Polytechnic Tutoring Center Midterm Review - PH-UY 2023 Spring 2021 Solutions

1. Given the mass of water and salt water is

1k t
5 L water x - S walet 5 kg water
1 L water
1 L wat 1k t 1.035 kg salt wat
5 L salt w. x WA & Wt o 6 At waret _ 5.175 kg water
1 Lsalt w. 1L water 1 kg water

The gauge pressure is the calculated as

va) ; <K) gy m Fy 10(10.175) ~ 5078 Pa

A
Equals 4985 if g is taken to be 9.8.

Frange = pgh = ( A A 0.02

2. The additional pressure exerted by the water is

F,
AP = =4
pgh I
AF = A]AP = %p\/g =216N
0

k
Pyauge = pgh = 13600~ x 9.8 x 0.31m = 41316.8 Pa
m S
Pas = Puauge + Paim = 41316.8 + 101325 ~ 143 kPa

4. The electric field at the origin cause the by the +15n is

kq . kqF (15n)[(02 — 07) — (1.5i + 07)] 100k~
Eiisn === —=x=Fk 53 - _

GENTE

The electric field at the origin cause the by the —20n is

kg . ket ((—20n)[(o% —05) — (0i — 2.05)]) 10nk -

o = T 7 2.7

The magnitude of the added electric field is therefore

1 1
Ei5, + E_opn| = 100k | — =T4.1N
|Esn + E_20n| = 100 = + 502 7 /C

5. The electric field near an uniform charged plane is given by

B_ O
260

Using Newton’s second law

Fnet . Eq _ O0(e

a = =
m, M, 2em,



Since the electric field and electric force is constant, the acceleration is constant, which
implies we can use the kinetic equations.

v? = g + 2ad
0 =vg — 2ad

d=v} (eomp) ~ 1.55 mm
0qe

6. Letting Ry denote the outer radius and Ry denote the inner radius. Assuming uniform
charge density for the nonconducting shell, we have charge density given by

p= Qtotal _ Qtotal
Viotal %W(R% o Rg)

Creating an Gaussian sphere of r = 8. Using Gauss’s law, we have

fE'ﬁdA:Qenc

€o
E. A= v M
€0 €0
E(47T7"2) _ Qtotal %71'(7’3 - Rg)
sm(RY — RY) €0
7’3 - R3 ota 7’3 - RS
E = ( 0) Qt tal — ( 0> Qtotalk

r2(R? — R}) 4meg  712(R3 — RY)
= 3106 kN/C
7. The electric field cause by the first wire at = is given by

2k
N T

En

The electric field cause by the second wire at x is given by

B, — 2k
x—9
Letting the sum equals to 0, we have
E,+E,=0
2kN1 2kA
r -9
A = Az — 9\
9\
AP YD
r = 36 cm
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8. Letting the fixed charge to be ). The electrical potential energy at the beginning is
given by

_ Qg
r

Ue

By conservation of energy, the maximum speed is reached when all potential energy is
converted into kinetic energy. Then a work is down onto the charge by the electric field.
We can then skip the kinetic energy step.

U =W =Fd
T
kR _ py
r
kQ
E=—=4495 N/C
rd /

9. Recall that voltage is the distance integral of electric field. Since E only have x com-
ponent in this case, we have

Vi) =— /Ed:v — 12z

plug in
Va—Vp=V3)—-V(6)=-36+72=36V

10. Integrating the path over electric field, with z; > xq

AV:—/ Edx

Zo

z1
= —/ 7 dx
20 260

g

R (1 — 20)
€o
20AV  2(8.85 x 10712)(—98) ,
Ty &= = 0 % 10=9 =2.16 cm (if xy > x)

For the value of travelling toward the plane

To—x1 = —2.16 cm

Page 3



