


SF Scientific Co., Lid. was first established to produce high
accuracy experimental equipment for the Internatfional Physics
competitions. Since then, the simple operation and reliable quality have
been our aspiration. After years of continuous modification, we are now
presenting our first comprehensive 28 sets of equipment. The products
launched in this catalog develop the university and high school student’s
basic calculation and analysis skills through the quantitative experiments
together with computers as auxiliary tools. Divided into six different
categories, all the basic experiments necessary for learning Physics can
be performed and each set equipment contains multiple experiments.
Moreover, we plan to provide the teachers with inspiring and engaging
demonstration insfruments for innovative teaching.
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v Static Equilibrium and Its Application

Experiments:
1. Force equilibrium
2. Torque equilibrium
2.1. Multi forces applied on circle

2.2. Parallel forces applied on a rod

Example:

Force equilibrium:

Objects that are either at rest or moving with constant velocity are said to
be in equilibrium. As @ = 0, Newton’s second law applied to an object in

equilibrium gives: ¥ F = 0.
A. Parallelogram method:

B. Triangle method:
C. Analytical method:

D. The law of Sine:

3. Application of force equilibrium
3.1. Force on a slope

3.2. Triangle suspension torque

3.3. The mechanical advantage of the pulley

—F; cosa—F, cos 8

F3 =

cos 6
Fysin(f-a)

37 Tsin@-a)

Fs (@)
Method Theoretical Experimental Error (%)
Parallelogram 68 5.8
Triangle 70.64 7 1.9
Analytical 72.2 0.2
The law of Sine 67.08 73

Alternative configuration:

Torque equilibrium:
Total torque at the equilibrium equals to:

Tr=F xR)+([@ x R)+ (@ x K)+ ([ x B)=0

Estimated force: 140 g
Measured force: 150 g
The error: 7.1%

Triangle suspension torque:

How the weight of the object is spread between the sling and the
cantilever when the crane lifts the building materials can be explained by
static equilibrium. C

Experimental F; 148 134 122

F; 140 120 100
Theoretical F,’ 152 134.4 116.5

Error (%) 2.6 0.3 4.7

Torque balance of double lever:

The balance can be measured as:

114X12+0.1X14X1—-80X4—0.9X14X9

Short rod: F; = =585

16
40X 8+40X16+0.9X28X18-0.1X28X2
Long rod: F;'= ” =58.6
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- s Young's Modulus and Stress-Strain Curve

/.

Experiments:

1. Determine Young’s modulus by deflection of a beam
2. Stress-strain curve of a wire

Stress-strain curve of a wire

Stress-strain curve is a graph that shows the change in the stress as stain
increases. There are several stages showing different behaviors, which suggest
different mechanical properties: (1) the linear elastic region where the slope is
Young’s modulus, (2) the region where the strain increase rapidly: from Yield
strength until the Ultimate strengths, and (3) the necking region until the
fracture point.

Material to be tested: Elongation (mm) | Force (N) |  Strain | Stress (Pa)
. 276 0 0

Copper wire -
R gp £ th . 0.07 -21.7] 000035264 | 257520041
adius of the wire — 0.14] ~ale R B~

r =0.000497 m

= ) I | -36.3] 0.20065491] 224042435]
Initial length of the wire | 39.9] -36.4] 0.20100756] 226617636]
L =198.5 mm
250000000
__ 200000000
«
€ 150000000
w
£ 100000000
15}
50000000
0
0 003 006 009 012 015 018 021
Strain

Determine Young’s modulus by deflection of a beam

Young’s modulus or the modulus of elasticity Y in tension is a mechanical
property that measured the tensile stiffness of a solid material. The stress is the
force per unit area causing a deformation; strain is a measure of the amount of

the deformation. If a stress is applied to a beam to deflect it within its elastic
region, the resulting curvature H can be estimated as:

_ FI®
~ avBt3

Here:

F is the bending force,

L is the distance between two fulcrum points,
B is the width of the object, and

t is the thickness of the object.

From this equation, the Young’s modulus can be obtained experimentally as plotting
4HBt3

IE
F=Y

the force F as a function of the

4HBt® I 4HBt3
= = slope—3

The Young’s modulus of a material with different impact points and the
effect of the length and thickness of the material can be investigated. Moreover,
a commercial object’s Y can be measured to verify its material.

Material to be tested:

3
Curvature H (m) “:# Force F (N)
Object: Brass beam 0.001 3.64431E-11 542
Thickness t = 0.001 m 0.002 7.28863E-11 9.42
Width B = 0.025 m 0.003 1.09329E-10 13.28
Distance between 0.004 1.45773E-10 17.08
; 0.005 1.82216E-10 20.98
two fulcrum points L = 0.14 m 0.006 2.18659E-10 25.08
30
25 e °
Z20 e .
ST o
g P
£ 10 T i
s o y=1.0723E+11x + 1.53
R2=0.99
0
0 SE-11 1E-10 1.5E-10 2E-10 2.5E-10
HBt3/L3

Young’s Modulus of brass:
Yexperimentar = 107.2 GPa
Theoretical range: Yipeoreticas = 102 — 125 GPa
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- 2 Torsion Pendulum and Compound Pendulum |

/.

Experiments:
1. Torsion pendulum
2. Compound pendulum

Torsion pendulum: “Shear Modulus of metal wires”

When a rigid body is bound to a metal wire, it
rotates back and forth due to the spring force of the
metal wire. The steel wire exerts a torque on the
body as the body is twisted at a small angle 8, and it
can be written as:

T=—-K60
On the other hand, the relationship between the

moment of inertia and the period of simple harmonic
motion of the body is:

T=2—"=2n\/Z
w K

From the previous equations, the coefficient K can be derived by
calculating the moment of inertia of the body.
Moment of inertia

Compound pendulum: “Gravitational acceleration”

Hanging and swinging an object with uneven mass distribution is called a
compound pendulum the oscillation period is:

T =21 [L
MgL

I is the moment of inertia of the object;
M is the mass of the object;
L is the distance of the mass center;
By the Parallel Axis Theorem, periods measured at different positions
(distance hy and h, away from the center of mass) are:

_ ’11+Mh12 _ I +Mhy?
T1 = 27 m and T2 = 2r m
Moreover, if Ty is equal to T, (Ty = Ty = T,), we can get:

2
g=4;[—2L,andhere:L=h1+hz
]

Here:

—_

@ Fixed nut

@ Moving nut . ° By altering the position

of the center of mass and
measure respective periods to

,_.
[

. °
°
1 0830000000000 0gg00c0e

Period (s)

Disc Disc and ring ®000000000° measure gravitational
R S 1 1 s o 0.9 leration:
=5mR I'=5m,R? +5my(RE, + Riue) 0 50 100 150 acceleration:
Position (mm)
Finally, the coefficient of rigidity or shear modulus y can be found: .
_ 2lK§ _ 2K ) Period (s)
nort nr# u?:'__mhc: P;::::;" Nut {fived) Nut (moving) |
Length of the metal wire =500 mm 1 . Average 1 2 Average |
Disc m; = 1053 g; 0 0 1.033 1.032 1.0325 1.024 1,023 1.0235 |
. 5 7.5 1.033 1.032_| 10325 | rees———
Ring m, =486.2 g; Ry, =62.5 mm and R;,, =52.5 mm a— — N e e
[ 95 | 1425 [ 1019 | 1018 | 10188 | 1083 | 1182 | 11825 |
Metal r Disc Disc and ring u(GPa) Error 100 | 150 | 1019 [ 1018 | LOIES | 1246 | 1.245 | 1.2455 |
wire |mm | T(s)| K u(GPa) | T(s)| K | p(GPa) | Exp | Theo % To =1.028 s and L, = 199.5 mm
Stainless | LOL | 0.54 [ 0.27 81.2 075 [ 025 [ 768 | 79.0 1.9 il = }gg mTlﬁ 75 _ 7375
steel 0.75 | 0.95 | 0.08 84.83 131 | 0.08 80.5 827 | 775 6.7 2= - 9 =19 zmm )
051 [ 2.17 [ 001 | 7814 |3.00 |00l | 735 |758 2.1 Gexverimental = =k = E3AOMIOTITEM) _ g ggp 1
Aluminum| 1.01 [ 0.93 [ 0.09 [ 26.1 127 [ 0.08 | 249 [255| 260 | 17 expertmentat = rg 1.028252 52
Brass 0.99 | 0.84 | 0.11 372 1.16 | 0.10 35.1 362 | 37.0 2.1 The error of the experiment: 0.43%






Experiments:
1. Newton’s Second Law 4. Frictional force:
2. Inclined plane experiment Maximum static friction
3. Collision experiments: Kinetic friction
Elastic collision
Perfectly inelastic collision

Example:
Newton’s Second Law:

The mass of the block in rest is my, the mass of the a myg

dragging block is m,, then the acceleration: my+m;,

Mass Empty | +10g | +50g | +100 g

fimer () fmer® Cart 032 [ 032 | 032 0.32

ey Weight 0.02 | 003 | 007 0.12

Start peor 056 | 082 | 1.72 2.63

Cat ml057 | 083 [ 177 2.70

it rtee Qexper| | 057 [ 083 | 176 | 271

o S T056 | 082 | 1.78 2.74

| @exper 057 | 083 | 1.77 2.72

Error | 0.96% | 1.2% 2.5% 3.4%

Frictional force:

Timer (A) Timer (B)

Cart Pulley

T Kinetic coefficient of friction:
o e = M2g=ama ¥ ma)
i k mg

Wooden 0.039kg /cm? Wooden 0.058kg/cm? EVA
mkg |+250 g|+300 g|+350 g|+250 g|+300 g| +350 g [+250 g|+300 g|+350 g
125 [ 204 [ 286 | 125 [ 204 | 2.86 | 125 | 2.04 | 2.86
am/s? | 122 [ 2.07 [ 2.83 | 1.22 | 2.07 [ 2.83 [ 1.22 | 2.07 | 2.83
125 | 205 | 278 | 1.25 [ 205 | 2.78 | 1.25 | 2.05 | 2.78
am/s? | 124 [ 205 [ 282 | 1.24 | 2.05 | 282 | 124 [ 2.05 | 2.82
™ 099 [ 1.03 [ 1.04 [ 099 | 1.03 | 1.04 | 0.99 | 1.03 | 1.04

Collision experiments:

If two bodies m; and m, have velocities v; and v, before the collision
and get the velocities u; and u; after the collision:

Before After
Momentum myvy + myv, myuy + myu,
Kinetic energy §m1V12 + Emzvzz Emluf + Emzug

The coefficient of restitution:

Uz—Uy
e =——
V1= V2

Perfectly inelastic collision Elastic collision

| my | kg 0.327 | 0.829 | 0.327 my | 0.327 | 0.829 | 0.327
m, 0.327 | 0.327 | 0.828 m, 9 70327 | 0327 | 0.828
| vy | 0.26 0.163 0.27 v, 0.276 | 0.633 | 0.59
| v, | ™M 0 0 0 v, | m 0 0 0
luy; | s [ 0113 0.1 0.06 uy s 0 0.24 | -0.23
u, 0.113 0.1 0.06 u, 0.266 | 0.84 | 0.303
e 0 0 0 e 0.96 | 095 | 0.90
Momentum kg m/s Momentum kg m/s
Before | 0.085 | 0.135 | 0.088 Before | 0.090 | 0.525 | 0.193
After 0.074 | 0.116 | 0.069 After 0.087 | 0.474 | 0.176
Loss % 13.1 14.5 21.6 Loss % 3.6 9.7 9.2
Kinetic energy J Kinetic energy |
Before | 0.011 | 0.011 | 0.012 Before | 0.012 | 0.166 | 0.057
After 0.004 | 0.006 | 0.002 After 0.012 | 0.139 | 0.047
Loss % 62.2 47.5 82.6 Loss % 7.1 162 | 18.1

Inclined plane experiment:

The gliding acceleration of the body does not depend on the mass

but the angle of inclination as follows: .
a=gXxsinf

Angle of inclination, 6 =8.19°
Mass empty | +100 g [+200 g[+400 g
Atheor 9.8m/s?* x 8.19° = 1.4

m 134 134 [ 135 [ 134
Qoxper | — |_134 134 [ 135 [ 134
1135 134 | 135 | 134
Aesper 1346 | 134 | 135 | 134

Error 34% | 40% |33% | 41%







~ mw Projectile Motion and Ballistic Pendulum

Inelastic collision: “Ballistic pendulum”

3 El"‘SﬁC.COHiS.i"nl astic collisi When a ball strikes at the ballistic
3.1.0ne-D1m ensional ¢ astl.c cotusion pendulum bob and lifts it from the bottom, as
3.2.Two-Dimensional elastic collision shown in the figure. the initial speed of the ball is:

v,,:ml,x V28 X Rx (1—cosf)
M 1is the total mass of the pendulum and the ball:

M =m, +m,
Angle (%) Ty i Error

M v cosd %
1 2 3 Average Estimated Measured %
+0g 48 | 48 | 50 4.9 0.996 4547 .3
50 4.4 4.6 44 45 0.997 4.268 59
H10g | 44 | 44 | 44 44 0.997 4.298 4.5 52
+15g9 | 42 14 a4 43 0.997 4324 4.6
+20g | 42 2 | 42 4.2 0.997 4.281 5.6

Two-dimensional elastic collision:

In oblique collisions, although the final motion of the bodies would
not stick to their initial directions, their total momentum P still conserve,

Suppose Ball A with initial speed v; and my collide with a resting
Buall B.

Then the initial momentum
before the collision Py and Py is:

Top view b\

o
L ol

—
i

Py = Pay = myv, = 186.98g7;

Pr=-°4?'_-‘03?

Ball | Rom) | Hem) |6, | v p;=mu‘:a:s(g-:—‘} Pj,,=m9'siﬂ8(g-?—)

A | 036 1068 | 595 11 36.41 61.50
B | 0785 | 1068 | 245 | 239 139.55 -63.86

Then the final total momentum after the collision Py and Py can be estimated
as:

Py = Pix + Ppy = 175.966 g ; Py = Psy + Ppy = 2.352 87
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Experiments:
1. Centripetal Force
2. Rotational inertia

Example:
Centripetal Force:

When the body with mass m moves in a circular
path with radius r with constant speed v, the magnitude

of centripetal acceleration a is:
v

7z
According to Newton’s Second Law, the relation between the
magnitude of centripetal force F, body’s mass m, tangential speed v,

rotational period T, radius r and angular speed w are:
2
v
F =— =mrw?
T

a=

Furthermore, the tangential speed is v = wr, which can be derived from the
period T of circular motion :
V= wr= T
Therefore, the relation between centripetal force F and period T is:
(4m?mr)
e
All of those relationships can be proved experimentally as follows:

Rotational inertia:

According to Steiner’s Theorem or Parallel Axis Theorem, the rotational

inertia for the parallel axis is:
IParallel = ICM +md?

If the center of mass won’t rotate itself Iy, = 0, the rotational inertia
will be: Ipgrauer = md? and in the case of the cylinder rod:

MR? | MI?
4 12

I=

Even when it is empty, the equipment has a particular mass, thus, the
rotational inertia. Therefore, the inertia must be determined at first without
any object on it.

_qr g
Iexperimental - Iwith object Iempty

A) Empty
Period T (s) Angular acceleration . 2
M(g) 1 2 3 Aver. = i_z (% Inertia I' (gem?)
60 0.612 | 0.613 | 0.618 | 0.614 132.89 17.69
B) With object:
M(g) Period T (s) Angular ::cite‘iraﬁon Inertia. I (gcmz)
1 2 3 Aver. a=5 ) i
20 1.90 | 1.89 | 1.89 1.89 13.97 56.11
40 1.29 | 1.28 | 1.29 1.29 30.12 52.04
60 1.05 | 1.04 | 1.04 1.04 45.87 51.27
80 0.90 | 0.90 | 0.90 | 0.90 61.01 51.40
100 0.81 | 0.80 | 0.79 | 0.80 77.55 50.54
120 0.74 | 0.72 | 0.74 | 0.73 92.81 50.68
Average Iyieh object 52.01

Iexperimental = Il:vith object — Iémpty =52.01—-17.69 = 34.31 gcmz
MR? | MI?
Itheoreticat = = + Ty =33.89 gL‘m2

. 1 imental~Itheoretical
The error of the experiment; ~XPEentar _IREOTENCE % 100% = 1.2%
Itheoretical

o |4 <o






v Surface Tension, Viscosity, Capillarity, and Buoyaney

Experiments:

1. Surface tension
2. Viscosity: Poiseuille’s Law
3. Capillarity between two plates

4. Density measurement by Buoyancy
4.1.Density of solid
4.2.Density of liquid

Surface tension:

Here:

Ring rupture method can determine the surface tension T as:
Fi-F
T=ixI=1yxios

2 L 2 nd

F; is the reading before the rupture of the liquid film,
Ff is the reading after the rupture of the liquid film, and
d is the diameter of the measuring ring.

Liquid to be measured:

Distilled water at 30 °C
Tineor = 71187

d=415cm
n Scale reading (g) Surface Terp (ﬂ)
Before rupture After rupture m Error
1 -2.346 0.461 70.95 (%)
2 -2.355 0.45 71.71
3 -2.34 0.485 69.82
Average surface i 70.83 0.49

Viscosity: Poiseuille’s Law

The dynamic viscosity of the liquid p can be found experimentally as follows:

Here:

Here:

pgAhmr
=

p density of the fluid,
Ah = hy — h; is the water height difference between two ends,
r is the pipe radius,
1 is the length of pipe, and
Q is the volumetric flow rate.

0=
V is the volume of the water drained out, and
t is the time required to collect the VV amount of water.

Liquid to be measured:

Distilled water at 30 °C
p =995.6 kg/m3 at T=30°C
r=0.0019mandl =03m

—_3 Ns
Heneor = 0.79 X 10 3$
n [HEON | sy | V) | €5) | Qunt/s) | Hexp Ws/m)
1| 44 [165| 0027 | 00004 | 76.0 | 5.26E-06 0.87E-03 E(f,;‘;’
2] 43 [ 155 | 0.027 | 0.0004 | 71.6 | 5.58E-06 0.82E-03 o
3] 43 15 | 0028 | 0.0003 | 53.7 | 5.59E-06 0.83E-03
Average 0.84E-03 6.3

Capillarity between two plates:

If two glass plates are clamped together as
one end is clamped together and the other side
clamps a thin rod to make an opening angle 0, the
height y of the water at position x is given:

=2nﬂ*l=slope*l
pgo x x
Here:

T is the surface tension,

«a is the contact angle,

p is the density of the fluid, and

6 is the opening angle

=2

X
Here:

x is the position, and
d is the thickness of the object.

Liquid to be measured:
Alcohol solution at 30 °C (75% Ethanol)
p=8739kg/m3; 0 = 0.0013; a« =20°

_0.00045%pg8

Torp = =27.36"% 1 and Typeor = 277+ at T=30°C

2cosa

The error of the experiment = 1.3 %

o 16—






Column X1 X2 X3 X4 X0 X5

Cross-sectional area, A, (mm*) 237.7 | 2035 176.7 149.5 134.7 167.4
_ Height of the column, h (em) | 29 | 279 | 263 | 239 | 212 | 235
Velocity, v, (cm\s) . 899 | 1087 | 1286 | 1500 | 1109
Flow rate Experimental - 1.9 1.5 11.5 121 11.2
Q, (LPM) Theoretical 11.65
Error (Vo) - | 64 1.2 [ 1.2 38 [ 3%
o |§ e







s Mechanical Waves and Resonance

Longitudinal oscillation of spring: Determination of the resonance
frequency of spring using the spring constant and its weight.

Relationship of resonance frequency and spring constant:
nolk

I =3m

m=944g
k=475N/m

Experimental | Theoretical
" fHn foz) | Eror%
1 11 11.21 1491
3 33 33.64 1.91
5 57 56,07 1.65
T 80 TR.50 191







Experiments: Wavelength and speed of the light determined by varying the frequency:
. f(Hz) Overtones A v, (theo) v; (exp) | Error % Average
1. Wavelength of sound in open and closed tubes 3 350 2 97 204,92 33950 .66 speed of light
2. Speed of sound 2 556 3 62.2 62.66 345.83 0.73 346.62 m/s
b 733 4 47.67 47.53 349.40 030
. QD
The sound wave travels along the resonance tube length and is reflected 2 oL 5 37.95 38.07 347.24 0.32 Average
S 1096 6 31.88 31.79 349.40 0.30
from the other end of the tube and travels back to the horn. When the tube 1280 7 3727 3700 34901 0.19 error
o : - - : : 7.89%
length is integer multiple of the wavelength of the sound waves, the waves 1464 8 23.63 23.80 345.92 0.70
are in resonance and standing waves are created. The Styrofoam beads show
the feature of standing waves by compression of air inside the tube. f(Hz) | Overtones A Vg (theo) | v, (exp) | Error % Average
348 2 100 100.11 348.00 0.11 speed of light
2 440 3 78 79.17 343.20 1.48 346.59 m/s
E 640 4 54.5 54.43 348.80 0.06
g 816 5 418 42.69 341.09 2.09 A
The theoretical S 987 6 3525 3530 347.92 0.3 Z;':rge
¢ theoretica 1173 7 29.8 29.70 349.55 034 063%
speed of sound: 1342 8 259 25.96 347.58 0.23
vy = fA The theoretical value of the speed of sound at 28°C: 348.37 m/s
"Closed tube"
Closed tube: 1500
N
)
) o Speed of sound found from i 1000 e
Speed of sound in the air is dependent on the temperature: the slope = 349.03 m/s g g
vy = 331.4 + 0.606T [m/s] Experimental error = 0.19% ;.)- 500 e o o0 1101
= R2=0.99
The tube length and wavelength of sound waves are related by: 0
0.01 0.02 0.03 0.04
y! y -
Closed: L ="~,n=1,3,5,7,.. Open:L=",n=1234,.. "Open tube" 1/ (em)
1500
) ot
S oo e Open tube:
Q .
s 500 e 24919x - 5.3784 Speed of sound found from the
g - = 09997 slope = 349.19 m/s
= 0 Experimental error = 0.24%
0.01 0.02 0.03 0.04
1/) (em™)

o D) o






Experiments:

1.
2.
3.

3.1
3.2.

4.

4.1.
4.2.

5.

Circular wave

Plane wave

Reflection of waves

Reflective baffle

Concave and convex mirrors
Refraction of waves

Trapezoid refractive glass plate
Concave and convex lenses
Diffraction of waves

Example:

The black

Interference of waves

6.1. Ripple stopper

6.2. Dual-source waves

7. Dual-source interference
8.  Wave demonstrations

- Frequency beats

- Phased array

Dipole source
Doppler Effect and Sonic boom
Lloyd’s mirror

screen on top enables the

quantitative study by directly drawing the waves on it.
Moreover, it protects the eye from direct glare as
maintaining the optimal contrast.

Refractions of waves:

Wave propagation through different medium with different refractive
indices results in the change in the angle and wavelength.

ny _ sinfy
ny sinfq

sin46°
sin40°

=——=1.119

Interference of waves:

The path difference PD is:

At Antinode:
PD=mAi(m=0,1,2,..)

At Node:

PD =mA(m=05,15,25,..)

Path difference PD = A (mm)
Lefi side

550, =50, 9

5,0, = 5,Q 9

5203 = 5,Q 9

| Right side

S,P —S,P, 3

S,P, = S,P, 8.5

S,P, —S,P, 8.75
Average 8.7

Wave demonstrations:

“Frequency beats”

“Phased array antenna”
Phase difference causes the propagating directions
of the wavefront to change.

“Doppler effect”

Change in wavelength in relation to an observer
who is moving relative to the wave source.

A source: f; = 45 Hz

B source: f, = 44 Hz
fbeats :f1 _fz =1Hz
Period T = 7 L —1sec

beats

“Dipole source”
Adjacent two-point sources 180°
out of phase:

“Sonic boom”

Happens when the source moves
faster than the wave that it is
generating.

o 04—












r16 Specific Heat, Linear Thermal Expansion, and Equivalent of Heat

Experiments:
1. Linear Thermal expansion
2. Specific heat

3. Equivalent of heat

Linear Thermal expansion:

Thermal Expansion coefficient a shows the tendency of matter to change

its shape and volume in response to a change in temperature.
Al Al
T leAT T (T Ty)
1y is the initial length of the rod;
Al is the expansion value; and

Tyand T, is the rod temperature before and after the heating

Here:

NOTE: “The least
square method” is used
to increase the accuracy
of the result

Object:
Copper rod
lp =460 mm
Ty = 32°C
= ED0D — 17508+ 10
R squared, R? = (m)z =0.90

1.75 % 1075 °C™1
1.77 % 1075 °C™1
1.13%

Thermal Expansion coefficient deyperimental:
Thermal Expansion coefficient oheoretical:
The error of the experiment:

Specific heat:

Specific heat, also called heat capacity C is a physical quantity to show
an object's ability to absorb or dissipate heat.
Q=m-C-AT=m-C-(T,—Ty)
Q is the heat required to heat the object;
m is the mass of the object; and
Tyand T, is the temperature before and after the heating.

Here:

NOTE: The heat capacity of the water-containing calorimeter without the object must be
determined beforehand.
A. Calorimeter with water:
Cear = % + Cyater * Mwater = 1857'7%

B. Calorimeter with water and the object:
Object: Metal bar

Qcat = —Qvars and it gives: Cear” Achl_ = Mpqr * Cpar " ATpar
Cear(T/inal-ripitio)

Metal | T | ) | Tt | privel—p e CURCEY o T
Aluminum alloy 313 49.48 86.6 32.7 0.97 0.896 8.2
Stainless steel 31.5 118.1 88.7 33.2 0.481 0.502 4.1
Brass 314 126 80.4 32.6 0.370 0.380 2.6
Copper 31.8 146.6 84.0 333 0.374 0.386 3.1

Equivalent of heat:

According to the First Law of Thermodynamics, the work done on a
system is transferred into the internal energy as heat and the mechanical
equivalent of heat is equal to:

_w_
)= e

Object: Calorimeter with C,,, = 1857.7% atT, = 31°C

Current (I = 2.564)
Voltage (V = 7.3V)

X-Hr -7
= X=X =1.02
R squared = 0.99

Equivalent of heat Joxperimentai® 1.02

Equivalent of heat Jipeoreticai: 1.00
The error of the experiment:

2.22%

o )8






r25 Thermoelectric Effect

Experiments:
1. Carnot efficiency evaluation
2. Heat engine: Seebeck effect
3. Heat pump: Peltier effect

Example:

The thermoelectric effect is the direct conversion of temperature
differences to electric voltage and vice versa.

Carnot efficiency evaluation:

Thermoelectric devices create a voltage when there is a different
temperature on each side and that temperature gradient causes charge carriers
in the material to diffuse from the hot side to the cold side. Conversely, when
avoltage is applied to it, heat is transferred from one side to the other, creating
a temperature difference and named Seebeck effect and Peltier effect,
respectively.

Seebeck effect mode:

T(K) =T(°C) +273.15K
Resistance: 4.4

2 2
Py =Yw _ ©89) _ 184w
R 440

Py =Vy Iy =4V 2144 = 8556 W

Py _ 0184W

€actual = Pu T 8556 W =021
AT 61K
€carnot = m T 35115k 0.17
Kelvin
Va W) | Tu(A) | 1. [AT W) | VW) | PwW) | Py(W) | €acruar | Ecarnot
Cold Hot
4 2.14 290 | 351 61 0.89 0.184 8.556 | 0.021 0.17
35 1.87 290 | 335 45 0.69 0.109 6.559 | 0.016 0.13
3 1.60 289 | 319 30 0.45 0.046 4.800 | 0.009 | 0.094
25 1.34 289 | 303 14 0.21 0.010 3.353 | 0.003 | 0.046

Heat engine: Seebeck effect

In this detailed experiment student will determine the Actual efficiency
€qctuar and the Carnot efficiency ecqrnor Of the heat engine and identify the
energy losses in order to show that e,.4,q; approaches the ecqrnor

Resistance: 4.4 )

Kelvin
Mode Vg (V) Iy (A)
Teota | Thot
Heat engine (with load) 289 333 35 1.884
Open mode 289 333 3 1.6
Vs—Vy) _ (148V — 0.66V)
= = 440 =542Q
Vir 0.66V ¥
Actual Efficiency:
, VZ  (0.0.663V)?
_w_ R _T440
Cactual = p =y == 35y 164 - 002
Carnot Efficiency:
_ AT _ 44K —0.132
Ccarnot = "= 33395k
Adjusted Efficiency:
Ly =2 =287 _ 0154

R 4.4 0
Pjy = Py+ly*r = "TVYZHWZr =0.099W + (0.154)2 = 5.420 = 0.22 W
P/, =available heat=P,, — P, (open) = 6.59W — 4.8W = 1.59W

Py Py +lyr 022w

Cadjusted = pr = P Puoreny  1.59W

=0.138

o 3() —<<o






- w ElecwicField Mapping

Experiments

1. Two points within a field 4. Lightning rod and plate
2. Parallel plate capacitor 5. Electrostatic shielding
3. Point charge and plate 6. Three points charges

An electrically charged object will produce an electric field around itself
and the electrostatic force can act through space, producing effect even
when there isn’t any physical contact between objects existing within
the produced field.

If a point charge with electric
quantity g experiences an electric
force F due to the electric field
produced by much larger positive
charge Q, the magnitude of the
electric field is:

E=

|y

Equipotential line and electric field of two charged bodies:

Equipotential line and
electric field are mapped for
two charged bodies with
different shapes. The potential
divider is used to map
equipotential ~ lines  and
electric field is the drawn

accordingly with equipotential lines. Two point charges

Parallel plate capacitor

Lightning rod and plate

Point charge and plate

Electrostatic shielding

Equipotential line and electric field of three charged bodies:

Equipotential line
and electric field are
mapped for three charged
bodies  with  different
shapes to illustrate the
electric field for multiple
charges.

Three point charges

Parallel plate and point
charge

e 3D o






- Permittivity of Free Space

Electrostatic force vs. Gravitational force

In this experiment, the student will set up a horizontal parallel plate
capacitor and find the voltage at which a piece of aluminum foil of known
dimensions just lifts off the bottom plate and creating a conducting path
between the plates. At that moment the electric force then just balances the
force of gravity:

Fetectric = Faravity = pt"‘lfnﬂ g

On the other hand. the electric force on the foil will be its charge times
the electric field it feels. The total field E in between the capacitor is:

e X E_V
= gand, the £, =c=g
The magnitude is then given by:

4 ViArou
Fetectric = Qroubrop = 0Arons; = €05z

Equating equations above, the electric and gravitation forces yield:

z
fo7es = PtY
Here: p is the density of the aluminum foil,
V is the applied voliage. and
d is the spacing between the plates.

; z
Since V* = (—t&q‘) d? ir vou plat V A vs. d? you should get a straight line

£n
whose slope is the coefficient of d*. You can calculate the free permittivity
of space. £, from your experimental value for the slope as follows:

Foil thickness measurement:

Using screw gauge to measure several layers of film and obtain the
thickness as a function layer curve:

Number of lavers Thickness (m)
1 0000018
2 0000029
4 (.000057
B 0.00011
16 0.000222







Sources of EMF: The electromotive force (emf) of the battery can be

Experiments: measured by a potentiometer by comparing the cell with another standard cell
1. Ohm’s law 6. Current-Voltage characteristics of diode with a known emf value.
2. Series and Parallel resistor 7. The Ic-Ves characteristics of PNP
3. Kirchhoff’s circuit law transistor E, L
4. Wheatstone bridge 8. Current amplification of PNP transistor E, I,
5. Sources of EMF 9. The Ic-Vc characteristic curve of NPN
transistor
Examples:
Kirchhoff’s circuit law: Determination of current through the circuit with Power supply (V) | Test terminal (V) | Eg (V) | L mm) | Ly(mm) | Ex (V)
dual voltage source. 2.92 1377 1.0186 122 16.4 1.37
3.04 1.377 1.0186 14.9 20.2 1.38
_ &Ry +Ry) — &Ry 339 1.377 1.0186 | 19.9 269 138
7 RiR, + RyR; + R3R; Average 1.38
&(R; + R3) — &Ry Current-Voltage characteristics of diode: Measurement of the current
27 R,R, + RyRs + R3R, and voltage characteristic curve when silicon diode /1N4004/ is under
&Ry — &,R, forward bias. o
Lh=0—x——"——— I-V characteristics
RiR; + R;Ry + R3R, "
Experimental value Error (%)
Vi | Vo |Ry | R, [R3| Iy I I Iy I, I 40
11292 3 8.5 10.2 47 | 0.027 | 0.0297 | 0.057 | 1.30 | 1.99 | 0.97 g
2129 |3.03 |58 295 | 47 | 0.043 | 0.0125 | 0.056 | 0.93 | 3.41 | 0.79 E 20
31289 |3.04 |35]| 473 47 | 0.050 | 0.0066 | 0.057 | 1.34 | 4.74 | 0.88 = 0
41288 | 3.04 | 24 | 80.9 | 47 | 0.054 | 0.0035 | 0.058 | 1.40 | 2.93 | 0.64 0 02 04 06 08
51288 | 3.04 | 1.2 ] 100.5 | 47 | 0.057 | 0.0022 | 0.059 | 1.79 | 3.46 | 0.85 ' : . .
Vo (V)
Wheatstone bridge: An unknown resistance The Ic-VcE characteristic curve of NPN transistor: Ic —Veg
is determined by balancing the current flow characteristic curve under constant Ig, where the NPN transistor is operating
through resistive wire in Wheatstone bridge with forward bias between emitter and base and reverse bias between collector
experiment. and base region.
R, _R LixR
85 then Ry = 2%
Ry Ry Ly
Ry (Q) [ R(Q) | Li(em) | L,(cm) | Ry | Error (%)
L1 1.1 14 14.7 1.05 43 AV;';ESRX
1.1 2.3 9 20 1.04 59 i
1.1 34 6.6 224 1.00 8.9 A
11 57 4.2 248 | 097 122 e
1.1 8.5 2.9 26.1 0.9 14.1 o







~ mRGLCandRLCCircuits

Experiments: Theoretical resonant frequency for € = 0.33uF,L = 33mH is
1. RC circuit charge and discharge fo=1525Hz
2. LC circuit resonance
3. RLC circuit resonance

RC circuit charge and discharge: The time required for the capacitor
to be charged to 63% of the full charge or to discharge to 36.8% of its
fully charged state is called the time constant of the RC circuit and is
calculated by:
T=RC

Voltage across the capacitor during charge and discharge is:

t

Charging: V = V[1 — e(_ﬁ)]
t
Discharging: V = V,eCre)

RLC circuit resonance: The resonant frequency of series and parallel
RLC circuit is the same as the LC circuit without a resistor. The Vj is in
phase with the I and V;, (leads) and V (lags) are out of phase with the I

by 90°.
Series RLC
fo=1460Hz
C ‘ R ‘ Theot | Voltage 1T ‘ ¢ ‘ . Exp | Error Bandwidth:
WF) | (@ (s) V) ) ° AR 10 % BW = 1870Hz
Charge lity factor:
1000 2.2 8.02 507 [ 672 [ 889 [ 217 | 136 Quality factor:
2200 | 120 0.26 8.09 511 | 19 218 | 028 | 6.06 0
100 0.22 8.09 5.11 1.64 1.87 0.23 4.55 Q - E =0.781
Discharge
1000 2.2 8.02 295 | 564 | 5848 | 208 [ 545 Parallel RLC
2200 120 0.26 8.09 2.98 17.22 17.48 0.26 1.52
100 022 8.09 298 | 11.08 | 113 | 022 [ 0.0 fo= 1.400HZ
— . . . Bandwidth:
LC circuit resonance: In LC circuit, two reactance inductiveX; and BW = 1300Hz
capacitive X are equal in magnitude but reverse in sign at resonant Quality factor:
frequency, thus the current is maximum. f '
X = —Xe wo=-n - fo=—— Q="2=1.077
L ¢ W=y 7T B






s Magnetism and Electromagnetism

Ferromagnetic hysteresis:

For ferromagnetic materials, the
magnetic flux density is not proportional to the
applied magnetic field and this relationship is
represented in the form of a hysteresis loop.






o Micowave Opties

Double slit interference:






Experiments:
1. Focal length and magnification:

1.1. Concave and convex mirror

1.2. Concave and convex lens
2. Microscope featuring

3. Telescope featuring
3.1. Kepler telescope
3.2. Galileo telescope
4. Optical principles of the eye
4.1. Correction of myopia

4.2. Correction of hyperopia

Example:

Focal length and magnification: “Concave mirror”

5. Law of reflection: Plane mirror
6. Refractive index: Snell’s Law

6.1. Acrylic
6.2. Liquids

7. Refractive index: Minimum

deflection angle method

If an object with H, height is placed at
distance p in front of the concave mirror with
focal length f, a “real image” with H height will
be formed at distance q.

Magnification, M is:

_a
Mtheoretical = ;

H
and Mexperimental = H_o

The focal length of the mirror: f=+140 mm

Object | Image Focal Height (mm) Magnification

distance | distance | length Error
0 R Obiect | Image Theoretical | Experimental | (%)

p(mm) | q(mm) | f, (mm) i g M=gq/p M=H/H,
345 235 146.625 10 8 0.73 0.8 8.8
375 245 148.185 10 7 0.65 0.7 7.1
405 235 148.710 10 6 0.58 0.6 33
435 225 148.295 10 6 0.51 0.6 15.0
465 215 147.022 10 5 0.46 0.5 8.0

Average focal length =147.76

The experimental error of the focal length = w x 100% = 5.5%
0

Focal length and magnification: “Convex lens”

If an object with H, height is placed at
distance p (further than f) in front of the convex
lens with focal length f, a “real” with H height
will be formed at distance q behind the lens.

Focal length of the convex lens: fy=+95 mmn

(?bject I-mage Focal Height (mm) Magnification Error
distance | distance | length Obiect | Image Theoretical | Experimental (%)
pmm) | q(mm) | f (mm) | OV 8| M=gq/p M=H/H,
200 184 96.15 10 19 0.92 0.95 32
225 173 98.03 10 19 0.77 0.84 83
250 169 101.01 10 19 0.68 0.68 0.0
275 150 97.09 10 19 0.55 0.58 52
300 145 98.04 10 19 0.48 0.53 9.4

Average focal length, f =98.13

The experimental error of the focal length= lf—f—“' X 100% = 3.3%
0

Refractive index: Snell’s Law

When light enters with 6; incident angle
from one medium with n; refractive index to
another with n,, it will refract to angle 6, :

n;s

Refractive index:

inf; = n,sinb,

acrylic n =1.4889
water n =1.333

Material Acrylic Liquid: Water
Times Incident angle Reit;l;lacltelon Exper::nental Refraction angle Exper:nental
6,(°) | sinb; 0, (% |sinb, 0, (% | sinB,
1 10 0.17 6.6 0.11 1.4795 8 0.14 1.22
2 20 0.34 12 0.21 1.6358 15 0.26 1.31
3 30 0.5 17 0.29 1.7107 23 0.39 1.28
Average n 1.60 1.27
Error (%) 7.4 4.7

Sy






e BasicWaveOptis

Polarization of light:

According to the Malu’s Law, the intensity of the irradiance or the
transmitted light /- depends on the cosine of mutual angle # between analyzer
and polarizer.

lt-r=|romszﬂ

The maximum transmission is at 0° and
1807 and maximum transmission is at 90°; and
this cosine nature of the transmittance can be
visualized experimentally as follows:
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THE FUTURE OF TEACHING: “DIGITAL TECHNOLOGIES IN THE CLASSROOM”

Wired SmartQ sensors EasySense2 Software

m No charging needed E Requires Datalogger Data capturing, displaying and analyzing
cross-platform software
Wi‘Fh over 50 sensors to chgose from, there's a sensor V—log Datalogger’ % Free to download
available for almost all scientific experiments. v LCD screen & 15 languages to choose
v’ Features 4 SmartQ sensor inputs % Captures data from multiple devices
i v Log data from multiple sensors at the same time at the same
WI reless BluetOOth Sensors v Fas%test speed: 50 OOF()) samples per second % Line graphs, gauges, numbers and bar
E*j Single charge can last up to a year D Designed for phones v Digital timing accuracy: 4 microseconds charts are available . .
< Performs mathematical operations
In addition to the convenient wireless sensing, it also Simultaneous and accessible on the recorded data
functions as a datalogger in their own by using both % Logging modes: Continuous

Bluetooth or USB connectivity. Currently 18 types of recording, Snapshot and Timing
sensors are available, and others will be launched soon. Export in CSV format
Support for printing

g

)
4

5

6

Sensors for Demo & Experiments in Physics:
Temperature sensor
Current sensor
Voltage sensor
Gas pressure sensor
Light sensor
Infrared sensor

Controller
(Phone, tablet, laptop o

Force sensor
Magnetic field sensor
Light gate sensor _
Rotary motion sensor
Accelerometer
Sound sensor
Motion sensor
Geiger Muller sensor




D01 DEMONSTRATION ON ELECTROMAGNETIC INDUCTION

Switching lights, energetically jumping rings and swirling discs are the eye-catchers to bring
excitement into the classroom. With this experimental model proposed, student’s learning motivation is
believed to be inspired remarkably not only for electromagnetism but also Physics, in general. This
portable equipment is designed to display essential demonstrations based on the fundamental principle of
electromagnetism. By combining Faraday and Lenz's Laws, this set easily induces an eddy current, which
not only offers an effective way for students to understand the basic theory of electricity - magnetism but
also helps to visualize and sense the complicated concepts.

Eddy current brake
Contactless generator

DC and AC

Contactless electricity
transfer

Transformer
Thomson coil

Time warp tube

o 58—
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