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STEP 2014, P1, Q11 - Solution (4 pages; 15/11/19)
(i) Applying N2L to the particle of mass M,

Mg —T = Ma,; (1) ,where T is the tension in the string.
Then applying N2L to the particle of mass m:

T —mg =ma, (2)

Adding (1) & (2) gives (M —m)g = a,(M + m)

m .
> a =—4,as required.

Then the force on the pulley = 2T,

and from (2), 2T = 2m(a, + g) = 2mg (% + 1)
. M-m+(M+m)  4mMg
= 2mg M+m  M+m
(ii)
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where a; is the acceleration of m; & m, relative to P;

Applying N2L to the particle of mass M,

Mg—T = Ma, (3)

Applying N2L to P,

T — 2T" = (0)a, (asthe pulley is assumed to be light; ie of
negligible mass), so that T' = %T (4)

[It can be taken for granted that the tension T’ throughout the
string connecting masses m; and m, is the same.

The argument would be as follows:

Applying N2L to the string, T; — T, = (0)a, , where T; & T, are the
tensions at the two ends of the string, and the string is assumed to
be of negligible mass (see diagram below).
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Thus T1 == Tz]

Applying N2L to the particle of mass m;,

T
mg—3= my(as —az) (5)

and applying N2L to the particle of mass m,,

T
ST Mg = my(as + a;) (6)

Using (3) to eliminate T,
M '
(B)=>mig——(g—a) =my(as —az) (5)

M .
and — (g —az) —mpg =my(az +az) (6

To eliminate a;, m,(5") — m,(6") gives

M
2mym,g — ;(g — az)(m; + my) = —2mymya,
Multiplying by 2,

a{M(m, + my + 4m;m,} = Mg(m, + my) — 4mym,g

(M—4p)
(M+4p)

so that a, = g ,as required.

M-m M—4
For the last part,a; = a, © = (M)
M+m (M+4u)
4mim
o M-m M-——1=2
M+m M+4'm'+m'2

o M2+ 22 M — 4mym,
m

3



= M2 -2 M 4 mM — dmym,

T M —mM = — 22y 4 mM
multiplying by %;
& 4mym, — m? = —4m;m, + m?

L) 8m1m2 - 2m2
L— (m1 + mz)z — 4m1m2 = O
& (my—my)* =0

C)m1=m2

Thus a; = a, if and only if m; = m,.
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