ME 201/APh 250, Homework 4:

Assigned: Friday, May 1, 2019
Due: Friday, May 15, 2019

1:
(a) From equation (2.10 to 2.12) from Lecture 7, we know that a;,ap = 2(I, — Z,). We now consider

a;-ratajai where j > i.

j
a;-ra}ajai = aI(a;r.aj)ai
1
= al(51; = Z))a;
1
= 5(613%) +afa;Z;
1 1
= Ui~ Z) - (L~ Z)Z

1
= 2;(]74* i — ZZj AF'QZiQZj)

Then using the coefficients from the table, we are done. Let us use PyQuil to verify this is indeed
true. It is possible to implement Jordan-Wigner transform in PyQuil. I pasted the code snippet
here, and we can see this is indeed the case.

from grove.alpha.fermion transforms import jwtransform

jw = jwtransform.JWTIransform()

h = hO0O*jw.create(0)*jw.kill(0) + hll*jw.create(l)*jw.kill(1l) + h22*jw.create(2)*jw.kill(2) \
h33*jw.create(3)*jw.kill(3) \

h0l110*jw.create(0)*jw.create(l)*jw.kill(1l)*jw.kill(0)\
h2332*jw.create(2)*jw.create(3)*jw.kill(3)*jw.kill(2)\
h0330*jw.create(0)*jw.create(3)*jw.kill(3)*jw.kill(0)\
hl221*jw.create(l)*jw.create(2)*jw.kill(2)*jw.kill(1)\

(h0220-h0202)*jw.create(0) *jw.create(2)*jw.kill(2) *jw.kill(0)\
(h1331-h1313)*jw.create(l)*jw.create(3)*jw.kill(3)*jw.kill(1)\

+ + + + + + +

print(h._ str ())

(-0.8126100000000005+09)*I + (0.17120100000000002+0§)*20 + (0.17120100000000002+0§)*21 + (-0.
22279649999999998+05) %22 + (-0.22279649999999998+05)*23 + (0.16B62325+07)*20%Z1 + (0.17434925
+0§)*22%23 + (0.165868+07)*Z0%23 + (0.165868+07)*21%22 + (0.12054625+07)*E0%22 + (0.12054625+
0§)*21%23

Figure 1: Code snippet to evaluate the jordan wigner string on PyQuil. Note one has to install
grove to import the necessary functions.



(b) We use PyQuil to evaluate this.

from grove.alpha.fermion_ transforms import jwtransform
jw = jwtransform.JWIransform()

h = h0312*jw.create(0)*jw.create(3)*jw.kill(1l)*jw.kill(2)\
+ h03l2*jw.create(2)*jw.create(l)*jw.kill(3)*jw.kil1(0})}
+ h0l32*jw.create(0)*jw.create(l)*jw.kill(3)*jw.kill(2)}
+ h0l32*jw.create(2)*jw.create(3)*jw.kill(1)*jw.kill(0)
print{h.__str ())

(-0.04532175+0] ) *¥Y0*¥1*X2*X3 + (0.04532175+0])*¥0*X1*X2*Y3 + (0.04532175+0])*X0*Y1*¥Y2*X3 + (-0.04532175+0]) *X0*X1*y2*
Y3

Figure 2: Code snippet to evaluate the jordan wigner string on PyQuil. Note one has to install
grove to import the necessary functions.

(c) We just need to implement three types of gates. They are 0p, 0707 and a mixture of ¢* and
o¥. We will use (i) of , (ii) o0 and (iii) o§o50)0y as examples. The rest will have similar circuit

implementations.

Figure 3: Circuit implementation for of.
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Figure 4: Circuit implementation for ofog§.
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Figure 5: Circuit implementation for o530

Check out the notebook on the website.
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