
General Relativity step by step errata

Oct 29 errors fixed
TOC: 2.2. Light should be capitalized.
Page 2. 8π G

c4
There’s a close quote with no corresponding open quote.

Page 5 chain rule should have u2 differentiated should be du
dx

and answer should by 2(x3+1)(3x2)

corrected df
du

to df(u)
du

0.1 December 2, 2023

0.1.1 page 5 - original
df(xn)
dx

= nxn−1

0.1.2 page 5 - replacement
d(xn)
dx

= nxn−1

0.1.3 page 6 - original

∂f(x(λ), y(λ))))

∂x(λ)
=

∂f(x(λ), y(λ))

∂x(λ)

dx(λ)

dλ

0.1.4 page 6 - replacement

∂f(x(λ), y(λ))

∂x(λ)
=

∂f(x(λ), y(λ))

∂x(λ)

dx(λ)

dλ

0.1.5 page 9 original

� A row or column of components (could be scalars or scalar functions). Examples are

[
3
5

]
[
3t
5t

]
or

[̂
i ĵ

]
.

� The count of all components in a vector is the dimension of the vector

� There are special vectors called basis vectors, one for each of the dimensions

� The vector is viewed as a linear combination of components and basis vectors

0.1.6 page 9 - replacement

� A row or column of components (could be scalars or scalar functions). Examples are

[
3
5

]
[
3t
5t

]
or

[
6 2

]
.
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� The count of all components in a vector is the dimension of the vector

� There are special vectors called basis vectors, one for each of the dimensions

� The vector is viewed as a linear combination of components and basis vectors

0.1.7 page 10 - original

v⃗ =

[
a
b

] [̂
i, ĵ

]
= âi+ bĵ

Where a and b are scalar components that could be integers. For example a = 6, b = 2:

v⃗ =

[
6
2

] [̂
i, ĵ

]
= 6̂i+ 2ĵ

There are many choices for basis vectors, but choosing different basis vectors (say i⃗ vs î) change
the components of the same vector. A vector doesn’t change (is invariant) even if you describe it
with two different sets of basis vectors. Thus you must ”adjust” the components. Let i⃗ = 2̂i, j⃗ = ĵ
then:

v⃗ =

[
a
b

] [̂
i, ĵ

]
= âi+ bĵ =

[
1
2
a
b

] [⃗
i, j⃗

]
=

1

2
a⃗i+ b⃗j

0.1.8 Page 10 - replacement

v⃗ = âi+ bĵ

Where a and b are scalar components that could be integers. For example a = 6, b = 2:

v⃗ = 6̂i+ 2ĵ

There are many choices for basis vectors, but choosing different basis vectors (say i⃗ vs î) change
the components of the same vector. A vector doesn’t change (is invariant) even if you describe it
with two different sets of basis vectors. Thus you must ”adjust” the components. Let i⃗ = 2̂i, j⃗ = ĵ
then:

v⃗ = âi+ bĵ =
1

2
a⃗i+ b⃗j

0.1.9 Page 14 - orginal

a⃗ · b⃗ = a⃗(⃗bT )

Where (⃗b)T is the row vector transposed into a column vector. Example of dot product:

Let a⃗ =

53
1

 and b⃗ =

21
2

, then a⃗ · b⃗ = a⃗(⃗bT ) =

53
1

[
2 1 2

]
=

2



CHAPTER 0.

0.1.10 Page 14 - replacement

a⃗ · b⃗ = a⃗T (⃗b)

Where (⃗a)T is the row vector transposed into a column vector. Example of dot product:

Let a⃗ =

53
1

 and b⃗ =

21
2

, then a⃗ · b⃗ = a⃗T (⃗b) =
[
5 3 1

]21
2

 =

0.2 June 8, 2025

0.2.1 Page pp187 - original

1. Remember Γλ
µν=

1
2
gλσ(∂νgσµ + ∂µgσν − ∂σgµν)

2. Γt
tt =

1
2
gtσ(∂tgσt + ∂tgσt − ∂σgtt) - only σ = t is worth calculating because the metric is a

diagonal matrix - all components beside the diagonal ones are zero.

3. Γt
tt =

1
2
gtt(∂tgtt + ∂tgtt − ∂tgtt) = 0 - because gtt = −A(m, r) does not depend on t. Thus

the partial derivative is zero.

4. Γt
tr = 1

2
gtt(∂rgtt + ∂tgtr − ∂tgtr) =

1
2

1
−A(m,r)

∂r(−A(m, r))

5. Γt
rt = Γt

tr =
1
2

1
−A(m,r)

∂r(−A(m, r))

6. Γr
tt =

1
2
grr(∂tgrt + ∂tgrt − ∂rgtt)=

1
2B(m,r)

(−∂r(−A(m, r)))

7. Γr
rr =

1
2
grr(∂rgrr + ∂rgrr − ∂rgrr)=

1
2

1
B(m,r)

(−∂rB(m, r))

8. Γr
θθ =

1
2
grr(∂θgθr + ∂θgθr − ∂rgθθ)=

1
2

1
B(m,r)

(−2r) = −r
B(m,r)

9. Γr
φφ =1

2
grr(∂φgrφ + ∂φgrφ − ∂rgφφ)=

1
2

1
B(m,r)

(−2r sin2)θ = −r sin2 θ
B(m,r)

10. Γθ
φφ =1

2
gθθ(∂φgθφ + ∂φgθφ − ∂θgφφ) =

1
2

1
r2
(−r22 sin θ cos θ)= − sin θ cos θ

11. Γθ
rθ =

1
2
gθθ(∂θgθr + ∂rgθθ − ∂θgrθ)=

1
2

1
r2
2r = 1

r

12. Γφ
rφ =1

2
gφφ(∂φgφr + ∂rgφφ − ∂φgrφ) =

1
2

1
r2 sin2 θ

2r sin2 θ= 1
r

13. Γφ
θφ =1

2
gφφ(∂φgφθ + ∂θgφφ − ∂φgθφ) =

1
2

1
r2 sin2 θ

r22 sin θ cos θ= cot θ

The other values of the connection are either zeros or repeats. Thus, we have this table or legend
or key for what follows (we’ve simplified A = A(m, r) and B = B(m, r)):

Γt
tr = Γt

rt =
∂rA
2A

Γr
tt =

∂rA
2B

Γr
rr = −∂rB

2B
Γr
θθ =

−r
B

Γr
φφ = −r sin2 θ

B
Γφ
θφ = Γφ

φθ = cot θ Γθ
φφ = − sin θ cos θ Γθ

rθ = Γθ
θr = Γφ

rφ = Γφ
φr =

1
r
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CHAPTER 0.

Rβν = ∂µΓ
µ
βν −∂νΓ

µ
βµ+Γµ

σµΓ
σ
βν −Γµ

σνΓ
σ
βµ There are 16 combinations (two indices and 4 dimensions

= 4x4) to resolve, plus many embedded (Einstein) summations. Rather than crank through them
all, we will examine Rtt, Rrr, Rθθ.

1. Rtt = ∂µΓ
µ
tt − ∂tΓ

µ
tµ + Γµ

σµΓ
σ
tt − Γµ

σtΓ
σ
tµ

(a) ∂µΓ
µ
tt = ∂tΓ

t
tt+∂rΓ

r
tt+∂θΓ

θ
tt+∂φΓ

φ
tt first term

(b) ∂µΓ
µ
tt = ∂t��Γ

t
tt+∂r (

∂rA
2B

) +∂θ��Γ
θ
tt+∂φ��Γ

φ
tt substitution applied

(c) ∂tΓ
µ
tµ = ∂tΓ

t
tt+∂tΓ

r
tr+∂tΓ

θ
tθ+∂tΓ

φ
tφ second term

(d) ∂tΓ
µ
tµ = ∂t��Γ

t
tt+∂t��Γ

r
tr+∂t��Γ

θ
tθ+∂t��Γ

φ
tφ substitution applied

(e) Γµ
σµΓ

σ
tt = Γt

ttΓ
t
tt+Γr

trΓ
t
tt+Γθ

tθΓ
t
tt+Γφ

tφΓ
t
tt

+Γt
rtΓ

r
tt+Γr

rrΓ
r
tt+Γθ

rθΓ
r
tt+Γφ

rφΓ
r
tt

+Γt
θtΓ

θ
tt+Γr

θrΓ
θ
tt+Γθ

θθΓ
θ
tt+Γφ

θφΓ
θ
tt

+Γt
φtΓ

φ
tt+Γr

φrΓ
φ
tt+Γθ

φθΓ
φ
tt+Γφ

φφΓ
φ
tt

(f) Γµ
σµΓ

σ
tt = ��Γt

tt��Γ
t
tt+��Γr

tr��Γ
t
tt+��Γθ

tθ��Γ
t
tt+��Γ

φ
tφ��Γ

t
tt

+ (∂rA
2A

) (∂rA
2B

) + (−∂rB
2B

) (∂rA
2B

) + (1
r
) (∂rA

2B
) + (1

r
) (∂rA

2B
)

+��Γt
θt��Γ

θ
tt+��Γr

θr��Γ
θ
tt+��Γθ

θθ��Γ
θ
tt+ (cot θ) ��Γθ

tt

+��Γt
φt��Γ

φ
tt+��Γr

φr��Γ
φ
tt+��Γθ

φθ��Γ
φ
tt+��Γφ

φφ��Γ
φ
tt substitution applied

(g) Γµ
σtΓ

σ
tµ = Γt

ttΓ
t
tt+Γr

ttΓ
t
tr+Γθ

ttΓ
t
tθ+Γφ

ttΓ
t
tφ

+Γt
rtΓ

r
tt+Γr

rtΓ
r
tr+Γθ

rtΓ
r
tθ+Γφ

rtΓ
r
tφ

+Γt
θtΓ

θ
tt+Γr

θtΓ
θ
tr+Γθ

θtΓ
θ
tθ+Γφ

θtΓ
θ
tφ

+Γt
φtΓ

φ
tt+Γr

φtΓ
φ
tr+Γθ

φtΓ
φ
tθ+Γφ

φtΓ
φ
tφ

(h) Γµ
σtΓ

σ
tµ = ��Γt

tt��Γ
t
tt+ (∂rA

2B
) (∂rA

2A
) +��Γθ

tt��Γ
t
tθ+��Γ

φ
tt��Γ

t
tφ

+ (∂rA
2A

) (∂rA
2B

) +��Γr
rt��Γ

r
tr+��Γθ

rt��Γ
r
tθ+��Γ

φ
rt��Γ

r
tφ

+��Γt
θt��Γ

θ
tt+��Γr

θt��Γ
θ
tr+��Γθ

θt��Γ
θ
tθ+��Γ

φ
θt��Γ

θ
tφ

+��Γt
φt��Γ

φ
tt+��Γr

φt��Γ
φ
tr+��Γθ

φt��Γ
φ
tθ+��Γ

φ
φt��Γ

φ
tφ substitution applied

(i)

Rtt = ∂r (
∂rA
2B

) +

(∂rA
2A

) (∂rA
2B

) + (−∂rB
2B

) (∂rA
2B

) + (1
r
) (∂rA

2B
) + (1

r
) (∂rA

2B
) −

[ (∂rA
2B

) (∂rA
2A

) + (∂rA
2A

) (∂rA
2B

) ]

(1)

(j) Rtt = ∂r
∂rA
2B

+ [∂rA
2A

∂rA
2B

− ∂rB
2B

∂rA
2B

+ ∂rA
2B

1
r
+ ∂rA

2B
1
r
]− [∂rA

2B
(∂rA
2A

)− (∂rA
2A

)(∂rA
2B

)]

(k) Rtt = ∂r
∂rA
2B

− ∂rB
2B

∂rA
2B

+ 2∂rA
2B

1
r
+ ∂rA

2B
∂rA
2A

(l) Rtt =
1
2B

∂
′′
rA− ∂rA∂rB

4B2 + ∂rB∂rA
4B

+ ∂rA
Br

+ (∂rA)2

4AB

(m)
Rtt = 2ABr∂

′′

rA− Ar∂rA∂rB + ABr∂rA∂rB + 4BA∂rA+Br(∂rA)
2 (2)

2. Rrr = ∂µΓ
µ
rr − ∂rΓ

µ
rµ + Γµ

σµΓ
σ
rr − Γµ

σrΓ
σ
rµ

(a) ∂µΓ
µ
rr = ∂tΓ

t
rr+∂rΓ

r
rr+∂θΓ

θ
rr+∂φΓ

φ
rr

4



CHAPTER 0.

(b) ∂µΓ
µ
rr∂t��Γ

t
rr+∂r (−∂rB

2B
) +∂θ��Γ

θ
rr+∂φ��Γ

φ
rr substitution applied

(c) ∂rΓ
µ
rµ = ∂rΓ

t
rt+∂rΓ

r
rr+∂rΓ

θ
rθ+∂rΓ

φ
rφ

(d) ∂rΓ
µ
rµ = ∂r (

∂rA
2A

) +∂r (−∂rB
2B

) +∂r (
1
r
) +∂r (

1
r
) substitution applied

(e) Γµ
σµΓ

σ
rr = Γt

ttΓ
t
rr+Γr

trΓ
t
rr+Γθ

tθΓ
t
rr+Γφ

tφΓ
t
rr

+Γt
rtΓ

r
rr+Γr

rrΓ
r
rr+Γθ

rθΓ
r
rr+Γφ

rφΓ
r
rr

+Γt
θtΓ

θ
rr+Γr

θrΓ
θ
rr+Γθ

θθΓ
θ
rr+Γφ

θφΓ
θ
rr

+Γt
φtΓ

φ
rr+Γr

φrΓ
φ
rr+Γθ

φθΓ
φ
rr+Γφ

φφΓ
φ
rr

(f) Γµ
σµΓ

σ
rr = ��Γt

tt��Γ
t
rr+��Γr

tr��Γ
t
rr+��Γθ

tθ��Γ
t
rr+��Γ

φ
tφ��Γ

t
rr

+ (∂rA
2A

) (−∂rB
2B

) + (−∂rB
2B

) (−∂rB
2B

) + (1
r
) (−∂rB

2B
) + (1

r
) (−∂rB

2B
)

+��Γt
θt��Γ

θ
rr+��Γr

θr��Γ
θ
rr+��Γθ

θθ��Γ
θ
rr+ (cot θ) ��Γθ

rr

+��Γt
φt��Γ

φ
rr+��Γr

φr��Γ
φ
rr+��Γθ

φθ��Γ
φ
rr+��Γφ

φφ��Γ
φ
rr substitution applied

(g) Γµ
σrΓ

σ
rµ = Γt

trΓ
t
rt+Γr

trΓ
t
rr+Γθ

trΓ
t
rθ+Γφ

trΓ
t
rφ

+Γt
rrΓ

r
rt+Γr

rrΓ
r
rr+Γθ

rrΓ
r
rθ+Γφ

rrΓ
r
rφ

+Γt
θrΓ

θ
rt+Γr

θrΓ
θ
rr+Γθ

θrΓ
θ
rθ+Γφ

θrΓ
θ
rφ

+Γt
φrΓ

φ
rt+Γr

φrΓ
φ
rr+Γθ

φrΓ
φ
rθ+Γφ

φrΓ
φ
rφ

(h) Γµ
σrΓ

σ
rµ = (∂rA

2A
) (∂rA

2A
) +��Γr

tr��Γ
t
rr+��Γθ

tr��Γ
t
rθ+��Γ

φ
tr��Γ

t
rφ

+��Γt
rr��Γ

r
rt+ (−∂rB

2B
) (−∂rB

2B
) +��Γθ

rr��Γ
r
rθ+��Γφ

rr��Γ
r
rφ

+��Γt
θr��Γ

θ
rt+��Γr

θr��Γ
θ
rr+ (1

r
) (1

r
) +��Γ

φ
θr��Γ

θ
rφ

+��Γt
φr��Γ

φ
rt+��Γr

φr��Γ
φ
rr+��Γθ

φr��Γ
φ
rθ+ (1

r
) (1

r
) substitution applied

(i)

Rrr = ∂r (−∂rB
2B

) −

[∂r (
∂rA
2A

) + ∂r (−∂rB
2B

) + ∂r (
1
r
) + ∂r (

1
r
) ]+

(∂rA
2A

) (−∂rB
2B

) + (−∂rB
2B

) (−∂rB
2B

) + (1
r
) (−∂rB

2B
) + (1

r
) (−∂rB

2B
) −

[ (∂rA
2A

) (∂rA
2A

) + (−∂rB
2B

) (−∂rB
2B

) + (1
r
) (1

r
) + (1

r
) (1

r
) ]

(3)

(j) Rrr =�����
∂r(−∂rB

2B
)− [∂r(

∂rA
2A

)+�����
∂r(−∂rB

2B
)+

�������
∂r(

1
r
) + ∂r(

1
r
)]+(∂rA

2A
)(−∂rB

2B
)+(−∂rB

2B
)(−∂rB

2B
)+

(1
r
)(−∂rB

2B
) + (1

r
)(−∂rB

2B
)− [(∂rA

2A
)(∂rA

2A
) + (−∂rB

2B
)(−∂rB

2B
) +((((((((

(1
r
)(1

r
) + (1

r
)(1

r
)] =

(k) Rrr = −∂
′′
r A
2A

+ ∂rA∂rB
4AB

− ∂rB
rB

− (∂rA)2

4A2 =

(l)
Rrr = −2ArB∂

′′

rA− rB(∂rA)
2 + rA∂rA∂rB − 4A2∂rB (4)

3. Rθθ = ∂µΓ
µ
θθ − ∂θΓ

µ
θµ + Γµ

σµΓ
σ
θθ − Γµ

σθΓ
σ
θµ

(a) ∂µΓ
µ
θθ = ∂tΓ

t
θθ+∂rΓ

r
θθ+∂θΓ

θ
θθ+∂φΓ

φ
θθ

(b) ∂µΓ
µ
θθ = ∂t��Γ

t
θθ+∂r (

−r
B
) +∂θ��Γ

θ
θθ+∂φ��Γ

φ
θθ substitution applied

(c) ∂θΓ
µ
θµ = ∂θΓ

t
θt+∂θΓ

r
θr+∂θΓ

θ
θθ+∂θΓ

φ
θφ
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CHAPTER 0.

(d) ∂θΓ
µ
θµ = ∂θ��Γ

t
θt+∂θ��Γ

r
θr+∂θ��Γ

θ
θθ+∂θ (cot θ) substitution applied

(e) Γµ
σµΓ

σ
θθ = Γt

ttΓ
t
θθ+Γr

trΓ
t
θθ+Γθ

tθΓ
t
θθ+Γφ

tφΓ
t
θθ

+Γt
rtΓ

r
θθ+Γr

rrΓ
r
θθ+Γθ

rθΓ
r
θθ+Γφ

rφΓ
r
θθ

+Γt
θtΓ

θ
θθ+Γr

θrΓ
θ
θθ+Γθ

θθΓ
θ
θθ+Γφ

θφΓ
θ
θθ

+Γt
φtΓ

φ
θθ+Γr

φrΓ
φ
θθ+Γθ

φθΓ
φ
θθ+Γφ

φφΓ
φ
θθ

(f) Γµ
σµΓ

σ
θθ = ��Γt

tt��Γ
t
θθ+��Γr

tr��Γ
t
θθ+��Γθ

tθ��Γ
t
θθ+��Γ

φ
tφ��Γ

t
θθ

+ (∂rA
2A

) (−r
B
) + (−∂rB

2B
) (−r

B
) + (1

r
) (−r

B
) + (1

r
) (−r

B
)

+��Γt
θt��Γ

θ
θθ+��Γr

θr��Γ
θ
θθ+��Γθ

θθ��Γ
θ
θθ+ (cot θ) ��Γθ

θθ

+��Γt
φt��Γ

φ
θθ+��Γr

φr��Γ
φ
θθ+��Γθ

φθ��Γ
φ
θθ+��Γφ

φφ��Γ
φ
θθ substitution applied

(g) Γµ
σθΓ

σ
θµ = Γt

tθΓ
t
θt+Γr

tθΓ
t
θr+Γθ

tθΓ
t
θθ+Γφ

tθΓ
t
θφ

+Γt
rθΓ

r
θt+Γr

rθΓ
r
θr+Γθ

rθΓ
r
θθ+Γφ

rθΓ
r
θφ

+Γt
θθΓ

θ
θt+Γr

θθΓ
θ
θr+Γθ

θθΓ
θ
θθ+Γφ

θθΓ
θ
θφ

+Γt
φθΓ

φ
θt+Γr

φθΓ
φ
θr+Γθ

φθΓ
φ
θθ+Γφ

φθΓ
φ
θφ

(h) Γµ
σθΓ

σ
θµ = ��Γt

tθ��Γ
t
θt+��Γr

tθ��Γ
t
θr+��Γθ

tθ��Γ
t
θθ+��Γ

φ
tθ��Γ

t
θφ

+��Γt
rθ��Γ

r
θt+��Γr

rθ��Γ
r
θr+ (1

r
) (−r

B
) +��Γ

φ
rθ��Γ

r
θφ

+��Γt
θθ��Γ

θ
θt+ (−r

B
) (1

r
) +��Γθ

θθ��Γ
θ
θθ+��Γ

φ
θθ��Γ

θ
θφ

+��Γt
φθ��Γ

φ
θt+��Γr

φθ��Γ
φ
θr+��Γθ

φθ��Γ
φ
θθ+ (cot θ) (cot θ) substitution applied

Rθθ = ∂r (
−r
B
) −

∂θ (cot θ) +

[ (∂rA
2A

) (−r
B
) + (−∂rB

2B
) (−r

B
) + (1

r
) (−r

B
) ]−

[ (1
r
) (−r

B
) + (−r

B
) (1

r
) + (cot θ) (cot θ) ]

(5)

(i) Rθθ = ∂r
−r
B

− ∂θ cot θ + [(∂rA
2A

)(−r
B
) + (−∂rB

2B
)(−r

B
) + (1

r
)(−r

B
) + (1

r
)(−r

B
)] − [(1

r
)(−r

B
) +

(−r
B
)(1

r
) + (cot θ)(cot θ)]

i. ∂r cot θ = − 1
sin2θ

ii. cot θ cot θ = cos2 θ
sin2 θ

= 1−sin2θ
sin2 θ

= 1
sin2 θ

− 1

iii. ∂r
−r
B

= −1
B

+ r−1
B2∂rB

(j)

Rθθ =
−1

B
+ 1 +

r∂rA

2AB
− r∂rB

2B2
= −2AB + 2AB2 − r∂rAB + rA∂rB (6)

4. Since Rtt = Rrr = Rθθ = 0 we can solve this system of equations by adding the first eq 8
and eq 10 and dividing by 4A. We are left with B∂rA+ A∂rB = 0

5. B∂rA+ A∂rB = ∂r(AB) = 0 which implies AB = K where K = const.
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0.2.2 Page pp187 - replacement

1. Remember Γλ
µν=

1
2
gλσ(∂νgσµ + ∂µgσν − ∂σgµν)

2. Γt
tt =

1
2
gtσ(∂tgσt + ∂tgσt − ∂σgtt) - only σ = t is worth calculating because the metric is a

diagonal matrix - all components beside the diagonal ones are zero.

3. Γt
tt =

1
2
gtt(∂tgtt + ∂tgtt − ∂tgtt) = 0 - because gtt = −A(m, r) does not depend on t. Thus

the partial derivative is zero.

4. Γt
tr = 1

2
gtt(∂rgtt + ∂tgtr − ∂tgtr) =

1
2

1
−A(m,r)

∂r(−A(m, r))

5. Γt
rt = Γt

tr =
1
2

1
−A(m,r)

∂r(−A(m, r))

6. Γr
tt =

1
2
grr(∂tgrt + ∂tgrt − ∂rgtt)=

1
2B(m,r)

(−∂r(−A(m, r)))

7. Γr
rr =

1
2
grr(∂rgrr + ∂rgrr − ∂rgrr)=

1
2

1
B(m,r)

(∂rB(m, r))

8. Γr
θθ =

1
2
grr(∂θgθr + ∂θgθr − ∂rgθθ)=

1
2

1
B(m,r)

(−2r) = −r
B(m,r)

9. Γr
φφ =1

2
grr(∂φgrφ + ∂φgrφ − ∂rgφφ)=

1
2

1
B(m,r)

(−2r sin2)θ = −r sin2 θ
B(m,r)

10. Γθ
φφ =1

2
gθθ(∂φgθφ + ∂φgθφ − ∂θgφφ) =

1
2

1
r2
(−r22 sin θ cos θ)= − sin θ cos θ

11. Γθ
rθ =

1
2
gθθ(∂θgθr + ∂rgθθ − ∂θgrθ)=

1
2

1
r2
2r = 1

r

12. Γφ
rφ =1

2
gφφ(∂φgφr + ∂rgφφ − ∂φgrφ) =

1
2

1
r2 sin2 θ

2r sin2 θ= 1
r

13. Γφ
θφ =1

2
gφφ(∂φgφθ + ∂θgφφ − ∂φgθφ) =

1
2

1
r2 sin2 θ

r22 sin θ cos θ= cot θ

The other values of the connection are either zeros or repeats. Thus, we have this table or legend
or key for what follows (we’ve simplified A = A(m, r) and B = B(m, r)):

Γt
tr = Γt

rt =
∂rA
2A

Γr
tt =

∂rA
2B

Γr
rr =

∂rB
2B

Γr
θθ =

−r
B

Γr
φφ = −r sin2 θ

B
Γφ
θφ = Γφ

φθ = cot θ Γθ
φφ = − sin θ cos θ Γθ

rθ = Γθ
θr = Γφ

rφ = Γφ
φr =

1
r

Rβν = ∂µΓ
µ
βν −∂νΓ

µ
βµ+Γµ

σµΓ
σ
βν −Γµ

σνΓ
σ
βµ There are 16 combinations (two indices and 4 dimensions

= 4x4) to resolve, plus many embedded (Einstein) summations. Rather than crank through them
all, we will examine Rtt, Rrr, Rθθ.

1. Rtt = ∂µΓ
µ
tt − ∂tΓ

µ
tµ + Γµ

σµΓ
σ
tt − Γµ

σtΓ
σ
tµ

(a) ∂µΓ
µ
tt = ∂tΓ

t
tt+∂rΓ

r
tt+∂θΓ

θ
tt+∂φΓ

φ
tt first term

(b) ∂µΓ
µ
tt = ∂t��Γ

t
tt+∂r (

∂rA
2B

) +∂θ��Γ
θ
tt+∂φ��Γ

φ
tt substitution applied

(c) ∂tΓ
µ
tµ = ∂tΓ

t
tt+∂tΓ

r
tr+∂tΓ

θ
tθ+∂tΓ

φ
tφ second term

7
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(d) ∂tΓ
µ
tµ = ∂t��Γ

t
tt+∂t��Γ

r
tr+∂t��Γ

θ
tθ+∂t��Γ

φ
tφ substitution applied

(e) Γµ
σµΓ

σ
tt = Γt

ttΓ
t
tt+Γr

trΓ
t
tt+Γθ

tθΓ
t
tt+Γφ

tφΓ
t
tt

+Γt
rtΓ

r
tt+Γr

rrΓ
r
tt+Γθ

rθΓ
r
tt+Γφ

rφΓ
r
tt

+Γt
θtΓ

θ
tt+Γr

θrΓ
θ
tt+Γθ

θθΓ
θ
tt+Γφ

θφΓ
θ
tt

+Γt
φtΓ

φ
tt+Γr

φrΓ
φ
tt+Γθ

φθΓ
φ
tt+Γφ

φφΓ
φ
tt

(f) Γµ
σµΓ

σ
tt = ��Γt

tt��Γ
t
tt+��Γr

tr��Γ
t
tt+��Γθ

tθ��Γ
t
tt+��Γ

φ
tφ��Γ

t
tt

+ (∂rA
2A

) (∂rA
2B

) + (∂rB
2B

) (∂rA
2B

) + (1
r
) (∂rA

2B
) + (1

r
) (∂rA

2B
)

+��Γt
θt��Γ

θ
tt+��Γr

θr��Γ
θ
tt+��Γθ

θθ��Γ
θ
tt+ (cot θ) ��Γθ

tt

+��Γt
φt��Γ

φ
tt+��Γr

φr��Γ
φ
tt+��Γθ

φθ��Γ
φ
tt+��Γφ

φφ��Γ
φ
tt substitution applied

(g) Γµ
σtΓ

σ
tµ = Γt

ttΓ
t
tt+Γr

ttΓ
t
tr+Γθ

ttΓ
t
tθ+Γφ

ttΓ
t
tφ

+Γt
rtΓ

r
tt+Γr

rtΓ
r
tr+Γθ

rtΓ
r
tθ+Γφ

rtΓ
r
tφ

+Γt
θtΓ

θ
tt+Γr

θtΓ
θ
tr+Γθ

θtΓ
θ
tθ+Γφ

θtΓ
θ
tφ

+Γt
φtΓ

φ
tt+Γr

φtΓ
φ
tr+Γθ

φtΓ
φ
tθ+Γφ

φtΓ
φ
tφ

(h) Γµ
σtΓ

σ
tµ = ��Γt

tt��Γ
t
tt+ (∂rA

2B
) (∂rA

2A
) +��Γθ

tt��Γ
t
tθ+��Γ

φ
tt��Γ

t
tφ

+ (∂rA
2A

) (∂rA
2B

) +��Γr
rt��Γ

r
tr+��Γθ

rt��Γ
r
tθ+��Γ

φ
rt��Γ

r
tφ

+��Γt
θt��Γ

θ
tt+��Γr

θt��Γ
θ
tr+��Γθ

θt��Γ
θ
tθ+��Γ

φ
θt��Γ

θ
tφ

+��Γt
φt��Γ

φ
tt+��Γr

φt��Γ
φ
tr+��Γθ

φt��Γ
φ
tθ+��Γ

φ
φt��Γ

φ
tφ substitution applied

(i)

Rtt = ∂r (
∂rA
2B

) +

(∂rA
2A

) (∂rA
2B

) + (∂rB
2B

) (∂rA
2B

) + (1
r
) (∂rA

2B
) + (1

r
) (∂rA

2B
) −

[ (∂rA
2B

) (∂rA
2A

) + (∂rA
2A

) (∂rA
2B

) ]

(7)

(j) Rtt = ∂r
∂rA
2B

+ [∂rA
2A

∂rA
2B

+ ∂rB
2B

∂rA
2B

+ ∂rA
2B

1
r
+ ∂rA

2B
1
r
]− [∂rA

2B
(∂rA
2A

)− (∂rA
2A

)(∂rA
2B

)]

(k) Rtt = ∂r
∂rA
2B

+ ∂rB
2B

∂rA
2B

+ 2∂rA
2B

1
r
+ ∂rA

2B
∂rA
2A

(l) Rtt =
1
2B

∂
′′
rA+ ∂rA

2
B−2(−1)(∂rB)+ ∂rA∂rB

4B2 + ∂rA
Br

+ (∂rA)2

4AB
- apply product rule on ∂r

∂rA
2B

.

(m)
Rtt = 2ABr∂

′′

rA− Ar∂rA∂rB + 4BA∂rA+Br(∂rA)
2 (8)

2. Rrr = ∂µΓ
µ
rr − ∂rΓ

µ
rµ + Γµ

σµΓ
σ
rr − Γµ

σrΓ
σ
rµ

(a) ∂µΓ
µ
rr = ∂tΓ

t
rr+∂rΓ

r
rr+∂θΓ

θ
rr+∂φΓ

φ
rr

(b) ∂µΓ
µ
rr∂t��Γ

t
rr+∂r (

∂rB
2B

) +∂θ��Γ
θ
rr+∂φ��Γ

φ
rr substitution applied

(c) ∂rΓ
µ
rµ = ∂rΓ

t
rt+∂rΓ

r
rr+∂rΓ

θ
rθ+∂rΓ

φ
rφ

(d) ∂rΓ
µ
rµ = ∂r (

∂rA
2A

) +∂r (
∂rB
2B

) +∂r (
1
r
) +∂r (

1
r
) substitution applied

(e) Γµ
σµΓ

σ
rr = Γt

ttΓ
t
rr+Γr

trΓ
t
rr+Γθ

tθΓ
t
rr+Γφ

tφΓ
t
rr

+Γt
rtΓ

r
rr+Γr

rrΓ
r
rr+Γθ

rθΓ
r
rr+Γφ

rφΓ
r
rr

+Γt
θtΓ

θ
rr+Γr

θrΓ
θ
rr+Γθ

θθΓ
θ
rr+Γφ

θφΓ
θ
rr

+Γt
φtΓ

φ
rr+Γr

φrΓ
φ
rr+Γθ

φθΓ
φ
rr+Γφ

φφΓ
φ
rr

8
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(f) Γµ
σµΓ

σ
rr = ��Γt

tt��Γ
t
rr+��Γr

tr��Γ
t
rr+��Γθ

tθ��Γ
t
rr+��Γ

φ
tφ��Γ

t
rr

+ (∂rA
2A

) (∂rB
2B

) + (∂rB
2B

) (∂rB
2B

) + (1
r
) (∂rB

2B
) + (1

r
) (∂rB

2B
)

+��Γt
θt��Γ

θ
rr+��Γr

θr��Γ
θ
rr+��Γθ

θθ��Γ
θ
rr+ (cot θ) ��Γθ

rr

+��Γt
φt��Γ

φ
rr+��Γr

φr��Γ
φ
rr+��Γθ

φθ��Γ
φ
rr+��Γφ

φφ��Γ
φ
rr substitution applied

(g) Γµ
σrΓ

σ
rµ = Γt

trΓ
t
rt+Γr

trΓ
t
rr+Γθ

trΓ
t
rθ+Γφ

trΓ
t
rφ

+Γt
rrΓ

r
rt+Γr

rrΓ
r
rr+Γθ

rrΓ
r
rθ+Γφ

rrΓ
r
rφ

+Γt
θrΓ

θ
rt+Γr

θrΓ
θ
rr+Γθ

θrΓ
θ
rθ+Γφ

θrΓ
θ
rφ

+Γt
φrΓ

φ
rt+Γr

φrΓ
φ
rr+Γθ

φrΓ
φ
rθ+Γφ

φrΓ
φ
rφ

(h) Γµ
σrΓ

σ
rµ = (∂rA

2A
) (∂rA

2A
) +��Γr

tr��Γ
t
rr+��Γθ

tr��Γ
t
rθ+��Γ

φ
tr��Γ

t
rφ

+��Γt
rr��Γ

r
rt+ (∂rB

2B
) (∂rB

2B
) +��Γθ

rr��Γ
r
rθ+��Γφ

rr��Γ
r
rφ

+��Γt
θr��Γ

θ
rt+��Γr

θr��Γ
θ
rr+ (1

r
) (1

r
) +��Γ

φ
θr��Γ

θ
rφ

+��Γt
φr��Γ

φ
rt+��Γr

φr��Γ
φ
rr+��Γθ

φr��Γ
φ
rθ+ (1

r
) (1

r
) substitution applied

(i)

Rrr = ∂r (
∂rB
2B

) −

[∂r (
∂rA
2A

) + ∂r (
∂rB
2B

) + ∂r (
1
r
) + ∂r (

1
r
) ]+

(∂rA
2A

) (∂rB
2B

) + (∂rB
2B

) (∂rB
2B

) + (1
r
) (∂rB

2B
) + (1

r
) (∂rB

2B
) −

[ (∂rA
2A

) (∂rA
2A

) + (∂rB
2B

) (∂rB
2B

) + (1
r
) (1

r
) + (1

r
) (1

r
) ]

(9)

(j)

Rrr =
���

��
∂r(

∂rB

2B
)−

[∂r (
∂rA
2A

) +
���

��
∂r(

∂rB

2B
) + ∂r (

1
r
) + ∂r (

1
r
) ]+

(∂rA
2A

) (∂rB
2B

) +�������
(
∂rB

2B
)(
∂rB

2B
) + (1

r
) (∂rB

2B
) + (1

r
) (∂rB

2B
) −

[ (∂rA
2A

) (∂rA
2A

) +�������
(
∂rB

2B
)(
∂rB

2B
) + (1

r
) (1

r
) + (1

r
) (1

r
) ]

(k) Rrr = −∂
′′
r A
2A

− ∂rA
2A2 (−1)∂rA−2( 1

r2
)(−1)+ ∂rA∂rB

4AB
− ∂rB

rB
− (∂rA)2

4A2 +2( 1
r2
) = - using product

rule and power rule for differentials involved.

(l)
Rrr = −2ArB∂

′′

rA− rB(∂rA)
2 + rA∂rA∂rB + 4A2∂rB (10)

3. Rθθ = ∂µΓ
µ
θθ − ∂θΓ

µ
θµ + Γµ

σµΓ
σ
θθ − Γµ

σθΓ
σ
θµ

(a) ∂µΓ
µ
θθ = ∂tΓ

t
θθ+∂rΓ

r
θθ+∂θΓ

θ
θθ+∂φΓ

φ
θθ

(b) ∂µΓ
µ
θθ = ∂t��Γ

t
θθ+∂r (

−r
B
) +∂θ��Γ

θ
θθ+∂φ��Γ

φ
θθ substitution applied

(c) ∂θΓ
µ
θµ = ∂θΓ

t
θt+∂θΓ

r
θr+∂θΓ

θ
θθ+∂θΓ

φ
θφ

(d) ∂θΓ
µ
θµ = ∂θ��Γ

t
θt+∂θ��Γ

r
θr+∂θ��Γ

θ
θθ+∂θ (cot θ) substitution applied

9
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(e) Γµ
σµΓ

σ
θθ = Γt

ttΓ
t
θθ+Γr

trΓ
t
θθ+Γθ

tθΓ
t
θθ+Γφ

tφΓ
t
θθ

+Γt
rtΓ

r
θθ+Γr

rrΓ
r
θθ+Γθ

rθΓ
r
θθ+Γφ

rφΓ
r
θθ

+Γt
θtΓ

θ
θθ+Γr

θrΓ
θ
θθ+Γθ

θθΓ
θ
θθ+Γφ

θφΓ
θ
θθ

+Γt
φtΓ

φ
θθ+Γr

φrΓ
φ
θθ+Γθ

φθΓ
φ
θθ+Γφ

φφΓ
φ
θθ

(f) Γµ
σµΓ

σ
θθ = ��Γt

tt��Γ
t
θθ+��Γr

tr��Γ
t
θθ+��Γθ

tθ��Γ
t
θθ+��Γ

φ
tφ��Γ

t
θθ

+ (∂rA
2A

) (−r
B
) + (−∂rB

2B
) (−r

B
) + (1

r
) (−r

B
) + (1

r
) (−r

B
)

+��Γt
θt��Γ

θ
θθ+��Γr

θr��Γ
θ
θθ+��Γθ

θθ��Γ
θ
θθ+ (cot θ) ��Γθ

θθ

+��Γt
φt��Γ

φ
θθ+��Γr

φr��Γ
φ
θθ+��Γθ

φθ��Γ
φ
θθ+��Γφ

φφ��Γ
φ
θθ substitution applied

(g) Γµ
σθΓ

σ
θµ = Γt

tθΓ
t
θt+Γr

tθΓ
t
θr+Γθ

tθΓ
t
θθ+Γφ

tθΓ
t
θφ

+Γt
rθΓ

r
θt+Γr

rθΓ
r
θr+Γθ

rθΓ
r
θθ+Γφ

rθΓ
r
θφ

+Γt
θθΓ

θ
θt+Γr

θθΓ
θ
θr+Γθ

θθΓ
θ
θθ+Γφ

θθΓ
θ
θφ

+Γt
φθΓ

φ
θt+Γr

φθΓ
φ
θr+Γθ

φθΓ
φ
θθ+Γφ

φθΓ
φ
θφ

(h) Γµ
σθΓ

σ
θµ = ��Γt

tθ��Γ
t
θt+��Γr

tθ��Γ
t
θr+��Γθ

tθ��Γ
t
θθ+��Γ

φ
tθ��Γ

t
θφ

+��Γt
rθ��Γ

r
θt+��Γr

rθ��Γ
r
θr+ (1

r
) (−r

B
) +��Γ

φ
rθ��Γ

r
θφ

+��Γt
θθ��Γ

θ
θt+ (−r

B
) (1

r
) +��Γθ

θθ��Γ
θ
θθ+��Γ

φ
θθ��Γ

θ
θφ

+��Γt
φθ��Γ

φ
θt+��Γr

φθ��Γ
φ
θr+��Γθ

φθ��Γ
φ
θθ+ (cot θ) (cot θ) substitution applied

Rθθ = ∂r (
−r
B
) −

∂θ (cot θ) +

[ (∂rA
2A

) (−r
B
) + (−∂rB

2B
) (−r

B
) + (1

r
) (−r

B
) ]−

[ (1
r
) (−r

B
) + (−r

B
) (1

r
) + (cot θ) (cot θ) ]

(11)

(i) Rθθ = ∂r
−r
B

− ∂θ cot θ + [(∂rA
2A

)(−r
B
) + (−∂rB

2B
)(−r

B
) + (1

r
)(−r

B
) + (1

r
)(−r

B
)] − [(1

r
)(−r

B
) +

(−r
B
)(1

r
) + (cot θ)(cot θ)]

i. ∂r cot θ = − 1
sin2θ

ii. cot θ cot θ = cos2 θ
sin2 θ

= 1−sin2θ
sin2 θ

= 1
sin2 θ

− 1

iii. ∂r
−r
B

= −1
B

+ r−1
B2∂rB

(j)

Rθθ =
−1

B
+ 1 +

r∂rA

2AB
− r∂rB

2B2
= −2AB + 2AB2 − rB∂rA+ rA∂rB (12)

4. Since Rtt = Rrr = Rθθ = 0 we can solve this system of equations by adding the first eq 8
and eq 10 and dividing by 4A. We are left with B∂rA + A∂rB = 0 (see below, rearranged
slightly)

(a)

Rtt = 2ABr∂
′′

rA− Ar∂rA∂rB +Br(∂rA)
2 + 4BA∂rA = 0

Rrr = −2ArB∂
′′

rA+ rA∂rA∂rB − rB(∂rA)
2 + 4A2∂rB = 0

(b) 4BA∂rA+ 4A2∂rB = 0

10
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(c) B∂rA+ A∂rB = 0

5. B∂rA+ A∂rB = ∂r(AB) = 0 which implies AB = K where K = const.

11


	December 2, 2023
	page 5 - original
	page 5 - replacement
	page 6 - original
	page 6 - replacement
	page 9 original
	page 9 - replacement
	page 10 - original
	Page 10 - replacement
	Page 14 - orginal
	Page 14 - replacement

	June 8, 2025
	Page pp187 - original
	Page pp187 - replacement


