
LAST NAME: STUDENT NR:

PHYS 1010 6.0: CLASS TEST 3 on Dec. 2, 2011

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

1) [5] A slowly moving car (mass 1200 kg, speed 25 km/h is hit directly from behind by an
SUV (mass 2700 kg, speed 75 km/h). The two vehicles stick together and emerge with some
velocity right after the collision (before braking sets in; assume one-dimensional motion). Find
this velocity. Calculate how much kinetic energy is lost in the collision. Assuming a collision
time of 0.1 seconds find the acceleration for both vehicles.
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2) [5] Two pucks of equal mass approach each other to collide at x = 0, y = 0. Puck 1 has a
speed of 6 m/s, and moves along the x−axis (at negative x before the collision). Puck 2 has
a velocity of (3̂i + 3ĵ) m/s (i.e., approaches from negative x and y). Provide a drawing which
represents the system before the collision, and indicate by an arrow the total momentum vector
together with the momentum vectors for both pucks. The puck sides were coated with some
super-glue and stick together after the collision. What is the velocity vector for the combined
system expressed by (x, y) components? What is this vector expressed through magnitude and
direction angle?
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3) [5] You are pushing a crate (cube-shaped box, mass 250 kg evenly distributed, edge length
0.8 m) with constant speed over a smooth floor (µk = 0.2). Your hands apply the required force
at the top edge of the back of the crate. Suddenly the crate hits an obstacle (floor carpet),
the front edge of the crate jams at the bottom. Calculate whether the crate will tip over or
not (using the front bottom edge as a pivot point). Start with a drawing in which you show
the forces that apply (and where they apply) assuming that the crate is about to tip, i.e., the
contact with the floor is just at the pivot. Make sure that the magnitudes of the forces are
reasonable relative to each other!
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4) [5] A large cylinder (radius R1, small length L, mass M) rolls on a flat surface, since attached
to it is another cylinder (radius R2 = R1/2, same length L, mass M/4), and a mass m suspended
freely from a rope falls under gravity and is unwinding rope at radius R2. Formulate Newton’s
second law for: (i) mass m, (ii) the rotation of the combined two cylinders about their centre of
mass, (iii) the linear motion of the centre of mass for the combined cylinders. Keeping in mind
this last equation draw the friction force fs (show where it applies and its correct direction).
The inertia for a disk about the CM is given as Id = MR2/2.
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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(cosωt î + sinωt 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 =
∑
imir

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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