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PULSE SEQUENCE DIAGRAMS (5-POINTS)
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A. The pulse sequence above is used to prepare the

® @

magnetization prior to a gradient-echo pulse sequence. Derive M,

and My, immediately before and after each of the events shown. Assume the “perfect” spoiling takes no time (i.e.

tay 2ets_).
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o B

A (continued).

B. What is the effect of this preparation sequence on the image contrast? How does adjusting 7 alter image contrast?
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C. How is the image contrast changed if the 180° RF-pulse is removed?
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Table of Contents

clear all; clc; close all

ganma=42. 58e6;
G=80e- 3;
BO=1. 5;

Part A.

char | anbda=char (947) ;
di sp([' x=[wgama*BO]/ (', ' gamma*Q ']);

x=[ w ganma* BO] / ( gamma* G

Part B.
x_cent _1=0. 2; % mM
| 1=0. 01; %
x1(1,1)=x_cent_1-(11/2); % mM
x1(1,2)=x_cent_1+(11/2); % n
a=Gx1(1,:);
wl(1,:)=ganmma*(d +B0) ./ 1ES6; % MHz]
di sp([' The range of frequencies will be: wo= "', nunRstr(wl(1,1),5)," Mz
& wl= "', nunm2str(wl(1,2),5), MHz'])
The range of frequencies will be: w0= 64.534Miz & wl= 64.568M1z
Part C.

A=-2.7e-1;

Gl (1,:)=CGx1(1,:)+A*(x1(1,:)."3);

w2( 1, :)=gamm*(Gnl (1, :)+B0)./ 1E6; % MHz]
di sp([' The range of frequencies will be: wo''=
",nun@str(w2(1,1),5), Mz & wl''= ', nun@str(w2(1,2),5)," Mz'])

The range of frequencies will be: w0' = 64.449MHz & wl' = 64. 469MHz
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Part D.

x2(1,:)=(1/ (gamma*Q ) *(w2(1,:)*1E6)-B0/ G

di sp([' The new positions will be: xo''=
", nun2str(x2(1,1)*100,4),'cm," & x1''=
", nunm@str(x2(1,2)*100,4), cnm])

| 2=x2(1,2)-x2(1,1); %
x_cent _2=(x2(1,2)+x2(1,1))/2; % m
Dx=(x_cent _1-x_cent _2)*100; % cni

disp([' The new | enght will be: ',nunRstr(12*100,2),'cm,"' and it wll
be shifted ', nun2str(Dx,2), cm])

The new positions will be: xo' = 17cm & x1'= 17.59cm
The new |l enght will be: 0.59cmand it will be shifted 2.7cm

Part E.

di sp(' Same gradient values at multiple |ocations. Those frequencies
cannot be solved for a single |ocation')

Sane gradi ent values at multiple |ocations. Those frequencies cannot be
solved for a single location
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Part A.
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clear all, clc, close all
%/ar i abl es:

game=42. 57e6;
TE=75;

TR=5000;

t het a=0;

T1=[ 1200, 400] ;
T2=[ 150, 50] ;

Part B.

MD=1;

Mz (1) =0;

Mky (1) =MD;
ter=round(TE 2);

for ti=1:2 % ypes of tissue

Wafter 90 deg 1+
for i=0:ter% ecovery 2-
Mz (i +1) =MD*(1-exp(-i/(TL(ti))));
My (i +1) =MD*exp(-i/T2(ti));
end
%fter 180 deg 2+
for i=1l:ter
Me((ter+i+1))=-M*(1-exp(-((ter-i)/T1i(ti))));
Mcy(ter+i +1)=Mky(ter)*exp(-(i)/T2(ti));
end
for i=1: TR-TE %Before Echo 3-
Mz ( TE+i +1) =MD* (1- 2*exp((-TE-2*i )/ (2*T1(ti))) +exp((-TE-i)/
T1(ti)));
MKy ( TE+i +1) =MD*exp((-TE-i)/T2(ti));
end

%Second RF pul se:

M=Mz ( TR+1) ;
Mz ( TR+1) =0;
Mky( TR+1) =MD;

for i=0:(TE/ 2)% ecovery 2-

Mz ( TR+i +1) =MD* (1-exp(-i/(TL(ti))));
My ( TR+i +1) =MD*exp(-i/T2(ti));

end

Y%after 180 deg 2+

for i=1l:ter
Me(TR+(ter)+i +1) =-M)*(1l-exp(-((ter)-i)/TL(ti)));
MKy (TR+(ter)+i +1) =Mky(TR+(ter)) *exp(-(i)/T2(ti));
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end
for i=1: TR-TE %Before Echo 3-
Mz ( TR+TE+i +1) =MD* (1- 2*exp((-TE-2*i )/ (2*T1(ti))) +exp((-TE-i)/
T1(ti)));
Mky( TR+TE+i +1) =MD*exp((-TE-i)/ T2(ti));
end
M)=Mz( 2* TR+1) ;
Mz ( 2* TR+1) =0;
Mky(2* TR+1) =MD;

figure; hold on

p(1) =pl ot (Mz) ;

p(2) =pl ot (Mky, " r");

title([' Spin Echo Magnetization Analytic Result: Tissue
,nun2str(ti)]);

x|l abel (" Tine [ns]");

yl abel (" Magneti zation [AU");

ylim([-0.2 1])

xlim([0, 2*TR+2])

I egend(' Mz', "' Mky');

grid on

ylim[-0.1 1])

%

% Long TR, Long TE: T2-weighted
%
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Spin Echo Magnetization Analytic Result: Tissue 2

Part C.
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al pha=90*pi / 180;
MD=1;
% me
T=2*TR;
N=2*TR;
dt =T/ N,
YSATURATI ON PULSE
ct=cos(theta);
st=sin(theta);
ca=cos(al pha);
sa=si n(al pha);
saturation=[ ct”2+st”2*ca ct*st-ct*st*ca -st*sa
0;
ct*st-ct*st*ca stA2+ct~2*ca ct*sa
0;
st*ca -ct*sa ca
0;
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0 0 0
1];
%Ref ocusi ng oper at or:
refocusing=[1 0 0 0;
0 -1 0 0;
0 0 -1 0;
0 0 0 1]

% reating the nagnetization vector:
MD=1;
mrzeros(4,ter);

% reating relaxation matrix:

rel axation=[ exp(-dt/T2(ti)) 0 0 0;
0 exp(-dt/T2(ti)) 0 0;
0 0 exp(-dt/T1(ti)) M* ( 1- exp( -
dt/ TL(ti)));
0 0 0 1];

%l me constants

time=linspace(0, T, N+3);

%-ree induction decay:

m:,1l)=saturation*[0 O M 1]';

i =0;

for n=2: N+3
n(:,n)=relaxation*n(:,n-1);

if n>=(i+ter) && n==i +1+ter

nm(:,n)=refocusing*n(:,n-1);

end
if n==i +TR+1
m 3, n) =0;
M=m(3,i +TR);
m 2, n) =MD;
rel axation=[exp(-dt/T2(ti)) 0 0
0;
0 exp(-dt/T2(ti)) 0 0;
0 0 exp(-dt/T1(ti)) M* ( 1- exp( -
dt/ TL(ti)));
0 0 0 1];
i =TR;
end
end
My (1) =0;

figure; hold on

p(2)=plot(tine,abs(m(2,:)), r'");
p(3)=plot(tine,m3,:),"'b");

title([' Spin Echo Magnetization Sinulation Result: Tissue
",nun2str(ti)]);

xl abel (" Time [ns]"');

yl abel (" Magnetization [AU]"');

grid on

I egend(' Mky', ' Mz");
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ylim([-0.1 1])
Spin Echo Magnetization Simulation Result: Tissue 1
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Spin Echo Magnetization Simulation Result: Tissue 2
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end

figure; hold on

p(1)=pl ot (Mz-n(3, 1: N+1),"' b");

p(1) =pl ot ((Mky-abs(n(2, 1: N+1))),"r");
ylim([-0.4,0.4])

xlim([0, 6000])

| egend(' Mz Differences',' My Differences')
xl abel (" Time [ns]"');

yl abel (" Magneti zation [AU");

grid on
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Main differenceisthat the RF pulse has some duration. The magnetization rotates through different planes
before setting at the rigth values.
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