr5kPWC1BB+yVGnk=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxgP6ANZbPZtGs3u2F3Uiih/8GLB0W8+n+8+W/ctjlo64OBx3szzMwLU8ENet63s7a+sbm1Xdop7+7tHxxWjo5bRmWasiZVQulOSAwTXLImchSsk2pGklCwdji6m/ntMdOGK/mIk5QFCRlIHnNK0Eqt3jhSaPqVqlfz5nBXiV+QKhRo9CtfvUjRLGESqSDGdH0vxSAnGjkVbFruZYalhI7IgHUtlSRhJsjn107dc6tEbqy0LYnuXP09kZPEmEkS2s6E4NAsezPxP6+bYXwT5FymGTJJF4viTLio3NnrbsQ1oygmlhCqub3VpUOiCUUbUNmG4C+/vEpalzXfq/kPV9X6bRFHCU7hDC7Ah2uowz00oAkUnuAZXuHNUc6L8+58LFrXnGLmBP7A+fwBy2+PQg==</latexit><latexit sha1_base64="ocgiAjpDjkxJr5kPWC1BB+yVGnk=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxgP6ANZbPZtGs3u2F3Uiih/8GLB0W8+n+8+W/ctjlo64OBx3szzMwLU8ENet63s7a+sbm1Xdop7+7tHxxWjo5bRmWasiZVQulOSAwTXLImchSsk2pGklCwdji6m/ntMdOGK/mIk5QFCRlIHnNK0Eqt3jhSaPqVqlfz5nBXiV+QKhRo9CtfvUjRLGESqSDGdH0vxSAnGjkVbFruZYalhI7IgHUtlSRhJsjn107dc6tEbqy0LYnuXP09kZPEmEkS2s6E4NAsezPxP6+bYXwT5FymGTJJF4viTLio3NnrbsQ1oygmlhCqub3VpUOiCUUbUNmG4C+/vEpalzXfq/kPV9X6bRFHCU7hDC7Ah2uowz00oAkUnuAZXuHNUc6L8+58LFrXnGLmBP7A+fwBy2+PQg==</latexit><latexit sha1_base64="ocgiAjpDjkxJr5kPWC1BB+yVGnk=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxgP6ANZbPZtGs3u2F3Uiih/8GLB0W8+n+8+W/ctjlo64OBx3szzMwLU8ENet63s7a+sbm1Xdop7+7tHxxWjo5bRmWasiZVQulOSAwTXLImchSsk2pGklCwdji6m/ntMdOGK/mIk5QFCRlIHnNK0Eqt3jhSaPqVqlfz5nBXiV+QKhRo9CtfvUjRLGESqSDGdH0vxSAnGjkVbFruZYalhI7IgHUtlSRhJsjn107dc6tEbqy0LYnuXP09kZPEmEkS2s6E4NAsezPxP6+bYXwT5FymGTJJF4viTLio3NnrbsQ1oygmlhCqub3VpUOiCUUbUNmG4C+/vEpalzXfq/kPV9X6bRFHCU7hDC7Ah2uowz00oAkUnuAZXuHNUc6L8+58LFrXnGLmBP7A+fwBy2+PQg==</latexit>

Energy
Let’s look at one ion

|0, 0i
<latexit sha1_base64="qfnIP54ho0qcFIGlB8FcOYcAfd0=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMeiF48V7Ae0oWy2k3bpZhN3N4US+zu8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhQ8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbD26nfHKHSPJYPZpygH9G+5CFn1FjJf3LPiUs6isq+wG6p7FbcGcgy8XJShhy1bumr04tZGqE0TFCt256bGD+jynAmcFLspBoTyoa0j21LJY1Q+9ns6Ak5tUqPhLGyJQ2Zqb8nMhppPY4C2xlRM9CL3lT8z2unJrz2My6T1KBk80VhKoiJyTQB0uMKmRFjSyhT3N5K2IAqyozNqWhD8BZfXiaNi4rnVrz7y3L1Jo+jAMdwAmfgwRVU4Q5qUAcGj/AMr/DmjJwX5935mLeuOPnMEfyB8/kDPXuRGQ==</latexit><latexit sha1_base64="qfnIP54ho0qcFIGlB8FcOYcAfd0=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMeiF48V7Ae0oWy2k3bpZhN3N4US+zu8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhQ8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbD26nfHKHSPJYPZpygH9G+5CFn1FjJf3LPiUs6isq+wG6p7FbcGcgy8XJShhy1bumr04tZGqE0TFCt256bGD+jynAmcFLspBoTyoa0j21LJY1Q+9ns6Ak5tUqPhLGyJQ2Zqb8nMhppPY4C2xlRM9CL3lT8z2unJrz2My6T1KBk80VhKoiJyTQB0uMKmRFjSyhT3N5K2IAqyozNqWhD8BZfXiaNi4rnVrz7y3L1Jo+jAMdwAmfgwRVU4Q5qUAcGj/AMr/DmjJwX5935mLeuOPnMEfyB8/kDPXuRGQ==</latexit><latexit sha1_base64="qfnIP54ho0qcFIGlB8FcOYcAfd0=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMeiF48V7Ae0oWy2k3bpZhN3N4US+zu8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhQ8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbD26nfHKHSPJYPZpygH9G+5CFn1FjJf3LPiUs6isq+wG6p7FbcGcgy8XJShhy1bumr04tZGqE0TFCt256bGD+jynAmcFLspBoTyoa0j21LJY1Q+9ns6Ak5tUqPhLGyJQ2Zqb8nMhppPY4C2xlRM9CL3lT8z2unJrz2My6T1KBk80VhKoiJyTQB0uMKmRFjSyhT3N5K2IAqyozNqWhD8BZfXiaNi4rnVrz7y3L1Jo+jAMdwAmfgwRVU4Q5qUAcGj/AMr/DmjJwX5935mLeuOPnMEfyB8/kDPXuRGQ==</latexit><latexit sha1_base64="qfnIP54ho0qcFIGlB8FcOYcAfd0=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMeiF48V7Ae0oWy2k3bpZhN3N4US+zu8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhQ8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbD26nfHKHSPJYPZpygH9G+5CFn1FjJf3LPiUs6isq+wG6p7FbcGcgy8XJShhy1bumr04tZGqE0TFCt256bGD+jynAmcFLspBoTyoa0j21LJY1Q+9ns6Ak5tUqPhLGyJQ2Zqb8nMhppPY4C2xlRM9CL3lT8z2unJrz2My6T1KBk80VhKoiJyTQB0uMKmRFjSyhT3N5K2IAqyozNqWhD8BZfXiaNi4rnVrz7y3L1Jo+jAMdwAmfgwRVU4Q5qUAcGj/AMr/DmjJwX5935mLeuOPnMEfyB8/kDPXuRGQ==</latexit>

~!ph
<latexit sha1_base64="+XFUHjDQ8WhHvJ+2ewBF/bqtBF4=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiQi6LLoxmUF+4AmhMl00gydR5iZKCX2U9y4UMStX+LOv3HaZqGtBy4czrmXe++JM0a18bxvp7K2vrG5Vd2u7ezu7R+49cOulrnCpIMlk6ofI00YFaRjqGGknymCeMxILx7fzPzeA1GaSnFvJhkJORoJmlCMjJUitx6kMVIwkJyMUFRk6TRyG17TmwOuEr8kDVCiHblfwVDinBNhMENaD3wvM2GBlKGYkWktyDXJEB6jERlYKhAnOizmp0/hqVWGMJHKljBwrv6eKBDXesJj28mRSfWyNxP/8wa5Sa7CgoosN0TgxaIkZ9BIOMsBDqki2LCJJQgram+FOEUKYWPTqtkQ/OWXV0n3vOl7Tf/uotG6LuOogmNwAs6ADy5BC9yCNugADB7BM3gFb86T8+K8Ox+L1opTzhyBP3A+fwBJepQC</latexit><latexit sha1_base64="+XFUHjDQ8WhHvJ+2ewBF/bqtBF4=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiQi6LLoxmUF+4AmhMl00gydR5iZKCX2U9y4UMStX+LOv3HaZqGtBy4czrmXe++JM0a18bxvp7K2vrG5Vd2u7ezu7R+49cOulrnCpIMlk6ofI00YFaRjqGGknymCeMxILx7fzPzeA1GaSnFvJhkJORoJmlCMjJUitx6kMVIwkJyMUFRk6TRyG17TmwOuEr8kDVCiHblfwVDinBNhMENaD3wvM2GBlKGYkWktyDXJEB6jERlYKhAnOizmp0/hqVWGMJHKljBwrv6eKBDXesJj28mRSfWyNxP/8wa5Sa7CgoosN0TgxaIkZ9BIOMsBDqki2LCJJQgram+FOEUKYWPTqtkQ/OWXV0n3vOl7Tf/uotG6LuOogmNwAs6ADy5BC9yCNugADB7BM3gFb86T8+K8Ox+L1opTzhyBP3A+fwBJepQC</latexit><latexit sha1_base64="+XFUHjDQ8WhHvJ+2ewBF/bqtBF4=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiQi6LLoxmUF+4AmhMl00gydR5iZKCX2U9y4UMStX+LOv3HaZqGtBy4czrmXe++JM0a18bxvp7K2vrG5Vd2u7ezu7R+49cOulrnCpIMlk6ofI00YFaRjqGGknymCeMxILx7fzPzeA1GaSnFvJhkJORoJmlCMjJUitx6kMVIwkJyMUFRk6TRyG17TmwOuEr8kDVCiHblfwVDinBNhMENaD3wvM2GBlKGYkWktyDXJEB6jERlYKhAnOizmp0/hqVWGMJHKljBwrv6eKBDXesJj28mRSfWyNxP/8wa5Sa7CgoosN0TgxaIkZ9BIOMsBDqki2LCJJQgram+FOEUKYWPTqtkQ/OWXV0n3vOl7Tf/uotG6LuOogmNwAs6ADy5BC9yCNugADB7BM3gFb86T8+K8Ox+L1opTzhyBP3A+fwBJepQC</latexit><latexit sha1_base64="+XFUHjDQ8WhHvJ+2ewBF/bqtBF4=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiQi6LLoxmUF+4AmhMl00gydR5iZKCX2U9y4UMStX+LOv3HaZqGtBy4czrmXe++JM0a18bxvp7K2vrG5Vd2u7ezu7R+49cOulrnCpIMlk6ofI00YFaRjqGGknymCeMxILx7fzPzeA1GaSnFvJhkJORoJmlCMjJUitx6kMVIwkJyMUFRk6TRyG17TmwOuEr8kDVCiHblfwVDinBNhMENaD3wvM2GBlKGYkWktyDXJEB6jERlYKhAnOizmp0/hqVWGMJHKljBwrv6eKBDXesJj28mRSfWyNxP/8wa5Sa7CgoosN0TgxaIkZ9BIOMsBDqki2LCJJQgram+FOEUKYWPTqtkQ/OWXV0n3vOl7Tf/uotG6LuOogmNwAs6ADy5BC9yCNugADB7BM3gFb86T8+K8Ox+L1opTzhyBP3A+fwBJepQC</latexit>

|0, 1i
<latexit sha1_base64="6M3DmrkAKm+7A0S5h6kSaEKJhM4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYGuhCWWznbRLN5uwuxFK7N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwlRwbVz32ymtrK6tb5Q3K1vbO7t71f2Dtk4yxbDFEpGoTkg1Ci6xZbgR2EkV0jgU+BCObqb+wyMqzRN5b8YpBjEdSB5xRo2V/Cf3jHi+onIgsFetuXV3BrJMvILUoECzV/3y+wnLYpSGCap113NTE+RUGc4ETip+pjGlbEQH2LVU0hh1kM9unpATq/RJlChb0pCZ+nsip7HW4zi0nTE1Q73oTcX/vG5moqsg5zLNDEo2XxRlgpiETAMgfa6QGTG2hDLF7a2EDamizNiYKjYEb/HlZdI+r3tu3bu7qDWuizjKcATHcAoeXEIDbqEJLWCQwjO8wpuTOS/Ou/Mxby05xcwh/IHz+QPndZDw</latexit><latexit sha1_base64="6M3DmrkAKm+7A0S5h6kSaEKJhM4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYGuhCWWznbRLN5uwuxFK7N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwlRwbVz32ymtrK6tb5Q3K1vbO7t71f2Dtk4yxbDFEpGoTkg1Ci6xZbgR2EkV0jgU+BCObqb+wyMqzRN5b8YpBjEdSB5xRo2V/Cf3jHi+onIgsFetuXV3BrJMvILUoECzV/3y+wnLYpSGCap113NTE+RUGc4ETip+pjGlbEQH2LVU0hh1kM9unpATq/RJlChb0pCZ+nsip7HW4zi0nTE1Q73oTcX/vG5moqsg5zLNDEo2XxRlgpiETAMgfa6QGTG2hDLF7a2EDamizNiYKjYEb/HlZdI+r3tu3bu7qDWuizjKcATHcAoeXEIDbqEJLWCQwjO8wpuTOS/Ou/Mxby05xcwh/IHz+QPndZDw</latexit><latexit sha1_base64="6M3DmrkAKm+7A0S5h6kSaEKJhM4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYGuhCWWznbRLN5uwuxFK7N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwlRwbVz32ymtrK6tb5Q3K1vbO7t71f2Dtk4yxbDFEpGoTkg1Ci6xZbgR2EkV0jgU+BCObqb+wyMqzRN5b8YpBjEdSB5xRo2V/Cf3jHi+onIgsFetuXV3BrJMvILUoECzV/3y+wnLYpSGCap113NTE+RUGc4ETip+pjGlbEQH2LVU0hh1kM9unpATq/RJlChb0pCZ+nsip7HW4zi0nTE1Q73oTcX/vG5moqsg5zLNDEo2XxRlgpiETAMgfa6QGTG2hDLF7a2EDamizNiYKjYEb/HlZdI+r3tu3bu7qDWuizjKcATHcAoeXEIDbqEJLWCQwjO8wpuTOS/Ou/Mxby05xcwh/IHz+QPndZDw</latexit><latexit sha1_base64="6M3DmrkAKm+7A0S5h6kSaEKJhM4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYGuhCWWznbRLN5uwuxFK7N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwlRwbVz32ymtrK6tb5Q3K1vbO7t71f2Dtk4yxbDFEpGoTkg1Ci6xZbgR2EkV0jgU+BCObqb+wyMqzRN5b8YpBjEdSB5xRo2V/Cf3jHi+onIgsFetuXV3BrJMvILUoECzV/3y+wnLYpSGCap113NTE+RUGc4ETip+pjGlbEQH2LVU0hh1kM9unpATq/RJlChb0pCZ+nsip7HW4zi0nTE1Q73oTcX/vG5moqsg5zLNDEo2XxRlgpiETAMgfa6QGTG2hDLF7a2EDamizNiYKjYEb/HlZdI+r3tu3bu7qDWuizjKcATHcAoeXEIDbqEJLWCQwjO8wpuTOS/Ou/Mxby05xcwh/IHz+QPndZDw</latexit>

|1, 0i
<latexit sha1_base64="PEyDyt3OmpqIelm05MldcFHPQmU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYGuhCWWznbRLN5uwuxFK7N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwlRwbVz32ymtrK6tb5Q3K1vbO7t71f2Dtk4yxbDFEpGoTkg1Ci6xZbgR2EkV0jgU+BCObqb+wyMqzRN5b8YpBjEdSB5xRo2V/CfvjLi+onIgsFetuXV3BrJMvILUoECzV/3y+wnLYpSGCap113NTE+RUGc4ETip+pjGlbEQH2LVU0hh1kM9unpATq/RJlChb0pCZ+nsip7HW4zi0nTE1Q73oTcX/vG5moqsg5zLNDEo2XxRlgpiETAMgfa6QGTG2hDLF7a2EDamizNiYKjYEb/HlZdI+r3tu3bu7qDWuizjKcATHcAoeXEIDbqEJLWCQwjO8wpuTOS/Ou/Mxby05xcwh/IHz+QPneJDw</latexit><latexit sha1_base64="PEyDyt3OmpqIelm05MldcFHPQmU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYGuhCWWznbRLN5uwuxFK7N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwlRwbVz32ymtrK6tb5Q3K1vbO7t71f2Dtk4yxbDFEpGoTkg1Ci6xZbgR2EkV0jgU+BCObqb+wyMqzRN5b8YpBjEdSB5xRo2V/CfvjLi+onIgsFetuXV3BrJMvILUoECzV/3y+wnLYpSGCap113NTE+RUGc4ETip+pjGlbEQH2LVU0hh1kM9unpATq/RJlChb0pCZ+nsip7HW4zi0nTE1Q73oTcX/vG5moqsg5zLNDEo2XxRlgpiETAMgfa6QGTG2hDLF7a2EDamizNiYKjYEb/HlZdI+r3tu3bu7qDWuizjKcATHcAoeXEIDbqEJLWCQwjO8wpuTOS/Ou/Mxby05xcwh/IHz+QPneJDw</latexit><latexit sha1_base64="PEyDyt3OmpqIelm05MldcFHPQmU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYGuhCWWznbRLN5uwuxFK7N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwlRwbVz32ymtrK6tb5Q3K1vbO7t71f2Dtk4yxbDFEpGoTkg1Ci6xZbgR2EkV0jgU+BCObqb+wyMqzRN5b8YpBjEdSB5xRo2V/CfvjLi+onIgsFetuXV3BrJMvILUoECzV/3y+wnLYpSGCap113NTE+RUGc4ETip+pjGlbEQH2LVU0hh1kM9unpATq/RJlChb0pCZ+nsip7HW4zi0nTE1Q73oTcX/vG5moqsg5zLNDEo2XxRlgpiETAMgfa6QGTG2hDLF7a2EDamizNiYKjYEb/HlZdI+r3tu3bu7qDWuizjKcATHcAoeXEIDbqEJLWCQwjO8wpuTOS/Ou/Mxby05xcwh/IHz+QPneJDw</latexit><latexit sha1_base64="PEyDyt3OmpqIelm05MldcFHPQmU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYGuhCWWznbRLN5uwuxFK7N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwlRwbVz32ymtrK6tb5Q3K1vbO7t71f2Dtk4yxbDFEpGoTkg1Ci6xZbgR2EkV0jgU+BCObqb+wyMqzRN5b8YpBjEdSB5xRo2V/CfvjLi+onIgsFetuXV3BrJMvILUoECzV/3y+wnLYpSGCap113NTE+RUGc4ETip+pjGlbEQH2LVU0hh1kM9unpATq/RJlChb0pCZ+nsip7HW4zi0nTE1Q73oTcX/vG5moqsg5zLNDEo2XxRlgpiETAMgfa6QGTG2hDLF7a2EDamizNiYKjYEb/HlZdI+r3tu3bu7qDWuizjKcATHcAoeXEIDbqEJLWCQwjO8wpuTOS/Ou/Mxby05xcwh/IHz+QPneJDw</latexit>

~!ex
<latexit sha1_base64="ZRXOtxsTopSUyWyByADogjfDJUc=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwVBIR9Fj04rGC/YA2hM120i7dzYbdjVpif4oXD4p49Zd489+4bXPQ1gcDj/dmmJkXpZxp43nfzsrq2vrGZmmrvL2zu7fvVg5aWmaKQpNKLlUnIho4S6BpmOHQSRUQEXFoR6Prqd++B6WZTO7MOIVAkEHCYkaJsVLoVnrDiCjckwIGJMzhcRK6Va/mzYCXiV+QKirQCN2vXl/STEBiKCdad30vNUFOlGGUw6TcyzSkhI7IALqWJkSADvLZ6RN8YpU+jqWylRg8U39P5ERoPRaR7RTEDPWiNxX/87qZiS+DnCVpZiCh80VxxrGReJoD7jMF1PCxJYQqZm/FdEgUocamVbYh+IsvL5PWWc33av7tebV+VcRRQkfoGJ0iH12gOrpBDdREFD2gZ/SK3pwn58V5dz7mrStOMXOI/sD5/AFRCJQH</latexit><latexit sha1_base64="ZRXOtxsTopSUyWyByADogjfDJUc=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwVBIR9Fj04rGC/YA2hM120i7dzYbdjVpif4oXD4p49Zd489+4bXPQ1gcDj/dmmJkXpZxp43nfzsrq2vrGZmmrvL2zu7fvVg5aWmaKQpNKLlUnIho4S6BpmOHQSRUQEXFoR6Prqd++B6WZTO7MOIVAkEHCYkaJsVLoVnrDiCjckwIGJMzhcRK6Va/mzYCXiV+QKirQCN2vXl/STEBiKCdad30vNUFOlGGUw6TcyzSkhI7IALqWJkSADvLZ6RN8YpU+jqWylRg8U39P5ERoPRaR7RTEDPWiNxX/87qZiS+DnCVpZiCh80VxxrGReJoD7jMF1PCxJYQqZm/FdEgUocamVbYh+IsvL5PWWc33av7tebV+VcRRQkfoGJ0iH12gOrpBDdREFD2gZ/SK3pwn58V5dz7mrStOMXOI/sD5/AFRCJQH</latexit><latexit sha1_base64="ZRXOtxsTopSUyWyByADogjfDJUc=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwVBIR9Fj04rGC/YA2hM120i7dzYbdjVpif4oXD4p49Zd489+4bXPQ1gcDj/dmmJkXpZxp43nfzsrq2vrGZmmrvL2zu7fvVg5aWmaKQpNKLlUnIho4S6BpmOHQSRUQEXFoR6Prqd++B6WZTO7MOIVAkEHCYkaJsVLoVnrDiCjckwIGJMzhcRK6Va/mzYCXiV+QKirQCN2vXl/STEBiKCdad30vNUFOlGGUw6TcyzSkhI7IALqWJkSADvLZ6RN8YpU+jqWylRg8U39P5ERoPRaR7RTEDPWiNxX/87qZiS+DnCVpZiCh80VxxrGReJoD7jMF1PCxJYQqZm/FdEgUocamVbYh+IsvL5PWWc33av7tebV+VcRRQkfoGJ0iH12gOrpBDdREFD2gZ/SK3pwn58V5dz7mrStOMXOI/sD5/AFRCJQH</latexit><latexit sha1_base64="ZRXOtxsTopSUyWyByADogjfDJUc=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwVBIR9Fj04rGC/YA2hM120i7dzYbdjVpif4oXD4p49Zd489+4bXPQ1gcDj/dmmJkXpZxp43nfzsrq2vrGZmmrvL2zu7fvVg5aWmaKQpNKLlUnIho4S6BpmOHQSRUQEXFoR6Prqd++B6WZTO7MOIVAkEHCYkaJsVLoVnrDiCjckwIGJMzhcRK6Va/mzYCXiV+QKirQCN2vXl/STEBiKCdad30vNUFOlGGUw6TcyzSkhI7IALqWJkSADvLZ6RN8YpU+jqWylRg8U39P5ERoPRaR7RTEDPWiNxX/87qZiS+DnCVpZiCh80VxxrGReJoD7jMF1PCxJYQqZm/FdEgUocamVbYh+IsvL5PWWc33av7tebV+VcRRQkfoGJ0iH12gOrpBDdREFD2gZ/SK3pwn58V5dz7mrStOMXOI/sD5/AFRCJQH</latexit>

~!ph
<latexit sha1_base64="+XFUHjDQ8WhHvJ+2ewBF/bqtBF4=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiQi6LLoxmUF+4AmhMl00gydR5iZKCX2U9y4UMStX+LOv3HaZqGtBy4czrmXe++JM0a18bxvp7K2vrG5Vd2u7ezu7R+49cOulrnCpIMlk6ofI00YFaRjqGGknymCeMxILx7fzPzeA1GaSnFvJhkJORoJmlCMjJUitx6kMVIwkJyMUFRk6TRyG17TmwOuEr8kDVCiHblfwVDinBNhMENaD3wvM2GBlKGYkWktyDXJEB6jERlYKhAnOizmp0/hqVWGMJHKljBwrv6eKBDXesJj28mRSfWyNxP/8wa5Sa7CgoosN0TgxaIkZ9BIOMsBDqki2LCJJQgram+FOEUKYWPTqtkQ/OWXV0n3vOl7Tf/uotG6LuOogmNwAs6ADy5BC9yCNugADB7BM3gFb86T8+K8Ox+L1opTzhyBP3A+fwBJepQC</latexit><latexit sha1_base64="+XFUHjDQ8WhHvJ+2ewBF/bqtBF4=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiQi6LLoxmUF+4AmhMl00gydR5iZKCX2U9y4UMStX+LOv3HaZqGtBy4czrmXe++JM0a18bxvp7K2vrG5Vd2u7ezu7R+49cOulrnCpIMlk6ofI00YFaRjqGGknymCeMxILx7fzPzeA1GaSnFvJhkJORoJmlCMjJUitx6kMVIwkJyMUFRk6TRyG17TmwOuEr8kDVCiHblfwVDinBNhMENaD3wvM2GBlKGYkWktyDXJEB6jERlYKhAnOizmp0/hqVWGMJHKljBwrv6eKBDXesJj28mRSfWyNxP/8wa5Sa7CgoosN0TgxaIkZ9BIOMsBDqki2LCJJQgram+FOEUKYWPTqtkQ/OWXV0n3vOl7Tf/uotG6LuOogmNwAs6ADy5BC9yCNugADB7BM3gFb86T8+K8Ox+L1opTzhyBP3A+fwBJepQC</latexit><latexit sha1_base64="+XFUHjDQ8WhHvJ+2ewBF/bqtBF4=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiQi6LLoxmUF+4AmhMl00gydR5iZKCX2U9y4UMStX+LOv3HaZqGtBy4czrmXe++JM0a18bxvp7K2vrG5Vd2u7ezu7R+49cOulrnCpIMlk6ofI00YFaRjqGGknymCeMxILx7fzPzeA1GaSnFvJhkJORoJmlCMjJUitx6kMVIwkJyMUFRk6TRyG17TmwOuEr8kDVCiHblfwVDinBNhMENaD3wvM2GBlKGYkWktyDXJEB6jERlYKhAnOizmp0/hqVWGMJHKljBwrv6eKBDXesJj28mRSfWyNxP/8wa5Sa7CgoosN0TgxaIkZ9BIOMsBDqki2LCJJQgram+FOEUKYWPTqtkQ/OWXV0n3vOl7Tf/uotG6LuOogmNwAs6ADy5BC9yCNugADB7BM3gFb86T8+K8Ox+L1opTzhyBP3A+fwBJepQC</latexit><latexit sha1_base64="+XFUHjDQ8WhHvJ+2ewBF/bqtBF4=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiQi6LLoxmUF+4AmhMl00gydR5iZKCX2U9y4UMStX+LOv3HaZqGtBy4czrmXe++JM0a18bxvp7K2vrG5Vd2u7ezu7R+49cOulrnCpIMlk6ofI00YFaRjqGGknymCeMxILx7fzPzeA1GaSnFvJhkJORoJmlCMjJUitx6kMVIwkJyMUFRk6TRyG17TmwOuEr8kDVCiHblfwVDinBNhMENaD3wvM2GBlKGYkWktyDXJEB6jERlYKhAnOizmp0/hqVWGMJHKljBwrv6eKBDXesJj28mRSfWyNxP/8wa5Sa7CgoosN0TgxaIkZ9BIOMsBDqki2LCJJQgram+FOEUKYWPTqtkQ/OWXV0n3vOl7Tf/uotG6LuOogmNwAs6ADy5BC9yCNugADB7BM3gFb86T8+K8Ox+L1opTzhyBP3A+fwBJepQC</latexit>

|1, 1i
<latexit sha1_base64="WqHR1UTfV/MLeBPMbEgF2LmmHX8=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMeiF48V7Ae0oWy2k3bpZhN3N4US+zu8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhQ8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbD26nfHKHSPJYPZpygH9G+5CFn1FjJf/LOiUc6isq+wG6p7FbcGcgy8XJShhy1bumr04tZGqE0TFCt256bGD+jynAmcFLspBoTyoa0j21LJY1Q+9ns6Ak5tUqPhLGyJQ2Zqb8nMhppPY4C2xlRM9CL3lT8z2unJrz2My6T1KBk80VhKoiJyTQB0uMKmRFjSyhT3N5K2IAqyozNqWhD8BZfXiaNi4rnVrz7y3L1Jo+jAMdwAmfgwRVU4Q5qUAcGj/AMr/DmjJwX5935mLeuOPnMEfyB8/kDQJaRGw==</latexit><latexit sha1_base64="WqHR1UTfV/MLeBPMbEgF2LmmHX8=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMeiF48V7Ae0oWy2k3bpZhN3N4US+zu8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhQ8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbD26nfHKHSPJYPZpygH9G+5CFn1FjJf/LOiUc6isq+wG6p7FbcGcgy8XJShhy1bumr04tZGqE0TFCt256bGD+jynAmcFLspBoTyoa0j21LJY1Q+9ns6Ak5tUqPhLGyJQ2Zqb8nMhppPY4C2xlRM9CL3lT8z2unJrz2My6T1KBk80VhKoiJyTQB0uMKmRFjSyhT3N5K2IAqyozNqWhD8BZfXiaNi4rnVrz7y3L1Jo+jAMdwAmfgwRVU4Q5qUAcGj/AMr/DmjJwX5935mLeuOPnMEfyB8/kDQJaRGw==</latexit><latexit sha1_base64="WqHR1UTfV/MLeBPMbEgF2LmmHX8=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMeiF48V7Ae0oWy2k3bpZhN3N4US+zu8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhQ8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbD26nfHKHSPJYPZpygH9G+5CFn1FjJf/LOiUc6isq+wG6p7FbcGcgy8XJShhy1bumr04tZGqE0TFCt256bGD+jynAmcFLspBoTyoa0j21LJY1Q+9ns6Ak5tUqPhLGyJQ2Zqb8nMhppPY4C2xlRM9CL3lT8z2unJrz2My6T1KBk80VhKoiJyTQB0uMKmRFjSyhT3N5K2IAqyozNqWhD8BZfXiaNi4rnVrz7y3L1Jo+jAMdwAmfgwRVU4Q5qUAcGj/AMr/DmjJwX5935mLeuOPnMEfyB8/kDQJaRGw==</latexit><latexit sha1_base64="WqHR1UTfV/MLeBPMbEgF2LmmHX8=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMeiF48V7Ae0oWy2k3bpZhN3N4US+zu8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhQ8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbD26nfHKHSPJYPZpygH9G+5CFn1FjJf/LOiUc6isq+wG6p7FbcGcgy8XJShhy1bumr04tZGqE0TFCt256bGD+jynAmcFLspBoTyoa0j21LJY1Q+9ns6Ak5tUqPhLGyJQ2Zqb8nMhppPY4C2xlRM9CL3lT8z2unJrz2My6T1KBk80VhKoiJyTQB0uMKmRFjSyhT3N5K2IAqyozNqWhD8BZfXiaNi4rnVrz7y3L1Jo+jAMdwAmfgwRVU4Q5qUAcGj/AMr/DmjJwX5935mLeuOPnMEfyB8/kDQJaRGw==</latexit>

Shine a laser of frequency
! = !ex + !ph

<latexit sha1_base64="SNcL6N7171kS72ggns5zXDt9uaw=">AAACC3icbZDLSgMxFIYz9VbrbdSlm9AiCEKZEUE3QtGNywr2Au0wZNLTNjSZGZKMWIbZu/FV3LhQxK0v4M63MW0H0dYfAl/+cw7J+YOYM6Ud58sqLC2vrK4V10sbm1vbO/buXlNFiaTQoBGPZDsgCjgLoaGZ5tCOJRARcGgFo6tJvXUHUrEovNXjGDxBBiHrM0q0sXy73I0EDAi+wDPwU7jP8PHPLR5mvl1xqs5UeBHcHCooV923P7u9iCYCQk05UarjOrH2UiI1oxyyUjdREBM6IgPoGAyJAOWl010yfGicHu5H0pxQ46n7eyIlQqmxCEynIHqo5msT879aJ9H9cy9lYZxoCOnsoX7CsY7wJBjcYxKo5mMDhEpm/orpkEhCtYmvZEJw51dehOZJ1XWq7s1ppXaZx1FEB6iMjpCLzlANXaM6aiCKHtATekGv1qP1bL1Z77PWgpXP7KM/sj6+ASG0mnk=</latexit><latexit sha1_base64="SNcL6N7171kS72ggns5zXDt9uaw=">AAACC3icbZDLSgMxFIYz9VbrbdSlm9AiCEKZEUE3QtGNywr2Au0wZNLTNjSZGZKMWIbZu/FV3LhQxK0v4M63MW0H0dYfAl/+cw7J+YOYM6Ud58sqLC2vrK4V10sbm1vbO/buXlNFiaTQoBGPZDsgCjgLoaGZ5tCOJRARcGgFo6tJvXUHUrEovNXjGDxBBiHrM0q0sXy73I0EDAi+wDPwU7jP8PHPLR5mvl1xqs5UeBHcHCooV923P7u9iCYCQk05UarjOrH2UiI1oxyyUjdREBM6IgPoGAyJAOWl010yfGicHu5H0pxQ46n7eyIlQqmxCEynIHqo5msT879aJ9H9cy9lYZxoCOnsoX7CsY7wJBjcYxKo5mMDhEpm/orpkEhCtYmvZEJw51dehOZJ1XWq7s1ppXaZx1FEB6iMjpCLzlANXaM6aiCKHtATekGv1qP1bL1Z77PWgpXP7KM/sj6+ASG0mnk=</latexit><latexit sha1_base64="SNcL6N7171kS72ggns5zXDt9uaw=">AAACC3icbZDLSgMxFIYz9VbrbdSlm9AiCEKZEUE3QtGNywr2Au0wZNLTNjSZGZKMWIbZu/FV3LhQxK0v4M63MW0H0dYfAl/+cw7J+YOYM6Ud58sqLC2vrK4V10sbm1vbO/buXlNFiaTQoBGPZDsgCjgLoaGZ5tCOJRARcGgFo6tJvXUHUrEovNXjGDxBBiHrM0q0sXy73I0EDAi+wDPwU7jP8PHPLR5mvl1xqs5UeBHcHCooV923P7u9iCYCQk05UarjOrH2UiI1oxyyUjdREBM6IgPoGAyJAOWl010yfGicHu5H0pxQ46n7eyIlQqmxCEynIHqo5msT879aJ9H9cy9lYZxoCOnsoX7CsY7wJBjcYxKo5mMDhEpm/orpkEhCtYmvZEJw51dehOZJ1XWq7s1ppXaZx1FEB6iMjpCLzlANXaM6aiCKHtATekGv1qP1bL1Z77PWgpXP7KM/sj6+ASG0mnk=</latexit><latexit sha1_base64="SNcL6N7171kS72ggns5zXDt9uaw=">AAACC3icbZDLSgMxFIYz9VbrbdSlm9AiCEKZEUE3QtGNywr2Au0wZNLTNjSZGZKMWIbZu/FV3LhQxK0v4M63MW0H0dYfAl/+cw7J+YOYM6Ud58sqLC2vrK4V10sbm1vbO/buXlNFiaTQoBGPZDsgCjgLoaGZ5tCOJRARcGgFo6tJvXUHUrEovNXjGDxBBiHrM0q0sXy73I0EDAi+wDPwU7jP8PHPLR5mvl1xqs5UeBHcHCooV923P7u9iCYCQk05UarjOrH2UiI1oxyyUjdREBM6IgPoGAyJAOWl010yfGicHu5H0pxQ46n7eyIlQqmxCEynIHqo5msT879aJ9H9cy9lYZxoCOnsoX7CsY7wJBjcYxKo5mMDhEpm/orpkEhCtYmvZEJw51dehOZJ1XWq7s1ppXaZx1FEB6iMjpCLzlANXaM6aiCKHtATekGv1qP1bL1Z77PWgpXP7KM/sj6+ASG0mnk=</latexit>

For some time t

|0, 0i ! a(t)|0, 0i+ b(t)|1, 1i
<latexit sha1_base64="MYzVGX7K9efmTOCTcVdpv4bKAx8=">AAACKXicbZDLSgMxFIYz9VbrrerSTbAIFUuZEUGXRTcuK9gLtKWcSdM2NJMZkjNKqX0dN76KGwVF3foiphdRWw+E/Hz/OSTn9yMpDLruu5NYWFxaXkmuptbWNza30ts7ZRPGmvESC2Woqz4YLoXiJRQoeTXSHAJf8orfuxj5lRuujQjVNfYj3gigo0RbMECLmunCnZujLq1rUB3J7S06XQStw1sKWTyk1v5xj6g/Zl6Oet+wmc64eXdcdF54U5Eh0yo208/1VsjigCtkEoypeW6EjQFoFEzyYaoeGx4B60GH16xUEHDTGIw3HdIDS1q0HWp7FNIx/T0xgMCYfuDbzgCwa2a9EfzPq8XYPmsMhIpi5IpNHmrHkmJIR7HRltCcoexbAUwL+1fKuqCBoQ03ZUPwZleeF+XjvOfmvauTTOF8GkeS7JF9kiUeOSUFckmKpEQYuSeP5IW8Og/Ok/PmfExaE850Zpf8KefzC8i5o0E=</latexit><latexit sha1_base64="MYzVGX7K9efmTOCTcVdpv4bKAx8=">AAACKXicbZDLSgMxFIYz9VbrrerSTbAIFUuZEUGXRTcuK9gLtKWcSdM2NJMZkjNKqX0dN76KGwVF3foiphdRWw+E/Hz/OSTn9yMpDLruu5NYWFxaXkmuptbWNza30ts7ZRPGmvESC2Woqz4YLoXiJRQoeTXSHAJf8orfuxj5lRuujQjVNfYj3gigo0RbMECLmunCnZujLq1rUB3J7S06XQStw1sKWTyk1v5xj6g/Zl6Oet+wmc64eXdcdF54U5Eh0yo208/1VsjigCtkEoypeW6EjQFoFEzyYaoeGx4B60GH16xUEHDTGIw3HdIDS1q0HWp7FNIx/T0xgMCYfuDbzgCwa2a9EfzPq8XYPmsMhIpi5IpNHmrHkmJIR7HRltCcoexbAUwL+1fKuqCBoQ03ZUPwZleeF+XjvOfmvauTTOF8GkeS7JF9kiUeOSUFckmKpEQYuSeP5IW8Og/Ok/PmfExaE850Zpf8KefzC8i5o0E=</latexit><latexit sha1_base64="MYzVGX7K9efmTOCTcVdpv4bKAx8=">AAACKXicbZDLSgMxFIYz9VbrrerSTbAIFUuZEUGXRTcuK9gLtKWcSdM2NJMZkjNKqX0dN76KGwVF3foiphdRWw+E/Hz/OSTn9yMpDLruu5NYWFxaXkmuptbWNza30ts7ZRPGmvESC2Woqz4YLoXiJRQoeTXSHAJf8orfuxj5lRuujQjVNfYj3gigo0RbMECLmunCnZujLq1rUB3J7S06XQStw1sKWTyk1v5xj6g/Zl6Oet+wmc64eXdcdF54U5Eh0yo208/1VsjigCtkEoypeW6EjQFoFEzyYaoeGx4B60GH16xUEHDTGIw3HdIDS1q0HWp7FNIx/T0xgMCYfuDbzgCwa2a9EfzPq8XYPmsMhIpi5IpNHmrHkmJIR7HRltCcoexbAUwL+1fKuqCBoQ03ZUPwZleeF+XjvOfmvauTTOF8GkeS7JF9kiUeOSUFckmKpEQYuSeP5IW8Og/Ok/PmfExaE850Zpf8KefzC8i5o0E=</latexit><latexit sha1_base64="MYzVGX7K9efmTOCTcVdpv4bKAx8=">AAACKXicbZDLSgMxFIYz9VbrrerSTbAIFUuZEUGXRTcuK9gLtKWcSdM2NJMZkjNKqX0dN76KGwVF3foiphdRWw+E/Hz/OSTn9yMpDLruu5NYWFxaXkmuptbWNza30ts7ZRPGmvESC2Woqz4YLoXiJRQoeTXSHAJf8orfuxj5lRuujQjVNfYj3gigo0RbMECLmunCnZujLq1rUB3J7S06XQStw1sKWTyk1v5xj6g/Zl6Oet+wmc64eXdcdF54U5Eh0yo208/1VsjigCtkEoypeW6EjQFoFEzyYaoeGx4B60GH16xUEHDTGIw3HdIDS1q0HWp7FNIx/T0xgMCYfuDbzgCwa2a9EfzPq8XYPmsMhIpi5IpNHmrHkmJIR7HRltCcoexbAUwL+1fKuqCBoQ03ZUPwZleeF+XjvOfmvauTTOF8GkeS7JF9kiUeOSUFckmKpEQYuSeP5IW8Og/Ok/PmfExaE850Zpf8KefzC8i5o0E=</latexit>

This will entangle the ion’s 
energy state to the phonon modes

(technically, we might want to use a 
3-level atom)



Ion traps

With frequencies around          we can do  
single qubit operations

Entangle ion to phonon modes

Entangle another ion to phonon modes

We’ve entangled 2 ions!

!ex
<latexit sha1_base64="nO8/0BokPzF/8yAHl7GTwPrn/yE=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAM2S5id9CZD5rHMzIphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHfFKWfG+v63V1pb39jcKm9Xdnb39g+qh0dtozJNoUUVV7obEwOcSWhZZjl0Uw1ExBw68fh25nceQRum5IOdpBAJMpQsYZRYJ4U9JWBI+jk8TfvVml/358CrJChIDRVo9qtfvYGimQBpKSfGhIGf2ign2jLKYVrpZQZSQsdkCKGjkggwUT4/eYrPnDLAidKupMVz9fdEToQxExG7TkHsyCx7M/E/L8xsch3lTKaZBUkXi5KMY6vw7H88YBqo5RNHCNXM3YrpiGhCrUup4kIIll9eJe2LeuDXg/vLWuOmiKOMTtApOkcBukINdIeaqIUoUugZvaI3z3ov3rv3sWgtecXMMfoD7/MHsB+RgQ==</latexit><latexit sha1_base64="nO8/0BokPzF/8yAHl7GTwPrn/yE=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAM2S5id9CZD5rHMzIphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHfFKWfG+v63V1pb39jcKm9Xdnb39g+qh0dtozJNoUUVV7obEwOcSWhZZjl0Uw1ExBw68fh25nceQRum5IOdpBAJMpQsYZRYJ4U9JWBI+jk8TfvVml/358CrJChIDRVo9qtfvYGimQBpKSfGhIGf2ign2jLKYVrpZQZSQsdkCKGjkggwUT4/eYrPnDLAidKupMVz9fdEToQxExG7TkHsyCx7M/E/L8xsch3lTKaZBUkXi5KMY6vw7H88YBqo5RNHCNXM3YrpiGhCrUup4kIIll9eJe2LeuDXg/vLWuOmiKOMTtApOkcBukINdIeaqIUoUugZvaI3z3ov3rv3sWgtecXMMfoD7/MHsB+RgQ==</latexit><latexit sha1_base64="nO8/0BokPzF/8yAHl7GTwPrn/yE=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAM2S5id9CZD5rHMzIphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHfFKWfG+v63V1pb39jcKm9Xdnb39g+qh0dtozJNoUUVV7obEwOcSWhZZjl0Uw1ExBw68fh25nceQRum5IOdpBAJMpQsYZRYJ4U9JWBI+jk8TfvVml/358CrJChIDRVo9qtfvYGimQBpKSfGhIGf2ign2jLKYVrpZQZSQsdkCKGjkggwUT4/eYrPnDLAidKupMVz9fdEToQxExG7TkHsyCx7M/E/L8xsch3lTKaZBUkXi5KMY6vw7H88YBqo5RNHCNXM3YrpiGhCrUup4kIIll9eJe2LeuDXg/vLWuOmiKOMTtApOkcBukINdIeaqIUoUugZvaI3z3ov3rv3sWgtecXMMfoD7/MHsB+RgQ==</latexit><latexit sha1_base64="nO8/0BokPzF/8yAHl7GTwPrn/yE=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAM2S5id9CZD5rHMzIphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHfFKWfG+v63V1pb39jcKm9Xdnb39g+qh0dtozJNoUUVV7obEwOcSWhZZjl0Uw1ExBw68fh25nceQRum5IOdpBAJMpQsYZRYJ4U9JWBI+jk8TfvVml/358CrJChIDRVo9qtfvYGimQBpKSfGhIGf2ign2jLKYVrpZQZSQsdkCKGjkggwUT4/eYrPnDLAidKupMVz9fdEToQxExG7TkHsyCx7M/E/L8xsch3lTKaZBUkXi5KMY6vw7H88YBqo5RNHCNXM3YrpiGhCrUup4kIIll9eJe2LeuDXg/vLWuOmiKOMTtApOkcBukINdIeaqIUoUugZvaI3z3ov3rv3sWgtecXMMfoD7/MHsB+RgQ==</latexit>

For measurement, excite ion to a level where it is 
likely to spontaneously decay



Ion traps

Error rates for gates

Depends a lot on the implementation

1%� 20%
<latexit sha1_base64="h4mSB/88jmjlzNR18oLfLfStD5s=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LJaCF0tSBD0WvXisYFuxCWWz3bRLN5uwOxFK6b/w4kERr/4bb/4bt20O2vpg4PHeDDPzwlQKg6777RTW1jc2t4rbpZ3dvf2D8uFR2ySZZrzFEpnoh5AaLoXiLRQo+UOqOY1DyTvh6Gbmd564NiJR9zhOeRDTgRKRYBSt9Oj5VXJO6q5f7ZUrbs2dg6wSLycVyNHslb/8fsKymCtkkhrT9dwUgwnVKJjk05KfGZ5SNqID3rVU0ZibYDK/eEqqVumTKNG2FJK5+ntiQmNjxnFoO2OKQ7PszcT/vG6G0VUwESrNkCu2WBRlkmBCZu+TvtCcoRxbQpkW9lbChlRThjakkg3BW355lbTrNc+teXcXlcZ1HkcRTuAUzsCDS2jALTShBQwUPMMrvDnGeXHenY9Fa8HJZ47hD5zPH5D4juA=</latexit><latexit sha1_base64="h4mSB/88jmjlzNR18oLfLfStD5s=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LJaCF0tSBD0WvXisYFuxCWWz3bRLN5uwOxFK6b/w4kERr/4bb/4bt20O2vpg4PHeDDPzwlQKg6777RTW1jc2t4rbpZ3dvf2D8uFR2ySZZrzFEpnoh5AaLoXiLRQo+UOqOY1DyTvh6Gbmd564NiJR9zhOeRDTgRKRYBSt9Oj5VXJO6q5f7ZUrbs2dg6wSLycVyNHslb/8fsKymCtkkhrT9dwUgwnVKJjk05KfGZ5SNqID3rVU0ZibYDK/eEqqVumTKNG2FJK5+ntiQmNjxnFoO2OKQ7PszcT/vG6G0VUwESrNkCu2WBRlkmBCZu+TvtCcoRxbQpkW9lbChlRThjakkg3BW355lbTrNc+teXcXlcZ1HkcRTuAUzsCDS2jALTShBQwUPMMrvDnGeXHenY9Fa8HJZ47hD5zPH5D4juA=</latexit><latexit sha1_base64="h4mSB/88jmjlzNR18oLfLfStD5s=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LJaCF0tSBD0WvXisYFuxCWWz3bRLN5uwOxFK6b/w4kERr/4bb/4bt20O2vpg4PHeDDPzwlQKg6777RTW1jc2t4rbpZ3dvf2D8uFR2ySZZrzFEpnoh5AaLoXiLRQo+UOqOY1DyTvh6Gbmd564NiJR9zhOeRDTgRKRYBSt9Oj5VXJO6q5f7ZUrbs2dg6wSLycVyNHslb/8fsKymCtkkhrT9dwUgwnVKJjk05KfGZ5SNqID3rVU0ZibYDK/eEqqVumTKNG2FJK5+ntiQmNjxnFoO2OKQ7PszcT/vG6G0VUwESrNkCu2WBRlkmBCZu+TvtCcoRxbQpkW9lbChlRThjakkg3BW355lbTrNc+teXcXlcZ1HkcRTuAUzsCDS2jALTShBQwUPMMrvDnGeXHenY9Fa8HJZ47hD5zPH5D4juA=</latexit><latexit sha1_base64="h4mSB/88jmjlzNR18oLfLfStD5s=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LJaCF0tSBD0WvXisYFuxCWWz3bRLN5uwOxFK6b/w4kERr/4bb/4bt20O2vpg4PHeDDPzwlQKg6777RTW1jc2t4rbpZ3dvf2D8uFR2ySZZrzFEpnoh5AaLoXiLRQo+UOqOY1DyTvh6Gbmd564NiJR9zhOeRDTgRKRYBSt9Oj5VXJO6q5f7ZUrbs2dg6wSLycVyNHslb/8fsKymCtkkhrT9dwUgwnVKJjk05KfGZ5SNqID3rVU0ZibYDK/eEqqVumTKNG2FJK5+ntiQmNjxnFoO2OKQ7PszcT/vG6G0VUwESrNkCu2WBRlkmBCZu+TvtCcoRxbQpkW9lbChlRThjakkg3BW355lbTrNc+teXcXlcZ1HkcRTuAUzsCDS2jALTShBQwUPMMrvDnGeXHenY9Fa8HJZ47hD5zPH5D4juA=</latexit>

For single-qubit gates, generally very good
0.001%� 0.1%
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Same for measurement

For two-qubit gates

Coherence times on the order of seconds and even minutes!

In 2017, a single-qubit quantum memory lasting 10 minutes



Ion traps

Coherence times go down for larger systems

To date, largest entangled state on ions 
14-qubits

Reported coherence time scaling for k ions 1

k2
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Scalability is tricky, due to phonon interactions



Other implementations

Nuclear magnetic resonanceOptical

Hybrid (optical + ion traps)



References and resources

Superconducting qubits
https://arxiv.org/pdf/cond-mat/0411174.pdf  

http://qulab.eng.yale.edu/documents/talks/Devoret-
APS_Tutorial_090316s.pdf  

https://qudev.phys.ethz.ch/content/courses/QSIT11/
QSIT11_V05_slides.pdf 

Source for images on slides 31, 33, 34
http://clelandlab.uchicago.edu/pdf/

geller%20cleland%20qc%20architecture%20pra%202005.pdf 

Energy levels and image on slide 11
https://en.wikipedia.org/wiki/Energy_level  

https://physics.stackexchange.com/questions/188883/why-do-
the-size-of-gaps-energy-between-different-energy-levels-of-

mercury-hg-var  

https://arxiv.org/pdf/cond-mat/0411174.pdf
http://qulab.eng.yale.edu/documents/talks/Devoret-APS_Tutorial_090316s.pdf
http://qulab.eng.yale.edu/documents/talks/Devoret-APS_Tutorial_090316s.pdf
https://qudev.phys.ethz.ch/content/courses/QSIT11/QSIT11_V05_slides.pdf
https://qudev.phys.ethz.ch/content/courses/QSIT11/QSIT11_V05_slides.pdf
http://clelandlab.uchicago.edu/pdf/geller%20cleland%20qc%20architecture%20pra%202005.pdf
http://clelandlab.uchicago.edu/pdf/geller%20cleland%20qc%20architecture%20pra%202005.pdf
https://en.wikipedia.org/wiki/Energy_level
https://physics.stackexchange.com/questions/188883/why-do-the-size-of-gaps-energy-between-different-energy-levels-of-mercury-hg-var
https://physics.stackexchange.com/questions/188883/why-do-the-size-of-gaps-energy-between-different-energy-levels-of-mercury-hg-var
https://physics.stackexchange.com/questions/188883/why-do-the-size-of-gaps-energy-between-different-energy-levels-of-mercury-hg-var
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Video lectures on superconducting qubits
https://www.youtube.com/watch?v=t5nxusm_Umk  
https://www.youtube.com/watch?v=KOZCPl_DyDU  
https://www.youtube.com/watch?v=c9WkyY5XSTw  
https://www.youtube.com/watch?v=3c4xotTuIwE  

https://www.youtube.com/watch?v=9ZJk2760KPE  

Josephson junction and images on slides 21, 22, 23
https://en.wikipedia.org/wiki/Josephson_effect  

http://hyperphysics.phy-astr.gsu.edu/hbase/Solids/Squid.html 

Decoherence
https://en.wikipedia.org/wiki/Quantum_decoherence  
https://plato.stanford.edu/entries/qm-decoherence/  

https://www.scottaaronson.com/democritus/lec11.html 

https://www.youtube.com/watch?v=t5nxusm_Umk
https://www.youtube.com/watch?v=KOZCPl_DyDU
https://www.youtube.com/watch?v=c9WkyY5XSTw
https://www.youtube.com/watch?v=3c4xotTuIwE
https://www.youtube.com/watch?v=9ZJk2760KPE
https://en.wikipedia.org/wiki/Josephson_effect
http://hyperphysics.phy-astr.gsu.edu/hbase/Solids/Squid.html
https://en.wikipedia.org/wiki/Quantum_decoherence
https://plato.stanford.edu/entries/qm-decoherence/
https://www.scottaaronson.com/democritus/lec11.html
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Gate errors and coherence times for IBM
https://quantumexperience.ng.bluemix.net/qx/devices 

Gate errors and coherence times for Rigetti
http://docs.rigetti.com/en/stable/qpu.html 

Gate errors and coherence times for Google
https://www.youtube.com/watch?v=SCTGl5aGqJU  

https://www.wired.co.uk/article/googles-head-of-quantum-
computing 

D-Wave coherence times
https://arxiv.org/pdf/1503.08955.pdf  
https://arxiv.org/pdf/1512.07617.pdf 

https://quantumexperience.ng.bluemix.net/qx/devices
http://docs.rigetti.com/en/stable/qpu.html
https://www.youtube.com/watch?v=SCTGl5aGqJU
https://www.wired.co.uk/article/googles-head-of-quantum-computing
https://www.wired.co.uk/article/googles-head-of-quantum-computing
https://arxiv.org/pdf/1503.08955.pdf
https://arxiv.org/pdf/1512.07617.pdf
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Ion trap quantum computing
https://qudev.phys.ethz.ch/phys4/studentspresentations/

iontraps/CiracZoller1995.pdf  
https://en.wikipedia.org/wiki/Trapped_ion_quantum_computer 

https://www.icfo.es/images/publications/Proc.06-002.pdf   
Section 7.6 in Nielsen and Chuang

More on ion traps and images from slides 42, 43
https://physics.aps.org/articles/v7/119  

https://quantumoptics.at/en/news/72-scalable-multiparticle-
entanglement-of-trapped-ions.html 

Hyperfine energy levels and image on slide 45
https://en.wikipedia.org/wiki/Hyperfine_structure  

https://en.wikipedia.org/wiki/Hydrogen_line 

https://qudev.phys.ethz.ch/phys4/studentspresentations/iontraps/CiracZoller1995.pdf
https://qudev.phys.ethz.ch/phys4/studentspresentations/iontraps/CiracZoller1995.pdf
https://en.wikipedia.org/wiki/Trapped_ion_quantum_computer
https://www.icfo.es/images/publications/Proc.06-002.pdf
https://physics.aps.org/articles/v7/119
https://quantumoptics.at/en/news/72-scalable-multiparticle-entanglement-of-trapped-ions.html
https://quantumoptics.at/en/news/72-scalable-multiparticle-entanglement-of-trapped-ions.html
https://en.wikipedia.org/wiki/Hyperfine_structure
https://en.wikipedia.org/wiki/Hydrogen_line
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Position quantisation (particle in a box) 
and image on slide 46

http://hyperphysics.phy-astr.gsu.edu/hbase/quantum/pbox.html  
https://en.wikipedia.org/wiki/Particle_in_a_box 

Ion traps gate errors and coherence times
https://physics.aps.org/featured-article-pdf/10.1103/

PhysRevLett.113.220501 
https://arxiv.org/pdf/1512.04600.pdf   
https://arxiv.org/pdf/1701.04195.pdf

14-qubit entangled state on ions
https://arxiv.org/pdf/1009.6126.pdf 

http://hyperphysics.phy-astr.gsu.edu/hbase/quantum/pbox.html
https://en.wikipedia.org/wiki/Particle_in_a_box
https://physics.aps.org/featured-article-pdf/10.1103/PhysRevLett.113.220501
https://physics.aps.org/featured-article-pdf/10.1103/PhysRevLett.113.220501
https://arxiv.org/pdf/1512.04600.pdf
https://arxiv.org/pdf/1701.04195.pdf
https://arxiv.org/pdf/1009.6126.pdf
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Optical quantum computing
https://arxiv.org/pdf/quant-ph/0512071.pdf  

https://en.wikipedia.org/wiki/Linear_optical_quantum_computing 

NQIT
https://nqit.ox.ac.uk/  

https://nqit.ox.ac.uk/content/ion-traps  
https://nqit.ox.ac.uk/content/atom-photon-interfaces 

Section 7 of Nielsen and Chuang

NMR quantum computing
https://en.wikipedia.org/wiki/

Nuclear_magnetic_resonance_quantum_computer  
http://science.sciencemag.org/content/277/5332/1688 

https://arxiv.org/pdf/quant-ph/0512071.pdf
https://en.wikipedia.org/wiki/Linear_optical_quantum_computing
https://nqit.ox.ac.uk/
https://nqit.ox.ac.uk/content/ion-traps
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http://science.sciencemag.org/content/277/5332/1688
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Images on slide 53 
http://quantum.opticsolomouc.org/archives/876  

https://www.msconnection.org/Blog/June-2015/(Not)-The-Sound-
Of-Music 

http://quantum.opticsolomouc.org/archives/876
https://www.msconnection.org/Blog/June-2015/(Not)-The-Sound-Of-Music
https://www.msconnection.org/Blog/June-2015/(Not)-The-Sound-Of-Music

