
LAST NAME: STUDENT NR:

PHYS 1010 6.0: CLASS TEST 3 on Dec. 3, 2010

Time: 50 minutes; Calculators & formulae provided at the end = only aid; Total = 20 points.

1) Two eager hockey players are entering a head-on collision with velocities v1 = 10 m/s and
v2 = −8 m/s respectively. They grab each other, and come out of the collision together with
V = −2 m/s. Player 1 has a mass of 90 kg.

a) [3] What is the mass of player 2 ? Explain your steps.

b) [2] What happened to the mechanical energy? Ignore frictional losses between skates and
ice, ie., neither player ‘applied the brakes’.

2) A roller coaster car enters a loop with a speed of 100 km/h at the bottom. The car with six
passengers has a mass of 800 kg. The loop radius is 15 m. Ignore frictional/drag losses on the
car’s motion.

a) [3] Demonstrate that the car will make it over the top without falling out of the tracks.

b) [2] Calculate the normal force (tracks on car) at the top.

1



2.

3) A cylindrical spool has some turns of thin thread wound around it (no change in radius)
and the free end comes out on top when the spool is placed on the table. The spool has a
mass of 2.0 kg. Applying a tension force of 15 N causes the spool to move (it is dragged and
executes no-slip rolling motion). Calculate the linear acceleration of the centre of mass (CM)
of the spool. The rotational inertia of a rolling cylinder about the CM is 1

2
mR2, and about a

point on the rim it is 3
2
mR2. Start with a sketch indicating all forces that apply and explain

your steps.
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4) [5] A bowling ball arrives with a speed of 12 m/s at the bottom of an inclined plane.
What is the vertical height ∆y the ball will reach under no-slip rolling motion? The rotational
inertia of a sphere is 2

5
mR2. Note that even though you don’t know the angle of inclination, nor

the mass of the ball, or its radius, a numerical answer can be obtained. Compare this height
to the height obtained under perfect sliding (no rolling, no friction).
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FORMULA SHEET

v(tf) = v(ti) +
∫ tf
ti

a(t) dt s(tf) = s(ti) +
∫ tf
ti

v(t) dt

vf = vi + a∆t sf = si + vi∆t + 1
2
a∆t2 v2

f = v2
i + 2a∆s g = 9.8 m/s2

f(t) = t df
dt

= 1 F (t) =
∫

f(t) dt = t2

2
+ C

f(t) = a df
dt

= 0 F (t) =
∫

f(t) dt = at + C F (t) = anti-derivative = indefinite integral

area under the curve f(t) between limits t1 and t2: F (t2)− F (t1)

x2 + px + q = 0 factored by: x1,2 = −p
2
±

√
p2

4
− q

exp′ = exp; sin′ = cos; cos′ = − sin. d
dx

[f(g(x))] = df
dg

dg
dx

; (fg)′ = f ′g + fg′

m~a = ~Fnet; FG = Gm1m2

r2 ; g = GME

R2
E

; RE = 6370 km; G = 6.67× 10−11 Nm2

kg2 ; ME = 6.0× 1024kg

fs ≤ µsn; fk = µkn; µk < µs; FH = −k∆x = −k(x− x0).

~Fd ∼ −~v; linear: Fd = dv; quadr.: Fd = 0.5ρAv2; A = cross s’n area; ρ = density of medium

Sphere: V = 4
3
πR3; Total Surface: AS = 4πR2; Cross Section=?

uniform circular m.: ~r(t) = R(cos ωt î + sin ωt ĵ); ~v(t) = d~r
dt

= ...; ~a(t) = d~v
dt

= ...; ω = 2π
T

.

acp = v2

r
v = ωr.

W = F∆x = F (∆r) cos θ. W = area under Fx(x). PEH = k
2
(∆x)2; PEg = mg∆y.

∆~p = ~J =
∫ ~F (t)dt; ∆px = Jx = area under Fx(t) = F avg

x ∆t ; ~p = m~v; K = m
2
v2

∆~p1 + ∆~p2 = 0 ; K in
1 + K in

2 = Kfin
1 + Kfin

2 for elastic collisions. ~aCM = m1~a1+m2~a2

m1+m2

~τ = ~r × ~F ; τz = rF sin(α) for ~r, ~F in xy plane. I =
∑

i mir
2
i ; Iαz = τz; (k̂ = rot. axis)

Krot = I
2
ω2; Lz = Iωz;

d
dt

Lz = τz; ~L = ~r × ~p; d
dt

~L = ~τ
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