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# CAMETIMES, \WSTEAD OF TRYInG-1o FIR & TROPLEM,
It+is EASIER.to HIRE A ScCAPEGOAT."

When your radio gear goes wrong do you take it back to
the dealer?



[ you do, then the next hour may:
not be of Interest to you ...Se you
can go heme liFyou like!

OR

VOU can stay and enter the
Worad of ...






Warningl

L
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Nlest gealr

and testing
can Become
addictive ....

Youl have
peenwarned!




TEST GEAR and HOW TO USE IT

Contenits

Wiy test?

fest what?

Withrwhnat do; I' test?

Basic test gear reguired 1n anr amateur shiack
Advancead test equipment

Simple home made test equipment

Soefitware: alteimatives to “real™ test eguipment
The Osclllescope - demonstration

The Spectrum Analyser - demoenstration
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Why test 2

0 o find faults

ol ol S, o ';_‘- P : |
I R ) S When | were a lad!

Today...lcom 736






) Re-aligning equipment



Wiy test?

o Setting up
NOMEMade: eqguipment




Wiy test?

a0 Input veltages and current

 |s the equipment getting the correct power supply ?




Wiy test?

o o learm semething!

o Tolive up te the aim of the
Amateur Radio licence

legarading “selff training*
(See your BR66H)
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Jest what 2
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1 Power output ... Is it working?



Test what ?

 Transmit signal quality ... what does it sound like?

- Tihis applies te both
‘phone’ (ssh;, EM, etc)
and datamedes
(Including CW)

- Don'tassume a
completely: shep-bought| -
station will soundigoeed! |,
all the time!







Test what ?

ad Frequency — accuracy, stability, resettability

- Modern “blackibexes:” are
MOt freguency’ counters: !

- Moedern gear can (and does) ) L




0 HIEFIRtErerence

SR/ |

O IRLERERENCE LO) Your
amateur rkaio
eguIipment




With what dq | test?

O Your SIX senses

+

0 Test eguipment







-IRST TESTS USE YOUR SIX

Theﬁ(th sén‘se d




EE s

’ . LOOK !

~or signs of broken wires
~or bad connections, especially soldered joints

~or signs of overheating ... burnt or charred components

~or dirt and corrosion, especially around switches and
connectors



LISTEN !

 For distorted audio
d Arching and sizzling sounds
d Microphonic noise when component is tapped

J Feedback ... especially RF feed back and “FM-ing”



Smell |

What is that smell™?

d You can’t mistake the smell of burning components!

 Take care as some are toxic



Touch !

J CAREFUL ! Switch off equipment before
Inserting digit!

 But .. if feeling for overheating components
you may need to have the gear switched
on, so take great care with high voltages



Taste !
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TEST GEAR - the bare minimum

as\What basic items of test

equipment should I have In my
radio shack?




TEST GEAR - the: bare minimum

Multimeter (“Test Meter”)

Both types needed

digital analogue analogue




USES OF THE MULTIMETER

liesting antennas and power connections with
continuity: tester function.

Veriying transcelvers aie Being ed with the
Correct voltage.

Checking polarty of pewer CONNECHIONS.

Mieasurng ther current drawni 1oy station
eguipment.

Viaking| voltage andrCulrent cChECKS WIER
developing or trouklesheeting Circults.

Checking values of components (esp. liesistors)



TEST GEAR - the: bare minimum

Power meter/SWR
Indicators

Bird Thru Line
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TEST GEAR - the bare minimum

RF PROBE - for checking RF levels in circuits

This detects RF and presents it as a voltage suitable for display on

a low range voltmeter or on an oscilloscope



TEST GEAR - the bare minimum

Note the low
level sample
output

/

Should be rated for more than your maximum RF output!



TEST GEAR' - the bare minimum
RF “sniffer” or Field Strength Meter

Anmtenna 40 cm length
3 mm diam copper wire

Z2turns of
Jmm diam.

3 S50ulAM50mY cal.
A0 mm diam 2 kohmsf




TEST GEAR - the bare minlimum

RF “sniffer” or Field
Strength Meter

Sheffield A.R.Club Project



TEST GEAR - the: bare minimum

Frequency standard
and/or counter

» l.-*‘é""l

This counter cost only £2 at a rally in
2004 !



TEST GEAR - the bare minimum

Frequency standard— 100kHz,1MHz, 5MHz and 10MHz

Needed to calibrate counter and other frequency measuring gear

Below:

The “Poor Man’s Caesium
Clock

Above: MSF locked frequency
source

Cheap-to-build home made standards



TEST GEAR - the bare minimum

Passable alternative to a frequency standard and/or

counter

* A good low power general
coverage transceiver

 Must be multimode RX across
the whole range




TEST GEAR - the bare minimum

Absorption Wavemeter




Inimuim

TEST GEAR - the bare m

types
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TEST GEAR - the: bare minimum

Grid dip oscillator = GDO or Dip oscillator

Trirnming
tool

Main instrument Tuning a coill



TEST GEAR - the: bare minimum

Modulated Signal Source - Signhal Generator




TEST GEAR - the bare minimum

Modulated Audio oscillator

Kit, less box, knobs, LED and BNC connector is only £4.99 at Maplin



TEST GEAR - the: bare minimum

Osclilloscope

Buy the widest

bandwidth
you can afford




SIMPLE HOME MADE TEST GEAR

= These could be your first of many
home construction projects

= Go on....have a go!



SIMPLE HOME MADE TEST GEAR

Absorption Wavemeter
Easily home made

Tapped pickup Loop

Calibrated Capacitor

D1

Meter moverment

Sensitivity

A 2m AND 70cm WAVEMETER

Meter fixing holes

58—
Dimensions are -—750———1 2 dia counlersunk
in millimetres Meter cut-out 36x14
— }

@)

Min coaxial
€

: :‘.::ﬁﬂ..l

7 dia

-1

—i00p

03 Braid—>

able

BNC socket
10dia

No)

Cz —S0N

. approx 38

—_{Salder tag for decoupling capacitors

2dia countersunk ©ASGH

Fig 4: A diecast box makes an excellent case for the wavemeter, Leads on C2 and C3 should be as shorl

as possible.

parts of the capacitor as shown in Fig 2, and
then saw the brass stator posts cleanly down
towithin2mm of the top leal. This ensuresthe
capacitor can fit into the box with 2.5mm
spacers, Fit the new earthing strap between
the spindle and one of the mounting screws.
Solder the inductor onto both sides of the
capacitor and the old earthing strip.

Next, solder on the aerial lead, which is
about Bem of sub-miniature 750 AF coax, so
that its braid goes to the new earthing strap.
The centre conductor is soldered just above
where the old earthing tag holds the inducter
on the 2m part of the tunad circuit (see Fig 3).
Drill the bex for the components and then
install them as shown in Fig 4, although the
layoutis by no means critical. The leads from
the diodes to the switch fit comfortably under
the tuning capacitor and the meter — this
should not affect calibration.

Having finished construction, test it with a
small agnal near 1o either a low power trans-
mitter, signal generatoror GDO on both bands.
Then make a circular scale on a self-stick
label (say, Scm diameter) and attach it cen-
trally to the case. Finally screw the lid on and
the unit is then ready for calibration.

CALIBRATION

THIS IS EASIEST USING some kind of oscil-
lator {eg signal generator or GDO) checked

with a frequency counter every nowand again
(Fig 5). Use the wavemeter very loosely
coupled, perhaps with a short aerial, to give
half-scale deflection on the meter. A suitable
aarial could be one of the branded makes of
telescopic aerials lerminated in a BNC plug,
or a small loop at the end of some coaxial
cable (see Fig 6). Calibration [s worth taking
some care over as the results are well worth
the effort.

RADCOM
TECHNICAL
FEATURE

If no sultable variable frequency oscillator
is available, calibration can be done by using
some fixed poinis with a crystal controlled
source.

Other frequencies are then interpolated
according to a rotational inverse square rool
law (the split-stator used has a linear capaci-
tancedrotation law on each side for about
175°). Fig 7 shows the idea. Having carefully
marked the frequencies on the scale, using
Indian ink or similar, vamish the scale and
your wavemeter is ready for use.

©Ase

Fig 7: Wavemeter luning dial.

COMPONENTS LIST

Capacitors

YC1  Split-statar air-spaced variable
capacitor approx 25 + 25pF

C1,C3 100pF cermic

€2 2200F ceramic

Resistor
B2 0.26W 5%

Semiconductors
D1,02 BARZE or shmilar schottky diode
D3 Ge-Aubonded diode og OA4T

Meter
100A maving coll type

Additional items.

Short length of 18SWG silver plated wite,
Tin plated wire should also be suitable and
i5 more easily oblainable - Magin sell small
reels

Diecast box  size approx 1 10mm x B0MM x
A40mm

BNG sacke!

SPST swilch

Saldsr tags,nuts and bolis

Jackson Brothers (London) Ltd have kindly
arranged for stacks of a sultable capacitor
(25 + 25 split stator, type C704} to be made
available io constructors. The price including
VAT and postage & packing is £19.12,
Ordering address is: Jackson Brothers
{London) Lid, Kingsway, Waddon, Graydan
GRY4DG Tel: 081 a1 3727

The remaining camponents, including the
diodes are all obtainable from: Maplin
Etectronic Componants, PO Box 3, Fayleigh,
Essox S56 28R Tel:0702 554161

-——“-——ﬁ

o= ais
| 60O

Cover with
Sleeving

=
coaxial cable  geg

1682}

Centre conductar plus Insulation
o

Csockel (.25 resistor

ta
{about 30cm}

©RSO8

Fig 5: Suitable method of calibrating the wavemeter (ieft).

RADIO COMMUNICATION  August 1983

Fig 8 A sultable antenna for calibrating the unit.




SIMPLE HOME MADE TEST GEAR

Add short antenna if require

RF “sniffer” or

Field Strength
Meter IN4148 diode

100 microamps
full scale

A Simple RF Sniffer
or Field Strength Meter




SIMPLE HOME MADE TEST GEAR

RF “sniffer” or Field Strength Meter

50cm or shorter

AA119
2 e

L - b-5 turns, Gmm dia.

C-100pto 1n



SIMPLE HOME MADE TEST GEAR

RF PROBE

TO RF TEST CKT

CLASSIC RF PROBE

Reads RMS Equivalent YVoltage in test circuit, if Voltmeter is 10 -11 Meq Input Impedance;
Reads 4X RMS Equiv Voltage if VM is 1Meqg Input Impedance {Set VM to measure DCVY)




SIMPLE HOME MADE TEST GEAR

Noise source..

useful for aligning receiver front ends and preamplifiers

D to 10MmA Unbalanced

output,




SIMPLE HOME MADE TEST GEAR
G4COM Noise Figure Indicator

r.:"l'-' e e



SIMPLE HOME MADE TEST GEAR
G4COM Noise Figure Indicator

fram
Fer@iver

: RE T2 K7 Ry?
sutio input ]l—'\w—%ﬁ
L2k oy 470 Sk
2y

TRZ
RCI08

TRES
23702

Ot put
tenose
gengratar
head

0 20000

ol to e ) Topend

uy L Ay 10v

From RY3 . R24 rec&rver input aricr2.384
51 or?s SO kit

[y

> -
Moise generator head




ADVANCED TEST GEAR

These items are not essential at first
but soon become so once you've

caught the testing bug!




ADVANCED TEST GEAR

Laboratory Power Meter

Bird Thru-line Wattmeter




ADVANCED TEST GEAR

Laboratory Power Meter

—
4364 POWER METER

FomATI PAELNS ¢B(REL)

i s ZERD
ARTYIL b REMOTE

HP436

1 POWERMETER
NATO No. 6625-99 =637-9583

Marconi tft
power meter




ADVANCED TEST GEAR

Laboratory
Power Meter

J'l:'-i-]

HP436A with

power meter
head on
calibration
output

o
*E TA5ESE ab
O aoooooooanoo



ADVANCED TEST GEAR

Function Generator — an advanced audio oscillator




ADVANCED TEST GEAR

Frequency standard— 100kHz, 1MHz, 5MHz and 10MHz
Needed to calibrate counter and other
frequency measuring gear

....
nlﬁ

e AVER FEURIDILE FRECAITMEY OTARDAHD

Expensive commercial standard



ADVANCED TEST GEAR

D — .'_--
mA

These cost £5 for the two at the 2005 Wakefield Rally!



ADVANCED TEST GEAR

| RF Millivoltmeter

MEDEL 330

PRODE
P, BT CEMIARL S TLECTALR BS
T LY TR TS

B e e !




ADVANCED TEST GEAR

Spectrum Analyser — HP141T main frame with HP8555A
RF plug-in and HP8552 IF plug-in

Reaches 18GHz (to 40GHz with external mixer)

'_'E 1417 DISPLAY SECTIOM




ADVANCED TEST GEAR

Analysers often have a
mainframe into which
plug in modules for
different frequency
ranges can be fitted




ADVANCED TEST GEAR

| e

Spectrum Analyser

HP182 mainframe
With HP8558B RF plug-

N

100kHz to 1.5GHz



ADVANCED TEST GEAR

Spectrum Analyser

HP8558B RF plug-
In for the HP182T
mainframe

100kHz to 1.5GHz




ADVANCED: TEST GEAR

Spectrum Analyser Adapter

for an oscilloscope
Thandar TSA1000 (0-1GHz)




ADVANCED TEST GEAR

Home made Spectrum Analyser Adapter

for an oscilloscope:

Poor Man’s Spectrum Analyser by G4PMK




ADVANCED TEST GEAR

Ailtech 7514 Precision Noise
Figure Indicator (PANFI)

“Wiltron 610D 0-18GHz sweeper ——

HP141T Spectrum Analyser ——*



ADVANCED TEST GEAR




ADVANCED TEST GEAR

Network Analyser




ADVANCED TEST GEAR




ADVANCED TEST GEAR

Precision Noise Figure Indicator (PANFI)

AILTECH 7514 (around £125 second hand)



ADVANCED TEST GEAR

Professional Noise
Sources




ADVANCED TEST GEAR

Adret 5104 Synthe3|sed
Signal sources




SOFTWARE DERIVED TEST GEAR

AWide range: of free test seftware: Is
available onl the “WehF#

AldIe generator;, spectitim: analyser,
CiFCUIE Simulation: seftware Is easily runrvia
a soundl card or serial Input

Populalrr soitware includes; the versatile
SPectium Lakb



THE OSCILLOSCOPE

One off the moest versatile and usefull items
I any: radio: snack

ARl oscllloscoepe measules Voltage changes
eVer a defined time period

DC Veltages remain at a constant level
against time

AC voeltages change (alternate) withrtime

ARl osclliescope therefore: measures changes
I the time doemain



THE OSCILLOSCOPE

TIME! Of AT/HORM |

INTENS |

| | FOCUS

T

CH Rl DuaL==o00

N o |OFep:
2 - I- ' | Iﬂlc; E @ @
n GO
VA i TRIG Ml "HOP,

COMPONENT , =t

CONTROLS




THE OSCILLOSCOPE

TIME/DY L-PO apol moves

1 acmﬁﬁﬁcsa\
® © /) Ao
5ﬂtblané\i

1 ! r:;iurlnfj Tlyback

trigger tims bass
T-platss
{ hsatsr

——— | A7 7
ac.ldc L(Z,—’" d :‘ I

switch cathods  anodss {-platss N

CHI ’—/
SIGHAL INPUT D_‘
I r-anplifier cathods \
ray tubs

4 ] 1

;V\ /\ /\ Ez:;mn SCEEER
mvavaveall J1..

VOLTS/DNY  Y-FOD




THE OSCILLOSCOPE

2 IR AN 1 ATl
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THE OSCILLOSCOPE
Iiae screen has ruled /

dIVISIGNS; DeLA
erzentally and
vertically:

Fhe majoer divisions are
marked ol in
CENtIMELers; the middle
IRES; alser have miner
divisions, every: 0.2 of a
centimeter.




THE OSCILLOSCOPE

Input Channel Selector

RIS area Is broken inte two parts: the left hallfor
channell A and the Aght half for channel B

In the center of this section lies the mode: switch that
determines which: channel will'serve as'an inpuit te
the scope:A, B or Dual.




THE OSCILLOSCOPE

Control Panel

POWER SWEEP TIME/CM
OFF oN 7

The section to the right of
the screen contains the
controls necessary to adjust
the triggering and sweep INTENSTTY

time of the waveform. TEVEL
PULL AUTD -
e !’e\

Controls for display "
brightness and focus are 9P oo

normally in this section N B

SOURCE
INT ExT

TRIGGERING




THE OSCILLOSCOPE

Volts/cm Dial

Fhewelts/ecmi dialitellsi you
the AUMBEr of Volts to e
rfepresentead by each
centimeter vertcally: on the
Screen.

Here! the outer dial Is set to
ONE, SO each Centimeter 20 .01
eguals ene volt.



THE OSCILLOSCOPE

Measuring a Direct Current Voltage

Switch the A.C.-GND-D.C.

:  UARIABL
switch to the D.C. TEE

B oits/om

i

position. 5
e
Setting the volts/cm dial 2y :
to 1 gives a full vertical 5 05
scale of 10 Volts
______ 10 )2
20

Jiurn the beige dial
cloeckwise all'the way to
puit the volts/cm diall in
the “calibrated” position.



THE OSCILLOSCOPE

Sweep time/cm Dial

The sweep time/cm switch
sets up the time it takes for the
dot to scan across the screen.
Here it's set to 2 milliseconds
per centimetre

Since there are 10 cm across
the screen it would take the dot
20ms to cross from left to right

The concentric control in the
middle is set to ‘calibrate’ for
normal operation




THE OSCILLOSCOPE

Measuring DC Voltage

[0 get started you sheuldl fellow, these: steps:

Set mode torchannell A.

Connect cable to mput A.. Leads should e free.
Turn pewer ON and wait for dot or ine te appear.
Set triggerngl level knol te auto setting.

Adjust Intensity’ and fecus; as needed.

Set sweep time /sec knob till the line oni the screen; s
Seenl clear and steady.

Adjust horizental and vertical poesition knekk ter make
sure that the line Is fully visible.



THE OSCILLOSCOPE

I this example a
Pattey Is PEINg
measuread

Withr the vertical
Scale set at 2 velts
PEr cm,, the
nherizontal trace
deflects 31 divisions
Up: the screen Ifi the
leads are conmnected
across a 6V DC
pattery




THE OSCILLOSCOPE

R T T —— A DC voltage will
S give a straight line
across the screen

*1.

The original zero
volts input trace
will be deflected by
the applied voltage




THE OSCILLOSCOPE

Elip therAC-GIND-DC switch ter AC onl the 0ScllloSCopE.

Set the VOLI'S/cm dial 1o a suitable sensitivity; remember te twist
the inner dial clockwise te the ‘calibrate” position.

Set the sweep TIME/cm dial te required sensitivity. Twist the inner
dial cleckwise: te the calibrate” position.

Make sure the line trace Is centered on the screen using the vertical
andlhoerizental pesition dials.

Elip the seurce switch to internal.

I necessany, adjust the: triggerng level knol until you get a steady/
picture. The triggering levell knol sheuld e set mitially’ to ‘auto”.

Adjust the intensity and focus tor get a geod sharp Image.
Apply Input to Channel A cennector



An AC waveform

AC WaverTorms produce
a rsing anafralling
pattern oni the Scope

e

sClreen

e shape: of the
Wavenonms can Vary imom
ai SINE WaVe, Snown nere
L0 a sguare Wave, 1o¥
Example




An AC waveform

Distance X = Wavelengtn

/D

\

(Whicnrcan ve transiated
Lo Tregquency)

Distance Y = amplituae

(Voltage)




THE OSCILLOSCOPE

Example of measuring
Frequency

X = one cycle of the
IAPUL. Since this Is 5¢m /

off the: herizontal scale

andl the sweep time Is

set 1o 2 milliseconds per;

cm, the time for 1 cycle

IS therefore

10milliseconds. 7

This translates te 100
Voltage under
cycles per second /b estaston

(=100c/5 or 100Hz)

| 5
| Timebase
voltage




THE OSCILLOSCOPE

Since the oscilloscope measures the applied voltage and frequency,
no amount of varying the settings on the scope will change the
applied voltage and frequency.

The measurement stays constant as the relative X and Y scales are
varied.

Therefore one can choose a scale to enable an easy calculation of
voltage and frequency



THE OSCILLOSCOPE

USING A ‘SCOPE TO
MONITOR

RF TRANSMISSIONS

To successfully do this, the scope must have bandwidth
greater than the maximum frequency of the transmission.

e.g. you'd need at least a 35MHz bandwidth scope to "see”
28MHz RF on the screen



THE OSCILLOSCOPE

A Sample Of RF RF SAMPLER

BNC CONNECTOR + "1 FOR USE WITH YOUR O-SCOPE

firem the transmit o S
Output ShOUId be USEABLE FROM 1.8 - 450 Mhz

OUTPUT PLACE THE INPUT SIDE "T"

m ad e avai I ab I e ' A FITTING IN-LINE WITH YOUR

ANTENNA OR DUMMY LOAD,
AND THE OUTPUT SIDE INTO

dummy |Oad can X YOUR TEST INSTURMENT.
be modlfled to RF SAMPLER \ ‘ ‘*ZIOOWATTSMAXIMUM*
Produce a “WAIT” |-

D1,D2 = IN914

off RE at low! |evel, EEEr s
or make the RE I, J2 = BNC CONNECTOR |
Sampler shown (&) b

OUTPUT

h e re ground

DRAWN BY K6LS 10/20/97



THE OSCILLOSCOPE
:

Set the zero-signal + -
horizontal trace to T -
occupy the centre | T |
line

Illuminate the | ik
screen’s calibration P b *,_
grid | | |
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RF MEASUREMENT: SSB




THE OSCILLOSCOPE

RF MEASUREMENT: SSB

Adjust the sweep time to produce
a trace similar to the one shown o
right.

Without altering the scope’s
vertical gain control, adjust your
TX microphone gain and any other
TX control (processor, etc) so that
only the peaks of your voice
modulation reach the same height
as the previous loud whistle or
key-down trace.




THE OSCILLOSCOPE

Monitoring CW keying wave forms

Send a series of dots
and observe the shape
each dot wave form as it
appears on the screen.

The example shown left
illustrates a very sharp
response and could
potentially cause key
clicks

Adjust keying circuit for
a gentler rise and a
— -' il smoother corner at the
top and bottom of the
leading edge.



THE OSCILLOSCOPE

Two tone test for SSB transmitters

Cathode-ray tube
display

Two-tone
Audio—
freguency Transmitter
oscillator
unit

Qscilloscope

Method of measuring p.e.p. output in refation to mean output with two-tone source. Mean power output = I'R or E}/R:
peak envelope power — 2 x mean power ropresented by V

Source of
Speech Transmitter

signals

Qs=scilloscope

Spesch peaks should not exceed p.e.p. level detarminsed by V in two-tone test



L La] #5e 88 Errc taum A
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THE SPECTRUM ANALYSER

A spectrum analyser is basically a superhet receiver whose local
oscillator is rapidly swept across a section of the spectrum and

any RF received converted into a visual display of amplitude on
the screen.

RF input

Envelope
atten uator

detectar

Pre-selector or
lrei-pazs filer

oscillator

Reference
oscillator

Sweep .
generator Dizpleary

Figure 2-1. Bleck diagram of a classic superhetarodyne spectrum analyzer




THE SPECTRUNM ANALYSER

A FEW OF ITS USES:

Checking and adjustment of escillatoers,
mIXers, multipliers

Checking harmonics

Checkingl RE euitput and signaill purity,
Noise figure: measurement
Alignment of filters






THE SPECTRUN ANALYSER

SPEctrun analysershave very limited pewer
nandlingl capabilities. Thereiere only. a few.
milliwatts of RE:muSt be applied te the input
CoONREcter. Suitanle attenuatien eutside the
analyser is ESSENTIAL 1o prevent damage to
the eguipment and toer prevent undesiranle
SPUKIOUS [eSPonsSes on the display!



IHE SPECITRUNVI ANALYSEIR

Example of an oscillator/ multiplier showing a 500MHz wanted
output plus harmonics and other unwanted products




THE SPECTRUN ANALYSER

Filter alignment ... achieved by rapidly sweeping
an oscillator across an appropriate frequency
range and displaying the amplitude on the
spectrum analyser




THE SPECTRUNM ANALYSER

Setting up sweeper
oscillator and
spectrum analyser to
~ tune up a 144MHz
bandpass filter

The sweeper output
must be constant
across the whole

¥ frequency range
| swept




IHE SFECITRUIVI ANALYSEIR

Spectral purity checks ... oscillator phase noise




IHE SPEC IIRUIVI

Checking an FT847
transceiver for

harmonic radiation

ANALYSER
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WHERE TO NEXT 7

THE CHOICE IS YOURS ....



ARE YOU LIKE THIS VIAN?

GET.S" OMEONE
Do IT YouﬂSELF letse .ﬁ, Do (T
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OR LIKE THIS 7




TESTING

TESTING

TESTING
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