
What is the mean mass density for a super massive black hole with total mass of 1*108 
mass of sun inside the Schwarzschild radius?  

 
Solution: 

Mass density formula looks like this: ρ=
𝑀

𝑉
, where M – mass of a black hole, V – 

volume of black hole. It’s considered, that visible radius of black hole is equal to its 

Schwarzschild radius, so volume is equal to 𝑉 =
4

3
𝜋𝑟𝑔

3.  

rg – Schwarzschild’s  radius, which is equal to 𝑟𝑔 =
2𝐺𝑀

𝑐2
, where G – gravitational 

constant, c – speed of light, M – mass of the black hole. Substituting M and V in starting 

formula we get: 

ρ=
𝑀

𝑉
=

108∗𝑀☉
4

3
𝜋𝑟𝑔

3
=

3∗108∗𝑀☉

4𝜋(
2𝐺𝑀

𝑐2 )
3  =

3∗108∗𝑀☉

4𝜋
8𝐺3𝑀3

𝑐6

=
3∗108∗𝑀☉∗𝑐6

32𝜋𝐺3𝑀3
=

3∗108∗𝑀☉∗𝑐6

32𝜋𝐺3(108∗𝑀☉)3
=

3∗𝑐6

32𝜋𝐺3(108∗𝑀☉)2
=

3∗𝑐6

32𝜋𝐺3∗1016∗𝑀☉
2 ; 

(Where M☉ is mass of Sun). 

Substituting numerical values, we get: 

ρ =
3∗𝑐6

32𝜋𝐺3∗1016∗𝑀☉
2 =

3∗(3∗108𝑚/𝑠)6

32∗3.141592∗(6.67∗10−11 𝑚3

𝑠2∗𝑘𝑔
)

3

∗1016∗3,9204∗1060𝑘𝑔2

=

3∗729∗1048 
𝑚6

𝑠6

32∗3.141592∗2.967∗10−31 𝑚9

𝑠6∗𝑘𝑔3∗1016∗3,9204∗1060𝑘𝑔2
=

2.187∗1051 
𝑚6

𝑠6

2.983∗10−13 𝑚9

𝑠6∗𝑘𝑔3∗3,9204∗1060𝑘𝑔2
=

 
2.187∗1051 

𝑚6

𝑠6

2.983∗10−13 𝑚9

𝑠6∗𝑘𝑔3∗3,9204∗1060𝑘𝑔2
=

2.187∗1051 
𝑚6

𝑠6

1.17∗1048 𝑚9

𝑠6∗𝑘𝑔

= 1869.23
𝑘𝑔

𝑚3
  

 

Answer: 
The mean mass density for black hole, mentioned in task, is 1869.23

𝑘𝑔

𝑚3
. 
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