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M3 Paper D – Marking Guide 
 
1.  (a)  T = l

xλ   ∴ 4.5 = 15.0
06.0 λ                M1 A1 

    giving λ = 11.25 N                A1 
 
  (b)  work done = change in EPE = l2

λ (x2
2 − x1

2)         M1 A1 

        = 15.02
25.11

× (0.12 − 0.062) = 0.24 J          M1 A1 (7) 
 
 

2.  (a)  particle                   B1 
 

(b)  minimum speed when bead is at highest point         B1 
    v     con. of ME:  2

1 m(u2 – v2) = mg × 1.6     M1 A1 

        v = 5
3 u             M1 

   0.8     ∴ u2 − 25
9 u2 = 3.2g          M1 

     u        u2 = 3.2 × 9.8 ÷ 25
16  = 49  so u = 7     A1   (7) 

 
 

3.  (a)  v = ∫ 3)1(
4
t+

  dt  ∴ v = 2)1(
2
t+

−  + c            M1 A1 

    t = 0, v = 1  ∴ c = 3                M1 
giving  v = [3 − 2)1(

2
t+

] m s-1              A1 
 

  (b)  x = ∫ 3 − 2)1(
2
t+

  dt  ∴ x = 3t + )1(
2

t+ + d          M1 A1 

    t = 0, x = 3  ∴ d = 1                M1 
    giving  x = 3t + )1(

2
t+ + 1 

    t = 3,  x = 9 + 2
1  + 1 = 10.5 m             M1 A1 (9) 

 

 
4.  (a)  (i)  period = 2 × 3 = 6 s              B1 
    (ii)  amplitude = 2

1 × 4 = 2 m            B1 
 

(b)  period = 6 = ω
π2   ∴ ω = 3

π               M1 

  vmax = aω = 2 × 3
π  = 3

2π                A1 

  KEmax = 2
1 mvmax

2 = 2
1 × 2

1 × ( 3
2π )2 = 9

1 π2 J         M1 A1 
 
(c)  x = a cos ωt  ∴ −−−− 0.8 = 2 cos ωt             M1 A1 

cos ωt =  −−−− 0.4  ∴ ωt = 1.9823  ∴ t = 1.9823 ÷ 3
π  = 1.89 s (2dp)   M1 A1 (10) 

 

 
5.  (a)  F = ma = Mv

x
v

d
d  = 2

121090.4
x

M××−             M1 A1 

    ∫ v  dv  =   −−−− (4.90 × 1012) ∫ x− 2  dx           M1 

    2
1 v2 = (4.90 × 1012)x− 1 + c              A1 

    x = (1.74 × 106), v = u  ∴ c = 2
1 u2 − 6

12

1074.1
1090.4

×
×          M1 A1 

    so  v2 = u2 + (9.80 × 1012)x− 1 − (5.63 × 106)         A1 
 
   (b)  we require v > 0 as x → ∞              M1 

x− 1 → 0  ∴ u2 − (5.63 × 106) > 0            M1 A1 
giving  umin = 2400 m s-1 (2sf)             A1   (11) 
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6.  (a) 
portion mass y my 
large 

hemisphere 2
1 ×ρ× 3

4 π( 2
3 r)3 = 4

9 ρπr3 8
3 × 2

3 r = 16
9 r 64

81 ρπr4 

small 
hemisphere 2

1 ×ρ× 3
4 πr3 = 3

2 ρπr3 8
3 r 4

1 ρπr4 

bowl 12
19 ρπr3 y  64

65 ρπr4 

 

     ρ = mass per unit volume y coords. taken vert. from plane face  M2 A3 
    

   12
19 ρπr3 × y  = 64

65 ρπr4  ∴ y = 64
65 r ÷ 12

19  = 304
195 r        M1 A1 

 
(b)           mom. about vert. through pt of contact 
           Mg × 304

195 r sin α = 2
1 Mg × 2

3 r cos α  M2 A2 

     α      ∴ tan α = 4
3 ÷ 304

195  = 65
76      M1 A1 (13) 

         α 
 

          R 
 

      Mg  2
1 Mg                 

 
 

7.  (a)       R      resolve ↑:  R cos 35 − mg = 0,  R = 35cos
mg    M1 

           resolve ←: R sin 35 = r
mv2

 = 25
2mv      M1 A1 

    35° mg    combining,  v2 = 25g tan 35       M1 
 

         giving v = 13.1 m s-1 (3sf)       A1 
 

(b)      R    µR    resolve ↑:  R cos 35 + µR sin 35 – mg = 0   M1 A1 
        R = 35sin35cos µ+

mg  

     35°   mg   resolve ←: R sin 35 − µR cos 35 = r
mv2

 = 25
100m  M1 A1 

         combining, 35sin35cos
)35cos35(sin

µ
µ

+
−mg  = 4m     M1 A1 

       giving  g(sin 35 − µ cos 35) = 4(cos 35 + µ sin 35)  M1 
∴ µ = 35cos35sin4

35cos435sin
g

g
+
−  = 0.227 (3sf)       A1 

 
(c)      R        resolve ↑:  R cos 35 − µR sin 35 – mg = 0   M1 
    µR          R = 35sin35cos µ−

mg  

     35°   mg   resolve ←: R sin 35 + µR cos 35 = r
mv2

 = 25
2mv  M1 

         combining, 35sin35cos
)35cos35(sin

µ
µ

−
+mg  = 25

2mv      M1 

       giving  v2 = 35sin35cos
)35cos35(sin25

µ
µ

−
+g         M1 

∴ v = 16 m s-1 (2sf)           A1   (18) 
 

 
Total  (75) 
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Performance Record – M3 Paper D 

 
 
 

Question no. 1 2 3 4 5 6 7 Total 

Topic(s) elastic 
spring, 
EPE 

motion in 
a vertical 
circle 

variable 
accel. 

SHM variable 
force 

centre of 
mass, 
equilm. 

circular 
motion, 
banked 
track 

 

Marks 7 7 9 10 11 13 18 75 

Student         
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