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1 Nuclear Magnetic Resonance CW and Pulsed Description (NMR)

Revised 2025-08-27

1. Note that there is NO eating or drinking in the 111-Lab anywhere, except in rooms 282
& 286 LeConte on the bench with the BLUE stripe around it. Thank You the Staff.

In 1945 Felix Bloch (Stanford) and Edward Purcell (Harvard) discovered nuclear magnetic resonance in
ordinary matter, for which they were awarded the Nobel Prize in 1952. This phenomenon has found many
applications in science and technology, including magnetic resonance imaging used in medical practice.

In the NMR experiment, nuclear dipoles (the samples) are placed in a static magnetic field of about 3800
Gauss, and in a time-varying radio-frequency magnetic field perpendicular to the static field. The static
field causes Zeeman-effect splitting between sub-states, and the radio-frequency field is tuned to the Larmor
frequency so that it induces transitions between the sub-states. The resonance condition is observed using
the Bloch two-coil induction technique. You will observe the resonance of the proton and fluorine nucleus.
You will learn techniques of lock-in detection and signal averaging.

The second part of this experiment uses a pulsed radio-frequency field rather than a continuous-wave (CW)
field. Signals are detected immediately after the pulsed excitation stops. The observable effects are similar
to the free vibration or ringing of a resonant cavity on the atomic scale. This is the basis of Magnetic
Resonance Imaging in the medical field today.

1. Pre-requisites: Physics 137B
2. Days Allotted for the Experiment: 7

This lab will be graded 30% on theory, 40% on technique, and 30% on analysis. For more information, see
the Advanced Lab Syllabus.

Comments: E-mail Winthrop Williams

2 Before the 1st Day of Lab

Complete the NMR Pre Lab found in the Signature Sheet for this lab. Print the signature
sheet, discuss the experiment and pre-lab questions and answers with any faculty member or
GSI, and receive their signature. In the course of the lab there will be examination points
where you must STOP and get a GSI or professor to verify your understanding and/or verify
proper experimental setup. You cannot skip these checkpoints, and must receive signatures
demonstrating that you’ve consulted the staff. Some experiments may have mid lab questions
that must be completed by specific days of the experiment. The completed Signature Sheet
MUST be submitted as the first page of your lab report. Quick links to the checkpoint
questions are found here: 12345

1. Note: In order to view the private Youtube videos hosted by the university, you must be
signed into your berkeley.edu Google account.
View the two videos CW NMR and Pulsed NMR.

2. View the Transitions Lecture, Transitions

3. Last day of the experiment please fill out the Experiment Evaluation
Suggested Reading:

1. Bloch, Felix. “Nuclear Magnetism”. American Scientists: 43. Jan 1955.


http://experimentationlab.berkeley.edu/syllabus
mailto:phylabs@berkeley.edu
http://experimentationlab.berkeley.edu/sites/default/files/writeups/NMR_Signatures.pdf
http://experimentationlab.berkeley.edu/sites/default/files/writeups/NMR_Signatures.pdf
http://youtu.be/q_Rtbr7YEJY
http://youtu.be/_sXDn-ChOUY
http://youtu.be/xOMgdVP3AfE
https://forms.gle/we49C38Wtsj34RDMA
https://experimentationlab.berkeley.edu/sites/default/files/NMR/References/02-Nuclear_Magnetism.pdf

2. Bloch, Felix. “Nuclear Induction”. Physical Review 70. 1946. Bloch’s two-coil method is used in
this experiment.

3. Kittel, Charles. Introduction to Solid State Physics: Eighth Edition. John Wiley & Sons.
2005. Read pp. 479-509 for a brief-quantitative expose of the main ideas.

4. Yuan, L. and Wu, C.S. Methods of Experimental Physics. Part B, Vol. 5. Academic Press. 1963.
pp. 104-123 (Section 2.4.1.4). This reference discusses all the ideas necessary to do the experiment,
which uses the two-coil Bloch method.

5. Schumacher, Robert. Introduction to Magnetic Resonance. W.A. Benjamin, Inc. New York
1970. Read Ch. 2 and Ch. 3.

6. Additional References

You should keep a laboratory notebook. The notebook should contain a detailed record of everything that
was done and how/why it was done, as well as all of the data and analysis, also with plenty of how/why
entries. This will aid you when you write your report.

3 NMR Pictures
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Figure 1: DAQ), signal generator, Figure 2: Magnet, HMOD, & CW )
scope, pre-amp, & lock-in amp. RF generator. See larger image Figure 3: NMR experiment.
See larger image here here See larger image here

Figure 6: Pulse Elec-
tronics & Samples.
See larger image here

Figure 4: NMR head in magnet. Figure 5: Pulse NMR, HMOD, & Mag-
See larger image here net. See larger image here

4 Objectives

e Observe the phenomena of nuclear magnetic resonance (NMR) of protons in H20 and other liquids
using the method of continuous wave NMR.


https://experimentationlab.berkeley.edu/sites/default/files/NMR/References/03-Nuclear_Induction.pdf
https://experimentationlab.berkeley.edu/sites/default/files/Books/Kittel_Introduction%20to%20Solid%20State%20Physics-Eighth%20Edition.pdf
https://experimentationlab.berkeley.edu/sites/default/files/NMR/References/01-Methods_of_Experimental_Physics.pdf
https://experimentationlab.berkeley.edu/sites/default/files/Books/Schumacher_Introduction%20to%20Magnetic%20Resonance.pdf
http://experimentationlab.berkeley.edu/sites/default/files/images/NMR_Exp_3496.jpg
http://experimentationlab.berkeley.edu/sites/default/files/images/NMR_Exp_3496.jpg
http://experimentationlab.berkeley.edu/sites/default/files/images/NMR_Exp_3557.jpg
http://experimentationlab.berkeley.edu/sites/default/files/images/NMR_Exp_3557.jpg
http://experimentationlab.berkeley.edu/sites/default/files/images/NMR_Exp_3559.jpg
http://experimentationlab.berkeley.edu/sites/default/files/images/NMR_Exp_3559.jpg
http://experimentationlab.berkeley.edu/sites/default/files/images/NMR_Head-in-Magnet_3560.jpg
http://experimentationlab.berkeley.edu/sites/default/files/images/NMR_Head-in-Magnet_3560.jpg
http://experimentationlab.berkeley.edu/sites/default/files/images/PNMR_3494.jpg
http://experimentationlab.berkeley.edu/sites/default/files/images/PNMR_3494.jpg
http://experimentationlab.berkeley.edu/sites/default/files/images/PNMR_3495.jpg
http://experimentationlab.berkeley.edu/sites/default/files/images/PNMR_3495.jpg



http://experimentationlab.berkeley.edu/sites/default/files/images/NMRDAQ.jpg
http://experimentationlab.berkeley.edu/sites/default/files/images/NMRDAQ.jpg

	Nuclear Magnetic Resonance CW and Pulsed Description (NMR)
	Before the 1st Day of Lab
	NMR Pictures
	Objectives
	Introduction
	Theory
	Equipment
	Magnet
	Continuous Wave Equipment
	NMR Head
	NMR Box
	Block Diagram
	Samples

	NMR Lock In Amplifier
	Phase Sensitive Detection
	Magnitude and Phase
	The Functional SR830

	Digital Oscilloscope:
	Pulsed NMR Equipment
	Sample Coil
	RF Pulse Section
	Detection Block


	NMR Scope Program
	Procedure - Continuous Wave
	Getting Set-Up
	Taking Data - Continuous Wave

	Procedure: CW NMR Lock-In Amplifier
	CW Lock-In Set-Up
	Taking Data Using Lock-In Amplifier

	Procedure - Pulsed NMR
	Getting Set-Up
	Setting up the DG535 Four Channel Digital Delay/Pulse Generator

	Taking Data with Pulsed NMR

	REPORT
	References

