Problem 5.70 – Red Problem!
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The trick is that while a2 and a1 are equal, the acceleration of m1 with respect to the earth is not the same! There’s a ‘frames of reference’ issue here. It’s the case of a person (m​1) running down the aisle of a train at 16 m/s but the train moves left with a velocity of -4 m/s.

Relative Velocity or Relative Acceleration
Using vector notation:

Velocity of m1 w.r.t. cart: 
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Velocity of cart w.r.t. earth: 
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Trick #1:  Add the velocity vectors (carefully!)

When trying to find the relative velocity (or acceleration) of an object w.r.t. a different reference frame, match up the subscripts as follows:
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  (kinda like the ‘Collapsing Log’ Theorem!)

Trick #2: Subtract the relative speeds when the two move in opposite directions (as here) or add the relative speeds when they move in the same direction to get the relative speed
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Well, this works for relative acceleration also! So if:

Acceleration of m1 w.r.t. the cart is: 
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Acceleration of cart w.r.t. the earth is: 
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m/s2 with magnitude 
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Then the relative acceleration of m1 w.r.t. the earth is:

Trick #1:
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  adding vectors

Trick #2: 
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 subtracting magnitudes (opposite vectors)
So which equation was incorrect above? Answer: Equation (2) 

The ‘a’ in equation two is the acceleration of m1 w.r.t. the accelerating cart or 
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To stay in the earth’s reference frame I need to use Trick #1 or #2 to get 
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Trick #1:  
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 adding vectors
Trick #2: 
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 subtracting magnitudes (vectors pointing opposite each other)

    Problem 5.70 – Red Problem!
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So let’s solve this puppy! Realizing that although 
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can represent a2 (w.r.t. either the cart or the earth), here: 
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 (not what we want). 
Let’s use a capital ‘a’ for the acceleration of the cart w.r.t. the earth: A = 
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So (using Trick #2): 
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Now our force equations for each mass are:

(1) m2g – T = m2a

(2) T = m1(
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)  *This is the correction!
(3) T = M
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The solving for ‘a’ or ‘
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’ is a lot of algebra. Here’s one way:

Solve equation(3) for 
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) and substitute into equation(2) to get:


T = m1(
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Cleanup this equation a bit… (first distributing ‘m1’ and then clearing of fractions): 

T = m1
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 EMBED Equation.DSMT4  [image: image31.wmf]-
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 MT = m1M
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 EMBED Equation.DSMT4  [image: image35.wmf]-

m1T  
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 (M+m1)T = m1M
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 Equation(4)
Now solve equation(1) for T (T = m2g – m2a) and substitute into this last equation to get:

(M+m1)[m2g – m2a] = m1M
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Finally group the ‘a’ terms (say on the right) and factor out the ‘a’:


(M+m1)m2g – m2(M+m1)a = m1Ma 
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(M+m1)m2g = (m2(M+m1) + m1M)a

Dividing to ‘solve for a’ we get: 
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 which is a2 or a1C
Solving equation(4) above for T we get 
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      then substitute for 
‘
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’ to get: 
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 or 
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To find the acceleration of the cart, aM or 
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 w.r.t. the earth we’ll use equation(3):
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 = T/M 
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 and finally a1E = a – A = … 
You’ll like it better with numbers! 

Try m1 = 4kg, m2 = 6kg and M = 12kg. Then…

(1) 60 – T = 6a

(2) T = 4(a – A) *Here’s the part I missed.

(3) T = 12A

Solution: Solve equation(3) for A=T/12 and plug into equation(2) to get: T = 4(a – T/12)

Simplifying: T=4a – T/3 
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 3T = 12a – T or 4T = 12a  or  T = 3a. 
With equation(1) we get 60 = 9a or a = 6.67 m/s2, T = 20N, A = 1.67 m/s2 

and finally the ‘real’ acceleration of m1 (that is, w.r.t. earth) is: 
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1st attempt (Okay, 2nd attempt –F = 0N means 


only the T on top accelerates the cart (M).





Still, what did I do wrong here?


Force Equations:


m2g – T = m2a


T = m1a


T = MaM (or T = M� EMBED Equation.DSMT4  ���)
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