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Experimental verification of Josephson effect

Xisense , Prof. Zhang
Physics Institute, Peking University, Beijing 100871, China

Abstract: When there is a weak connection between two superconductors, the phenomenon of quantum tunneling between the
two superconductors and the generation of tunneling current by Cooper pairs is called the Josephson effect. The Josephson effect is a
vivid manifestation of macroscopic quantum phenomena and currently has wide applications in sensitive detection, voltage reference,
and quantum circuits. In this experiment, a high-temperature superconductor Y Ba,C'u30~_,, was used to bond two superconducting
materials with different crystal orientations using superconducting thin films, achieving weak connections and forming a twin crystal
Josephson junction. The experiment observed the DC and AC Josephson effects by measuring the volt ampere characteristic curves
of a twin crystal Josephson junction at liquid nitrogen temperature (77K) under two conditions: without microwave irradiation and
with microwave irradiation. The experiment compared the superconducting transition characteristics and volt ampere characteristics
between twin crystal Josephson junctions and superconducting materials of the same size without twin junctions, verifying the existence
of the Josephson effect. The theoretical value of microwave frequency calculated by the microwave induction step under microwave
irradiation is consistent with the actual value, further verifying the correctness of the Josephson effect theory.

Key Words: Josephson effect, superconductivity
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import numpy as np

import matplotlib.pyplot as plt

t=[0,1,2,3,4,5,6,7,8]
t=np.array(t)
phit=txnp.pi/4
rt=1-np.cos(phit)
xt=rtxnp.cos(phit)
yt=rtsnp.sin(phit)
#xt Aot o A 5 &
dx=[3%(xt[j—1]+xt[j+1]-2xxt[j]) for j in np.arange(1,8)]
bx=dx+[0,0]
# print(bx)
Ax=np. zeros ((9,9))
for i in np.arange(0,7):
Ax[i,1]=0.5
Ax[i,i+1]=2
Ax[i,1+2]=0.5
Ax[7,0]=1
Ax[8,8]=1
def Guass_solve(A,b):
if len(A)!=len(A[0]):
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print("matrix A error!”)
return “error”

if len(A)!=len(b):
print(“matrix b error!”)
return “error”

if abs(np.linalg.det(A))<eps:
print ("rank error!”)
return “error”

n=len(b)

A eff=np.zeros((n,n+1))

# print(A_eff)

for i in range(n):
A _eff[i,:n]=A[1]
A _eff[i,n]=b[i]

A eff=np.array (A _eff)

for i in range(n):
max_index=0
max_value=0
for j in np.arange(i,n):

if abs(A_eff[j,i1])>max value:
max_value=abs (A _eff[j,i])

max_index=j

A eff[[1,max _index]]=A eff[[max_index,i]]

G_matrix=np.eye(n)

for j in np.arange(i+1,n):

G _matrix[j,i]=—A _eff[j,1]/ A _eff[i,1]

# print (G_matrix)
A _eff=G_matrix@A _eff
# print(A_eff)

#E| L O AR L= AR, TEME SRR

X val=np.zeros(n)
# print (A _eff)
for i in np. flip(range(n)):
X val[i]=A _eff[i,n]
# print (X val)
for j in np. flip (np.arange(i+1l,n)):

X val[i]=X val[i]-A eff[i,j]*X val[j]

X val[i]=X val[i]/A _eff[i,i]
return X val
Mx=Guass_solve (Ax, bx)
A x=[xt[j+1]=-xt[j]-(Mx[j+1]-Mx[j])/6 for j
B x=[xt[j]-Mx[]j]/6 for j in np.arange(0,8)]

in np.arange (0,8)]
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Hf xt 3

Sx=[Mx[j ]/48+Mx[j+1]/48+A x[j]/2+B x[j] for j

tss=

np.linspace (0,8,17)

phit=tssxnp.pi/4

rt=1-np.cos(phit)

xt=rt*np.cos(phit)

yt=rt*np.sin(phit)
Sxs=[0]xlen(tss)

for

plt.

plt.
.plot(tss ,xt,label="real’)

plt

plt.

plt

plt.

plt.
.legend ()

plt

i in range(len(Sxs)):
if 1%2!1=0:
Sxs[i]=Sx[int((i—-1)/2)]
else:
Sxs[i]=xt[1]
figure (figsize=(12,5))
subplot(1,2,1)

scatter (tss , xt)

.plot(tss ,Sxs,label="spline )

scatter (tss ,Sxs)

title ("x—t spline function compared with real function”)

Sys=[0]=xlen (tss)

Sy=[My[j]/48+My[j+1]/48+A y[j]/2+B y[j] for j

for

plt.

plt

plt.

plt

plt.

plt.
.legend ()

.show ()

plt
plt

i in range(len(Sys)):
if 1%2!=0:

Sys[i]=Sy[int ((i—1)/2)]
else:

Sys[i]=yt[1]
subplot(1,2,2)

.plot(tss ,yt,label="real’)

scatter (tss ,yt)

.plot(tss ,Sys,label="spline )

scatter (tss , Sys)

title ("y—t spline function compared with real function”)

in np.arange (0,8)]

in np.arange (0,8)]
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