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Design, Care and Feeding of NMR Probes: A Tutorial  
 
What is a tank circuit?  
 
Impedance matching  
 
Circuit resonance  
  
Signal to noise  
 Rf  efficiency  
 comparing specifications  
 noise figure  
 
Choice of Resonator  
 B and E fields  
 minimizing E/B  
 
Circuit Balancing  
  
Multiple resonance circuits  

  



How to tell you have been at this too longéé 
 
 
i) You are now on the òtutorial circuitó. After dinner gigs are  
   probably not far behind.  
 
ii) Emails with speaker instructions take on a more personal tone.  
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How to tell you have been at this too longéé 
 
ii) Emails with speaker instructions take on a more personal tone.  
 
 
 
 
 
 
 
 
 
 
 
iii) You agree!  



Disclaimer: semi -professional driver on a closed track. Do not attempt at home. The "management" of ENC is 
not responsible for damages as a result. Opinions of the speaker do not reflect those of the ENC unless you 
happen to like them, and in that instance ENC takes full credit..  

"it is easier to repent than it is 
to get permission"   - D. M. Grant  



NMR probe basics  

An NMR probe is a 
tank circuit used to 
excite NMR signals 
and detect them by 
Faraday induction  
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Solenoidal coil  
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Resonators...type usually dictated by sample geometry and frequency  

N 

S 



transmission line  
RF 

input  
resonator  

primitive probe  

very inefficient because of impedance mismatch  

RF signals have wave character and require phase matching  



index of 
refraction n 1 

index of 
refraction n 2 

for p -polarized light 
the transmission 
coefficient depends on 
n1, n2 and the incident 
angle Ȃ. 

Impedance matching of light waves  

R = 0 and T = 1 when 
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DC electronics basics ð Ohm's Law 

V = IÖR 

V 

dV
I = C

dt dI
V = L

dt

RF electronics ð Ohm's law works using Impedance  

V(t) = V ocos(Ȏt + ŷ)           or              V(t) = R e(ej(Ȏt +ŷ)) 

V C L V R 



RF electronics basics ð Impedance and Reactance  

V = IÖZR 

V 

from V(t) = e j(Ȏt +ŷ) 

V = IÖZC 

V = IÖZL 

ZR = R 

Z = R + jX  

Define a complex 
impedance Z ZC = 1/jȎC 

ZR = jȎL 

X = Reactance 
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Transmission lines and characteristic impedance  

Can't just connect a 
load to a source with 
a wire ð it will 
radiate the power  

Dipole antenna 
radiates power 
from transmitter 
into space  

To transmit RF to a load need a structure to contain the EM waves  



Transmission lines and characteristic impedance  

twin -line 

coaxial 
line 

characteristic impedance Z o is the equivalent of a refractive index  

+
=

+

L o
in o

o L

Z jZ tan( Ǿl)
Z (l) Z

Z jZ tan( Ǿl)

length l  

=
2Ù

Ǿ
ȅ

=
ŀ

ȁ
Ŵ

 for dielectric  

=o

ȁ
Z ln(b/ a)

2Ù

b 

d 
=o

ȁ
Z ln(d/ a)

2Ù

Minimum attenuation cable: if ŴR = 1.0, Zo = 75Ý; ŴR = 2.0, Z o = 51Ý 



ZL = 50 Ý 
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Vref  Vref  

Vref  out of phase 
180o for short  

Vref  in phase 
for open  

ZL = 25 Ý 

if Z S = Zo = 50 Ý 

VSWR = Vmax/V min 

           = (1 + |ůL|)/(1 ī |ůL|)  
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Impedance matching the coil  
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set X = 0 to find  
allowed Ȏ 
 
there will be 2 !  
 
Then choose CT/C M 

to render R' = Z o 

resonant frequency Ȏ ~  T1/ LC



easier to use a Smith chart  

VSWR = 0 

50Ý 

200Ý 
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load 200Ý 

Example: match a 200 Ý 
load 


