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EE16B
Designing Information 

Devices and Systems II

Lecture 14A
The Discrete Fourier Transform
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Intro

• Last time:
–Finite sequences as vectors
– Linear convolutions as matrices
– Change of basis
– Begin discrete Fourier Transform

• Today
– Discrete Fourier Transform
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Change of Coordinates (Basis)

• We can compute new coordinates by 
projections onto orthonormal basis vectors

New coordinates:
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Change of basis
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• How can we find the frequency of this N=32 length signal?

Frequency Analysis
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Complex Exponential Basis

• Phase is a problem!  (inside a cosine)

• Solution: Phase is a coefficient for complex exponentials!
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Frequency Analysis Through Projections

• N-length normalized discrete frequency:

Also the DTFT of the finite sequence x
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Frequency Analysis Through Projections

• Example:
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Frequency Analysis Through Projections

• Example:

N = 128
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Frequency Analysis Through Projections

• Example:
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Frequency Analysis Through Projections

• Example:

N = 16
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Frequency Analysis Through Projections

• Example:

N = 256
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Discrete-Time-Fourier-Transform

• DTFT (not DFT)
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Discrete Fourier Transform (DFT)

• For                                  , pick a set of N 
frequencies, which will result in an orthogonal 
basis 

• Choose: 
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DFT Basis
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DFT vs DTFT
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DFT Basis
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DFT Basis



EE16B M. Lustig,  EECS UC Berkeley

DFT Basis
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Orthonormality of DFT Basis

• DFT basis vectors are orthonormal. Proof:
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Example
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Example
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Example 2
What if there is no integer k to fit the frequency 
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DFT Basis
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DFT
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DFT

• DFT Analysis
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DFT

• DFT Synthesis
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Quiz
Compute a 2 point DFT of:

~u⇤
0~x =

<latexit sha1_base64="UFCbKcLeGf9jZ8FfsMgM5a8y+Qo=">AAACEnicdZDLSgMxFIYzXmu9VcWVm2ARxIUkRWxdCAU3LivYC7S1ZNLTNpjJDElGLMO8hS/gVt/Anbj1BXwBn8NMq6CiBwIf/3/COef3IymMJeTNm5mdm19YzC3ll1dW19YLG5sNE8aaQ52HMtQtnxmQQkHdCiuhFWlggS+h6V+fZX7zBrQRobq04wi6ARsqMRCcWSf1CtudG+BJnPbI1cEEb1N8inuFIjkkhFBKcQa0fEwcnJxUSrSCaWa5KqLPqvUK751+yOMAlOWSGdOmJLLdhGkruIQ034kNRIxfsyG0HSoWgOkmk/VTvOeUPh6E2j1l8UT9/iNhgTHjwHedAbMj89vLxL+8dmwHlW4iVBRbUHw6aBBLbEOcZYH7QgO3cuyAcS3crpiPmGbcusR+TOFMcZBp3gXzdT3+HxqlQ+r44qhYrVWnEeXQDtpF+4iiMqqic1RDdcRRgu7RA3r07rwn79l7mbbOeJ+xbqEf5b1+AH4Nnfs=</latexit><latexit sha1_base64="UFCbKcLeGf9jZ8FfsMgM5a8y+Qo=">AAACEnicdZDLSgMxFIYzXmu9VcWVm2ARxIUkRWxdCAU3LivYC7S1ZNLTNpjJDElGLMO8hS/gVt/Anbj1BXwBn8NMq6CiBwIf/3/COef3IymMJeTNm5mdm19YzC3ll1dW19YLG5sNE8aaQ52HMtQtnxmQQkHdCiuhFWlggS+h6V+fZX7zBrQRobq04wi6ARsqMRCcWSf1CtudG+BJnPbI1cEEb1N8inuFIjkkhFBKcQa0fEwcnJxUSrSCaWa5KqLPqvUK751+yOMAlOWSGdOmJLLdhGkruIQ034kNRIxfsyG0HSoWgOkmk/VTvOeUPh6E2j1l8UT9/iNhgTHjwHedAbMj89vLxL+8dmwHlW4iVBRbUHw6aBBLbEOcZYH7QgO3cuyAcS3crpiPmGbcusR+TOFMcZBp3gXzdT3+HxqlQ+r44qhYrVWnEeXQDtpF+4iiMqqic1RDdcRRgu7RA3r07rwn79l7mbbOeJ+xbqEf5b1+AH4Nnfs=</latexit><latexit sha1_base64="UFCbKcLeGf9jZ8FfsMgM5a8y+Qo=">AAACEnicdZDLSgMxFIYzXmu9VcWVm2ARxIUkRWxdCAU3LivYC7S1ZNLTNpjJDElGLMO8hS/gVt/Anbj1BXwBn8NMq6CiBwIf/3/COef3IymMJeTNm5mdm19YzC3ll1dW19YLG5sNE8aaQ52HMtQtnxmQQkHdCiuhFWlggS+h6V+fZX7zBrQRobq04wi6ARsqMRCcWSf1CtudG+BJnPbI1cEEb1N8inuFIjkkhFBKcQa0fEwcnJxUSrSCaWa5KqLPqvUK751+yOMAlOWSGdOmJLLdhGkruIQ034kNRIxfsyG0HSoWgOkmk/VTvOeUPh6E2j1l8UT9/iNhgTHjwHedAbMj89vLxL+8dmwHlW4iVBRbUHw6aBBLbEOcZYH7QgO3cuyAcS3crpiPmGbcusR+TOFMcZBp3gXzdT3+HxqlQ+r44qhYrVWnEeXQDtpF+4iiMqqic1RDdcRRgu7RA3r07rwn79l7mbbOeJ+xbqEf5b1+AH4Nnfs=</latexit><latexit sha1_base64="UFCbKcLeGf9jZ8FfsMgM5a8y+Qo=">AAACEnicdZDLSgMxFIYzXmu9VcWVm2ARxIUkRWxdCAU3LivYC7S1ZNLTNpjJDElGLMO8hS/gVt/Anbj1BXwBn8NMq6CiBwIf/3/COef3IymMJeTNm5mdm19YzC3ll1dW19YLG5sNE8aaQ52HMtQtnxmQQkHdCiuhFWlggS+h6V+fZX7zBrQRobq04wi6ARsqMRCcWSf1CtudG+BJnPbI1cEEb1N8inuFIjkkhFBKcQa0fEwcnJxUSrSCaWa5KqLPqvUK751+yOMAlOWSGdOmJLLdhGkruIQ034kNRIxfsyG0HSoWgOkmk/VTvOeUPh6E2j1l8UT9/iNhgTHjwHedAbMj89vLxL+8dmwHlW4iVBRbUHw6aBBLbEOcZYH7QgO3cuyAcS3crpiPmGbcusR+TOFMcZBp3gXzdT3+HxqlQ+r44qhYrVWnEeXQDtpF+4iiMqqic1RDdcRRgu7RA3r07rwn79l7mbbOeJ+xbqEf5b1+AH4Nnfs=</latexit>

~u0 =
<latexit sha1_base64="bBpB8nxBuL7E7KIquwR25k8QTk8=">AAACB3icdZDLSgMxFIYzXmu9VV26CRbBVUmK2HYhFNy4rGAv0JaSSU/b0ExmSDKFMvQBfAG3+gbuxK2P4Qv4HGbaClb0QODj/0845/x+JIWxhHx4a+sbm1vbmZ3s7t7+wWHu6LhhwlhzqPNQhrrlMwNSKKhbYSW0Ig0s8CU0/fFN6jcnoI0I1b2dRtAN2FCJgeDMOqnTmQBP4lmP4Gvcy+VJgRBCKcUp0NIVcVCplIu0jGlqucqjZdV6uc9OP+RxAMpyyYxpUxLZbsK0FVzCLNuJDUSMj9kQ2g4VC8B0k/nOM3zulD4ehNo9ZfFc/fkjYYEx08B3nQGzI/PbS8W/vHZsB+VuIlQUW1B8MWgQS2xDnAaA+0IDt3LqgHEt3K6Yj5hm3LqYVqZwpjjIWdYF8309/h8axQJ1fHeZr9aqi4gy6BSdoQtEUQlV0S2qoTriKEKP6Ak9ew/ei/fqvS1a17xlrCdopbz3L8yRmd4=</latexit><latexit sha1_base64="bBpB8nxBuL7E7KIquwR25k8QTk8=">AAACB3icdZDLSgMxFIYzXmu9VV26CRbBVUmK2HYhFNy4rGAv0JaSSU/b0ExmSDKFMvQBfAG3+gbuxK2P4Qv4HGbaClb0QODj/0845/x+JIWxhHx4a+sbm1vbmZ3s7t7+wWHu6LhhwlhzqPNQhrrlMwNSKKhbYSW0Ig0s8CU0/fFN6jcnoI0I1b2dRtAN2FCJgeDMOqnTmQBP4lmP4Gvcy+VJgRBCKcUp0NIVcVCplIu0jGlqucqjZdV6uc9OP+RxAMpyyYxpUxLZbsK0FVzCLNuJDUSMj9kQ2g4VC8B0k/nOM3zulD4ehNo9ZfFc/fkjYYEx08B3nQGzI/PbS8W/vHZsB+VuIlQUW1B8MWgQS2xDnAaA+0IDt3LqgHEt3K6Yj5hm3LqYVqZwpjjIWdYF8309/h8axQJ1fHeZr9aqi4gy6BSdoQtEUQlV0S2qoTriKEKP6Ak9ew/ei/fqvS1a17xlrCdopbz3L8yRmd4=</latexit><latexit sha1_base64="bBpB8nxBuL7E7KIquwR25k8QTk8=">AAACB3icdZDLSgMxFIYzXmu9VV26CRbBVUmK2HYhFNy4rGAv0JaSSU/b0ExmSDKFMvQBfAG3+gbuxK2P4Qv4HGbaClb0QODj/0845/x+JIWxhHx4a+sbm1vbmZ3s7t7+wWHu6LhhwlhzqPNQhrrlMwNSKKhbYSW0Ig0s8CU0/fFN6jcnoI0I1b2dRtAN2FCJgeDMOqnTmQBP4lmP4Gvcy+VJgRBCKcUp0NIVcVCplIu0jGlqucqjZdV6uc9OP+RxAMpyyYxpUxLZbsK0FVzCLNuJDUSMj9kQ2g4VC8B0k/nOM3zulD4ehNo9ZfFc/fkjYYEx08B3nQGzI/PbS8W/vHZsB+VuIlQUW1B8MWgQS2xDnAaA+0IDt3LqgHEt3K6Yj5hm3LqYVqZwpjjIWdYF8309/h8axQJ1fHeZr9aqi4gy6BSdoQtEUQlV0S2qoTriKEKP6Ak9ew/ei/fqvS1a17xlrCdopbz3L8yRmd4=</latexit><latexit sha1_base64="bBpB8nxBuL7E7KIquwR25k8QTk8=">AAACB3icdZDLSgMxFIYzXmu9VV26CRbBVUmK2HYhFNy4rGAv0JaSSU/b0ExmSDKFMvQBfAG3+gbuxK2P4Qv4HGbaClb0QODj/0845/x+JIWxhHx4a+sbm1vbmZ3s7t7+wWHu6LhhwlhzqPNQhrrlMwNSKKhbYSW0Ig0s8CU0/fFN6jcnoI0I1b2dRtAN2FCJgeDMOqnTmQBP4lmP4Gvcy+VJgRBCKcUp0NIVcVCplIu0jGlqucqjZdV6uc9OP+RxAMpyyYxpUxLZbsK0FVzCLNuJDUSMj9kQ2g4VC8B0k/nOM3zulD4ehNo9ZfFc/fkjYYEx08B3nQGzI/PbS8W/vHZsB+VuIlQUW1B8MWgQS2xDnAaA+0IDt3LqgHEt3K6Yj5hm3LqYVqZwpjjIWdYF8309/h8axQJ1fHeZr9aqi4gy6BSdoQtEUQlV0S2qoTriKEKP6Ak9ew/ei/fqvS1a17xlrCdopbz3L8yRmd4=</latexit>
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Example cont

• DFT2 matrix:
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Example

• Compute the inverse DFT4 of:
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Example

• Compute the inverse DFT4 of:
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Example

• Compute the inverse DFT4 of:
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Spectral Analysis with DFT
• Recall:
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Zero-Padding For Frequency Analysis

• What does it mean to compute a DFT4 of an 
N=2 sequence?

• Assume sequence is zero elsewhere

Example: Compute DFT4 of:

Zeropad:
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Zero-Padding For Frequency Analysis
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Zeropadding

• Zero-pad to 128 – evaluate w at more points!
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• Note that result should be scaled by


