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ABSTRACT 

MAGNETIC FIELD CALCULATION AND MAGNET DESIGN IN LOW ENERGY 
BEAM TRANSPORT  

 

Hilal  

Department of High Energy and Plasma 

Programme in Physics 

Institute of Graduate Programs, January 2021 

Supervisor: Asst. Prof. Dr. Halil  GAMSIZKAN 

(Co-Supervisor: Prof. Dr. Orhan  ) 

As accelerators differ according to their design and purpose of use, the magnets 

used in these accelerators also differ in design according to their purpose. In this thesis, 

the SMQMDesigner program interface, which prepares an input file for the Poisson / 

Superfish program package, has been developed for solenoid and quadrupole magnet 

design used in low energy beam transport. Poisson / Superfish software is a program 

collection that enables a realistic design by taking into account the field distortions in the 

edge regions in magnet design. With this developed program, both the physical 

measurements of the selected magnet, the current values passing through the windings, 

and the graphs of the magnetic field distribution obtained with these values and the 2D 

design can be obtained. In addition to solenoid and quadrupole designs, Poisson / 

Superfish input files were prepared for sextupole magnet design used in accelerators. 

Keywords: Accelerator Physics, Solenoid Magnet, Quadrupole Magnet, Sextupole 

Magnet, Poisson/Superfish.  
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1.  

Madde 

 

  

-

(RFQ)- 

3.1-3.2

 

1.1.  

1  

 

 

 

 
1 -

 



2 
 

- - -

 

Tablo 1.1. - -1/3 

veya 

 

Kuark  Spin (s)  

 - 1/3 1/2 1/3 

 + 2/3 1/2 1/3 

Garip (s) - 1/3 1/2 1/3 

Sihir (c) + 2/3 1/2 1/3 

Alt (b) - 1/3 1/2 1/3 

 + 2/3 1/2 1/3 

 

1.2.  

te

test etmeye olanak vermektedir.   

bulunuyor. 
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1.1. Linak 2750 keV Cockcroft-  

 



4 
 

abildi. 1932'de Lawrence Cockcroft ve 

 

 

1.2.  

devam etti. 

 

 



5 
 

 

elektr

 

- - 

 

1.2.1.  

 

t kategoriye 



6 
 

 

    

1.3.  

    

1.4.  

1.2.2. Yay   

t

lu 



7 
 

(QDQD). teki gibi 

 (Devred, 2001). 

 

1.5. 

 

1.2.3.  

 

 

1.2.4.  

monte edilir

 



8 
 

1.2.5.  

-ya da her ikisinin bir 

kombinasyonuna- 

 

1.2.6.  

tir (SMQMDesigner). 

 

1.6. 
) 

1.3.  

-
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lmektedir. 

-

- - 

- rini ayarlar. 

-

 

 

-
2 '

 

-

 
2 aketidir 
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1.7. Demirci-  

Demirci-
3, 

 -

faz (

 

-

 

-Pro sonlu 

 
3 
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Demirci-

 

1.3.1.  

e

 

 

 

 

1.3.2.  

x-
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2. KURAMSAL TEMELLER 

  eleman n n bir P noktas nda 

olu turaca  manyetik alan n n y n  ve b y kl  ekil 2.1 deki g r ld  gibidir. 

 

2.1.  

ise birim 

manyetik . Biot-Savart Y  

 (2.1) 

Burada  

 (2.2) 

 

 (2.3) 

bu integrali  

Biot-
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2.2.  

=  = (0, R) dir. 

el  

 (2.4) 

 

 (2.5) 

+  

Burada 

 

 (2.6) 

 

 (2.7) 

1 2  

 (2.8) 

2 

terim ise - 1  
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a) Simetrik durum, 1 2

ise cos 1 =  ve manyetik alan 

 (2.9) 

b) Sonsuz uzunluk limiti L , bu 1 2) = 

a  

 (2.10) 

 dir. 

 

2.3.  

belirlenir. I  - manyetik alan 

(  2.4). 

 

2.4.  

 

 (2.11) 
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p = z k ile verilir.  

    ifadesi ile    

          

 

 

 (2.12) 

   

 

 
(2.13) 

 (2.14) 

Biot-  

 

 (2.15) 

 (2.16) 

manyetik alan 

 (2.17) 

nlerinin kolayca sterilebilir: 

 

(2.18) 

 

(2.19) 
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 (2.20) 

z 

 

Bz/B0 i  

B0 0 i, 

 (2.21) 

Bu denklem 

 (2.22) 

olarak B0  

 (2.23) 

 (2.24) 

Bz nin B0  

 (2.25) 

Bulunan ifade x-  

 (2.26) 

 (2.27) 

 

 (2.28) 

 (2.29) 
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2.5. z/B0 

z  

 

 (2.30) 

dB  

 (2.31) 

z   

2.1.  

 6, 

s

hale gelir. 

 ve eksene paraleldir. Bu alan sarmal 

. 
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2.6.  

K 7

 

 (2.32) 

 (2.33) 

e 

enc  

 (2.34) 

 (2.35) 

Burada n=N/L Manyetik alan K=nI 

y  

 (2.36) 
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.7

 

 (2.37) 

 

2.7.  

Bu ilme  

 (2.38) 

 

 (2.39) 

 (2.40) 

 (2.41) 

Bz / B0 

B0=  8  
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2.8. I =10R (solda) ve I=20R  

B0 . 

2.2.  

 

Manyetiksel p

 

 (2.42) 

 

 (2.43) 

Burada  ve  

,   

 

 (2.44) 

 (2.45) 

 (2.46) 

 elde edilir. 



22 
 

4  

 (2.47) 

. 

 (2.48) 

 (2.49) 

 (2.50) 

 (2.51) 

 (2.52) 

Burada   olur. 

 

 olur.  

 

2.9. 
 

 
4 

4 
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2.10. 
 

9  2.10 a 

 

2.3.  

1

 

. il 2.12  kutuplu 

r, 
1) 

(x2) (Hock, 2010). 

 

2.11.  
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2.12.  

 

 (2.53) 

B manyetik alan 0  ebilir. Skaler 

 

 (2.54) 

m ve Bm sabit 

 

kutuplu 

 (Hock, 2010). 

=A0  olur ve  

 (2.55) 

 

 (2.56) 

ile verilir. Kartezyen koordinatlarda: 

 (2.57) 

 

 (2.58) 
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 (2.59) 

 

 (2.60) 

A2 2 

edilir. 

 

 (2.61) 

bunu 

 

 (2.62) 

3  

 (2.63) 

 (2.64) 

 

 (2.65) 

 (2.66) 

 

 (2.67) 

ile verilir. B

 , burada   , 

  

 (2.68) 

 (2.69) 

 (Hock, 2010). Potansiyel ifadesi x-  
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 (2.70) 

 (2.71) 

 

 (2.72) 

 (2.73) 

 

 (2.74) 

 (2.75) 

 (2.76) 

Burada  (Normal a :  

 (2.77) 

 (Skew a :  

 (2.78) 

elde edilir (Hock, 2010). 

 

2.13.  
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2.14.  
 

3 te  2.14 t
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3. MIKNATIS TASARIMI 

 (Finite Element 

Method). insanla

  

analiz ve 

 

usal 

sel olmayan 

 

Demirci-

SMQMDesigner 
 

s lu (quadrupole) 

 

2B 

manyetik alan  
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3.1.  

SMQMDesigner 

 

3.1.1. parametreleri  

Sarmal (s

belirtilebil

 ; 

 

3.1.  

Materyal: demir  

R1-R2-R3:  

Z1-Z2-Z3:  

 N.I  

? s
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3.1.2. kutuplu  

; 

Materyal: demir  

H1-H2-H3:  

D1-D2-D3:  

 

 

lirler. 

 

3.2.  

kutuplu 

kutuplu 
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SMQMDesigner

 

3.1.3.  

SMQMDesigner an Demirci-

tedir. 

 

3.2.  

 

3.2.1.  

 

Solenoid magnet 

fileout <<"Solenoid Magnet" << endl;  

fileout<<"&reg kprob=0,"<<"mode=-1, "<<"kmax=500, lmax=500, " 
<<"icylin=1, " <<"mat="<<mat1<<", "<<endl;  

fileout<<"nbslo=0, "<<"nbsup=0, "<<"nbslf=0,"<<"nbsrt=0, "<<"dx="<<meshx 
<< ", "<<"dy="<<meshy<<"&"<<endl;  

fileout <<"\n"; 

 

 

fileout <<"&reg mat="<<mat2 <<", "<<"&"<<endl;  

fileout <<"&po x="<<r_0 <<", y="<<z_0<<"&"<<endl;  

fileout <<"&po x="<<r_0+r_3<<", y="<<z_0<<"&"<<endl;  

fileout <<"&po x="<< r_0+r_3 << ", y=" <<z_0+z_3<< " &" << endl;  

fileout <<"&po x="<< r_0 << ", y=" <<z_0+z_3<< " &" << endl;  

fileout <<"&po x="<< r_0 << ", y=" <<z_0+z_3 -(z_32/2)<< " &" << endl;  

fileout <<"&po x="<< r_0+r_2 << ", y=" <<z_0+z_3 -(z_32/2)<< " &" << endl;  
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fileout <<"&po x="<< r_0+r_2 << ", y=" <<z_0+(z_32/2)  << " &" << endl; 

fileout <<"&po x="<< r_0 << ", y=" <<z_0+(z_32/2)  << " &" << endl; 

fileout <<"&po x="<< r_0 << ", y=" << z_0<< " &" << endl;  

fileout << "\n"; 

 

 

fileout <<"&reg mat="<<mat1 << ", " << "cur=" << cur << ", " <<" &" << endl;  

fileout <<"&po x=" <<r_0<<", y=" << z_0+z_32/2+z_21/2 << " &" << endl;  

fileout <<"&po x="<<r_0+r_1<< ", y="<< z_0+z_32/2+z_21/2 <<" &" << endl;  

fileout <<"&po x="<< r_0+r_1 <<", y="<< z_0+z_32/2 +z_21/2+z_1 << " &" << 
endl;  

fileout <<"&po x="<<r_0<< ", y="<< z_0+z_32/2+z_21/2+z_1   << " &" << endl;  

fileout <<"&po x=" << r_0 << ", y="<< z_0+z_32/2 +z_21/2 << " &" << endl;  

... }  

d

 

 

Solenoid Magnet 

&reg kprob=0, mode=-1, kmax=500, lmax=500, icylin=1, mat=1,  

nbslo=0, nbsup=0, nbslf=0, nbsrt=0, dx=0.1,  dy=0.1 & 

&reg mat=2, & 

&po x=6, y=10 & 

&po x=27, y=10 & 

&po x=27, y=35 & 

&po x=6, y=35 & 

&po x=6, y=34 & 

&po x=23, y=34 & 

&po x=23, y=11 & 

&po x=6, y=11 & 



33 

&po x=6, y=10 & 

 

 

3.3.  

 

3.2.2.  

gerekli dos  

QuadrupoleR Magnet  

fileout1 <<"QuadrupoleR Magnet"  << endl;         

fileout1<<"&regkprob=0,"<<"mode=1,"<<"kmax=1000,lmax=1000,"<<"mat="
<<mat1<< ", " <<"icylin=0, "<<  endl;  

fileout1<<"nbslo=0,"<<"nbsup=0,"<<"nbslf=0,"<<"nbsrt=0, " << "dx="<<mesh  
<< ", " << "dy="<<mesh  <<  " &" << endl;  

fileout1<<"\n"; 

 

 

fileout1 <<"&reg mat="<<mat1<<", " <<"&" << endl;  

fileout1 << "&po x=" << -h_4 << " , y=" << -h_3 << " &"  << endl;  

fileout1 << "&po x=" << -h_3 << " , y=" << -h_4 << " &"  << endl;  

fileout1 << "&po x=" << -h_3 << " , y=" << -d_1 << " &"  << endl;  

fileout1 << "&po x=" << -h_3+h_0 << " , y=" << -d_1 << " &"  << endl;  

fileout1<< "&po nt="<< 2 << " , x0="<< -h_3+h_0 << " , y0=" << h_4-h_4 <<", 
r=" << d_1 <<",theta=90." <<" &"  << endl;  
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fileout1 << "&po x=" << -h_3 << " , y=" <<  d_1 << " &"  << endl;  

fileout1 << "&po x=" << -h_3 << " , y=" <<  h_4 << " &"  << endl;  

 

fileout1 <<"&reg mat="<<mat1<<", cur="<<cur<<", " <<"&" << endl; // sag alt 
coil 

fileout1 << "&po x=" << -h_3+d_0 <<", y=" << -d_1-d_0 << " &"  << endl;  

fileout1 << "&po x=" << -h_3+h_0+d_0 <<", y=" << -d_1-d_0 << " &"  << endl;  

fileout1 << "&po x=" << -h_3+h_0+d_0 <<", y=" << -d_1-d_0-d_2 << " &"  << 
endl;  

fileout1 << "&po x=" << -h_3+d_0 <<", y=" << -d_1-d_0-d_2 << " &"  << endl;  

fileout1 << "&po x=" << -h_3+d_0 <<", y=" << -d_1-d_0 << " &"  << endl;  

  

r; 

 

QuadrupoleR Magnet  

&reg kprob=0, mode=-1, kmax=1000, lmax=1000, mat=1, icylin=0,  

nbslo=0, nbsup=0, nbslf=0, nbsrt=0, dx=0.05, dy=0.05 &  

&reg mat=2, & 

&po x=-8, y=-15 & 

&po x=8, y=-15 & 

&po x=15, y=-8 & 

&po x=15, y=8 & 

&po x=8, y=15 & 

&po x=-8, y=15 & 

&po x=-15, y=8 & 

&po x=-15, y=-8 & 
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&po x=-8, y=-15 & 

 

 

3.4. 
 

3.2.3.  

l 

 

QuadrupoleN Magnet  

double rota=0.7071;  

fileout2 <<"QuadrupoleN Magnet"  << endl;         

fileout2<<"&regkprob=0,"<<"mode=-1,"<<"kmax=1000,lmax=1000, 
"<<"mat="<<mat1<< ", " <<"icylin=0, "<< endl;  

fileout2<<"nbslo=0,"<<"nbsup=0,"<<"nbslf=0,"<<"nbsrt=0, " << "dx="<<mesh 
<< ", " << "dy="<<mesh  <<" &" << endl;  

fileout2<<"\n";  

 

 

fileout2 <<"&reg mat="<<mat1<<", " <<"&" << endl;  

fileout2 <<"&po x=" << (-h_4)*rota-(-h_3)*rota  <<", y=" <<(-h_4) *rota +(-
h_3 )*rota  << " &"  << endl;  

fileout2 <<"&po x=" << (-h_3)*rota-(-h_4)*rota  <<", y=" <<(-h_3) *rota+(-
h_4)*rota  << " &"  << endl;  

fileout2 <<"&po x=" << (-h_3)*rota-(-d_1)*rota  <<", y=" <<(-h_3) *rota+(-
d_1)*rota  << "  &"  << endl;  
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fileout2 <<"&po x=" << ( -h_3+h_0)*rota-(-d_1 )*rota  <<", y=" << (-
h_3+h_0)*rota+(-d_1)*rota  << " &"  << endl;  

fileout2 << "&po nt="<<  2   << " , x0="<< ( -h_3+h_0)*rota-(h_4-h_4)*rota  << 
" , y0=" << (-h_3+h_0)*rota+(h_4-h_4)*rota  <<", r="  << d_1 <<",theta=135." <<" 
&"  << endl;  

fileout2 << "&po x=" << (-h_3)*rota-(d_1)*rota << " , y=" << (-
h_3)*rota+(d_1)*rota   << " &"  << endl;  

fileout2 << "&po x=" << (-h_3)*rota-(h_4)*rota << " , y=" << (-
h_3)*rota+(h_4)*rota  << " &"  << endl;  

 

// bob  

fileout2 <<"&reg mat="<<mat1<<", cur="<<cur<<", " <<"&" << endl;  

fileout2 <<"&po x="<< (-h_3+d_0)*rota-(-d_1-d_0) *rota  << " , y=" << ( -
h_3+d_0)*rota+(-d_1-d_0)*rota  << " &"  << endl;  

fileout2 <<"&pox="<<(-h_3+h_0+d_0)*rota-(-d_1-d_0)  *rota <<", y=" <<(-
h_3+h_0+d_0)* rota+(-d_1-d_0)*rota  << " &"  << endl;  

fileout2 << "&pox="<<(-h_3+h_0+d_0)*rota-(-d_1-d_0-d_2)* rota<<", 
y="<<(h_3+h_0+ d_0)*rota+(-d_1-d_0-d_2)*rota  << " &"  << endl;  

fileout2 <<"&pox="<<(-h_3+d_0)*rota-(-d_1-d_0-d_2) *rota<<", y="<<(-
h_3+d_0)*rota+(-d_1-d_0-d_2)*rota  << " &"  << endl;  

fileout2 <<"&po x=" <<(-h_3+d_0)*rota-(-d_1-d_0) *rota<< " , y=" << (-
h_3+d_0)*rota+(-d_1-d_0)*rota  << " &"  << endl;  

fileout2 <<"\n";  

 

 

 

QuadrupoleN Magnet  

&reg kprob=0, mode=-1, kmax=1000, lmax=1000, mat=1, icylin=0,  

nbslo=0, nbsup=0, nbslf=0, nbsrt=0, dx=0.05, dy=0.05 &  

&reg mat=2, & 

&po x=4.9497, y=-16.2633 & 

&po x=16.2633, y=-4.9497 & 
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&po x=16.2633, y=4.9497 & 

&po x=4.9497, y=16.2633 & 

&po x=-4.9497, y=16.2633 & 

&po x=-16.2633, y=4.9497 & 

&po x=-16.2633, y=-4.9497 & 

&po x=-4.9497, y=-16.2633 & 

&po x=4.9497, y=-16.2633 & 

 

3.2.4.  

 

 

Sextupole Magnet 

&reg kprob=0, mode=-1, kmax=1000, lmax=1000, mat=1, icylin=0,  

nbslo=0, nbsup=0, nbslf=0, nbsrt=0, dx=0.02, dy=0.02 &   

&reg mat=2, &  

&po x=-7.71 ,  y=18.368 & 

&po x=7.71  ,y=18.368  & 

&po x=12.052  ,y=15.861  & 

&po x=19.762  ,y=2.507  & 

&po x=19.762  ,y=-2.507  & 

&po x=12.052  ,y=-15.861  & 

&po x=7.71  ,y=-18.368  & 

&po x=-7.71  ,y=-18.368  & 

&po x=-12.052  ,y=-15.861  & 

&po x=-19.762  ,y=-2.507  & 

&po x=-19.762  ,y=2.507  & 

&po x=-12.052  ,y=15.861  & 

&po x=-7.71  ,y=18.368 & 

 

&reg mat=1, cur=-5000, &   

&po x=4.47 , y=15.4 & 
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&po x=2.37 , y=15.4 & 

&po x=2.37 , y=10.4 & 

&po x=4.47 , y=10.4 & 

&po x=4.47 , y=15.4 & 

 

&reg mat=1, cur=5000, &   

&po x=-4.47 , y=15.4 & 

&po x=-2.37 , y=15.4 & 

&po x=-2.37 , y=10.4 & 

&po x=-4.47 , y=10.4 & 

&po x=-4.47 , y=15.4 & 

 

 

3.5. parametreleri (solda) ve geometrisi 
 

3.3.   

 (Halbach, 1976). 
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 (Halbach, 

1976). 

SF75 

 ve 

 (Halbach, 1976).  

3.3.1.  

B= 0 knI ile verilir. 

Burada 0=4 x10-7 Tesla/Amper.m; k n 

I 

 

 

3.6.  

OLE

SOLENOID -z eksenlerindeki konumu ve 
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-z) 

 

 

3.7.   
ir 

7

 

 

kil 3.8.  

8
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3.9.  

 

-

9). 

 

3.10.  
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-  10). 

 

CATIA 

 

   

3.11. 
 

3.3.2.  

SMQMDesigner 

 

3.3.2.1.  

 

2
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3.12.  

-y 

. 

 

3.13.  

3 te 

(x-
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3.14.  

QUADRUPOLN

 14)

olarak 

 

5 t  

 

3.15.  
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-y 

 

 

 

3.16.    

  

6 aki gibi elde 

edilir ve  

CATIA 
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3.17.  
) 

3.3.2.2.  

 -

-

Poisson  

 

3.18.  

-y 
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3.19.  

9

 

(x-

 

 

3.20.  

 20).  
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ek 21 e  

 

3.21.  

P

  

x-By 
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3.22. x ve By lerinin konuma 
(Position)  

biliriz. 

  

x-By 22

 ve  

CATIA 

elde edilir. 
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3.23.   
 

3.3.3.  

 

 i mek 

 

 

3.24 t

. 

 

3.24.  

-y 

eksenlerin   
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3.25.  geometrisi 

 (x-y) verileri ve malzeme 

5). 

 

3.26.  

 6)

olarak 
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7  

 

3.27.   

ile bobinlerin (coil) yerler

lenir ve 7
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kil 3.28.   |B|) ve  

 

 konum  8

 

in CATIA 

 

   

3.29. 
eksen  
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4.  

 

 Buna 

  Geometrik 

 

 

4.1.  
n geometrisinden 
 

4.1.  

 SMQMDesigner  

r. A   ,  

(demir)  ;  

 

4.2. SMQMDesigner  
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Yuk   renk ile 

r demir kasnak manyetik 

ler     turuncu noktalarla  Halbuki 

manyetik alan nir, 

 demir   

r. Bu durumda 

manyetik alan kuvveti istenenden daha , bu  

ir ve t  

 

4.3. SMQMDesigner   

 

  ile  

  

,  

  

girilir 

edilir. solenoidx  lik sarmal 

a aittir

en,  

Poisson/Superfish program paketiyle Automesh 

. O

SOLENOIDX ndan  

elde edilir. 
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4.4. solenoidx.sf  (solda), SOLENOI  
  manyetik   

SOLENOI Poisson Superfish solution  dosya

 

 sonra 

da sarmal 

k elde edillir. 

   

4.5.   
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4.6.  

6 a  ve 

yapabiliriz. 

   

4.7.  

7
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4.8.  

 

-  

. 

 

4.9. Br/r  elde edilen 
grafik 

 

  

k tekrardan elde edilir. 
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4.10. demir ile temas etti i nokta 

 

4.11. Alt demir z-Br/r  

z-Br/r 

 

z ve , manyetik 

ala  . 
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4.12. demir ile temas  nokta 

 

4.13. z-Br/r  

z-Br/r 

 

z ve , manyetik 

 . 

Bu grafikten 

r z-Br/r  

iyi yorumlayabiliriz. 
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4.14.  
r=R  

  r=R 14 te 

 

incelemesini yapabiliriz.  

 

4.15. r=R 
 ve Br/r ir   

, her bir 

nokta ve bu noktalardaki manyetik alan ur. Bu 

dosyadaki de

ne 15 t 6 a 

yer alan grafik incelenmelidir. 
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4.16. demir r= z-Br/r  

da elde edilen grafik, 

 . Bunun 

ilen  burada demir , bu durum 

ilemektedir ve max. ile nin belirlenmesi 

. 

 

 

4.17. Superfish dosy r=
 

r r=R 7

r

, grafikleri yorumlama a ve yap  
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n 

  

 

4.18. 15.1  sabit r=R 
 ve Br/r ir   

n 9 a verilmektedir. Ancak burada 

r=15.12  

Superfish prog  elde edilmelidir.  

 

4.19. r= z-Br/r  

.sf d

nda aktif olan Create field map for another program

-
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4.20.  

r=

 

edilebilir.  

 

4.21.  
z-  

Bu e 

ulan grafik BFLD ( Quiklplot 

input   dilir. 

2

sayede manyetik demir ilebilir.  
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4.22. Data se  

Burada z ekseni tercih edilir ve Br  

 

 

4.23.  

X1=10, Y1=5; X2=20, Y2=40 tercihleri ile sarmal 

n Br-z 

9 rulan Excel 

 uyumlu .  

Bu grafi Superfish 

 

demire girilen ilebilir.   
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4.24. Data se  

enir 

 

 4.25. Bz-z  

 grafik ile 4.8 e  manyetik alan 

nebilir.  

demirin hem de 

. 

  r-z eksenleri 

r 

. 
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4.26. r  
 

in nedeni 

  

(r=R) z-Br/r grafi . 

 

4.27. r 
 z-Br/r lir 

  9 ve  manyetik 

alan  . 



68 
 

 

4.28. z-Br/r  

(Muniz

 

   

4.29. 
(solda), Muniz  

4.2.  

Normal   d

mektedir. Bu 

demetinin natif olarak 
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  .  :  

 (2.1) 

 (2.2) 

 (2.3) 

 de 

ir.  

te  

 . 

 

si 

ve  

  mavi ok 
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4.30. un yeri nin 
 

 

si  

4

, 

rota=0.7071 

 ve sin  

ve  r. 
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4.31. 
nla  

 

 

koordin  

 

4.32. 
 

 

 girilen 

n Superfish dosya  verilmektedir.  



72 
 

 

4.33. SMQMDesigner  

uadrupolr

n

olarak verilir.  

 quadrupolrx.sf = Skew Quadrupole Design (d d  

 

4.34. 
 

 quadrupol  
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4.35. 
 

demetinin 

4 ve 5 ekran 

  

alan 

  ile 

 yap bilir.  

4.2.1.  

,  grafiksel   

4.2.1.1. -1: 

 

24 Nisan 2020) ile n
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4.36.  

 (  

tamamlan

manyetik  

   

4.37. I  
 

Burada .sf d  

). SF7 
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4.38.  
 

Elde edilen grafikte Bx ve By x (ancak her iki 

x 

|B|) 

bak ma .  

   

4.39. mek  

Data  

k 

gibi x-|B|  

edilir.  
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4.40. x-  

 x-

-

x-  

 

 

4.41.  

sayfa 
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Dikkat edilmelidir ki .sf d

[(-20: -

 

 incelenir. 

Burada .sf d

 .  

 

4.42.  

Burada .sf d

 [(-20:0) (20:0)] 

edilir ve bu elde edilen . 
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4.43. tupl  varsay  ilirse x ekseni 
ilir 

 ve Inte

-  

   

4.44.  

k a Abscissa 

Selection X  olarak, Ordinate Selections By  OK  
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4.45. x-  

   

4.46.  

k Abscissa 

Selection Y  olarak, Ordinate Selections Bx  olar OK  
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4.47. y-  

Burada x-

iste

-|B| tercih . 

 

4.48. Manyetik alan tercihi x-  

 

4.49.  x-  
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-

Grafikte y ekseni

  ,   

ler incelenir. 

, n  x ekseni boyunca 

-20:0) (20:0)] terci  

boyunca al . Burada  +x alan 

ile normal  

( ) grafikte  ile ayn   

Zoom  Original lebilir.  

 

+x ekseni boyunca, ikin   ve son 

olarak da demir  . 

 

4.50.   |B| (solda), n  
  manyetik alan   
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4.51.   |B| (solda), n  
  manyetik alan   

 

 

4.52.   |B| (solda), n
  manyetik alan   demirle 

 

4.2.1.2. -2: 
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4.53.  

Burada .sf d

-20: -20) 

(20:20)] bu iki nokta  alan erine 

 vermektedir. 

 

4.54.  kutupl  varsay  ilirse 
 ilir 

-
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20: - -  

 .  

   

4.55. Superfi I  
 

Burada .sf d

-

20: -  

 

4.56.    Bx ve By  
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4.57. data   

a

Abscissa Selection X  olarak, Ordinate Selections By  OK  

 

 

4.58.   x-  

Burada .sf d

Run   
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4.59.  

data 

k a

Abscissa Selection Y  olarak, Ordinate Selections Bx  OK  

 4.58 en de 

x- - mektedir.  

 

4.60.   y-  

X  
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 4.61. x-  

 

4.62.   x-  

 

 elde edilen grafi maksimum 

x=3.90 cm ve |B|=2750 G 
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kil 4.63.  
 manyetik alan 

 

ilir. [(-20: - - nin 

.  

 ve demire 

 

ve demir

kaynakl  

     

4.64.  
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ilk olarak +x ekseni boyunca, 

iki demir

 

 

4.65. x- ; manyetik 
  (ortada), 

 

 

4.66. Q  

4.63 t

 ve sin 

45    ve  (E4.1, E4.2, E4.3) e 

urada r olarak al  

 .  
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4.67.   (ortada) x-|B| 
 manyetik 

 r-  
 

 

4.68.  
manyetik alan  

)  

x-

 manyetik alan n maksimum 

yerle sal  Ancak 

, 

u   sebebi  

ile bunun .  
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4.69.  x-  
 manyetik alan 

 r-  
 

Burada Excel ile trisi uygulanarak elde edilen grafik 

 dedir. 

grafikte maksimum r  . B

grafikle bire bir uyumludur. 

 

4.70.  
manyetik alan da   

demir  

x-

d  
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4.71.   (ortada) x-|B| 
 manyetik 

 r-  
  

x-

a ve Excel 

elde edilen grafikte d

  

 6144 

(T/m =104 G/100 cm =102 

 

4.73). 
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4.72. 
 

   

 4.73. 
 

4.3.  

Sextupole.sf d ) . 

O  

. -25:0) (25 ) 
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4.74. 
) 

 

4.75.  manyetik 
 

Elde edilen grafikte Bx- By 

By  .  
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4.76.  y  

k . 

y 

sayesinde x-By  elde edilir.  

 

4.77.  

Bu gr

man
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da (Nergiz, 2017) 

 

 

 

4.78. 
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5.  

 

agnet 

 

ATIA 

 

lerinin birbirleriyle 

 

 

ve 

 

sarmal, kutuplu 

 B

Poisson / Superfish pake  
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