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GRI’s Physics of a Gymnastics Skill 
The Math Breakdown 

 
Skill: Simone Biles’ Yurchenko Double Pike from Warm-up at US Classics 2023 
 
Question: Roughly, how many G’s does Simone experience when she lands her Yurchenko 
Double Pike Vault? 
 
Key Equations: 

𝑅𝑜𝑡𝑎𝑡𝑖𝑜𝑛 𝐾𝑖𝑛𝑒𝑡𝑖𝑐 𝐸𝑛𝑒𝑟𝑔𝑦 (𝐾𝐸𝑟) =
1

2
∗ 𝐼𝑝𝑖𝑘𝑒 ∗ 𝜔2 

𝑀𝑜𝑚𝑒𝑛𝑡 𝑜𝑓 𝐼𝑛𝑒𝑟𝑡𝑖𝑎 (𝐼𝑝𝑖𝑘𝑒) − 𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 𝑢𝑠𝑖𝑛𝑔 𝑡ℎ𝑒  

𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛𝑠 𝑖𝑛 𝐾𝑟𝑖𝑠ℎ𝑛𝑎𝑛 𝑒𝑡 𝑎𝑙.  [1]  
 

𝑇𝑟𝑎𝑛𝑠𝑙𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝐾𝑖𝑛𝑒𝑡𝑖𝑐 𝐸𝑛𝑒𝑟𝑔𝑦 (𝐾𝐸𝑡) =
1

2
∗ 𝑚 ∗ 𝑣𝑖𝑚𝑝𝑎𝑐𝑡

2 

 

𝐺𝑟𝑎𝑣𝑖𝑡𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑃𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 (𝑃𝐸𝑔) = 𝑚 ∗ 𝑔 ∗ ∆ℎ 

∆ℎ = ℎ𝐶𝑂𝑀 @ 𝑝𝑒𝑎𝑘 − ℎ𝐶𝑂𝑀 @ 𝑖𝑚𝑝𝑎𝑐𝑡 

 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐴𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 =
∆𝑣

∆𝑡
=

𝑣𝑖𝑚𝑝𝑎𝑐𝑡 − 𝑣𝑠𝑡𝑖𝑙𝑙

𝑡𝑖𝑚𝑝𝑎𝑐𝑡 − 𝑡𝑠𝑡𝑖𝑙𝑙
 

 
Math Breakdown: 

𝑃𝐸𝑔 @ 𝑝𝑒𝑎𝑘 + 𝐾𝐸𝑟 @ 𝑝𝑒𝑎𝑘 = 𝐾𝐸𝑡 @ 𝑖𝑚𝑝𝑎𝑐𝑡  

𝑚 ∗ 𝑔 ∗ ∆ℎ +
1

2
∗ 𝐼𝑝𝑖𝑘𝑒 ∗ 𝜔2 =

1

2
∗ 𝑚 ∗ 𝑣𝑖𝑚𝑝𝑎𝑐𝑡

2 

𝑚 ∗ 𝑔 ∗ (ℎ𝐶𝑂𝑀 @ 𝑝𝑒𝑎𝑘 − ℎ𝐶𝑂𝑀 @ 𝑖𝑚𝑝𝑎𝑐𝑡) +
1

2
∗ 𝐼𝑝𝑖𝑘𝑒 ∗ 𝜔2 =

1

2
∗ 𝑚 ∗ 𝑣𝑖𝑚𝑝𝑎𝑐𝑡

2 

𝑚 ∗ 𝑔 ∗ (ℎ𝐶𝑂𝑀 @ 𝑝𝑒𝑎𝑘 − ℎ𝐶𝑂𝑀 @ 𝑖𝑚𝑝𝑎𝑐𝑡) +
1

2
∗ 𝐼𝑝𝑖𝑘𝑒 ∗ 𝜔2 =

1

2
∗ 𝑚 ∗ 𝑣𝑖𝑚𝑝𝑎𝑐𝑡

2 

 

𝑔 ∗ (ℎ𝐶𝑂𝑀 @ 𝑝𝑒𝑎𝑘 − ℎ𝐶𝑂𝑀 @ 𝑖𝑚𝑝𝑎𝑐𝑡) +
1

2
∗ 𝐼𝑝𝑖𝑘𝑒 ∗ 𝜔2/𝑚 =

1

2
∗ 𝑣𝑖𝑚𝑝𝑎𝑐𝑡

2 

 

2𝑔 ∗ (ℎ𝐶𝑂𝑀 @ 𝑝𝑒𝑎𝑘 − ℎ𝐶𝑂𝑀 @ 𝑖𝑚𝑝𝑎𝑐𝑡) + 𝐼𝑝𝑖𝑘𝑒 ∗ 𝜔2/𝑚 = 𝑣𝑖𝑚𝑝𝑎𝑐𝑡
2 

 

𝑣𝑖𝑚𝑝𝑎𝑐𝑡 = √2𝑔 ∗ (ℎ𝐶𝑂𝑀 @ 𝑝𝑒𝑎𝑘 − ℎ𝐶𝑂𝑀 @ 𝑖𝑚𝑝𝑎𝑐𝑡) + 𝐼𝑝𝑖𝑘𝑒 ∗ 𝜔2/𝑚 

 

 - angular velocity [=] rad/sec 
m - mass [=] kg 
l - height of the gymnast [=] m 
 
v - velocity [=] m/s 
g - acceleration due to gravity [=] 
m/s^2 
 
h - height of center of mass at 
peak and at impact [=] m 
t - time of impact and when 
movement downward stops [=] s 
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Adding In the Numbers: 

 

𝐼𝑝𝑖𝑘𝑒 = 2.51 𝑘𝑔 ∗ 𝑚2 

 

𝑔 = 9.8
𝑚

𝑠2
 

 

ℎ𝐶𝑂𝑀 @ 𝑝𝑒𝑎𝑘 = 2.743 𝑚 

 

ℎ𝐶𝑂𝑀 @ 𝑖𝑚𝑝𝑎𝑐𝑡 = 0.564 𝑚 

 

𝑚 = 47.17 𝑘𝑔 

 

𝑙 = 4′8" = 56 𝑖𝑛 = 1.4224 𝑚 

 

𝜔 = (
1 𝑟𝑜𝑡𝑎𝑡𝑖𝑜𝑛

0.4 𝑠𝑒𝑐
) ∗ (

60 𝑠𝑒𝑐

1 𝑚𝑖𝑛
) = 150 𝑟𝑝𝑚 ∗

2𝜋

60
= 15.71 𝑟𝑎𝑑/𝑠𝑒𝑐 

 

 

𝑣𝑖𝑚𝑝𝑎𝑐𝑡 = √2 ∗ 9.8 ∗ (2.743 − 0.564) + 2.51/47.17 ∗ 15.712 

𝑣𝑖𝑚𝑝𝑎𝑐𝑡 = √55.841 

𝑣𝑖𝑚𝑝𝑎𝑐𝑡 = 7.473 𝑚/𝑠 

 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐴𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 =
∆𝑣

∆𝑡
=

𝑣𝑖𝑚𝑝𝑎𝑐𝑡 − 𝑣𝑠𝑡𝑖𝑙𝑙

𝑡𝑖𝑚𝑝𝑎𝑐𝑡 − 𝑡𝑠𝑡𝑖𝑙𝑙
 

 
𝑣𝑖𝑚𝑝𝑎𝑐𝑡 = 7.473 𝑚/𝑠 

𝑣𝑠𝑡𝑖𝑙𝑙 = 0 𝑚/𝑠 

𝑡𝑖𝑚𝑝𝑎𝑐𝑡 = 1.14 𝑠 

𝑡𝑠𝑡𝑖𝑙𝑙 = 1.25 𝑠 

 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐴𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 =
∆𝑣

∆𝑡
=

𝑣𝑖𝑚𝑝𝑎𝑐𝑡 − 𝑣𝑠𝑡𝑖𝑙𝑙

𝑡𝑖𝑚𝑝𝑎𝑐𝑡 − 𝑡𝑠𝑡𝑖𝑙𝑙
=

7.473 − 0

1.14 − 1.25
= −67.9 

𝑚

𝑠2
 

 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐴𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 =
−67.9 

𝑚
𝑠2

9.8
𝑚
𝑠2

≈ −6.9 𝐺𝑠 

 
 
 

Results: Simone experienced roughly 7 G’s of force when she landed her Yurchenko Double 
Pike at the US Classic during warm-ups. 

Acceleration is 
negative because 
she is decelerating. 
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