
Solutions written exam physics 1 and 2

Prof. A. Imamoglu
Thursday, August 16th 2012, 9:00–12:00am

A Solutions - Kinematics

1. (3 points)
Both the bullets hit the ground at the same time. (1.5 point)
This because both the bullets have the same vertical velocity (zero) at the time of
release, cover the same vertical distance and experience the same vertical acceleration,
viz., -g. (1.5 point)

2. (6 points)

(a) (0.5 point) P = (x0, y0) = (0, vuT )

(b) (1 point) ux = w; uy = vu.

(c) (1 point) ax = 0; ay = −g.

(d)

x(t)− x(0) = uxt+
1

2
axt

2, (1)

x(t) = wt. (0.5 point) (2)

y(t)− y(0) = uyt+
1

2
ayt

2, (3)

y(t) = vuT + vut−
1

2
gt2. (0.5 point) (4)

The answer must be either in the neutral form (in terms of x0, y0 or in a completely
mixed form (inserting of x0, y0). For mixing the forms: -0.5points.

(e) y(T/3) = vuT + vu
T
3 −

1
2g

T 2

9 = 0 (2 points)

vu = gT
24 .

(f) x(T/3) = wT
3 = x1. Q = (x1,0) = (wT3 ,0) (0.5 point).

When the units does not match or there was a mistake in the forms: -0.5points.
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B Solutions Newton’s Laws

1. (3 points)
From Newton’s Third Law, force exerted by the car on the truck must be equal and
opposite to the force exerted by the truck on the car. Therefore, both vehicles exert the
same force on each other. 1 point for the right answer and 2 points for the explanation.
Points to be awarded for equal and opposite statement even if Newton’s “Third” Law
is not identified.

2. (5 points)

(a) (1.5 points)

(b) Fr = mar
Fr = Fn −mgCosθ = mar (1 point)
Fθ = mgSinθ − µFn = maθ (1 point)

(c) (0.5 point) ar = −v2(θ)
R

(d) (1 point) Normal force, Fn = 0 at θc. Therefore,

−mgCosθc = −mv2(θc)
R . v(θc) =

√
gRCosθc.
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C Solutions Rotational Dynamics

1. (4 points)
As the Earth expands keeping the same mass, its moment of inertia (I) will increase.
As the angular momentum (L = Iω) is fixed, the angular speed, ω, must decrease. Thus,
the Earth will rotate slower and the days will get longer.

2. (6 points)

(a) (1 point) I = ICM +MR2 = 3
2MR2

(b) i. Li = MviR+ 0 (1 point)

ii. Lf = −MvfR+ Iω (1 point)

iii. (1 point) Angular momentum is conserved about P because there is no external
torque acting about the pivot axis. Note that the normal force from the pivot
does not generate any torque about P (Points to be awarded even if normal
force from the pivot is not discussed). Therefore, MviR = −MvfR+ 3

2MR2ω.

(c) Ei = 1
2Mv2i = Ef = 1

2Mv2f + 1
2
3
2MR2ω2 (2 points)
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D Solution static electric and magnetic field

1. (3 points)

(a) (1) and (3) and (6) (0.25 points for each)

(b) (2) (0.25 points)

(c) (4) and (5) (0.25 points for each)

(d) (1)→ v (0.25point); (2)→ vi (0.25point); (3)→ i (0.25point); (4)→ iv (0.25); (5)
→ viii and iii (0.25) (6) → i and ii (0.25point)

It was not meant to be but after some confusion during the exam the assistants agreed
afterwards in favor of the students: alternatively one can answer the task (d) as follows.
0.15points for each correct answer and the final number round up to a multiple of
0.25points.

i (3) or (6)

ii (6)

iii (5) or (4)

iv (4)

v (1)

vi (2)

vii Not shown in the figures

viii (5)

2. (7 points)

(a) Applying the right hand rule (Lorentz force). The electrons are accelerated upwards
(thumb) and experience a force to the left (middle finger). In mathematical notation
~F = Q~v× ~B (0.5 point). Thus, the magnetic field points into the plane of the paper
(0.5 point).

(b) Between the source and the slit the magnetic field is zero. The acceleration of each

particle can be derived as ~F = M~a = Q ~E (0.5 point). Thus, ~a = Q ~E
M , where the

vector ~a points from the source Q towards the slit. The voltage difference is related
to the electric field via |U | = | − ~E~x|. Here, ~x = x~ex depicts the distance between
source and slit.

|~a| =
QU

M x
. (0.5 point)

(c) Speed when the ions pass through the slit: ∆v = v1 − v0 = |~a|∆t and ∆t =√
2|~x|/|~a| with v0 = 0 (0.5 point). Thus, we have as a speed at the slit of

v1 =
√

2x a

=

√
2QU

M
. (0.5 point) (5)

Alternatively, one can derive it by using 1
2mv21 = QU .
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(d)

~Fm = Q~v1 × ~B ~Fn = M~an (0.5 point)

an: normal acceleration. Fm: magnetic (Lorentz) force. Now we put Fn = Fm and
we use ~v1 ⊥ ~B, i.e. ~v1 × ~B = v1B.

an =
Qv1B

M
(0.5 point)

The particle describes a spherical track, thus we have the centripetal acceleration
az = −v21/r = −an.

v21
r

=
Qv1B

M
(0.5 point)

r =
M v1
QB

(0.5 point)

And we have d = 2 r.

d =

√
8M U

Q

1

B
(1 point)

(e) (1 point) We can estimate the mass of the ions by tracking the distance d for
different ions and compare the values with the mass of a known ion. Alternatively
one could measure the difference in the distance for ions from which we know the
relative mass difference. One could prepare a second slit left of the first one and
change the voltage (or the magnetic field) such that the unknown ion species can
be detected when they pass through the second slit which is specific for a certain
ion mass.
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E Solution Capacitor and resistance

1. (a) 1
C = 1

C1
+ 1

2C2
→ C = 2C2 C1

2C2+C1
(1 point).

(b) R = R1 +
(

1
R2

+ 1
R2

)−1
= R1 + R2

2 (1 point).

(c) It is approximately infinity for time scales much larger than τ = RC caused by the
ideally infinite capacitive reactance of the capacitor (1 point).

(d) The total resistance is the sum of the R and the total capacitive reactance. The
capacitive reactance of the capacitor decreases due to charging and recharging of

the capacitor and in total we have |RAC | =
√
R2 + ( 1

ω C )2. Thus the total resistance

decreases as the AC frequency of the voltage source increases (1 point).

2. (a) The scenario corresponds to two capacitors are in series (full plate area A, each
capacitor has half the distance d), thus we have

C1 =
2ε1 ε0A

d
, C2 =

2ε2 ε0A

d
(0.5points).

1

C
=

1

C1
+

1

C2
(0.5points)

1

C
=

d

2ε0A

(
ε1 + ε2
ε1 ε2

)
C =

2ε0Aε1 ε2
d (ε1 + ε2)

(0.5points).

The initial capacitance was Ci = ε1 ε0 A
d = Q

U . since the charge stays constant we
have Ci Ui ≡ C U and we have

ε1 ε0A

d
Ui =

2ε0Aε1 ε2
d (ε1 + ε2)

U

U =
ε1 + ε2

2ε2
Ui (1points). (6)

The initial voltage changes by ε1+ε2
2ε2

.

(b) The scenario corresponds to two capacitors are in parallel (half the plate area A,
the distance for each capacitor is d), thus we have

C1 =
ε1 ε0A

2d
, C2 =

ε2 ε0A

2d
(0.5points).

C = C1 + C2 (0.5points)

C =
(ε1 + ε2) ε0A

2d
(0.5points).

The initial capacitance was Ci = ε1 ε0 A
d = Q

U . since the charge stays constant we
have Ci Ui ≡ C U and we have

ε1 ε0A

d
Ui =

(ε1 + ε2) ε0A

2d
U

U =
2ε1

ε1 + ε2
Ui (1points). (7)

The initial voltage changes by 2ε1
ε1+ε2

.
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F Solutions Faraday’s Law and Ampere’s Law

1. (a) (1 point) Both the contours enclose magnetic flux as both enclose a region contai-
ning magnetic field.

(b) (3 points) (i) Yes, as magnetic flux φm enclosed is changed, Faraday’s law and
induction imply that an electric field will be induced.
(ii) Yes. Although the magnetic field at the position of C2 is zero, the magnetic flux
enclosed is non-zero and when this flux changes, an electric field will be induced.

2. (a) (1 point) Both the contours enclose electric flux as both enclose a region containing
electric field.

(b) (3 points) (i) Yes, as electric flux φe enclosed is changed, generalized form Ampere’s
Law implies that a magnetic field will be induced.
(ii) Yes.
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G Solution Optics

water

air (sky)

�

�

�
�´t

d

1. (2 points) Optical rays: e.g. optical lens systems, optical imaging and scattering on
objects much larger than the wavelength, reflection, refraction ... (1 point) wave picture:
interference, diffraction, coherent effects, scattering on objects much smaller than the
wavelength (1 point) particle picture (not asked): photo electric effect, quantization of
of light (photon) energy

2. We apply the principle of total internal reflection, i.e. β = 90◦ → sinβ = 1 (1 point).

nw sinα = na sinβ

α = arcsin

(
1

nw

)
(8)

The angle with respect to the water surface such that the diver still sees the sky is γ ≥
90−arcsin

(
1
nw

)
(maximum angle: using the equal sign) (1 point). This is independent

on the depth t.

3. We exploit the reflection at the surface, α = α′, (1 point).

tanα =
d

2t
, laws of a triangular,

d = 2t tanα, (1 point).

→ d ≥ 2t
1

nw
√

1− n−2w
not required.
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