
Relating 
Momentum, magnetic field, and radius of curvature 

 
We start with the Lorentz force. 

F = q (E + v × B) 
where 
    F is the force (in newtons) 
    E is the electric field (in volts per meter) 
    B is the magnetic field (in webers per square meter, or equivalently, teslas) 
    q is the electric charge of the particle (in coulombs) 
    v is the instantaneous velocity of the particle (in meters per second) 
    and × is the cross product. 
 
We consider E = 0 and v ┴ to B. We now have 

F = q·v·B 
Reducing it to the scaler quantities. 
Now 

F = mv2/R 
for circular motion. Substituting we have 

mv2/R = q·v·B 
and 

mv = q·B·R 
P = q·B·R 

 
We must now change from MKS units over to MeV/c, kilogauss, and cm. Thus we 
change B→(B/10) in order to express B in kilogauss and turn it into teslas. Similarly we 
use R→(R/100) to change cm into m. To change from J/(m/s), the units of P, to MeV/c is 
a little more complicated. 
 
First express q in units of electric charge e, q = Qe. Then we recall that a joule is the 
energy required to move 1 coulomb through 1 volt of electric potential. If e is the electric 
charge of an electron in coulombs, then moving e through 1 volt is the numerical value of 
1 eV in Joules. Thus numerically a MeV expressed in Joules is 106e. Hence the 
conversion is 106e J/MeV. For the remaining unit, c, expressed in m/s we use c as a 
numerical value, which is 3×108, and “c” as the symbol. Thus to change the unit 1/(m/s) 
into 1/“c” we must use 

1/(m/s) = 1/“c” × (“c”/(m/s)) 
1/(m/s) = 1/“c” × (1/3×108) 

1/(m/s) = 1/“c” × (1/c). 
Thus we have 

P(MeV/c)·(106e/c) = Q·e·(B(kG)/10)·(R(cm)/100) 
and 

P(MeV/c) = (c/109)·Q·B(kG)·R(cm) 
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The numerical value of c is 3×108 hence 
P = 0.3QBR 

where 
    P is in MeV/c 
    Q is in units of e 
    B is in kG and 
    R is in cm. 
R is the radius of curvature. 
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Cyclotron Frequency 
 
So we have 

P = 0.3QBR, 
which is really 

P = (c/109)QBR. 
 
Relate cyclotron frequency (ν), radian frequency (ω), velocity (v and β=v/c) to R. 

T(period) = 2πR/v 
ν  = v/(2πR) 
ω = βc /R 
R = βc /ω  

Now numerically c is 3×108 which is in m/s. The units we want for the formula we 
started with is cm. Thus we must multiply by 100. Hence the substitution for R in the first 
equation is 

R = 100βc /ω 
Recalling that 

P = M(MeV)β 
 
we have for the first equation with substitutions for P and R 

 
M(MeV)β = (c/109)QB×100βc /ω. 

 
Canceling out the appropriate terms we arrive at 
 

ω = (c2/107)QB/M 
where 
  M is in MeV 
  Q is in units of electron charge 
  B is in kG 
  ω is in radians/sec. 
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Relating 
energy (keV/u) of the first DRAGON bender 

to 
charge, B-field and mass 

 
Square the last equation and note P2 = 2mE. 

2mE = 0.09(QBR)2 

Express in terms of E/m 
E/m = 0.045(QBR/m)2 

Express m in units of AMU. Note that 
1/MeV = 1/AMU × (AMU/MeV) 

Hence 
1/MeV = 1/AMU × (1/931.494043) 

so 
E/A = (0.045/931.494043) × (QBR/A)2 

 
Express B in gauss and E in keV 

kG = G × (kG/G) = G/1000 
and 

MeV = keV × (MeV/keV) = keV/1000 
 
Thus 

E/A/1000 = (0.045/931.494043)/106 × (QBR/A)2 

E/A = (0.045/931.494043)/103 × (QBR/A)2 

and 
E/A = 4.831×10-8·R2 × (QB/A)2 

 
The DRAGON bulletin gives 

E/A = 4.823×10-4 (QB/A)2 

Hence 4.831×10-8·R2 = 4.823×10-4. This gives R = 99.92 cm or 1m for the first 
DRAGON bender. 
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